WD 2011/ 021009PCT/ GB2010/ 001579 Vari ant | munogl obulins wi th I nproved

Manuf acturability This invention relates to the expression of antibody

nol ecul eswandii/dazmoparti cul ar, to the production of anti pouGBicgmuE7es W t h

i nproved manufacturability. 5 The term "aggregati on"” describes a broad

vari ety of phenonena, all related to protein self-association, which can

occur in nultiple environnents, fromcell culture and fernentation, to

[ sol ation, purificayhm AtdublidBUiRL WARIMERGEPIERubRIanRA P & -
aggregation' is oftem us of inclusions;

t he accunul ation of protein in "insoluble' fractions 10 follow ng cell

fract i distingantion nelatap pethe @xpressibn bliadtibddy ynolguules @nd, ippadicpiat, ad then or

f or mat igesh RioP8f 4ritibb&PmbRcHBERAE fmpraled RgnkaEtiRbiign of small sol ubl e

ol i ganers anongst others. In this context, protein aggregation, understood

as &bnormal sel f-association' of polypeptide chains, can have multiple

or i gi nghartermiagofegetien’ ideneribghiadiioad varlely efgihgnoverm dd nelated th pratein Belf-nat ur e
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chapg_’r ones, di sal fl(?e I, Ssonerases, post-translationa Ications (i.e.

pr ot BolS{APL 3T BABLUSSTEY acyl ati on, gl ycosylation, etc.), and the 25

ubi qui tin-proteasone system Additionally, protein aggregation is driven by
t he i ntThenBlee-dihamdidrial s’trtﬂfturéfoﬂb%Eagﬁeﬂ)tfdesdéiéimir%@-its%ﬁlrﬁidh siglogicartliNction.
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i's cer bat ed rocess requirenents to 1 ncrease yields, for exanple:
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arti T8r ol ogous expression (i.e. prokaryotic expression

of mammalian proteins), the use of secretory versus non-secretory pathways,
sat ur atAdaiionallyp peitéth aggiegativesis Srivercty the lintiinsid stablifity tof protdindlidrsdlutisnposed by
non- natﬁ{)t%inﬁpe{rgbﬁly'ﬁ'?‘ar?iﬁb'lvgftéﬁe HP&%&H%RF éﬁ’oet[hfsrré%ﬂ?@ioﬁ: ébiﬂt?%' &G0Gal 0 For

i nstance, the expfessrton of manmallan’ proteins I n heterologous systens
poses fORtEFHIgSRECER Slologigalprogerigs while '%Mdf%'atwm%g‘?@ﬁ@ Gl | y

| acl3h Hieinakdign altl ewvenslr dakih@ polgpeptides petsidettiveignstu@hémiroamenta far eeampleltdi ng and
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manuf acturability, and in particular to reductions in aggregation
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el 98l oo 06 ARG 8 SERRGEH BB e
subst i tRIRRIBA 1$ PXaseERRTagtfyr RIGERSSSRAWIRAIRATS gRARSSafields. Jor exgfpia: anickt amewor k
e s S SR e
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subst i tA3AItigH iW%esangﬂ@yé‘Qﬁt’]a&H-a'pﬂ' Btﬁl-f-‘ssmp%‘lpe?‘l‘f% f@@i“‘&&%@%&ﬁ'?”?'egi on
donedtn Faf intstenchethe pxprieasion ofCRpmotaliam propeinsintheteroingags systemsposes nhmeedus
pr oducir@s arnisais idaB to ISR ARt QDL sistert BsUARY IRRthd AAB4NEER! AGBEMA, MY have

examp! EnPRloTs HidShehaoiRetioi A treehfey 't ccuced -

aggregation-propensity, and/or increased productivity upon expression,
relative to the parent 20 i mrunogl obulin. For exanple, a variant

i mmunogl obulin may display an increase in productivity of at |east 10% at
| east 20% at |east 30% at |east 40% at |east 50% at |east 100% at
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3 A variant inmunoglobulin may show | ess sel f-association or aggregation
conpared to a parent inmmunogl obulin either under native conditions or at

i ncr easedwoeanpanainre (e.g. 60C) (i.e. conditions under petmrigBto®1EME i gen
bi nding site of an i munogl obulin does,not unfold). Preferably, the variant
i mmunogl obulin shows | ess self-associa?ion or aggregation than parent 5

i munogl obul i n under native conditions (e.g. conditions which do not |ead
to unfol ding of the inmunogl obulin). Aggregation propensity as descri bed
herein_is distinct fromthernmal refolding efficiency (TRE), which rel ates
to t he TABPresept igyendiop rejates ko the findingdbatimodifying the amingacidssapancednat ur at i on,
and i sin@ubggiotmdih inyolexedestin edrtais kayg pasitias|leadsdo dhprovemeft€b) madatadtarabilityal

Prot ei BniifodMiculartb redtie shhxéga,%g;ﬂaéi pragerRlty afdHnElcatss anrbrs&ﬁnerggnslgat' on
propensity of an inmunogl obul 'n as described herein may have li1ttle or no
effeCt on the thermal refolding efficiency of the inmunogl obulin. Thernal

r ef ol diAncgaspéétiof theniovention pravides @ reethnd epenadesing afvacarny iregandgiobylinopensi ty and
does ngbmpadifg:a significant inpact on the manufacturability of an 15

i mmunogl obul i n. . Aggregation may ., be nmeasured by conventional nethods.

Sui tabl e teq?ﬁ%'d&é%p?%{:’f WHB“@X%PE@ HPLC and AUC (Gabriel son JP et al J
Pharm Sci 2@uredgg@ p substdgiondnto araggeagstipryprongiseament oftar Vi demaint ur bi di ty;

f | uaoe $rapiewoekyRglonrmidoy VL eCOR3 bF the pResht inbusddiabatin; ahdmgr, 8- ani | i no-1- 20

t hal . i i e ) LR Ccal
Rosenr ch 200k Rtife 35k e aEh in6'anatBRYRo} Bke sfonBh ta YHFRIRABH 00
37- 45) regionnppd/en HWHIGRR3 ¥4 on (FFF; Deneul e, Bet al. mAbs 2009 1(2):
142- 150), airdrodneihy hiscbétituticnrintoemt aggfegation-prone Asgmet; of theiCBi1 ebnstait  AAPS J
2006 81reqitifacthain SPuiel ey Ehlih RO Fofthé BadA: i?rfn%ﬁ%?%ﬁﬁr@ed in Arvinte T. In

Met hod or, structyral analysiLs of proteln maceuti cal s" AAPS Press,
2ooé.g 661. 6 hereyEraducing ayangnt mmhaodioliln. 5008 97(10): 4347- 66.
I nprovenents in nanufacturability may result fully or partially from
i ncr eaggd vanigdWaiukbIsbAR 8 Rdvie\iRpicved ManDRIcRPAbIktITRIRRE|10 Bid pdientA vari ant

i mmunogl obul i ay.dl splay iLncreas roductivity than arent .
i mmnoﬁrﬁaﬁ??ﬁ?ﬂ'ﬁo‘??&éwfee?het%@0@31@%9@%%888% B FaBoAer o e
yi el ds PoRPenFity, @gd/epinpepased Productiyly dRen exafessiRd. ativerio irepare®pr essed in a

r ecobiimmahogiyiliam e.g. bacterial or manmalian 35 cells. Productivity may
be neasured using standard techni ques, such as the Bradford assay,

spect r('):phot onetry and ELI SA A variant i nmunogl obulin nmay al so di spl ay
one or TROPEEMRRIE; YATRREIMRNAGiqbulin MEH ASPEY R INGrEaRRIB PrIYICHYITY AT Ablkash obl errs;
r educedObaatileaste?% iat 1eaahdD% natiemst 40%batdeasaiSD#h at least 108t keastZD0Mg or he

o s B IE to iNEafchl IMGANIOblih ey Biebbsd b chordhaofi i ) o,
bot 1E2r dekelion ingBe BESRTIoR SpMREES.g i st sele R MBI tleh ik Tapreaiadide Lo
t he paréleest 1avbrabigash2P%nat IsasbBeee atibast 40%, ahiepslfi0 %, AtinashBWhiatileasdi spl ays
the sampusr 4 Udust 99% irélalive tolike paveht inthiundglopulds A DErighirlndgieBunA Ghaybul i n

(i e b gen DI el 86k bsid-Vok uoA0 1b6RERIABYRA Parkfit fhoRBloYRBEAA . OF
protein WhI'ch conpri ses” a .antlggn-b| ndi Ag Site. An-antigen~pindinNg site is
t he parcempteteabqlition ALRAGBELALPR)- whi ch specifically binds to and is spatially
10 @onpl enentary to part or all of an antigen. \Were an antigen is |arge,

. 4. . i £ of Laen. which
part | SRPRuERghE @?‘ﬁ%@a@‘s@ﬁ%&% B e g R e s
an imﬂﬂﬁ%"m@m arﬂ"’??‘b PRFE HMPHPY ‘P)t}/“@”'r egion (VL) and an inmmunogl obul in
heavy chain variable region (VH, which may be on the sanme or different
gﬁwpgfﬁggg@aﬁﬁﬁ)ﬁfﬂé@anti bog%ﬁ?%hgé es ﬂgsldﬂﬁhuéioﬁfbbhlﬂpﬂloli%% lIM@%L@IIe and | gE
na T doiraals 3Pt e e BatbeanBhéASIseR Raiiop i a%#??%@ﬁmaeﬁghbm o °
and endediserteel peppoition @f mpaculeatn thedative stateensembld ofitherimagnasiabuli’ whghps) |
m nat urexBeih addgrstitebior A0BIpepteVbihIBOUB JBhaAAOSE ] Alr008(85 120A05)Ewasthéres of

anti bo y ' ek LSk . VL, VH, CL and
Gt doiirett WTEBSbA BLHBReLibe Wifin RS nah AUERE ncetine b Mndth, 'y i
(iii) tmeupgglebyigitich exdstdn ar pagregated r?é'welug'ﬁdowsd@m than He REoRATiRN e

ant 400 dyithin( the natiVecstdidlerseaglesithe Yreok imenuBoglebulml . , Nat ure 341, 544-546
(1989)) which consists of a VH or VL dormain; (v) isolated CDR 25 regions;
(vi) F(ab')2 fragnents, a bivalent fragnent conprising two |inked Fab
fragments (vii) single chain Fv nol ecul es (scFv), wherein a VH donmain and a
VL donmain are |inked by a peptide Iinker which allows the two domains to
associate to forman antigen binding site (Bird et al, Science, 242,

423- 426, 1988; Huston et al, PNAS USA, 85, 5879-5883, 1988); (viii)

bi specific single chain Fv diners (PCT/US92109965) and (ix) "di abodi es",

- v o o,



15 A suitable parent inmunogl obulin may be any i munogl obulin which has a
known am no aci d sequence and i s produced by reconbi nant expression in a
het er ol ogwoWERI@ISI ON System Het er ol ogous expr essi onPeYAIBR0B)/G0NTb ude
manmal i an cells, such as CHO cells, insect cells, yeast cells and bacteri al
cells, such as E. co/i, in particular for antibody fragnents, and are 20
described in nore detail below A suitable parent imrunoglobulin for

modi fi %a\;drﬁﬂtd@ﬁmgﬁ bl S [ésg’é&gg SHRlafin SLARREIIMBN cBRBAIEATE r DI 1Ty

| n ot her
L des Pae R inasiabulR efires vhder TR caReions o5 S B SR ORErTedng) 60°G) educed
pr oduc (i icopditidnsrusidet wivieh the artigen bindingrsite ofyam mrhimeglobuive doesamat einfoid).

r econbippamatdny, arre enaﬁnhﬁhﬁrﬁb |6bn91 s%a)seressrse&daeé@étrah%eygregatmnan §yrehabl e
cont rol. |mru tg{!o ul,i ns ,i nc

bul
i spieaymEUPPIRR Rk DbV AL oS bR Bty e
When exfpmﬂQQ@@Iblém)a 30 manufacturing scale in a mamal i an system a
sui t abl e parent i mrunogl obulin may, for exanple, produce yields of 1g/L or

|

o o0 cRfedaioR pBE Rl Us dg@érag‘aﬁﬁééﬁ%&m%&ﬁthéﬁg oIdﬁr@éﬁrcrERéquEt)lg
scal e iwhich nslatasdpithe a‘%!%?fe?rf’m&e'fié‘? %foeqt'WfﬁjﬂGQﬁS'b@PF‘P\a' gghaturayen.andip| e,

pr odigc eypicaely deeasbire@.using/circular dietgrsisof ((}Dr)l(udaﬂﬂ etat Prateih Eng DestSet 2006 by

ELI SA, vd'/QX{ 5"%%3@ ﬂB&@ctr@HganHéra Bedite fgf?mm{un@gr Blifas A met hod

may co noglobulrn

eter nin e manu

for ex&Tpt" eg CHERERY | ﬁge BP%BDE? F@‘?‘F P@\"éq @eﬁﬂ% ensr ty as
descr i limohuheglebulin. Fhegraabriefoldingrefiioghobis|therefard mhemenwaggw@awml ds (e.g.
1g9/L or répeﬁs.tpéndsaaésbroehéwaeg.gﬁrhcarn.rﬁpéc@ommhh@actaaé%n@rafaand/ or high
ggr1%gat| n @rglglensr ty (e.g % or nore aggregation) nmay be identified as
di spPayMy"eB28Pt i mal manufacturability. WO 2011/ 021009PCT/ GB2010/ 001579
6 Modification of the sequence of the parent imunogl obulin as described

herein A@Yedaﬂoml&ﬁﬁr bl nheasuRAIBaNRENtRhal0REthods iSudatié fedhmiquéSintiutalGR-i ty.  In

f h
ant1 bodl 1 B ASe (AR o THRaR, S B, 2B ol BoBREEs
ant i gerft€o ”Eétrﬂ”ewéb Q‘%QP@F?‘@“&PYQ hiBding &¢:9i Q‘,"ee'??%é"t"°ﬂ?¥d‘n£f~’b§‘§"@9%ﬁpl es of
t herz@p eapthalenasulfooidiaet; seefok epamplerHawes Aaet al Pharnsadeatital Researoy008125n is a

non- nal plg oAU B ST D86} BRY IO 5 DI Held folk ReciRATor arree!

anti ge h are I SS es .a m no
20 o ol 83 amhos SRR 4500 gl atavich rﬁ@c@mpnmncs% in
may di feﬂeal AAPS J2D068:580-9. 6, 7, 8, 9, 10 or nore anino acid residues,
relative to the sequence of the parent i mmunogl obulin. Preferably, the

se nc(?tg%Letiﬁtggle\ﬁedréoﬁdééar% W@gd (i)rﬁxrvﬁr‘je ﬂle fo ﬁlr og% ?{p&%rngthr%?aﬁﬁysrs of

aggr egaqr@tew-%raaneceyé@ar%rﬁ@’ Reesg 205 6@&6%#&'%68#&59%\”%&%%00% th the
except igra)f4347e660ne or nore 15 substitutions described herein, the
sequence of the variant i mrunogl obulinis pref erably identical to the am no
aci d sequence of .the : i.ant i nmmunogl.abul i n

bi nds. JRPETERindd BpnpAEEr Ry eV bt dhoaily KBTS s RIBARUERL o

bi ndi%ndelative tadh@ipereglimnuUneRIobHEN. par ent i mrunogl obul i n. Conpetition bet ween
20 i mmunogl obul i ns may be assayed easily in vitro, for exanple using ELISA

and/ or whi ch
can b AarsRPEicholRBRE bl 1o Bl ol da%ﬂﬁﬁrﬁ%mn

t he par é’ﬁ@xﬁ"ﬁﬁﬂnfb@l"e'bﬁﬂt|"F\mP§°%l°'M'§r'%ﬁ)'e‘-‘th°Wd"<é[ﬁ?$ Héres gompared to a

i mrunogiaoémimmumgﬁmmawhyn erzhresse:ﬂntdrecmhmadﬂeneténce@l badtenia pe mtanenaiahect .
25 [ ' f n n

or e?%‘?a"‘%r’% F‘g@ﬁ% e e R S o B s B R B8 i
vari abl%@® P n(e\;y)an oglobulin VH and VL domains each conprise three
CDRs (CDR1, CDR2 and CDR3) which are separated by framework regions (FR1,
FR2, FiByaet ﬁ%noggaﬁﬁn Raf ar@bnﬁ@r@rérebdrendre@r mrrﬁor?éa ;yur‘r.Eutnntmdé/arl abl e

donai n am no .ac sponsi bl e
fort hdodisgd f?fmuﬁ%rﬂ&r%@em Bieet B ageTy M didese B e B B pe
mhrdﬁ)ﬂ?tm%@ﬁgﬁﬂméwnoﬁﬁ@ﬂmength of the CDRs may vary from2 to 26 am no
aci ds, depending on the length that can be acconmpdated by the particul ar
underlying framewor k. 35 Preferably, inmunoglobulins for use as descri bed
herein lack intra- or inter- CDR disul phide |inkages. Suitable parent

i mmunogl obulin CH1, VH and VL domai ns for use as described herein may be
obtained fromany germline or rearranged human vari abl e domain, or may be
a synthetic 40 vari abl e domai n based on consensus sequences of known human
vari abl e domains. In some enbodi nents, the VH and VL domai ns of a vari ant
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35 Where appropriate, the position of a substitution nmay be descri bed
relative to a Kabat nunbered residue which is invariant in inmunoglobulin
sequenceswoOAnai@pnat i ve anti body nunbering scheme is #esaB208cho1579
Honegger, A and Pluckthun A 40 (2001)., Yet Another Numbering Schene for

| mmunogl obul in Vari abl e Domai ns: An Automatic Mdelling and Anal ysis Tool .
J. Mol. Biol 309, 657-670. Tables la and | b show the correspondence between
t he Horﬂﬁgﬁb‘i‘érre%&nﬁ%&ﬁﬁ&nt@}%ﬁﬁ?%\)e%gé%?r{%uﬁfcfcﬁjra%?ut mag‘?eélﬁt'rﬂays:‘éééﬁfrwtb% I nto
an aggre atlon-Prone segrrp,t as . describe ereln | Bref erabl'y one of the
20 nat GFHEY 2ge'egRIINBrORRASY 28¢ insseasrd PIRALCTNIY Salive P ARe B3Rl aci ds and

t hei r dmemdegldbwiine and three | etter abbreviations are well-known in the art
(Principles of 5 Protein Structure G Schulz & R Schirmer, (1979)

Springey-. Verlag NY .lnc US A substitution may be.introduced j.nto an
oror Borsrately. AYahRRErSPb P B iR of SubstRntpl PR SFTR S6P Y RE o ent
i munodheparenrtimmunsgiobulisl @eaajigeninding-astidtye segnent of a VL domain
framework region may be selected fromthe group consisting of the position

20 10 Lan-0r : . it [.Of- ,
Che  polfimiiitsbRELR §aaEBEI or SRR L fpritfs BHIARALL RGHELAE Ar comen!
aggr eg@ntigsn-Birdne Sg% &%B?u part ‘?E%n {ryayRagibubmwhish ﬁB@‘a&aﬂh bipep treandig srakally s

| ocaife domplevientargepart &r allegfianranfigem dWagtecardantipen iv lpe| an ommdrfodiabup@si ti on

23 of ) ‘ , : e » <t 0
aggregz'ﬁ‘?fo%"ﬁ%fﬁﬁg é‘gg#é%’?* %ﬁ%@%ﬁ?“%ﬁ%ﬁlﬁ%ﬁ BRhpe Ersteraty. 1y o
am no &0iaMU9eEPIRGAg FPMBETATRITes 8N fmmy 'R AGNY RADYEERRIB (RIIAN Hieky 3B

r epl ac e immuaogiobulinfHeawy nhain nanablearsigibnr(¥hl), dvtich may he ondhe sawe or different

| MunogoRBEbtide chdlingf er abl y, the residue at position 18 is substituted for
R, or V. For exanple, the amno acid residue at position 18 in the
parer?t i mmunogl obulin may be T. The variant inmunoglobulin may conprise a
VL dondxampiesct inmppegletiding inpugr whplegantigedies, inclgiing anjipofy isotypes, sach as

substi tige] IgA, DL YW ahd RECR thei BoBPicagftiagstis! UthRis196 1 2AGIGE4; afivodyccur at
Posi {1 9ol ahdEngfhediofBhhoay QeMifinallsN6h BCLHaR FRh I ALNB LSS On 20 I
the pare |,m’runl_;)*igl9 bul' I n ma& e replaced . a different amno acid residue
i n t he WiBatubsRd IntRadies @ASlid YHHQmipg and diabedies- esi due at position 20 is
sub20i tuted for K, RR S or V. For exanple, the am no acid residue at

POSI t1 @Eyar{didsTbf %h@od&@rﬂ%@hehfgma%éﬁw F4b R cdnsisting BAGL Y@L @iNbing

| ) VL h 20K T20R, T2CS
or Yool Ret e P a8t g otlge Ueand CHY poee dud e pRE o
i n VL feongistingrdf theeyi end ¥Hzdednaing efredsingle entihodyi Giv) dre A0 fragmpenti(Waoh 38 of t he
VL donwi Bi., Ndlure\¥212844L 688 (10887 WhidhtbdidigisQ? 3349 oPvIT Bemaii (1Wisdfatéll CBRI due at

i1iQn.37.i , | ' -ent
DS Mol L U P Rad TRUABAO Bto ind ORBRET el BB RUET, .
at posisinahcham Fsmelgsyles (saFal whereimad domain@pd addlagiginain af%a;k&ﬁibbi@ aci d
resi duglteptri)dqlzmbt whigh alfowsthehwo {ﬂﬂlﬁﬁl‘ﬁ‘b to %pgébmbuim an aBygenebihding ite (Bt ant
| munoglh gpdl-jeRcdTBW2COIRY 365 8 98s: iust & ) PMAS DSACER 48785883, : (vill)

bsti LUty o5 eng G988 - egnent ,i§é§>t VL
£ 1 amewdt90sP G BHe AN LATEFE CHUSTIOREE) B 9 “BoDHTer s mUVaRNHRT t he L
domedon.mulspaci§iafreginentsiconstnicted by gene fpsisn (WOR4/4380¢4) &, lghigeret-ahrRyoe Natignent
MYy OCQHadadciPOSA D0BA44B448, 1698). 35}, REFR&T dal Ry intbicuds MY b s@Bilided b t he

parent i mmunogl obul i n._nmay. .be replaced. b different ajpno.acid resl due in
fhe varf*.’_%m°ﬁp§{ﬁ‘§'ﬂa§f DtiPIAS Bep R AKBE R YA e a0, S8t e PR T
subst i tRieteeh 141239-1245 1996 Minibgdies spmepriging B schviigingditha Cits dpmais M@ve at
posi ti ascde mAdé (8 HwpstaNtCdntBrRey 58180553060 988. T. The vari ant

i gl obulin may conprise a VL domai n which conprises a T45E, T45K, T45R
T45Q or, T45V substitution. The am no acid residue at position 45 in the
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subst i tdAdidsOfetrbbodiles ¥nd Minibddids. or S. For exanpl e, the am no acid residue
at position 46 in the parent immunoglobulin may be T. 30 The vari ant

i mmunogl obulin may conprise a VL domain which conprises a T46L or T46Y
substitution. The am no acid residue at position 46 in the parent

i mmunogl obulin may be L. The variant inmunogl obulin may conprise a VL
domai n whi ch conprises a L46K, L46R, L46H, L46F or L46S substitution. 35
The position 74 aggregation-prone segnent is located in VL framework region
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10 For exanple, the amno acid residue at position 74 in the parent

i mmunogl obulin may be T. The variant i mmunogl obulin nay conprise a VL

domai n whwohoowrrpiobses a T74V substitution. 5 A substi t eCir@B20ey0be9

i ntroduced into an aggregati on-prone segment within a VL CDR3 of the parent
i mmunogl obulin. A suitabl e aggregati on-"prone segnent may be selected from
the group consisting of the VL CDR3 N term nal aggregati on-prone segnent
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differ j i ' Lkt i Wi Ul i r y, the
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i munod suitablerParely iIM@upegivkitia Mayybeanyi immunegliobulifi wiickbagia keewnjainorfaciche
var i antsegiighice @ad edprodicedtyaesbingnt éxbreskion irflal Geiolfuiis tekpiesSibn Spsters.
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occur df apetarelpgausaysterng- 2) . The VL CDR3 position as numbered by proxinmity
to Kabat residue F98 is shown in brackets. 10 The am no acid residue at
posi ti . i LEYRA ?J j ; i rent
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r esi duenarufabgingi soaleds ainmartingligresystem, iansuitalolg lpetemt intmusagldbaliRiy, fond t he

var i antexiaiRleN BRIdO8e! ibids TR Y g/t Gisks D sGubfe nfERERR, Ths\Wié £5ir&PBYPE [ ISAS afd/ 5%
RO6L, RI6V or R96V¥ substituti ﬁ% C%%hggt %fuetl on na%lgoqe I nt rfo%urced |£etio an
aggr egdl "N BPYREFECE AR MEARPHIPN 2 VA aoha"h SFPERETE TaYT'8HETY YRE Par ent
i munodf lasteriahsystens, . parBMtdmanpnog whtliromay foraxagwigreraduse yiglasef 019 ¢lbwai n

f r anewagds dfegiuble MRgridicasMeasired by ECIBA, RAJBF §%Ior¢adte iaggletisH, ab Ateastikd
aggrﬁaoycag_w@ne segnent; the position 75 aggregation-prone segnent; the
positlo 5 aggregati on- prone segnent; and the position 102

aggregati on- prone segnent (or CDR3 aggregation-prone segnent). 25 The FR1
aggr ega method moayecohgwize riktdrminiraciht edanufacidrabilita oEavwpatent eghanoglobatin foray f or

exanpl &SR] hEATHRG PrdduRfiortieldls BAS hbirBBath frbpdrisfy YueamBLansigtanCe:

A VH FRL a gﬁegatllon-, v&&: segrrent rraé 0 r#s/ ar aggrqlgoa}tlon- Prone
SegmentPaE T ERTHEOG PRI WERTBRPeS dore Velds 15 8ol o/p 6E Fs5 Bheodble Baierahbdd ¢ ons 4
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aggregaaelieémmé@aed&%gmgtsuwti&\émaﬁhfsétgﬁbmsl tion 1 to position 3 of the
VH domai n sequence. 3 substitution within the VH FRL aggregati on-prone
segnent may occur at position 1. The amino acid residue at position 1 in

t he parent i mmunogl obulin nay be replaced by a different am no acid residue
in the variant inmunoglobulin. Preferably, the residue at position 1 is
substituted for E, Q D, A or V. For exanple, the am no acid residue at
position 1 in the 40 parent inmunoglobulin may be E and the vari ant
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A substitution within the VH FR1 aggregati on-prone segnent may occur at
position 12 of the 20 VH domain. The am no acid residue at position 12 in

t he par enwoizonumogbobul i n may be repl aced by a differentcardBroloeoisior esi due
in the variant inmunogl obulin. Prefera%l , the residue at position 12 is
substituted for V. For exanple, the am'no acid residue at position 12 in
the parent 25 immunoglobulin may be L and the variant imunoglobulin may
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wi t hi n fgg posi tion 75 aggregation-prone segment may occur at position 85.
The 2§m no acid residue at position 85 in the parent inmunoglobulin may be
repl®@ced by a different am no acid residue in the variant inmunoglobulin.
For exdimglaatigembindiag dameinaaf apdamiungalobdinag,desakad heieie @refeiably, composesa
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am no &cFemmedatddéby ithe particuarrundetlyingrframegpsbul i n. 40 WO

2011/ 021009PCT/ GB2010/ 001579 14 The amino acid residue at position 94 in

t he par, fe 8 id, _residue
e FoderanE MRS P =0 B HER RS Hefeh Aok e bler R YBRbiNen s my
subst i tiDk¥a¢sfor R K or T. Preferably, the residue at position 94 is
substituted for R For exanple, the amno acid residue at position 94 in

the parseiﬂgblb Q%rﬂ@m @Wﬁ%kﬁ ; Pgleésﬂdaxﬂkgé[ﬂ&né’ fr! u§£' as gg{@%@? haRil My ggy
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HIAK Orenfidiiménid Shd VHIENAVL ddinding bPSariant infRurgidbulin tvhreh\%rlaeﬁeéd @8y 95
aggregation-prone segnent nay occur at position 95. The amno acid residue
at position 95 in the parent inmmunoglobulin may be replaced by a different
am no acid residue in the variant inmunoglobulin. For exanple, the residue
at position 95 may substituted for E or D. Preferably, the residue at
position 95 is substituted for 15 D. For exanple, the amino acid residue at
p05| t| on 95 |n the parent |rmunogl obuI | n my be R and t he vari ant
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A substitution within the VH position 95 aggregati on-prone segnent may
occur at position 100. 30 The am no acid residue at position 100 in the
par ent i mworzogloioebi n may be replaced by a different ampow/Gaoth/mespdue in
t he variant i mrunogl obulin. The resi du? at position 100 nay be substituted
for F, G L, M or P. Preferably, the residue at position 100 is
substituted for F. For exanple, the am no acid residue at position 100 in
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i mmnogj‘l‘%ﬂqt‘ﬁa?ﬂéfy °B@elf°m5H{fl‘°9'l‘?B“Uh?~°l descripedRAT®HI obul i n may conprise a VH
donm&iOn whi ch conprises an P102A, P102F, P102H, P1021, P102L, P102Y or P102V
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at posiuy. smp&a&ehmﬂﬂg@nﬁ@hgm{umgmo.gég)buI in nmay be replaced by a different
am ng acid residue in the variant imunoglobulin. Pr eferabl y, the residue

at position 103 is substituted for I, L or V. For exanp the am no acid

r esi dud/Vagre SBRIOP[igg. thePosition REa pubsiitition MﬂXrR?gqeéﬁqurfel?ﬂye S oom (ipBAtd 1 he

var i antnumberstogbkidbe Whithriginvamanin isenunogldbdionsequebceshi ch conpri ses a W031,
WLO3L or WLO3V substitution. The CH aggregation-prone segnent extends from

position 150 osi tjon 56 A substitutjo thin the .
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53V substitution. A variant imunoglobulin may conprise up to 10
substitutions as described herein relative to the parent inmmunoglobulin
sequence. For exanple, a varlant |nnunoglobulln may conprlse up to 1 2 3,
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40 substitutions at both positions 18 and 20 as descri bed above. For
exanpl e, the residues at both positions 18 and 20 nay be substituted for R
A VL dormawo 20my021d09r exanpl e, conprise T18R and T20R sulpstridBzbiocnnss79 WO
2011/ 021009PCT/ GB2010/ 001579 17 A varl%nt i mrunogl obulin may conprise a
substitution in the position 20 aggregati on prone segnent and a
substitution in the position 74 aggregati on prone segnent. For exanple, a
vari ant innunoglobulin may conprise a VL domain which conprises
substitutions at bot ositions 18 and 74 as describ bove. For
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and 20 Timeyobibors 20 sggregatiu-frone segroérd is lesatedién it frpmswoikoegidh 1raemyl extends
subst i thhﬁ sf,tg,rn 1§ t8'po8itieN 3 bithe 2. dopsdiflue at position 46 may be substituted
for % domai n may, for exanple, conprise TIER T20R, 145K, and T46L
subs |tut|ons or TI 8R, T20R, T45R and T46L substitutions. A variant
i mrunod) Yibstitubomuighia mqﬂqsﬁbntaﬂ@gemipm-atqneﬁegmﬁntrney wecucaRsiiond8rafnal
aggr egane Yndpmame segnent. For exanple, a variant imunogl obulin may
conprise a VL 25 domain which conprises substitutions at positions 91
(C88+3), 93 (C88+5), and 96 (F98-2) as described above. For exanple, the
r esi dud NgRNKER AGid sRsidye %995'5%“ 18 inthe patestimmaynagjobuli May Pederiagad BYai ti on 93
may 20e da‘teloaitlatmrhceablcﬂ cgsid@edm thet vaeianta sintimeglabuljpo Frdferably Othie mesidireatgdsitivn t ut ed
for V. : exanpl e, conprise Y91W (C88+3), P93Q (C88+5),
and R9g©|%%%%$2 Ehf§f%5{ons 30 A variant inmunoglobulin nmay conprise
t wo substitutions in the position 45 aggregation prone segnent and two
subst i tFor exarsplerthe hevind adibRSidvetat positier 1&igdhe garenbimnurogobylzgmenbe Tror
exanpl el’hea/aﬁé‘r'it'nﬂmunbgmb\ﬂiﬂ%%béﬂmﬂlsm@%ménh%u@l AHmpiRERLIT18RI T8O i ses
sub gtﬁtvposltlons 46, 91 (C88+3), 93 (C88+5), and 96 (F98-2)
scrl OB For 35 exanpl e, the residue at position 45 nay be
substltuted for Kor R the residue at position 46 may be substituted for
L, the A substitutomivitiia she pasitiod ROnaigrératisnbrdnietseh m@nf may ¥écur BEpdsitiondoeofat
positiq ﬁ% g §p¥ e substituted for Q and the residue at position 96 may be
substitu . A VL domain may, for exanple, conprise T45K, T46L, Y91W
(C88+3), P93Q (C88+5), and RI6V (F98-2) substitutions or T45R, T46L, Y91W
( C8863)TheRPOBGY a€i8 Bedijye atPdsiRINGR0 (RGBS -pAjent Dnreulisglobiulin ey e repiéed by a
2011/ 0%#%@&\?%@3&&%%53 %e]@arénmﬁ{nmﬁbpobmw PAGLRBY! iHa raauué:msttbﬁ two

substitutio p n 20 aggregafion prone ségnent

substlt ﬁSﬂ%S“MeC{ ﬁ'éK gsié n 45 aggregation prone segment, and two or
three substitutions in the VL CDR3 N term nal aggregation-prone segnent.
FOF ex gpeRamfle AL iagiiio adidtEzRilieqld bslﬁommﬁé@éﬂeﬁﬁnﬁn dibmmﬁh Z%B

| t
”‘&*ES?%%g%H?@éﬂnbﬁbh&??u'“m R&orsEd dosutenuiche ?h?i R T Ruues a
both pJ205i %5720V SUBSHU®O. may be substituted for R the re5| due at position
45 may be substituted for Kor R the residue at position 46 may be

subst | tafshigh 3#’aﬂbr'%§a{ &Pbr&H@sgéig?rﬁﬁ% {olg%@;{j g?r)é @oﬂ%\% Itzéﬁn%dexi as\W the

resi due at posit ue at pOSItI on

96 may 98" B i 8 teLgsiign §/° thewl n may, for exanple, conprise 10
T18H;O T20R, T45K, T46L, Y91W (C88+3), P93Q (C88+5), and RI6V (F98-2)

substi tAI§itRARMIGH withifithe daxitidn 3mreg-%@#prob% \épﬁ'@ﬁgﬁig} occi? APpbditii$n, . and
RO6V (F98-2) substitutions. A variant | munoglobulin nmay conprise a VL
domai n whi ch conprises substitutions in the VL position 37

aggregati on-prone segnent and the VL position 45 aggregati on-prone segnent.
15 For exanple, a variant immunoglobulin may conprise a VL domai n which
conprises substitutions at positions 37 and 45 as descri bed above. For
exarrpl e, the resi due at p05|t| on 37 may be substltut ed for Q or N and the

S o, ) " o o



20 position 95 aggregation-prone segnent and the VH CDR3 aggregati on-prone
segnent. For exanple, a variant imrunoglobulin may conprise a VH domain

whi ch compoi2zsag2smbst it utions at both positions 95 and POZ/GEotames7obed
above. For exanple, the residue at posigti on 95 may be substituted for E or
D, and the residue at position 102 nmay be substituted for AFHILV or Y. A VH
domain may, for exanple, conprise RO5D and S1 02V substitutions. Optionally
a VH 2 i t ve ' ' ' L4 94 and
00 as (leaniqadBleddle gy QT it B! ki Q. waghs BHa sy S pe
subst i EEBe PEINGacifiesidue In tie Vo aet inguinaalebuln. peipieplyn thegesisig aiposiion
subst i Bdtiesuldsttutad focQ dr N.M or P. A VH domain may, for exanple, conprise
H94R, RO5D, V100F and S102V substitutions. 30 A variant inmunogl obulin may

conpr.i substitutions in the CHlL aggregation-prone se nt .and the VH
bost € Sar STIRe 2Rl A teus al aafer fo e RERORS RGBT ey bet.

i munodihelyariant imaineg apulingeayscanpprisg v dompin shicharaanrises a 4 3gQIsybstitutidnon  at
position 153 and a VH domai n which conprises a substitution at position 19
as desGf ” . EX - ' t Y : Y,

ubst | (F QeGP SaqreBiuct R Searhelf i BEMEHT @) (BASLOUIRALE2 R edRee 1
35 An iRFUPRSHIONIALItP ROBIHON #9Pf e MyAMaiR onpri se an S153V substitution in the
CH 1g@ormain and an L19T substitution in the VH domain. In other exanples, a
vari anty d i i j b j j '

bt 1 { B B o g ol i SR Se i B RN o
conprises a 40 substitution at position 20 as descri bed above. For exanple,
t he redihdaminag agid sésiduerat poSitiom}5 reths porent imm@ibgiabulinvmeay detrbplaceskhydaie at

POSi Ui Qffefbht AN SIS kiafduelin iRy dright iﬁ&muﬁo?l@bblﬁ‘ﬂPréf%@?ﬁxhqgéiﬁmé‘atr@éitioﬁOr
exar’(‘}rg)l % .co‘g%wu?%zf'ﬂ 5€V E‘Sdr?OA substitutions. WO _

201170 fdf)?) 816/ OBL 8"%0 A variant i mmunogl obulin may conprise a VL
dormai n whi ch conprises a substitution in the VL position 20

aggr egor exarmploNthe aBUNEAdid Adue aYPositdrad inthé phrepbifRurgibalirtmagbetTut i on in

t he VH I ' t\nF e [ ogl obul i n
my 5 ogvaradiGhbaBea R SaAEI v Bomh IR Feonbritlt 5355, TIRRZ0, P
domai n MPRAT4Q abE#9Y subsyiytign. Hssaping qeidgesidis atpesitipn 45 in e R3RNtdue at
posi20i ammzBoglobulinanmagbelQniihervartant inemendgidhiutinnag cbmpride aMil. ddneain ehicdue at
posi ti eBmbAsdda HASE Vh44l0BROAsRRYbARUIRHPSt i tuted for V. For exanple, an

i mmunogl obulin may conprise a VL domain with T18V substitution and a VH
domain with a R20A or R20OV substitution. 10 A variant imunogl obulin nmay
conpr i fesupstitutiolpwithin thehpesitionctpadasegatian-pianetsegmenionay aceunat positipnsdét i on 45
aggregati on-prone segnent and a VH domai n whi ch conprises one or nore

subsfi tut i J e.VH.pasi.Lion. 7 r i.ona Rr S r.exanpl e,
2 e e e Ads e o RN B Pe BICHT R Py BR0Eered B o
posi t i ¢¥ffesant apunaacid rrsidue\in thesvadigrimmugiogiebuling Freferably; therresidugalpasition 46.

For exasps eubstitited fos LAVEK R, Hdsoert$.on 61 in the VH domain may be substituted
for KK R Q E, Db Nand A preferably R the residue at position 85 in the

VH domai n may be substituéjg%g{or E, D o A}] refe,rablr}/ E, and the _residue
at posiHr 6TATHRE: the PHANAACR ERRiAUR aRpSSn 4ibdhe Pareabimrayrogiobiin may g Tor s,

pr ef3r dieywaRantFomuerglopll|, mayncomprisecgVlo Borhain which copmgrises @ Ta#6l/lor Aé84i n wi t h
a L46R spH@fitionUih® BmiHathci résictie R positint 46 iR thd BdrBnaRehuvdglebalifihy baLi ons. - A

vari ant_ i mmunqal obul i n y _conprise VL domal n whi ch. conpr,l.se

subst | (T VBHAT oy BoEmaY BB Ak SRR ROV SHriPrses AERaFaR Vi
domai n WRHc kAGFoerdH46Sesibatifutial. nore substitutions in the VH position 95
aggregati on-prone segnent and one or nore substitutions 25 in the VH CDR3

o AleBEb08 2GR ok sEAER S ool B P RhleWBHIREIGH S s |,
domai n fiRM Postipnstt teposilinr 740f el dspain 89AugR@e45. For exanpl e, the residue
at position 95 in the VH donain may be substituted for E or D, preferably
Py SRR palich T4 aftreqiiol rdrRbMRTap BoltaEhostIE T 30
dbmai n ’may’be subsiitut ed for Q br N, preferably @ and the residue at
posi40 dine4Bnine acitl cesiduecatpmisitiondy irbtvepakent inmuredldtin Rjaylbeceplacepbeéer abl y
R For derémlapnindBeid FBidURAh i drianfMin SRERLIFE PrefitabOtRY asidlié Bt poditfdnand
A5R s%_sti ttﬁs&i. ?nqs) aQ/d a VH domain with %ED and Si g'(Z)V subst i tu%f%ons. 35 A
vari ant’ i Yt 5‘1% {?Iri h may conprise a VL domain which conprises a
substitution in the VL position 45 aggregation-prone segnent and a VH
dormai n whi ch conprises one or nore substitutions in the VH position 95
aggregati on-prone segnent. For exanple, a variant inmmunoglobulin may
conprise a VH domain with a substitution at position 94 and 95 and a VL

o f = o, ) o o o - o,



i ntroduci ng one or nore substitutions A, D, E, Qor V at position 1, R at
position 17; R at position 94; D at position 95; A at position 96; F at
posi ti on WwOQp1ik2189 L, Mor P, preferably WO 2011/02100ePCB26B20106001579
22 F or Mat position 100d; A F, H, 4oL, Vor Y, preferably V or Y, at
position 102 of the VH domain; and/or, introducing a substitution Q
at position 37; E, K, R Qor V, preferably Kor R at position 45; L or Y,
preferably L, at position 46, of the VL donmin; 5thereby producing a

vari ant_ i nmunaogl obul i n, erej n the variant inunaogl obul jn displ bot h

! nor oad i SEADRIBCDP AP aHras R cLASSIR £ e RerPel HymwatoBuln BBy B 3

i mmunodihetvatiant immanogigbutipireay corsprisesoVledarriid svhidhrcompyisesa d 74Missbstitutionons  at
positions 94 and 102 as 10 descri bed above, optionally with further

substi tuf i at _positions 94 and 100. For ex I he .resi,d t [position

oa i ehadefiondhmBh Bk BT iph o ddtteefiBh-rEs RaFent MBI BRI B | o,

102 maypamrnt gumynegiehulin A syitakle ggregatipn-prone\segment mpy be selgpted fromapthey;

opt i ongréup cdnBitingesf thel ¥L WDRBKI teintinal Aggfeautict-prond eegriritiant whedl DDRIT and

the reg ,q,yg @p %ﬂﬁiéd—&@ne@? méfstituted for F. 15 A suitable VL domain nay
%s 19 GPYGHS At 1 '

have su at” posrtions 37 and 45 as descri bed above. For exanple,
the residue at position 37 may be substituted for Q and the residue at
posit0 diheAl. OBR3 Deteguinalt aggudgation-prorie, sefmeRt exterals fidm pvariant edsiduelC88toR. A VL
domai 1 B Yosifd eight A CaciGOEREITRa of FIRREERAR U BbmEHISeqiiince2Por, var | ant
I rrrrunogea(o uL| B’?e y ng’g\usse. aI VH donmain with su ?tl tut onf at dg(%.m t gn_s 94
and 95 SX8MAEs e el maiRa! 2g9rpITiRRINeFeMeRt WAk EXtepd P Pastiop§8ite i on
46. FomositianpPba of thhd/Lrdemiaiue at positions 94 and 95 in the VH donmmin nmay be
substituted for R and D respectively and the residue at position 46 in the

j bst i d f , i | | i
comiB e ARio SRR 0hE Be ks, Blpdeniont SR TEndh: afhet s i ARG TSR and
RO5D sdeinal of resiskie Ga8hA0 (8B +An 1 (G-I F20E8BH+Ms 93 E88HEI R4 (€8886)\PP domai n
W th syss+)End @53 (888+48) & the@aserd ImmlAogiébllia snalaskaeplacsy By difebsht amind.

q . \ . g > s > o e th
dorre 1 bl BsBUERHHE Wbt i d38ih TV W/ cBRA ok OhuiBe Bt e
and V rR@packapat (esidyvg G89care sBPWR Ebrackeldsi tion 37 and 45 in the VL domain
may d0e substituted for Q and R respectively. For exanple, an immunogl obulin

may COMpE |t foritthA #d UL WORS Méﬁmqq_{ﬁ“?éé&ioﬁ%?éﬁé& héi ey tdedr AH dormain
wth R95D.ang ?‘%8%%/3 substitutions. 35 e presence Of aggrégation-prone
segmentROsan 4d dd herein may be hel pful in identifying i munogl obulins
whi ch di splay reduced or sub-optinmal manufacturability. A nmethod of

assessiTHg dnfifo BBIE Wit ML kibh B1 @f thabatHWIAGhEIMBUIR nisbeGBPBESSSY a

i dengd f yd t.h . d.r.esidue at . i fians ., select from
tho 5 SIS A nE R Pordlstin S4B Bim eSIsRLI i BN, et gaagaiiesiRe,

t he VL Yoravbstisited foe A Emlud’ogﬂ bl Fer axampise ther anping acid residueat pppition§1inp, 94,
96, 10Qhe paAtimmhidgloblih may bBéy. Yhie dariarit nnmtmcbdlaaljnmuyagh}ziﬁué /L ¢ondain

posi ti : i 1. i 010/ 001579 23

wher ei %Iﬁggb[;‘b@?%%%ﬁj%\' ggﬁsﬁb&l&évﬁ%’ﬁsﬁ%ﬂwg—%ﬁ@%pr eferably R or V
at position 18, K, R, S or V, preferably Ror V at position 20, E, K R Q
or \B0 pA edtstittiby withiothélyL &DRoNiténmimal 4§gregatam-prongsegneerdinlay deccurat posi ti on
46, V adoshiBioBies+By, A F, L, R S, or W preferably Wat position 91, D
F, L, Q S, T, Wor 'Y, preferably Q at position 93 and/or E, L, Vor W
preferably V, at 5 position 96 in the VL domain of the immnogl obulin

and/ or ; The amino agid gesiduesatrposition 93 in theipdtrnt smenogiohutin mayibe replackdby & at

posi ti afiffekent\anitho BEIE irddidu2 iP RS vaIRBE imrihogBbulh. FrefeRbly tHeredidue 3t SYsitidn

pr ef : ] ity en , ef.er oSt 20, R
at posi |%rsla-tésﬂm%&_%trHpgsll"él@’psri%g{f bb?’ %r %?mge' FS'% %t?ll'ﬁ/.a éw@%?@evﬁ p|o(_)rs 'g'P r abl y
Wat po® ipthmpargeidmmeinogiobylin ey pe P angrtee w3rigpt immunaglopulit M3y SPEPESE 200d, A,
F, H, VL domain ahich,colripripgsh €93D| RPO3F, ra3l, PSRQ,[RESS, POBT, IREBW br PA3Y0r V at
posi ti afpdfddidny the VH domain, and/or V at position 153 in the CHL domain
of the 1 mrunoglobulin is indicative that the i munogl obulin has sub-optimal
manuf acturability. In some enbodi nents, the identity of the am no acid

r esi4fueThet VipGBPRBI G termdataggnegdationpddhe sagneht extendarato the posiiontthree amino

| MUN oG RRW-teimiry obiRv A RhEfelidie o8 T pRsiESTRIE 3QE 98) togkils 99iM@e Vihan F,

G L, I\éor iPe ure%feerably F or Mat position 100d, and/or a residue other

t han A, qr_:jarr_i,s \ E,' Vor Y, preferably V or Y, at position 102 is

i ndi cative that the manufacturability of the inmunoglobulin is sub-optinmal.
20 An i nmunogl obul i n whose nmanufacturability is identified as being reduced
or sub-optimal relative to control inmunogl obulins may be a candi date for
nodi fication by a nethod descri bed above to produce a vari ant
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WO 2011/ 021009PCT/ GB2010/ 001579 24 Suitabl e aggregati on-prone segnents and
substitutions are descri bed above. A substitution at a position in the VL,
VH, or CHiocdonmi2mooi nvol ves the replacenment of the resi e¢ge/Gaotom@1579si ti on
in the parent sequence with a differen{ resi due, preferably a residue set 5
out above. Were the parent inmunogl obulin already contains a residue as
set out above at the appropriate position in the amno acid sequence, this
is not a substitution or a substituted residue as descri bed herein. Parent

or germline i nogl obul i ns are therefor t. vari ant, | | qbul i ns as
descri 88 aHE’?%g]?W 'Tgiuﬁsaté?@%ﬂ MeesofRosians §5 k}pa?rai' %/?néé mgﬁl @%%rﬁné‘%ﬁ&
posses $9s thiel parend imindsoglotwdin ndybeogplaaéd by nidiffergnt amindacioh egsisiue in the

i munoghgiitlimmubsglosliiap! ay inmproved manufacturability, for exanple reduced
aggregati on propensity, and/or increased productivity in a heterol ogous
expr€ssion system 15 For exanple, a variant imunoglobulin may display an
i ncr eadesubstitgtieniwighin the YL 6PRC tesminal aggregationtpsena seanwnt maylosewiat 309  at

| east 4oMftionb6 (FeBs2). TRV TDREFGHtiohGRMunerd ERBproifiiito Aabatiresig@sFIHR0%
rel ati Yol i BiGciRaL ent i mmunogl obul i n and/ or a decrease in aggregation
(i.e. areductronin the proportion of nolecules in the native state
ensenbl e which are aggregated) of at |east 10% at |east 20% at |east 30%
at |1@agthedddino atid resichie diPUsitiont 96 @ethe p8RY inahunagiobiulir thay Boreplacdd byeast 99%

rel ati . i | ' j n béki i spl ay
oo SR Py o B s

i mrunodt F'ﬁuf?"% rebe ?I’pWet e abolition of aggregation). As descri bed
above, a variant inmmunogl obulin may display inproved bioavailability and/or

25 1 edyeedxdAPENAE AMind 4d(d FedldtikiaY Bodiforf SEEinRRE BAvent iMFIHAGI0BAIH MmBy b&ROt her
aspe, t of .the lnv;entl O”@Lﬁ' de% an .1 soglgtded anu@lie ¢ ac;.de en %3}93 a

vari nta“Fﬁ?ﬁmgPBmi‘i“ff}?Q G@Y CBRRE AV E B W CPETeSL oL

t her eofR96¥(or pubsditttian.nay conpri se DNA or RNA and may be whol ly or
partially synthetic. Reference to a nucleotide sequence as set out herein

enconp A l.e ' it b asses a
A o oS eyt el e itddodd hib arl Soct B chéne SHERE iy R AT BGRER" 0P
unl ess f@RAWORE region af thespasemtdmmusaglobyinaAsyitable a0gregatinigrrape FegMemscka ul e as
des@o0i hatiddreaiaiframawoek (Bidibn vy b selédtedifrdmdnhe grovp cdosisting df ey €RT may be

pr epar 1 LGh T i L C8inhs@6hH 85 under
Con 1 A piortFlong Sefiefue u’é'??gﬁagg'%éiﬁ* {1908 gl e fﬁggfﬁn
ol eculBGESEPRPro0F SEAFt SN Aeak AN (PR FARPIRERPIPRE SRR P GOR30 As
descr i lagdregatiomspondseainenthbel ow, a nucl ei c acid nay encode a vari ant

i mmunogl obulin or a VH or VL domain thereof which |acks one or nore CDRs.

One Qr re CDORs taken froma don i mmun ulin m e 1.nco rated into
the 4 SRR EeudoFDurie R ehE it Al Vst St Yok iy P

2011/ 0 ZXe09REKeERAPI0 postiaT btoxmshigni2d £k the Yid demainssauentsc] ei ¢ aci d encodi ng
the CDR(s) into the nucleic acid encoding the variant immunoglobulin or a

VH or i eof I i : ! Sl ,cqacid
are pr\e%\e/ﬁab yéqgg%ﬁgtg fe?_g.ror\\éﬁsrﬁﬁﬁ%w ’SEEP ?’ﬁgg'%b%”n ﬁ@g{‘?am déb\?\?elmrg%)lgétgcr’ ee or
subst arftouinegreyn-eongisting efpasitionst o, ypAsitions RAG apesitions Jditad AN RIFIIQES ot her
pol y3®eptbitd@s. or nucleic acids with which they are found in the environnment
in which they are prepared (e.g. cell culture) when such preparation is by
r econbi hgnt t echnol o ractised in yitro or.in vivo,. 1 h aspects
of “the A SUERT 2" sa00 aeohs fBoBient B8V aeptipmipsRliond tpESiion debieitham do,
vect or glomaira$easieng’.i on or expressi on cassettes which conprise at |east one
nucl ei ¢ acid encodi ng a variant i nmunogl obulin as described herein or a CH
1, L,QF. A 0, : str n

oxproos ettt TR s YRR CPaaragasofobgtie et FBY sPRr B89 EL . pea
above. Systens for cloning and expression of inmunoglobulins in a variety
gf di f frRivecambind@siti residiuesataiogitive  lin theqarent Snmuadglebutiashaycisd deplacad byde .
acteri ' AS, : i : i ag ce
Thes. Serpaithe 84 EUd R in fRARRANARE o§'°§¥'!%ﬁ%§ﬁa?aﬁ%a&§@%% HoRoti de
| ncl ude esHbRiGde ARk O Dofeary- 681 Pamplp the Bmyoac esidup dhessiion il cel I's,
NSO 4o ymeentirhmnpoglotmudih InsayshedE amd theotanientsimniuroglobuolim mpy efrepriseda Weatosrsiral

host T qphigH&irhprisBFWMOM, T8, EAATR IE VHuBStitltforFor th€Amino R @éiau_s%sgéamm

i mrunogl obul i ns, such as anti bodi es and anti body fragnents, in 25
prokaryotic cells such as E. coli is well|l established in the art. For a
review, see for exanple Pluckthun, A. Bio/Technology 9: 545-551 (1991).
Expression in eukaryotic cells in culture is also available to those
skilled in the art as an option for production of a inmmunogl obulin, see for
recent reviews, for exanple Ref, ME (1993) Curr. Opinion Biotech. 4:
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cell, in particular a eukaryotic cell may use a viral or a plasm d based
system The plasm d system may be nmi ntai ned episomally or may be

i ncor por avedoimbkoobhe host cell or into an artificial clrCcoGBRIA1579

I ncorporation may be either by randompi targeted integration of one 10 or
nore copies at single or multiple loci.” For bacterial cells, suitable
techni ques nmay include calciumchloride transformation, elect roporatl on and

caus n e Hareft "ﬁ‘q”@%ﬁés. réﬁaﬁéﬁ{aﬂf”ﬁm?dg% Ay bR
host cg’PF‘?'W%*?C préAesan et %%'s@ sbt?s“ %8 gene. 15 Nuclelc aci d

encodi ng the variant i nmunogl obuI in or CHlL, VH and/or VL domain thereof may
be i nt eoyiiFed dggFégahmp%e%gm@ﬁt Bay BREAIRSATBRLItIOH 44HBodiRs 6 6fthk VH

Inte %’[I on may be pronoted Dy inclusion of sequences which pronote

reco T¥%n with the genone, in accordance with standard techni ques. 20
Fol | om ng production by expression, a variant imunoglobulin or CHL, VH
and/ or AQubdBIBOMwitM EROVH IFR/ éygrég‘aﬂb@-bﬂﬂ\e%egfr@ht rAly bédup At pedititm Sehtheui t abl e
t echni n used as appropriate. For exanple, a nethod of production
may further conprise fornmulating the product into a conposition including
at | east one additional conponent, such as a 25 pharnaceutically acceptable
excioi aie.anias acid tesidoeLa pgbition b iimthenmayen enmasshlobulia niaytbecdplated beat ment or

di agnogger.rQit aPrh?ch idle |ﬁmé@rla92%unﬁﬂfgﬁulﬁ§ P?efQEBQOQ\eC}%sﬁu§§ttﬂH§E|Bn(V‘h' ch

may in ude |ctre t ment I sease er in-a

pat i ent® Y L@%ﬁé’s Qr & @mA. hep WQ%"&S’ resifye 65?953199 SR P EPlect i ve
anount irofuhbglowdinireayt be e 61 \Gviahf mmtﬁbgbbulasrpa)ncwnprﬁsetmb!mwm wbich
provi deopipasdes ESY sGidtitkiBAPOSi tions conprising a variant immnoglobulin as
descrl bed herein, methods of naking a nedi cament or pharnaceuti cal
corrp(§5| tion conprising formulating the variant inmunoglobulin with a
phar madeVitliFRd| aggremmtiat-peneasomeakmayp extand framdositien (13 &o pesition/ 1 ofthe VH

i mmunogoafaid.in i n the manufacture of a nedi canent for adm nistration. In
addition to the variant inmunoglobulin, pharmaceutical conpositions nay
conprise a pharmaceutically acceptable excipient, carrier, buffer,
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Chloride Injection, Ringers Injection, Lactated Ri ngers Injection.
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non- st eroi dal anti-inflanmmt or aspirin, paracetanol, i bupr of en
or ketoprofen) or opiates such as rmrphl ne or anti-emetics. 15 CI i ni cal

i ndi catliheraming agifiresidug ataositian 17 mﬂhn@graﬁ\bmmmhnqw@bube maydag replapechy ae
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suf fi ciceniprites & BaWRebstftution. 0 a patient. Such benefit may be at | east
anelioration of at |east one synptom The act uaI anount adm ni stered, and
rate and tine-course of admnistration, wll Pend on the nature and

sever i tySuptiifion witainthe W R .agasegatipppEqne S5MERT BRY PFEEYBRTIONLIP deci si ons
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nature of 30 the antlbody (e g. mhole antlbody, fragnent or dlabody) and
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15 variant imunogl obulin w thout affecting the manufacturability. For
exanpl e, one or nore CDR sequences (e.g. CDR3) from a donor imunogl obulin
may be uswo0n/mepbace the correspondi ng CDR sequences POTAB2AT0/M@IE79

i mmunogl obul i n as descri bed herein. 1q1£, 3, 4, 5 or all 6 CDR sequences
froma human variant i mmunogl obulin as 20 described herein may be repl aced
by CDR sequences taken from a non-human donor i mrunogl obulin, such as a
| ne 1o TEMIRMABIbE £ or YOS AUHER, TheUHRB SATeL R AARRH 1o'h 1@ AFRN! S o

i mmunogl obul i n may possess the sarre bi nding acti vi as the non-human donor
i munodNEM0egePYntMay kel and thea@rant 'F‘WH%‘@%WIW?WCQWP%GWWH%\W Whigh

t her ef eomplisesca L1831 edel@Visubstitutiort y. 25 A net hod of preparing a hybrid

i mmunogl obulin which binds to a target antigen nay conprise; providing a

Como TR RbA USRe Bao e Sl A MR B 0 %,

3, 4, 5 or 6 CDR sequences of said variant imunoglobulin with the 30
Cor r es rRB Gt SERresRilieaR 6silisrP20 mathél paRADIMMUIRBYIBAlIPRYY bB refia@iaiya

pr oduci hybrid.i | phul i.n Lch hbinds i rget antigen. ..
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technigﬁﬂg' SFhﬁgﬁgﬁgéghgb?@ﬁﬂﬁﬁﬁggﬁgpﬁﬁ@sﬂga%BR grafting are well-known in
the 40 art (see for exanple, Riech nman et al (1988) Nature 332 323-327;
Queen &t paditioRNASdgsyatidfne 3eghehirBay 84383 fromdsilibe 6¥to AMMBDNAS dfttkee hybri d

i mrunoghPRsthhip. My conprise a substitution in the VL COR3 N term na
aggr.egati on-prone segnent or the VL CDR3 C term nal aggregation-prone
segnent as described above. 5 The VH CDR3 of the hybrid i mmunogl obulin may
conpr i Pesupstitutien withio thenpdsition 76 agdregBieN-RIpHESgAMEDIMBY orrur sbppaiion 61as

descri bed above. Suitable variant imunogl obulins may conprise one or nore

bsti tuti Ln,f k.. ' : i 10 |
oms. eriaEnead R pten 7 B2 Bhrent B bain FR5 b B8R, 2na or
VL CDR3iffesent @mirasacidpsidutin theomsiaptdpmmogighding Epbexample. dhe @sidugsbrti on into
t he 20arposition 6MMayGybstihuted FordSRIQYED Hrod & Bréferably| theassidubat\fmsitianb1 is
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humani sat1 on ot her than rafting. e or hore substitUfions as .
descr i HBAUAYRDPYINTRIY brPiapd r“?gﬁﬂﬂ{@at '?’!WW%I?"WHM‘%QP’BBU?% AV, LH%"??Q" Whigh
pr oductcoowprieds aPAtiRsnbstibdioant i body to inprove its manufacturability.
Humani zati on techni ques which may be enpl oyed are well-known in the art
f | e Padl t.al Mol | | . (1991), 28 489-498)..2Q Vari ant
| nrods SERSTRGT iR pdied TReAerae TRy Bisne pEamEt Ay rrer AF BANEPR of
libraries or repertoires for the isolation of binding specificities. A
rzrgt hod Tok apfiepacit Rgsiduevapbsiidn BSTRE pamnt immudddidbarliy magbedopipcddisy ab
rovi - and. above,
ropl acidirar SgfRguqlesiileln el Bt mIKGBSLEY St GRofle 1B REclBEt Y o
i muno@esliar Pagay; sukstiuted & & e direferals dhp iesidee at peiianiRp i3 sybrityted) a
var i3ntfor Errflon egarople) tha aif aciy resiie Bt @osition 85 in thepareagimoburiagiobulibmayy wi | |
cont ai rhedy ghy %ﬁ%géﬁﬁﬁﬁ@gggﬁbnﬂ% %Wéﬁﬁ&%@v%ﬁﬁ%&?@&nbrﬁbe&%w

vari ant ,J round.” The |1 brary may be screened for a
varieuévéiﬁgin PHHtQh cﬂ is specific for g ta¥get antigen. 35 In some
preferred enbodi nents, the VH CDR3 of a popul ation of variant

i mmnfqlr@mm b?§tidi‘f3%f SyréghibApRsh ebéégﬂqerneié%éa%d if \fH géfll’ibm?rvm_e@ﬁﬂ g@hgfh&:g[y For
exangl e od . repati. ant i mmunogl obul i n ic inds to a
tar gge%t %&Fg@ﬁbﬂ%}&é’oﬁp@ﬁgéﬂw’?g?ﬁrg\sﬁ'di ng a st a?ti ng popul ati on of nucleic
aci ds encoding a VH domain which 40 either include a CDR3 to be repl aced or
| ack a THafniad acidirexiduecgtions or wive¢ of positidnsl 9YHZ] 9894 9600F 197568, 9®rendior nor e

subst i t4ahi; ' : LAN: b above,
w0 20110 BB s aRasR s e AR gABL BN ATC. ARRELY AAERGREECH]
popul at'PYAUSHNtRe YRS IMBYRAHPEM N -donor nucl ei ¢ aci ds encoding a repertoire
of M@ CDR3 am no acid sequences such that said donor nucleic acid is
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a product popul ation of nucleic acids encoding repertoire of VH domains
conprising said VH CDR3 5 sequences; (c) expressing the nucleic
aci ds of said product popul ation; (d) selecting an i munogl obul in
specific for a target antigen; and (e) recovering said

i mrunogl obulin or nucleic acid encoding it. 10 The popul ati on of nucleic
aci ds encoding a VH domain may further conprise a nucleotide sequence
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In the sanme way, a repertoire of VL CDR3 sequences may be conbined with a
popul ati on of 15 nucleic acids encoding a VL domain conprising one or nore
subst i t utwons1imni@ggr egat i on- prone segnents as descri be#chmaysom/ooastd whi ch
either includes a VL CDR3 to be repl ac§€ or lacks a VL CDR3 encodi ng
region. In addition to CDR3, repertoir of CDR1 and CDR2 sequences nmay

al so be grafted into a 20 popul ati on of VH and/or VL donai ns conpri sing one

whi ch' Zpé‘éﬁﬁ@dn%ﬁ%t%a‘“ﬁﬂsﬁ%%%ﬁ%ﬁgﬂm%ﬁﬁ@"ﬁﬁgp T:P%E" 2y BEpEfaqlbyE ] o
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cor r esparigli Bt e pRe HeSHiRo aeaac}egsg@e st ptsitioR 94 GoR! pﬂa?%t\{hkngﬁoalbbﬁﬁ RdynS
nb d t te VL VH . \ .
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i Mmunodherubistitution thecantiep acid oesiduenatyposition 9% & thie Pareny emumogiobsilin mayl ke thost

Syst emghy Ghe @eﬁiahhiﬁ;nmhfsg@bdiirsrmlagbowﬁéeemdowwwa&aézmpﬂsémhgan,i 4K e

i mmunog| i whi ch possess 30 inproved manufacturability may be

sel ect %&?*BE\JFF‘Q%%WB.SW may consist of from anything from 104 i ndi vi dual
menbers upwards, for exanple from 106 to 108 or 1010 nenbers. Techni ques
of GOR Assubkfitutisrowittiia tr W H Ipositiore 8§ afgregation-pome s&jnerk Araproctur dthesition 98nd t he
skilled person will be able to use such techniques to provide

i mmunogl obulins with inproved 35 manufacturability using routine

met hoddINE @inagig fReiqus; &t pogjtion Brintag @éﬁ@é@wgiOrPHl'%‘éyg’ed?R’)é?%q XA of

r esi dueliffeatnt @amincacidroasalupdrs thel vaniantimrunogibhdinCEBr e@mpde) tlee réSalueatanpl e, a
repert Qokifod5 R sHESHIRBE f5t ETEYD] ietarslsly AndlieRilaial Yodon &5 dusStit@kd for 2. 3,

4, 5 or re posjtions wthin the equence. 40 WO .

201 110 D1 IO RTBIE T2 394 Pesichm, ARSS i ST e SR TRERPYPRUIB RIS R ence.
The resinddke wariapbivimunagickbliremay somiptise aiy diinidire whish opmprisesi 4 R8bE T anenber s
of t he RgBPAULSIituon. The residue at a variable position may be random (e.g.
it my be any naturally occurring amno acid with equal probability) or may
be selected froma predeterm ned group or subset of am no acids. For

exanpl & substitution witiin ther Vid pepitiony 85 RagregatinfcRTote seament May,ocse’ stdesitier86by a
repeotoi re of donor VL CDR3 sequences which conmprise A, F, L, R S and Wat
posi ti : : é“'{ e " i 14 i V and W
at posﬁ?"e(%?r]n '5%)?0@}2% Q - m%— Qt.rgtﬂggrxlreglmnﬂﬁéﬁ r'ﬁ?a b l?ly ?J%% éc%’eb)}r_a%pl aced
by a r gRSiaMENQ,RCiqy ERFidueLtheryREaB BT R8O DY FP%@ rinedeyidugat gesitigh p - g
T, W &6ds Substituteskiot Aoirof &XamplE, th&amiino aeidiredidve st pesitidnt 96in ti®parentA, F, H,
I, L, YmARHogloBilinResy bd 8andGhd OgriantMeth@hogiobulin A3 cYAlpriE®@ 8 VH @8R whiddl asi ng
theﬁm rﬁgertgéﬁgs %q.ttt%ese resi dues at these positions may be hel pful in
i np icﬁ@p Wi FH?\‘HV: 15 In addition to one or nore variable
positions, the repertoire of CDR sequences may al so include one or nore
non- varA &setupeswithinmse VApesities b8 uggrbatcirond Begiaért atdyeodeasatipositionay be
the sa in each nenber of the repertoire. Incorporation of a repertoire of
CDR sequences into a recipient variant inmunoglobulin may 20 be useful in

producing a library of variant immunoglobulins with diverse binding
pr o[B8 tThesamine titid eesiduenatipositionfl 00 methé iphreat inrcurggldbslimmagbe replacest sy a

ﬁ“bSF i tdiﬁ/grém%;ﬂiﬁk% 281§ r&¥iduehh Ene{%?fa Gifinh SO RLERE THE 96 dleSat s@/Sﬁgbb bd

Conpr 1 SErRyBRMUERLR Gt Loff 8 PP ererAlelt FSHEct 2R PSR SERIHEAI o o a
CDR3 adwr egamplenthpaonino acigresidussat gesition Hindheparent immunogbutin theyrhe v

conpr i En@ghévariahsinrhuidgtibuit may fcomipaY® b K/HadIw £ MhicBtoRipABes 4 €g0om and/ or a

CDR33 regat,l on- QQ[HHB . ri bed above; and/or, a CHL
donmSﬁqglg gr?gﬁdr!‘g%egﬁbétl uti%@igﬁﬁ%&ml aggregati on-prone region as 30

descri bed above; wherein the nmenbers of the library differ in one or nore
CDR sequsubsétaition mAy Ibelitesdyiced int@thedrH CORILEQEgakivn-prdersegment oftied parehh

i denti f-Mmgoé@wme obulins with inproved manufacturability which are able
to bi nd a target antigen. A nethod of obtaining one 35 or nore

i mrunogl obul i ns which bind a target antigen may conprise; bringing into
cont4ictThe VH BDR3yaggregatiom-pamecteghmentexdendidsnm positibralifedi.erveo aaiinb agids gen,
andselpg s Of fvafianTPéfade BYIOSH P1U4L2 B n@hbdrB8 rélhtieab XaBH Rsife P104) sai d
anti ge for exanple, be displayed on the surface of

. The brary.
bact er?%ﬁﬂﬂﬂ@ b@?ﬁ%%‘gméach 40 particle containing nucleic acid encoding
the anti body VH variable domain di splayed on its surface, and optionally
al so a displayed VL domain if present. 32 Follow ng selection of
i mmunogl obulins able to bind the antigen and di spl ayed on bacteri ophage
particles, nucleic acid may be taken from a bacteriophage particle



25 Certain aspects and enbodi nents of the invention will now be illustrated
by way of exanple and with reference to the tables described bel ow

Tabl es | awendiliai®mbow t he correspondence bet ween Kabat aou/dknsgnes’o
nunbering 30 schenmes for inmunogl obulip. VH and VL domai ns. Tabl es 2a and 2b
show exanpl es of am no acid substitutions within aggregation-prone segnents
whi ch inprove manufacturability. Preferred substitutions are also

i ndi cated. The standard | UPAC-1 UB JCBN one-letter nonenclature for am no
acids i_,s used. 35 Tables 3a and 3b show exanﬂ eB conbi nati ons of

subst i (T(E€i9HR0 aP'd Fesiiuey 088 8F Mo phrRoslioas DB HRs G&Pﬂ - Qigeamino acids

manuf adN-termimal oftrgsiddeabil @1)416HdG8 ant d 0Bimthe Mt doredin lof the pafenéxanpl es of

var i antminibgleslmtny BSrepliBed 8 &/ RRHIRIRGTS 582 AR R0H BeSaRdnEx per i ment s
Gene syntheS|slﬁ guences were optim sed and synthesised by a comerci al
suppl RYB-"c| oned i nto PEE6. 4 and pEE12.4. DNA stocks were prepared
by transformation into ToplO cells, 5 cultured O/Nin LB broth and purified

ES:‘?Q Qéi@éd MRubolafthig the VA DDRB @gﬁrééétﬁ)at révie enl\lamy%&d Irra¢§6§ﬁkﬁﬂt gmhh th ;I'E
uf fer u5|n a nodr op spectrophot oneter.
é%eﬁrf'ng a?%@?\?t@h&ﬁgm@{? S Iy P

Routi n Ture s were sub-cultured every 3-4 days in
CD- CHO nedi a suppl enented with 15n1\/| L-d utam ne, and incubated in shaking

02 iondheaintifio adid Gesiye, at PBsitish D102 Gthe bt umutbdiybulit nedysieRplaced by
Tr anst eCikrQBet ﬁn]nﬁ GRS SR th vé(é’l’ah?uﬁrﬁ@db@ o%%r‘?f#rgﬁékébg:h He"@guﬁﬁé gm ne 2000.

72h post-tran I on, e S wer arveste ed and, stored
at 4C posigen P& éﬁaﬁ w%tmg{{&bs T’Eaﬁs’? &l Yhor Y. For Eé‘?'@@e ! 8%5‘"3—9(?)9’%5& on
was carmesidube atidositisn g 0${2dbkhe paramdietineglolliHiBitis\be Alang theneriantVsX 20

sel ect i AhunbReBulinah ¥ PSdnfistise A% UBRBRA WS cHESRpite8 LA QB0 O A(B101-9)E,

ﬂfrT'ﬂgpcAgbp ﬁﬂgf%‘% 2)51(5 gz%?‘gfigg{' Q‘Z@?‘B‘ 285 R Ao B BLaW, Ed‘b@b

exchangRY sabstitutionblodyheTaverdma repbstiuticafeonBafte & EEkcGaRg® T, $hmilYeat ther e

concentdoameﬁlWammatarcnofsweetrmmms@t D209G6r ampiAtoocdMat eri al was buffer
exchanged 4-5 tinmes using fornmul at| on buffer (50mM Phosphate, 100mM NaCl,

pH7. 4) . Once buf fer exchan nples were diluted in formrul ation buffer
to an dppibsitution withipthe Mg C%W% esafeeﬂttoatnr@rﬁe segmenbmay occyn b PPeitientDIG I es
wer e0arahy smiholacidIR-tdiRiKal ohD&M)Agi | ent 1200 series HPLC system 80pl

aliquots of 1ng/nl sanples (kept at 4C) were injected and run at 1ndl/mn

for 15m.n. Results 3 usi t at ft Tit
At i bodreare S Ses GHeckt pos ey DY df her et STy oo MR A D EPGRET BY 1 o
ver e nar diiérestaimino agidiregitite iolbe waripemrhirogiabutin. drefedably, e residue at

32 éll 0ZL3/8ET 04329 &@és@mgu?f%r 33§|T?I mgﬂ gxrﬁ& e&aﬁipwﬂm&aﬁﬁhb @E.Haas.gtéeTatc ?gdbgt
600 2%Porop Rt A b i et B A 05 § S e Forp bRl BRI ReE " 2
f | uor esoBREBE ﬁé&kmr@@!nwhm@eywsm%mmm&m@ (D11-1)8uB(RA01- - 5@191 s koot ,

W Pharyyroe gD 1ok 1)M Skesatation) 1266He 2mbodimehts3 resitle. S(BN§1 B) estresponds to
8- Ani | id@pd- napt hal enesul foni c acid (ANS) can be used to nonitor

aggregation. Purified antibody at 1ng/nl was incubated at 60 for 1h then
mxed with a final concentration of 30gM 10 ANS and fl uorescence neasured
at B0=3Fosubstitulion mithi IteeveiH COR3 Sggregationhdramelselnsdatd otay décurRitpositicre 192.c al
Research 2008 25 (7) 1487-99). Results
The amino acid residue at position 102 in the parent immunoglobulin may be replaced by a
different amino acid residue in the variant immunoglobulin. Preferably, the residue at position
102 is substituted for A, F, H, I, L, V or Y. For example, the amino acid residue at position 102
35 the parent immunoglobulin may be P and the variant immunoglobulin may comprise a VH
domain which comprises an P102A, P102F, P102H, P102I, P102L, P102Y or P102V
substitution or the amino acid residue at position 102 the parent immunoglobulin may be S
and the variant immunoglobulin may comprise a VH domain which comprises an S102A,
S102F, S102H, S102l, S102L, S102Y or S102V substitution.
40
A substitution within the VH CDR3 aggregation-prone segment may occur at position 103.



| mmunogl obul i n sequences were analysed by in silico and in vitro nmethods to
identify 15 aggregati on prone segnents. The identified aggregation-prone
segnent s woeosiwyi N Tabl e 2. Substitutions wthin theprcdariomeds79
aggregation prone segnents of the VH apd VL domains shown in SEQ ID NCS: 1
and 2 which reduced aggregation propensity were designed and 20 synt hesi sed
(Table 2). The effect of the substitutions on expression, stability and

aggr egain : : j; ; oR 1 T
Ubst i e ptid T RGN L0 R ﬁz%?@*ﬁﬂa@mﬁﬁﬁaﬂ?r B ettt o
vas. f oHierens amiag,acid residis n fhsrviaRLIRIMUTRoloRwIR BEsTerabl: iheysius af Rasiin

part i culais substitutediforkl Lag Yy Egadxample hepamiperasic residas df position 08 rethe

pr 0duC traRiht Irf¥EhSyIobUPY bt R ZHAGREGHABRMM R mad cORtisd 8Vel adhther ed
St at smsgﬁ)t% of Igvené{{/ C&l_ \,17 ﬁavraw\lm [ no’gl obul in Conpri sing; a
li gh iV idiet ol f ) VAB TP IRT L AURSEHEP T ses a substitution at
framework (FR) 5 aggregati on-prone segnent and/or a conpl enentary
det_ermmb@ﬂ@%r@gat@nmeméﬁahds)ﬁ?orﬁrpeﬂﬁorsmrﬁdsitianhse.Vy chain

vari able (VH) domai n which conprises a substitution at a framework region
aggregati on- prone. s_e%[rrent and/ or a CDR3 aggregation-prone segnent; and/or,
a heavy bslitytienyihia e ¢dyagaregatian-prong segmentipaycdccebabiosiies 183.subst i t uti on
at a010 CHl1 aggregation-prone segment. 2. A nethod of inproving the

manuf a rahi L it : [Waga i OO SIADE i Lyl rent
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aggr egATes?Nt MipRaQd frRidve 1 the Griagt imsrenogisbulin, Perfeiap gﬁﬁr%ﬁ@“%%‘g‘??éﬁ'?"i n the
VL dondi5A i$ubishietestioeYit Forrexamplyg, tieldmine aeid désidue attposition i163)irethe pheent t ut i on
into a;hrRARBYBBHIN RS KOS A tIRIPraRNnRh GRIBICHREATRRY caRpfisd a &HIdZain which

aggr gat i on-%%%gg g@b@il n the VH donmai'n of thé parent immunoglobulin,
and/ 'or ;©CI"Rf'? i ﬁé\? Pt ution into a constant regi on aggregation- prone
segnent in the CH domain of the parent imrunogl obulin, 20thereby producing
a vari @NariafmMwiagioglbliimmag comriseas RvEDsubBuficHat a8 ddsklibsdyhareih aélatie too t he

L el . . i i
Po any SEAERAIRRINOLRoul setuefiod’ Eot Bpimd TR RO baRbufh B} S8RRAGEE 10
has red®ded. 2ghredR i'of HPOHLFURSttianR/ or i ncreased 25 productivity upon
expraéssion, relative to the parent inmunoglobulin 4. A variant

i mmuno i i } a j At ement s
wher ei ?htg %gbé}ﬁue?é\ﬁ%? éﬁ%@gﬁ%ﬁé gqg%?%%f&%ﬁf%ﬁ%&rghﬁ\eﬁéiﬁgd&ggfbegﬁlgﬁ% from
the gr RRMERGINS. hg' Samie. (Boaiad raeneaih-lip My samprisn suesiyien 1 & ke

posi t i @445 mage diéfgeent aggrpgative-Bone segmarts andescribegberetn Arvariant

aggr egahhRRoPbBNR MADEBHrise sebsthutithkiimile VHTEASE! HBWL dbndin andrB inQkke

acc 'cﬂ-ﬁ}%iosm.t ement 4 wherein the position 20 aggregation-prone segnent
ext ends o1 ;5]05|t| ons 15 to 23 of the VL donain. 35 6. A variant

i mmunogl obulin or a nethod according to statenment 5 wherein the VL domain
conpr i ey conbifiatibh bithe @Dbstitutpns ideseived Bekin inbg bh’lentbwmyﬁhn E_xé’mplﬁs‘o&r i agt

i mmuno : : erein the residue at
posi 1 ot EamBhaRorkies SARAL Hiebhoh i THHE Tigna 0!

2011/ 021009PCT/ GB2010/ 001579 36 9. A variant imunogl obulin or a nethod
acccﬁOpIillmggme eatppdorentsfa vatiantamennsglbulm Baybem@ise 2 substuticlunmitive Yopi ses a
oG ot [ conend; I sdicts h e VI CORSRdait; 2 Sibsthuliale M VL FRZ, e at
bost 11 i ol eyl iFnet Fe SLCORS obRapt §siRilions YIRE ShiFR TR S n
or a neuhgiutiansin thend- 32 dompiorandt3 substilvtionsi in thehéL ODR3IAMaIREs a T20K,
T20R, BAESit@TonE 24N eSHP FRH tdakriafil 1 slBstitdtdon iMtheaWIH FR1 domBimaad ®Rubdtiutidh ik

et N A GRICHRY sbRRY <BBSilond IAHEVENERRA dohatt oA SLELRLNG RS ON 45
aggregat 1 on-prone se_?rr,en, extends Trom positiron 42 to position 49 of the VL
donai n.9omaimand hsybstifdiae in heMtbGRAEMEA- or a met hod according to statenent
12 wherein the VL domain conprises a substitution at position 45. 14. A
var i anta JJERehARiGdoBiPhag BRIAGENSABEELhSIA 1R} AUsIBR™0 abgredaib Fhronkhe
resi duesegrtneﬁt(.) IortLlc(eﬂ')gjripbegalvsari%r%?i?nﬁ:rl1l.JEnléth‘l%%ulinorrna)IIE ’comerirs%efa L%rom\a/i:bv%r%ch comprises

40 substitutions at both positions 18 and 20 as described above. For example, the residues at
both positions 18 and 20 may be substituted for R. A VL domain may, for example, comprise
T18R and T20R substitutions.




15. A variant inmmunogl obulin or a nmethod according to statenent 14 wherein
the VL domain conprises a T45E, T45K, T45R, T45Q or T45V substitution.

16. A varwenvit/amenogl obulin or a nmethod accordi ng to amgT@Bonfoosizat enent s
12 to 15 25 wherein the VL domain corrp{' ses a substitution at position 46.
17. A variant inmmunogl obulin or a nmethod according to statenent 16 wherein
the residue at position 46 is substituted for L or Y. 30 18. A vari ant

i mmunogl obulin or a nethod according to statenent 17 wherein the VL domain
conprises a T46L or T46Y substitution.. . 19. A vari i munogl obulin or a
ot hod AEEGRGT O8I0 AL COMPETEA SHRSHIUo T t5e PESRrEs Lr9STFRRIAELIE on 74
aggr egaegroent@ndreesubstifotiort indixe positiont toaggregstion pronelsegmepb siariesample, af 35 t he
VL donghfark %Mﬁﬁ@@obulig%aﬁog?riséﬁtvu ABTHAIR WhAWolriprigds subskiutiew A&@ee ding to

statenment..19 er the VL domai n_conprise bstjtuti ition 74.
20 2 PRSI T tdhan iscrhed Sovs: F& PRRMRRG Mee M il petlBrahalle b

wher ei substiduted far R andathe pesidus ajposition 4 mayde subsiéteted dor WA Visdomaim may,yar i ant
i MuNogdradxenbre, 86mpriseET TBR0arRCTPAVISUlStitubiorss at ement 21 wherein the VL donain
conprises a T74V substitution. 23. A variant immunoglobulin or a nethod
according to any one of the preceding 5 statenents wherein the VL donain
CDR3 adgfadigat imamineeisheinsmayepmprise tweisubstitefions dnihenoslpp 4p 2889RYGN RIGNST t he
VL GDR3edintrtr Fomexanspiy mageaantomnunoglebsimgnantormprisetanél. YomaibRaich ¢coanprisesl

290" 20QhLbARRNSIFLRAD 5 arf46 4% Y&4cliBeY abdURUPAAU AN, theYesugat hod

. 8§g ns
according, to statene 3 erein_the VL 10 N term nal .

200" cqRORER §5 Bty Besyhaitet s R P e SRke &l Rasion 6 TRy B Syastieckiopny

am no acAd4 donmain mayufor examplei ahmpries 946K (et SR) add Tdbln sghatitudines. 25. A
vari ant i mmunogl obulin or a nethod according to statenent 24 wherein the VL

dongi_n ,conprj.ses a bstitution.at, on [ I f Ry .89 , 91,
oo 155 A AN E TSR BYRL ey bhBrdk Bt fEls T Ble diSiEh 26 Ag Raardiorone
accor disagment anddwe sebstitatongietheipesitine 4¥pagregalion Rreng seaseant £ of gxampleudi on at
posi t i qarighk imaindgloliviadyedtimpriselanviglicrhaih whichrcompnigédisubstiutiongatsitions

stat emegl o3 A MHEIAR AL ddiEatRPidie @l RARble! B8 rBliales R WBM pdaitioRd 183ha20 F. L
R, S or 28. A variant | mmunoglobulTn Or a nethod accordi ng_to statenent
27 whem@ybe $tbstiuteddamit ihe sgidyesal Pogitigy 4amaydesubstiiyted fordg e R 989 e,y yo1w
sub<A0i tregidumnat pRSItioR 86 mAay\bersubstitutedifomo g \db dbmainonaya forexbmgleacaopriieng t o any
one of 1§gat ?ggﬂ,tm?(f‘a@@ﬁ& YsiRhiond Ser R, $9ORI TusROSRY T4 Ssudstittifisiis! t uti on
at position . 0. A varitant 1 nmmunoglobulin or a nmethod according to
statenent 29 wherein the 30 residue at position 93 is substituted for D, F,
L, Q $ variantirumunvglobglin may ¢ampeise tworsubsidutiastsiin the \dr CBRIN tepdiratcor di ng to

st eﬂ'%g%ag%@t&)dﬁ%%og% BefentForlsRicle, GURREASAMAHOBAN FARrmRBla VEISQ
el BB CoBPles eRE s B p8iions 1 Ge8r Y053 Ka el AR FO8) Bs

met Hod
aggr egaleseibegrabare. Sof granrlexthenesidye #mositien B s1ayibersubaiitaleddorWothgei ds

N-t er mregidueat proeﬁibdla_e niitbel subsftaiteldi fonQ ditiie tesiluy/lat pesitiinroesagybace. 33.hA "
varil ant Inn r : G t he

10 dongL b R0 fr VoA U alinal i, R BBl Chiphise Y PRI R, ROCHIEBRS L "y,
98 or @9d ROGY (F8E-2) auRslifutians- i nmunogl obulin or a nethod according to

st at3ent 33 wherein the VL domain conprises a substitution at position 96.
35. A VRGARAT il RSIRBUAP Al Rofiprise TR SUBSLiIBGSHR!IA tHbdsRioh UBLRGRIYaticrHpMIAET €1 N

the5re5|%uea ostlongG S \Su tuted for E Vor% 36.- A
Vari antseBmelaE B brtaions e AHCRRR Y eRipel hockeastambrie sSomelr 56 1 he
donai n exemple, eyariant RoGENoGOBUlIN rNr@GaoNaRTISRSCKY derpain iwhighi epmprises sgbshituligns ant
L\hmmnpgat gbsliicild% 45, 48, ME(CYLU3NOGRCES+H), 4r)f FTYF 812G aeﬂegdimea@egwjimlg SE ag e][rent s
er . I J on- : rom
the Bt SupBien etBHRLE g SN EEma06: SR RF KB R BTERbE B JSHBRIAS |1 O
aggr egdhawbe W%H@t%jgfahbr{h? residuie a3l ©oplan 91 BIay PesuRsHvted fariV¥rthe residuesignent .
15 38. Aositivh 98 mayrvasubglitoted| fomQ @hd themeksidad abpasitioti SEomay be salbstitated fo3 V. A

wher ef Ry g SO0 E98HAG EIM Q8 THSHITPAL iv@ﬂggfahem?@r@a@m%a egi on 1

accor 6 GoREA simEoTmou R AL e MICRR ) Ry (a5 eI BWIRPE R

aggr4yaubstitutionsne segnent sel ected fromthe group 20 consi sting of
positions 1 to 3; positions 4 to 6, positions 11 to 13, and positions 16 to
21. 40. A variant immunoglobulin or a nethod according to statenent 39
wherein FRL aggregati on-prone segnent extends from position 1 to position
3. 25 41. A variant inmunoglobulin or a nmethod according to statenent 40
wherein the VH donain conprises a substitution at position 1 of the VH
domain. 42. A variant imunoglobulin or a nethod according to statenent 41
wherein the residue at position 1 is substituted for EfE Q D, A or V.



30 43. A variant immunoglobulin or a nethod according to statenent 42
wherein the VH domain conprises a QLE, QLD, QLA or QLV substitution or an
E1Q E1DwaXAionr1ddV substitution. 35 44. A variant i nmuroglGaaidmize a
nmet hod according to statenment 39 wher ei# t he FR1 aggregati on-prone segnent
extends from position 4 to position 6 the VH domain. 45. A variant
I mmunogl obulin or a method according to statenent 44 wherein the VH domain

conpri .S ' ' Ehe I-A. ; i ant
im0 e Hairiobieblffma) cBiBliss (B st it e RRRA 20 griofbRe AT
posi t | SRIERts e BbsIiEionsn s papitiondss ag8regalan PEME SSRMEAL NS B PHNEEe o

net hod sekstitutdng @ the \41 GDRIBHErMibaldugregation-peorietsegment. froc exgmple esvariabbV. 5

he. ER TGOS LD L B b SR oAd BT . 3
of t Flo Moy RS R 3185 (37 Yo ERhEDAS denPRe ghove. Rk P08 di ng 1t o

st at emeeaidueg aihethaiasitions 18/aind 2awiay hecsybsiituted for Bitbe residue atpoaitiopdsmayon 12
OI E he b&lduggmba for¥0or RChe fesidie ﬁ@?siiimﬁ@y%@ub@tit@feddoﬂ!%‘tﬁ@ﬁésﬁl@éQf ding to
st at enent..,. [ el a ion... S{ i

51. ArT&g%'lt'%r_ﬁ?mmﬁr_c}é‘ltbc%ﬁ{elgEérg}r‘ll'etger{%ﬁﬁgéd&aoé%g g'r%ﬁig?l_zn%t)@ es%%bttsﬁéjrge%tfggg a¥ erein
t he VHtheregighgiahpesiiair 96:@3y ke subsfituted for VaAM: demainimay. s gxapple ¢rroprisg

met hog TAGROT20R T 456, uwé M9 N (CHB-+8f) 1930 (CiaBe5)-Bid ROV ¢B38-2substitatienssergment
ext en o} 4 ) ri ant

[ rrrruno;rl1gﬁurlkc¥?’g¢4t5§? Egélﬁcquq X@@%F’ﬁ& gt%cé gsgﬁg’r’em?ﬁ?%gmgsr g)lz%btéﬁgﬁ?/#dormi n
conprises a substitution at position 17. 54. A variant imrunoglobulin or a
net hod Aacariantimmourtoglabubn avag nbmﬁﬂsemML_eiomaﬁr‘rwhicbsbrqipésestsqbetﬁhtﬁdrmrin the Vls_
substi thEiﬁS'n éﬂ%g&eggﬁqWﬁ@neée AEMRH th UL BQQ{i&g% h@trg atﬁmf)ﬂ%rﬁ@é’eg@ﬁ&ﬁf di ng

to s atFerrent E]4 whéerern the gomaln conpr i a ubsti.t utton.

56. IR T2 EEAEPIEAIEGH BMDHToR oS MAY SRORTER: 2 SR BNARPORRESS | of at enrent s

52 to 3Bbgiutioneabpesitidns VHndctfedsdesoripad ahoye aF erigxemipteu thegesidue popasitioon 19.

?E A \Gmh@be subsues PaldriN snid meﬁe%i&@at%@mbd%gnéybéﬁ@iggﬁ%atfoﬁé, M/taer ein
ere | | . f . varil an

i mmnoa'%bt\zlr ?émgﬁ%%&‘ng@ﬁégmg%cgﬁﬁ#ge %@?é¥é§%§ L#t%ﬁg?'ei n the VH donmain

conprises a L19T or and L19V substitution. 59. A variant imunoglobulin or a
met 120d Aaeriantiimmguriogiobalin Mmag coprigah &iveddnsaid which cofhpribes substifutiensvinl tisXrHi n

compri o oo o

2011/ 03 T GRERER BTOheEss Y Uk GRRstRer <SR e ™ o et hod

according to statenment 60 wherein the residue at position wherein the VH

donai n Fooramplesa varkRPOmmMRRQIOLuIin REGSomprise @V H:ddrsain whichoromise$2. A

\é?r ! amsubéﬂiﬂtrtlr?ﬂg |a99é{t1!ﬁasm6%@1 BRY h@ﬂ?_@%&rﬂgé@%&\%. ﬁav?m@qlézfthér@mt S f_? to
erei. e pgsitio r | gn-Qprone s nt_.ex S om posi tion

91 t ;5’83'?'?'? 6@%33.6 subsﬁtg?edﬁegrlﬁgﬁpr?mﬁ%egrlesgﬁggﬁp%?ﬁo& ﬁ&d'ﬁaﬁf’%_ccor ding to

st at emsHbstégtedfrrrYe AVl demain may. dorexampis pmpEes QAA and S102Ysubstitetionsne or

nor e ofQaid POIRY SbstiRBond &1\Pahd %ZY%bstﬁiﬁtior%f,?»Ewgg:haﬁﬁQY suﬁﬁituteﬁy,gr i ant

i nmuno erein the omai n

conpri ?g;bbgﬂdsﬁbg\{l ?uudtglﬁ%’ﬂg%t’ %Egg?%ﬁ%@?%&gét%%A vari ant i mmunogl obulin

or a nmethod according to statement 64 wherein the residue at position 94 is
subsi0i timbther éxamples, a variant immunoglobulin may comprise a VH domain which comprises

substitutions at both positions 1 and 103 as described above. For example, the residue at
position 1 may be substituted for Q, A, D, E or V and the residue at position 103 may be
substituted for L. A VH domain may, for example, comprise Q1A and W103L substitutions,
Q1E and W103L substitutions, Q1D and W103L substitutions, Q1V and W103L substitutions,

35 E1A and W103L substitutions, E1Q and W103L substitutions, E1D and W103L substitutions
or E1V and W103L substitutions.

A variant immunoglobulin may comprise two substitutions in the VH CDR3 aggregation-prone
segment.

40
For example, a variant immunoglobulin may comprise a VH domain which comprises
substitutions at both positions 100c (D101-2) and 100d (D101-1) as described above. For



66. A variant imunogl obulin or a nethod according to statenment 65 wherein
the VH domain 20 conprises a K94R substitution. 67. A variant

i mmunogl ool2oni/anooa et hod accordi ng to any one of st at eceE@BRIHA1ZT966
wherein the VH domai n conprises a subs étution at 96. 25 68. A vari ant

I mmunogl obulin or a nmethod according t0 statement 67 wherein the residue at
position 96 is substituted for A 69. A variant immnoglobulin or a nmethod
accor di " | V ' | : .
Subst tquﬁ"%%: g RO 306 ﬁ%ﬁé@iﬁﬁﬂ??ﬁmgﬁ%ﬁ% o RN 1o any
one of 15 d maydrsubgtitytgd by RyheYldidamanem W@W&F%Bﬁ'?%-%‘ 8% egnent

ext endS100dfsatbséitytioss.t i on 100c to position 103. 35 71. A vari ant

i mmunogl obul in or a nethod according to statenment 70 wherein the VH donain
conpri ses,.a substitutian at one or nore of positiqgns 100c,. 100d, .101, 102
and. 037 othesSxaRiRles, BRI IHERIERIN oL FouPRE® Ud BraR Ry BIESE: eront
71 whersubstitytipas wH-beth pasitionsotifidi (B481-4) endh 3023 asidessribed abayei Formxanpi the1o  73.
A vagI i &Qéiddd%ﬂﬁb@ﬂb@?pd)d magge%_uﬁﬁtttht@d fRFCEM iaRg tHereSitiaé foﬁiﬁtioﬁaomhﬁéryetbé\/lv t he
resi du : A , , T, or
VS oSBT BS B AV B3l S, coltprist sToodb ard Rl | T T

met hod SHBSBYANAGS 1A9dM andePiQRY substijntions, §1004F and BHAY| subsdrfionss S180dMooc D,
AlOO0E, an4FO0R ¥ subdtid@iobs. AL00cP, A100cS, A100cT, or A100cWor A100cY. 5 75.

A variant imrunogl obulin or a nethod according to any one of statenents 70
to 74 wherein the VH domai.n conprises a substitution at &osition_lOOd.

76. A J%Pﬁhgﬁ?anméd’laﬂﬁ'ﬂfl IMMUFPYIQbH TRAYCYRREER Wd dograiy Which EXPPAESSWher ei n

t he 10 substitaticos at qutb;abSitim 1020ahd mmbﬁm@boﬁ/armﬁexanple, the residi¢ at 77. A
o+ 2 poSRENAOBIa) We sllblfut f8) VB 884 fhectetidud %J’?Sﬁ*bﬁ“ggé%%“é‘??ﬁﬁ"f on V1
10T A PLR R VELARIRN BiayTon Sea S eeringse Ba0aY and v o aRbe AR '

st at endtO2Y 20d V108f syhrtitutions. tRHO2Vand W03V substitutienss PA02ViBad WiPBl-on at

posi t i @abstidiong 9P RO2VadrdaNt 03I TSTBERGoME Ubr M 02N ahd W GBMIs da@itiensg t o

statenent 78 wherein the residue at position 102 is substituted for A F,

H 1, L, Vor Y. 20 80. A variant inmnoglobulin or a nmethod according to

st at en¢hYarizot igeynoglebuliemay camresha Ybramaie whigh pomprisessustitutionsgn the Y1021,

P10210, pesifiary 96 mggtegationsprbse ségrhertrand the VHEDRFagqegation-promauseagiem tHarn or a

met hod di L0 | 4 YHRdomai n
examPledh N iffYindSbuth rﬁéféoﬁﬁﬂi@%% \7@ g&rﬂ%ﬁ%rﬁé\ c‘!&ti'\%r%gzrg rsj&t?ﬁ‘?l(t) Yﬁpg

Cco ris supst i t1on_ at OoSI 11 . varl an | (0] I N or
ot houbaBartpeOf and 104 e Brrcribed Aheteo For PRmHe Siais e A Bes oD 8% | o
subst i thetsedistitoted for B o, and tBE réxBduk atwosition 102vwmap bglsobstituted éar AaF hetlh\dor

accor diigy Y1 dohinaiBY fordkakphe, @bMpHSEERYSD dRd8H 02\¢ SiBMtituBieAs. DpibRIY. a W4O3L or
\/\103%{)5 bstitution. 84 A variant,.l [[1)0|Obltl.|ln r th8dacrg|n to
any Sndogrkiay s comblss SybSuons Pﬁmﬂnzggfaéﬁ? 8 ORI RES bolen:

ext endS oF exgmMpiesthe iresiduesa positipn 94 mayrbeisigstitated fEmR, knor hrangithe residwedyl obul i n
or a nejokiticn 300 ATaglibeGubstitated faTe 1B, L3M sfFereViA doimainGhidy, demedamply) @pmpass a
substi F%AF{?E{Q@ ,V%Ft%rﬂg%%esubstitu%i A vari ant i nmunogl obulin or a nethod

accordi ng stat enen rern e CH1 40 domain conprises a
substitution at position 153. WD 2011/021009PCT/ GB2010/ 001579 42 87. A
var i 3ntA varianhioghwingloboliromag complhissisubstitutichsnig theoCHil apgregatiorBprond eegmentt he

resi dugngtthd® VRl Josfbn %%ggr%géﬁﬁ?ﬁﬁﬂohe% £ Fof-exampRB a vAridlitAihoglobulin
i mmunogl obul i n. or t hod "accordi n Q sgqt etmantt 87--"‘“%3?' n t%C}/H 5
domai n ?yrﬁﬂn?psrgg aa&éﬁ%;vangdﬁg%] :t:cml;?r%ﬁs a substitution at position and a omain
which comprises a substitution at position 19 as described above. For example, the residue at
position 153 may be substituted for V and the residue at position 19 may be substituted for T.
35 An immunoglobulin may for example, comprise an S153V substitution in the CH1 domain and
an L19T substitution in the VH domain.

In other examples, a variant immunoglobulin may comprise a CH1 domain which comprises a
substitution at position 153 as described above and a VH domain which comprises a

40 substitution at position 20 as described above. For example, the residue at position 153 may
be substituted for V and the residue at position 20 may be substituted for A. A variant
immunoglobulin may, for example, comprise S153V and R20A substitutions.



89. A variant immnoglobulin or a nethod according to any one of the
precedi ng statenents wherein the sequence of the variant inmunogl obulin has
up to 10 woizon/ciod substitutions relative to the parentcirroBzongloodral i n
sequence. 10 90. A variant inmmunogl ob%Hin or a nmethod according to any one
of the preceding statenents wherein the sequence of the variant

i mmunogl obul in conprises 2 substitutions in the VL FRL and/or FR2 domain; 3
substitutions in the VL CDR3 domsun 2 substitutions in the VL FR2 domain
and 3 substltutlons in the VL domaln 2 substitutions in the VL FR1 15
domai nA ArapLEMYNQEioBHIN MAY ForapRze "Fﬁhda@ﬁﬁ‘i‘t’f‘ SThePmPrises S Subattianan the Yie vi
CDR3 dcpmaltlon 2(2a§grbgatldntnrommsegrmerﬁlaed YIVH-&imaio g compises aistibdtitudioniim t he VH

\F/El dortWé VHEFRA dggp Fﬁrie%fghfén{ Ber éél‘én%% AR |H1mt?no§lblB§ﬁri fifions in the

t
‘he c&ﬁfﬂaeoﬁé(tﬁdo%" iR & St 3 a2 i R Stk g o
st at en@hpoitonite Fer exantpie, dbe)(asitie abpositien 2HndberiHdomaipmay be substivatad
(D101- ¥or RBAY the ¥OSdisa BIoshidh 181 the VI9%domadin Yty bR SubbtitieB 96K \2 IFék xarfple 2

met hod accor Nyt o094t

et B0 LR S 455 iy SRR PR aml%rt. o
100d | & R2DAQmRAOM substitution. F, G L, Por M 93. A vari ant |mTunogI obul i n
or aonmethod according to statement 92 wherein the VH donain conprises a

P102A, P

sm()dFA%?%Eda’ﬁt%’fﬁts’aﬁt%%w%f* %?%%éﬁﬁa%t@%*%?ﬁt@%@ eslrAhv,
i mmno@°6' o+ aggregaliaorABee a‘%ﬂ%‘?’lﬁnaﬁ a;\d1 dergeip YRYh SPIRIISET 8710t HRSVH donai n
conpr i sebstiiitoasdh mad/FPQMMnslﬂMQregmompmneSBQMM &odexbie/ sswdvani t ut i ons,
S100dF nﬁH\@nE’é@@uYn%Qﬁédrﬁdﬁsb %r\m B6mSthAHEN é\fﬂiuP&&@Xt ;%éhﬁ)h'eh Hnd®BSand3pviES- A

vari.ant, i nmu ccor |n edi n

C o8N o i ALSthio 2t Pasion 4 EACS AT Tne fesithg A Rpefin 668 e VB hod of
assessidagairhpayrbe sekattutedtsr Ki RyQoF, BnNiantdvin otgferbbly ifh theoresidie iahipgsition 85

i dent i fiy{neo/H Bemaininigy @é:subst*te@dotuesam S1PE pReferdBIYE, RAG ithd RBRIUS at paditRyh from

the gr o] 5 a 96 in
e 08 Y VIRinah il ] RO, 0 00r el Fillcafp ] O

96, 100®EmMuneggbulingay %tmpﬂfea Vi domgip wm AeARR substitutionand 2 Vhirdomsin with ¢ he CH1
doneon Ref Rtdne VeBBsubslitatiarsi n, WO 2011/ 021009PCT/ GB2010/ 001579 43 wherein
the presence of a residue ot her than R, S or V, pref erany R or V at
position 18, referab&{ R or V at position R§/

V, pref*“eYaéEPS/'"]@ngﬁbUQﬂ Mgy PMPEse XL doman which,¢ %ﬁ‘s&ﬁl%/sHPSf"Ht'°’b'8§h‘t bn 46
V at peositionAS adgregatidn-prbne Segrient@nd A/Vhhdermeinandiigh sbheprispe sne oomol, D, F,

L, Q %ubé‘tntuthern %e\ﬂ-iﬁés@t\’o?ﬁ@yadarefétloﬁ%ﬁé SeBmMeAt S orfmore: suystﬁutlo\%
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2) 15 A method of producing a variant immunoglobulin as described herein'may comprise providing

30 a parent immunoglobulin, introducing a substitution in the VL domain at the VL position 37

aggregation-prone segment and/or the VL position 45 aggregation-prone segment and/or
introducing a substitution in the VH domain at the VH FR1 aggregation-prone

segment; the VH position 95 aggregation-prone segment; and the VH CDR3 aggregation-
prone segment,

35 thereby producing a variant immunoglobulin, wherein the variant immunoglobulin
displays both increased productivity and reduced aggregation relative to the parent
immunoglobulin.

For example, a method of producing a variant immunoglobulin may comprise;
40 providing a parent immunoglobulin,
introducing one or more substitutions A, D, E, Q or V at position 1, R at position 17; R
at position 94; D at position 95; A at position 96; F at position 100; F, G, L, M or P, preferably



WO 2011/ 021009PCT/ GB2010/ 001579 47 ?equence B :abat 'Ionegger ?equence B
cabat lonegger N1 1V 3341 F 22 Q34 42 ni 33 w3543 L. 44Y36144 T
5 5 Q 37 Wb 20116026009 PCT/GB2010/001579

22

F or M at position 100d; A, F, H, |, L, Vor Y, preferably V or Y, at position 102 of the VH
domain; and/or,
introducing a substitution Q at position 37; E, K, R, Q or V, preferably K or R, at
position 45; L or Y, preferably L, at position 46, of the VL domain;
5 thereby producing a variant immunogiobulin, wherein the variant immunoglobulin
displays both increased productivity and reduced aggregation relative to the parent
immunoglobulin.

For example, a suitable VH domain may have substitutions at positions 94 and 102 as

10 described above, optionally with further substitutions at positions 94 and 100. For example,
the residue at position 95 in the VH domain may be substituted for D, and the residue at
position 102 may be substituted for A, F, H, |, L, V or Y, preferably V or Y; optionally, the
residue at position 94 may also be substituted for R and the residue at position 100
substituted for F.

15
A suitable VL domain may have substitutions at positions 37 and 45 as described above. For
example, the residue at position 37 may be substituted for Q and the residue at position 45
may be substituted for E, K, R, Q or V, preferably K or R. A VL domain may, for example,
comprise L37Q and Q45R substitutions.

20
A variant immunoglobulin may comprise a VH domain with substitutions at positions 94 and
95 as described above and a VL domain with a substitution at position 46. For example, the
residue at positions 94 and 95 in the VH domain may be substituted for R and D respectively
and the residue at position 46 in the VL domain may be substituted for R. For example, an

25 immunoglobulin may comprise a VL domain with L46R substitution and a VH domain with
H94R and R95D substitutions.

Other variant immunoglobulins may comprise a VH domain with substitutions at positions 95
and 102 as described above and a VL domain with substitutions at positions 37 and 45. For

30 example, the residues at positions 95 and 102 in the VH domain may be substituted for D and
V respectively and the residues at position 37 and 45 in the VL domain may be substituted for
Q and R respectively. For example, an immunoglobulin may comprise a VL domain with L73Q
and Q45R substitutions and a VH domain with R95D and S102V substitutions.

35 The presence of aggregation-prone segments as described herein may be helpful in
identifying immunoglobulins which display reduced or sub-optimal manufacturability.

A method of assessing the manufacturability of an immunoglobulin may comprise;
identifying the amino acid residue at one or more positions selected from the group
40 consisting of positions 18, 20, 45, 46, 74, 91, 93 and 96 in the VL domain of the
immunoglobulin and positions 1, 5, 12, 17, 19, 20, 94, 96, 100c, 100d, 102, 103 in the VH
domain of the immunoglobulin, and position 153 in the CH1 domain,
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wherein the presence of a residue other than R, S or V, preferably R or V at position 18, K,
R, S orV, preferably R or V at position 20, E, K, R, Q or V, preferably K or R, at position 45, L
or Y, preferably L, at position 46, V at position 74, A, F, L, R, S, or W, preferably W at position
91,D,F, L, Q,S, T, WorY, preferably Q, at position 93 and/or E, L, V or W, preferably V, at

5 position 96 in the VL domain of the immunoglobulin and/or;
the presence of a residue other than A, D, E, Q or V at position 1, V at position § or
position 12, R at position 17, T or V, preferably T at position 19, A, K, S or T, preferably A, at
position 20, R at position 94, A at position 96, D, E, F, G, P, S, T, W, or Y, preferably W at
position 100c, F, G, L, M or P, preferably F or M at position 100d, A, F, H, |, L, Vor Y,
10 preferably V or Y, at position 102, I, L or V at position 103 in the VH domain, and/or V at

position 1563 in the CH1 domain of the immunoglobulin is indicative that the immunoglobulin
has sub-optimal manufacturability.

In some embodiments, the identity of the amino acid residue at position 100d and/or 102, in

15 the VH domain of the immunoglobulin may be determined. The presence of a residue other
than F, G, L, M or P, preferably F or M at position 100d, and/or a residue other than A, F, H, I,
L, VorY, preferably V or Y, at position 102 is indicative that the manufacturability of the
immunoglobulin is sub-optimal.

20 Animmunoglobulin whose manufacturability is identified as being reduced or sub-optimal
relative to control immunoglobulins may be a candidate for modification by a method
described above to produce a variant immunoglobulin which displays improved
manufacturability.

25 In particular, one or more residues within an immunoglobulin sequence which have a
deleterious effect on manufacturability may be identified. The identified residues may then be
altered or modified as described herein to improve manufacturability.

Another aspect of the invention provides a variant of a parent immunoglobulin which is
30 produced by a method set out above.

Another aspect of the invention provides a variant of a parent immunoglobulin;
wherein said variant immunoglobulin comprises;
a VL domain comprising a substitution at framework aggregation-prone segment
35 and/or a CDR3 aggregation-prone segment relative to the sequence of the parent
immunoglobulin;

a VH domain comprising a substitution at a framework aggregation-prone region
and/or a CDR3 aggregation-prone segment relative to the sequence of the parent
immunoglobulin; and/or,

40 a CH1 domain comprising a substitution at a CH1 aggregation-prone region relative to
the sequence of the parent immunoglobulin.
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Suitable aggregation-prone segments and substitutions are described above.

A substitution at a position in the VL, VH, or CH1 domain, involves the replacement of the
residue at the position in the parent sequence with a different residue, preferably a residue set

5 out above. Where the parent immunoglobulin already contains a residue as set out above at
the appropriate position in the amino acid sequence, this is not a substitution or a substituted
residue as described herein. Parent or germ-line immunoglobulins are therefore not variant
immunoglobulins as described herein.

10 As described above, a variant immunoglobulin may possess similar or identical biological
activity to the parent immunoglobulin but display improved manufacturability, for example
reduced aggregation propensity, and/or increased productivity in a heterologous expression
system.

15 For example, a variant immunoglobulin may display an increase in productivity of at least
10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 100%, at least 200%, or
at least 500% relative to the parent immunoglobulin and/or a decrease in aggregation (i.e. a
reduction in the proportion of molecules in the native state ensemble which are aggregated) of
at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 80%, at least

20 90% or at least 99% relative to the parent immunoglobulin. A variant immuneglobulin may
display a decrease in aggregation of up to 100% relative to the parent immunoglobulin (i.e.
complete abolition of aggregation).

As described above, a variant immunoglobulin may display improved bioavailability and/or
25 reduced immunogenicity relative to the parent immunoglobulin.

Another aspect of the invention provides an isolated nucleic acid encoding a variant
immunoglobulin as described above or a CH1, VH or VL domain thereof.

30 Nucleic acid may comprise DNA or RNA and may be wholly or partially synthetic. Reference
to a nucleotide sequence as set out herein encompasses a DNA molecule with the specified
sequence, and encompasses a RNA molecule with the specified sequence in which U is
substituted for T, unless context requires otherwise.

35 A variant immunoglobulin molecule as described herein or a CH1, VH domain and/or a VL
domain thereof may be prepared by a method which comprises expressing said nucleic acid
under conditions to bring about production of said variant immunoglobulin molecule or CH1,
VH and/or VL domain thereof, and recovering it.

40 As described in more detail below, a nucleic acid may encode a variant immunoglobulin or a
VH or VL domain thereof which lacks one or more CDRs. One or more CDRs taken from a
donor immunoglobulin may be incorporated into the framework of the variant immunoglobulin



20 20

60 I 21 21 61 S 22 22 62 C 23 23 63 T 24 24 64 R 25 25

S 26 26 66

10

15

20

25

30

35

40

WO 2011/021009 PCT/GB2010/001579
25

by inserting suitable nucleic acid encoding the CDR(s) into the nucleic acid encoding the
variant immunoglobulin or a VH or VL domain thereof.

Variant immunoglobulins and encoding nucleic acid are preferably isolated. Immunoglobulins
and nucleic acid will be free or substantially free of material with which they are associated
such as other polypeptides or nucleic acids with which they are found in the environment in
which they are prepared (e.g. cell culture) when such preparation is by recombinant DNA
technology practised in vitro or in vivo.

Other aspects of the invention provide nucleic acid constructs in the form of plasmids, vectors,
transcription or expression cassettes which comprise at least one nucleic acid encoding a
variant immunoglobulin as described herein or a CH1, VH and/or VL domain thereof.

A construct may be used in an expression system in order to express an immunoglobulin as
described above.

Systems for cloning and expression of immunoglobulins in a variety of different host cells are
well known. Suitable host cells include bacteria, mammalian cells, yeast and baculovirus
systems. Mammalian cell lines available in the art for expression of a heterologous
polypeptide include Chinese hamster ovary cells, HelLa cells, baby hamster kidney cells, NSO
mouse melanoma cells and many others. A common, preferred bacterial host for small
immunoglobulin molecules is E. coli.

The expression of immunoglobulins, such as antibodies and antibody fragments, in
prokaryotic cells such as E. coli is well established in the art. For a review, see for example
Plickthun, A. Bio/Technology 9: 545-551 (1991). Expression in eukaryotic cells in culture is
also available to those skilled in the art as an option for production of a immunoglobulin, see
for recent reviews, for example Ref, M.E. (1993) Curr. Opinion Biotech. 4: 5§73-576; Trill J.J. et
al. (1995) Curr. Opinion Biotech 6: 553-560. Immunoglobulins, such as antibodies and
antibody fragments, may also be expressed in cell-free systems.

Suitable vectors for the expression of immunoglobulins can be chosen or constructed,
containing appropriate regulatory sequences, including promoter sequences, terminator
sequences, polyadenylation sequences, enhancer sequences, marker genes and other
sequences as appropriate. Vectors may be plasmids, viral e.g. 'phage, or phagemid, as
appropriate. For further details see, for example, Molecular Cloning: a Laboratory Manual.
2nd edition, Sambrook et al., 1989, Cold Spring Harbor Laboratory Press. Many known
techniques and protocols for manipulation of nucleic acid, for example in preparation of
nucleic acid constructs, mutagenesis, sequencing, introduction of DNA into cells and gene
expression, and analysis of proteins, are described in detail in Current Protocols in Molecular
Biology, Second Edition, Ausubel et al. eds., John Wiley & Sons, 1992.

65
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Nucleic acid encoding a variant immunoglobulin or a CH1, VH and/or VL domain thereof may
be contained in a host cell. A still further aspect provides a method comprising introducing
such nucleic acid into a host cell. The introduction may employ any available technique. For
eukaryotic cells, suitable techniques may include calcium phosphate transfection, DEAE-

5 Dextran, electroporation, liposome-mediated transfection and transduction using retrovirus or
other virus, e.g. vaccinia or, for insect cells, baculovirus. Introducing nucleic acid in the host
cell, in particular a eukaryotic cell may use a viral or a plasmid based system. The plasmid
system may be maintained episomally or may be incorporated into the host cell or into an
artificial chromosome. Incorporation may be either by random or targeted integration of one

10 or more copies at single or multiple loci. For bacterial cells, suitable techniques may include
calcium chloride transformation, electroporation and transfection using bacteriophage.

The introduction may be followed by causing or allowing expression from the nucleic acid, e.g.
by culturing host cells under conditions for expression of the gene.

15
Nucleic acid encoding the variant immunoglobulin or CH1, VH and/or VL domain thereof may
be integrated into the genome (e.g. chromosome) of the host cell. Integration may be
promoted by inclusion of sequences which promote recombination with the genome, in
accordance with standard techniques.

20
Following production by expression, a variant immunoglobulin or CH1, VH and/or VL domain
thereof may be isolated and/or purified using any suitable technique, then used as
appropriate. For example, a method of production may further comprise formulating the
product into a composition including at least one additional component, such as a

25 pharmaceutically acceptable excipient.

Variant immunoglobulins may be used in a method of treatment or diagnosis of the human or
animal body, such as a method of treatment (which may include prophylactic treatment) of a
disease or disorder in a human patient which comprises administering to said patient an

30 effective amount of the variant immunoglobulin.

Other aspects of the invention provide pharmaceutical compositions comprising a variant
immunoglobulin as described herein, methods of making a medicament or pharmaceutical
composition comprising formulating the variant immunoglobulin with a pharmaceutically

35 acceptable excipient, and the use of a variant inmunoglobulin in the manufacture of a
medicament for administration.

In addition to the variant immunoglobulin, pharmaceutical compositions may comprise a
pharmaceutically acceptable excipient, carrier, buffer, stabiliser or other materials well known

40 to those skilled in the art. Such materials should be non-toxic and should not interfere with the
efficacy of the active ingredient. The precise nature of the carrier or other material will depend
on the route of administration, which may be oral, or by injection, e.g. intravenous.
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For intravenous injection, or injection at the site of affliction, the active ingredient will be in the
form of a parenterally acceptable aqueous solution which is pyrogen-free and has suitable pH,
isotonicity and stability. Those of relevant skill in the art are well able to prepare suitable

5 solutions using, for example, isotonic vehicles such as Sodium Chloride Injection, Ringer's
Injection, Lactated Ringer's Injection. Preservatives, stabilisers, buffers, antioxidants and/or
other additives may be included, as required.

A composition may be administered alone or in combination with other treatments, either

10 simultaneously or sequentially dependent upon the condition to be treated. Other treatments
may include the administration of suitable doses of pain relief drugs such as non-steroidal
anti-inflammatory drugs (e.g. aspirin, paracetamol, ibuprofen or ketoprofen) or opiates such as
morphine, or anti-emetics.

15 Clinical indications in which a variant immunoglobulin may be used to provide therapeutic
benefit include any condition or disorder for which the parent immunoglobulfin may be useful.

In accordance with the present invention, compositions provided may be administered to
individuals. Administration is preferably in a "therapeutically effective amount”, this being

20 sufficient to show benefit to a patient. Such benefit may be at least amelioration of at least
one symptom. The actual amount administered, and rate and time-course of administration,
will depend on the nature and severity of what is being treated. Prescription of treatment, eg
decisions on dosage etc, is within the responsibility of general practitioners and other medical
doctors. Appropriate doses of antibody are well known in the art; see Ledermann J.A. et al.

25 (1991) Int J. Cancer 47: 659-664; Bagshawe K.D. et al. (1991) Antibody, Immunoconjugates
and Radiopharmaceuticals 4: 915-922.

The precise dose will depend upon a number of factors, including whether the antibody is for
diagnosis or for treatment, the size and location of the area to be treated, the precise nature of

30 the antibody (e.g. whole antibody, fragment or diabody), and the nature of any detectable
label or other molecule attached to the antibody. A typical antibody dose will typically be in
the range 0.5mg to 1g for systemic applications, and 10ug to 1mg for local applications.
Typically, the antibody will be a whole antibody, preferably the IgG4 isotype. This is a dose
for a single treatment of an adult patient, which may be proportionally adjusted for children

35 and infants, and also adjusted for other antibody formats in proportion to molecular weight.
Treatments may be repeated at daily, twice-weekly, weekly or monthly intervals, at the
discretion of the physician.

Variant immunoglobulins which include substitutions within aggregation-prone segments and
40 encoding nucleic acids as described herein may be useful in methods of antibody engineering
to produce immunoglobulins with improved manufacturability.
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Recombinant DNA technology may be used to produce variant inmunoglobulins that possess
the improved manufacturability. Such techniques may involve introducing DNA encoding one
or more CDR sequences of a donor antibody to the variable region of a variant
immunoglobulin as described herein. See, for instance, EP-A-184187, GB 2188638A or EP-
5 A-239400, and a large body of subsequent literature. Alternatively, a hybridoma or other cell

producing an immunoglobulin may be subject to genetic mutation within the sequences
encoding the aggregation-prone segments of the immunoglobulin which improve the
manufacturability of the immunoglobulin produced. This may be useful in engineering or re-
formatting antibodies with manufacturability suitable for recombinant production.

10
In some embodiments, the VH and VL domains of the variant immunoglobulin may lack one or
more CDR sequences (e.g. CDR3). Heterologous or synthetic CDRs may be introduced into
the variant immunoglobulin VH and/or VL domains lacking the corresponding CDR (e.g.
CDR3), using recombinant DNA technology. This may alter the binding properties of the

15 variant immunoglobulin without affecting the manufacturability.

For example, one or more CDR sequences (e.g. CDR3) from a donor immunoglobulin may be
used to replace the corresponding CDR sequences in a variant immunoglobulin as described
herein. 1, 2, 3, 4, 5, or all 6 CDR sequences from a human variant immunoglobulin as
20 described herein may be replaced by CDR sequences taken from a non-human donor
immunoglobulin, such as a murine immunoglobulin, to produce a humanised immunoglobulin.
A humanised immunoglobulin may possess the same binding activity as the non-human donor
immunoglobulin but display reduced immunogenicity in a human and may therefore have
therapeutic utility.
25
A method of preparing a hybrid immunoglobulin which binds to a target antigen may comprise;
providing a donor immunoglobulin which binds to said target antigen,
providing a variant immunoglobulin as described above, and;
replacing 1, 2, 3, 4, 5 or 6 CDR sequences of said variant immunoglobulin with the
30 corresponding CDR sequence from said donor immunoglobulin,
thereby producing a hybrid inmunoglobulin which binds said target antigen.

Preferably the VH CDR3 and/or VL CDR3 of the variant immunoglobulin are replaced with the
corresponding VH CDR3 and/or VL CDR3 from the donor immunoglobulin.

35
The variant immunoglobulin may be a human immunoglobulin and the donor immunoglobulin
may be a non-human immunoglobulin.

Suitable techniques for humanizing immunoglobulins by CDR grafting are well-known in the
40 art (see for example, Riechman et al (1988) Nature 332 323-327; Queen et al PNAS USA
(1989) 86 10029-10033).
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The VL CDR3 of the hybrid immunoglobulin may comprise a substitution in the VL CDR3 N
terminal aggregation-prone segment or the VL CDR3 C terminal aggregation-prone segment
as described above.

5 The VH CDR3 of the hybrid immunoglobulin may comprise a substitution in the VH CDR3
aggregation-prone segment, as described above.

Suitable variant immunoglobulins may comprise one or more substitutions in framework or
constant regions, as described above.

10
In some embodiments, substitutions may be introduced into the donor VH and/or VL CDR3
sequences. Substitutions may be made before or after insertion into the variant
immunoglobulin using standard techniques.

15 Variant immunoglobulins as described herein may also be useful in methods of humanisation
other than CDR grafting. One or more substitutions as described herein may be introduced
into an immunoglobulin during the production of a humanized antibody to improve its
manufacturability. Humanization techniques which may be employed are well-known in the
art (see for example Padlan et al Mol Immunol. (1991) 28 489-498).

20
Variant immunoglobulins as described herein may be useful in the production of libraries or
repertoires for the isolation of binding specificities.

A method of preparing a variant immunoglobulin library may comprise;
25 providing a population of variant immunoglobulins as described above,
replacing 1, 2, 3, 4, 5 or 6 CDR sequences of said population of variant
immunoglobulins with a repertoire of CDR sequences,
thereby producing a variant immunoglobulin library.

30 The variant immunoglobulin library will contain a diverse repertoire of replacement CDR
sequences in the same variant immunoglobulin background.

The library may be screened for a variant immunoglobulin which is specific for a target
antigen.
35
In some preferred embodiments, the VH CDR3 of a population of variant immunoglobulins
may be replaced by a repertoire of VH CDR3 sequences. For example, a method of
preparing a variant immunoglobulin which binds to a target antigen may comprise:
(a) providing a starting population of nucleic acids encoding a VH domain which
40 either include a CDR3 to be replaced or lack a CDR3 encoding region; wherein said VH
domain comprises one or more substitutions in one or more aggregation-prone segments as
described above,
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(b) combining said VH domain population with a population of donor nucleic
acids encoding a repertoire of VH CDR3 amino acid sequences such that said donor nucleic
acid is inserted into the CDR3 region in the VH domain population, so as to provide a product
population of nucleic acids encoding repertoire of VH domains comprising said VH CDR3
sequences;

(c) expressing the nucleic acids of said product population;
(d) selecting an immunoglobulin specific for a target antigen; and
(e) recovering said immunoglobulin or nucleic acid encoding it.

The population of nucleic acids encoding a VH domain may further comprise a nucleotide
sequence encoding a CH1 domain which comprises one or more substitutions in a CH1
aggregation-prone segment as described above.

In the same way, a repertoire of VL CDR3 sequences may be combined with a population of
nucleic acids encoding a VL domain comprising one or more substitutions in aggregation-
prone segments as described herein, and which either includes a VL. CDR3 to be replaced or
lacks a VL CDR3 encoding region.

In addition to CDR3, repertoires of CDR1 and CDR2 sequences may also be grafted into a
population of VH and/or VL domains comprising one or more substitutions in aggregation-

prone segments as described herein which are then screened for variant immunoglobulins
specific for target antigen.

Repertoires of CDR-derived sequences may be shuffled with populations of VH or VL
domains as described herein which lack the corresponding CDR sequence, and the shuffled
complete VH or VL domains combined with a cognate VL or VH domain (which may also
comprise one or more substitutions as described herein) to provide engineered variant
immunoglobulins. The repertoire may then be displayed in a suitable host system such as the
phage display system of WO92/01047 so that suitable immunoglobulins which possess
improved manufacturability may be selected. A repertoire may consist of from anything from
10* individual members upwards, for example from 10° to 10° or 10'"® members.

Techniques of CDR shuffling and antibody engineering are well known in the art and the
skilled person will be able to use such techniques to provide immunoglobulins with improved
manufacturability using routine methodology.

A repertoire of CDR sequences may include a diversity of residues at one or more positions
within the CDR sequence. For example, a repertoire of CDR sequences may include a
diversity of residues at 1, 2, 3, 4, 5 or more positions within the CDR sequence.

The repertoire of CDR sequences may include one or more variable positions within the CDR
sequence. For example, a repertoire of CDR sequences may include 1, 2, 3, 4, 5 or more
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variable positions within the CDR sequence. The residue at each variable position may differ
between different members of the repertoire. The residue at a variable position may be
random (e.g. it may be any naturally occurring amino acid with equal probability) or may be
selected from a predetermined group or subset of amino acids. For example, the VL. CDR3 of

5 the variant immunoglobulin may be replaced by a repertoire of donor VL CDR3 sequences
which comprise A, F, L, R, S and W at position 91, D, F, L, Q, S, T, Wand Y at position 93,
and/or E, L, V and W at position 96. The VH CDR3 of the variant immunoglobulin may be
replaced by a repertoire of donor VH CDR3 sequences which comprise D, E, F, G, P, S, T, W,
and Y at position 100¢c, F, G, L, P and M at position 100d, A, F, H, I, L, V and Y at position

10 102, and/or |, L and V at position 103.

Biasing the CDR3 repertoires to these residues at these positions may be helpful in improving
manufacturability.

15 In addition to one or more variable positions, the repertoire of CDR sequences may also
include one or more non-variable positions. The residue at each non-variable position may be
the same in each member of the repertoire.

Incorporation of a repertoire of CDR sequences into a recipient variant immunoglobulin may

20 be useful in producing a library of variant immunoglobulins with diverse binding properties,
with each member of the library comprising one or more substitutions in one or more
aggregation-prone segments as described herein.

A variant immunoglobulin library may comprise;
25 a VL domain comprising a substitution at a framework aggregation-prone segment
and/or a CDR3 aggregation-prone region as described above;
a VH domain comprising a substitution at a framework aggregation-prone region
and/or a CDR3 aggregation-prone segment as described above; and/or,
a CH1 domain comprising a substitution at a CH1 aggregation-prone region as
30 described above;
wherein the members of the library differ in one or more CDR sequences.

A library of variant immunoglobulins may be useful in identifying immunoglobulins with
improved manufacturability which are able to bind a target antigen. A method of obtaining one
35 or more immunoglobulins which bind a target antigen may comprise;
bringing into contact a library of immunoglobulins as described above and said antigen, and
selecting one or more immunoglobulins of the library able to bind said antigen.

The library may, for example, be displayed on the surface of bacteriophage particles, each
40 particle containing nucleic acid encoding the antibody VH variable domain displayed on its
surface, and optionally also a displayed VL domain if present.
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Following selection of immunoglobulins able to bind the antigen and displayed on
bacteriophage particles, nucleic acid may be taken from a bacteriophage particle displaying a
said immunoglobulin. Such nucleic acid may be used in subsequent production of an
immunoglobulin or an antibody VH variable domain and/or VL domain thereof by expression
from nucleic acid with the sequence of nucleic acid taken from a bacteriophage particle
displaying a said immunoglobulin.

The immunoglobulin may be tested for ability to bind antigen; compete with other
immunoglobulins for binding to antigen and/or ability to neutralise antigen. Binding affinity and
neutralisation potency of different immunoglobulins can be compared under appropriate
conditions. The manufacturability of the immunoglobulin may also be tested.

Various further aspects and embodiments of the present invention will be apparent to those
skilled in the art in view of the present disclosure. All documents mentioned in this
specification are incorporated herein by reference in their entirety.

“and/or” where used herein is to be taken as specific disclosure of each of the two specified
features or components with or without the other. For example “A and/or B is to be taken as
specific disclosure of each of (i) A, (ii) B and (iii) A and B, just as if each is set out individually
herein.

Unless context dictates otherwise, the descriptions and definitions of the features set out
above are not limited to any particular aspect or embodiment of the invention and apply
equally to all aspects and embodiments which are described.

Certain aspects and embodiments of the invention will now be illustrated by way of example
and with reference to the tables described below.

Tables 1a and 1b show the correspondence between Kabat and Honegger numbering
schemes for immunoglobulin VH and VL domains.

Tables 2a and 2b show examples of amino acid substitutions within aggregation-prone
segments which improve manufacturability. Preferred substitutions are also indicated. The

standard IUPAC-IUB JCBN one-letter nomenclature for amino acids is used.

Tables 3a and 3b show examples of combinations of substitutions within aggregation-prone
segments which improve manufacturability.

Table 4 shows the manufacturability of examples of variant immunoglobulins.

P
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Experiments
Gene synthesis

Sequences were optimised and synthesised by a commercial supplier, and sub-cloned into
pEE6.4 and pEE12.4. DNA stocks were prepared by transformation into Top10 cells,
cultured O/N in LB broth and purified using QIAGEN Endofree plasmid purification kit. DNA
was resuspended in TE buffer and the concentration determined using a Nanodrop
spectrophotometer.

Routine cell culture

CHOK1SV cells were sub-cultured every 3-4 days in CD-CHO media supplemented with
15mM L-Glutamine, and incubated in shaking CO, incubator (140rpm), 36.5°C, 10% CO,,
85% humidity.

Transient Transfections
CHOK1SV cells were transfected using Lipofectamine 2000. 72h post-transfection,
supernatants were harvested, centrifuged and stored at 4°C prior to analysis.

Stable Transfections
Large scale expression was carried out using stably transfected CHOK1SV cells under MSX
selection. Once harvested, supernatants were stored at 4°C prior to purification.

Purification
Supernatants were Protein A purified using HiTrap columns (GE) and stored at 4°C prior to
concentration and buffer exchange.

Antibody Concentration and Buffer Exchange

Samples were concentrated by centrifugation at 2000g 15-20min. Material was buffer
exchanged 4-5 times using formulation buffer (50mM Phosphate, 100mM NaCl, pH7.4). Once
buffer exchanged, samples were diluted in formulation buffer to an appropriate working
concentration.

GP-HPLC

Duplicate samples were analysed by GP-HPLC on an Agilent 1200 series HPLC system. 80yl
aliquots of 1mg/ml samples (kept at 4°C) were injected and run at 1ml/min for 15min. Results
were analysed using chemstation software.

1gG Titre
Antibody expression yields were determined using a sandwich ELISA. Titres were normalised
to a light chain specific control.
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Thioflavin T Binding

Thioflavin T can be used to monitor aggregation. Purified antibody at 1mg/ml was incubated at
60° for 1h then mixed with a final concentration of 30uM Thioflavin T, and fluorescence
measured at Ex=305 Em=508nm (Hawe, A., Sutter, M and Jiskoot, W. Pharmaceutical
Research 2008 25 (7) 1487-99).

ANS Binding

8-Anilino-1-napthalenesulfonic acid (ANS) can be used to monitor aggregation. Purified
antibody at 1mg/m| was incubated at 60° for 1h then mixed with a final concentration of 30uM
ANS and fluorescence measured at Ex=360 Em/508nm (Hawe, A., Sutter, M and Jiskoot, W.
Pharmaceutical Research 2008 25 (7) 1487-99).

Results

Immunoglobulin sequences were analysed by in silico and in vitro methods to identify
aggregation prone segments. The identified aggregation-prone segments are shown in Table
2.

Substitutions within the identified aggregation prone segments of the VH and VL domains
shown in SEQ ID NOS: 1 and 2 which reduced aggregation propensity were designed and
synthesised (Table 2). The effect of the substitutions on expression, stability and aggregation
of the immunoglobulin were tested (Tables 3 and 4).

The substitution of residues within the identified aggregation prone segments was found to
result in an improvement in manufacturability, and in particular, in reduced aggregation
propensity, and/or improved production levels.

42 Q
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Additional Numbered Statements of Invention

1. A variant immunoglobulin comprising;

a light chain variable (VL) domain which comprises a substitution at framework (FR)

5 aggregation-prone segment and/or a complementary determining region 3 (CDR3)

aggregation-prone segment;

a heavy chain variable (VH) domain which comprises a substitution at a framework
region aggregation-prone segment and/or a CDR3 aggregation-prone segment; and/or,

a heavy chain constant region 1 (CH1) domain which comprises a substitution at a

10 CH1 aggregation-prone segment.

2. A method of improving the manufacturability of an immunoglobulin, comprising;
identifying a parent immunoglobulin,
introducing a substitution into a framework aggregation-prone segment and/or a CDR3
15 aggregation-prone segment in the VL domain of the parent immunoglobulin, and/or
introducing a substitution into a framework region aggregation-prone segment and/or a
CDR3 aggregation-prone segment in the VH domain of the parent immunoglobulin, and/or;
introducing a substitution into a constant region aggregation-prone segment in the
CH1 domain of the parent immunoglobulin,
20 thereby producing a variant immunoglobulin having improved manufacturability relative
to the parent immunoglobulin.

3. A variant immunoglobulin or a method according to any one of the preceding statements
wherein the variant immunoglobulin has reduced aggregation propensity and/or increased
25 productivity upon expression, relative to the parent immunoglobulin

4. A variant immunoglobulin or a method according to any one of the preceding statements

wherein the VL domain framework aggregation-prone segment is selected from the group

consisting of the position 20 aggregation-prone segment, the position 45 aggregation-prone
30 segment and the position 74 aggregation-prone segment.

5. A variant immunoglobulin‘ or a method according to statement 4 wherein the position 20
aggregation-prone segment extends from positions 15 to 23 of the VL domain.

35 6. A variant immunoglobulin or a method according to statement 5 wherein the VL domain
comprises a substitution at position 18 of the VL domain.

7. A variant immunoglobulin or a method according to statement 6 wherein the residue at
position 18 is substituted for R, S or V.

40
8. A variant immunoglobulin or a method according to statement 7 wherein the VL domain
comprises a T18R, T18S or T18V.
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9. A variant immunoglobulin or a method according to any one of statements 5 to 8 wherein
the VL domain comprises a substitution at position 20 of the VL domain.

5 10. A variantimmunoglobulin or a method according to statement 9 wherein the residue at
position 20 is substituted for K, R, S or V.

11. A variant immunoglobulin or a method according to statement 10 wherein the VL
comprises a T20K, T20R, T20S or T20V substitution.

10
12. A variant immunoglobulin or a method according to any one of statements 4 to 11
wherein the position 45 aggregation-prone segment extends from position 42 to position 49 of
the VL domain.

15 13. A variant immunoglobulin or a method according to statement 12 wherein the VL domain
comprises a substitution at position 45.

14. A variant immunoglobulin or a method according to statement 13 wherein the residue at
position 45 is substituted for E, K, R, Q or V.

20
15. A variant immunoglobulin or a method according to statement 14 wherein the VL domain
comprises a T45E, T45K, T45R, T45Q or T45V substitution.

16. A variant immunoglobulin or a method according to any one of statements 12 to 15
25 wherein the VL domain comprises a substitution at position 46.

17. A variant immunoglobulin or a method according to statement 16 wherein the residue at
position 46 is substituted for L or Y.

30 18. A variant immunoglobulin or a method according to statement 17 wherein the VL domain
comprises a T46L or T46Y substitution.

19. A variant immunoglobulin or a method according to any one of statements 4 to 18
wherein the position 74 aggregation-prone segment extends from position 71 to position 77 of
35 the VL domain sequence.

20. A variant immunoglobulin or a method according to statement 19 wherein the VL domain
comprises a substitution at position 74.

40 21. A variant immunoglobulin or a method according to statement 20 wherein the residue at
position 74 is substituted for V.
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22. A variant immunoglobulin or a method according to statement 21 wherein the VL domain
comprises a T74V substitution.

23. A variant immunoglobulin or a method according to any one of the preceding

5 statements wherein the VL domain CDR3 aggregation-prone segment is selected from the
group consisting of the VL. CDR3 N terminal aggregation-prone segment and the VL CDR3 C
terminal aggregation-prone segment.

24, A variant immunoglobulin or a method according to statement 23 wherein the VL
10 CDR3 N terminal aggregation-prone segment extends from residue C88 to the position eight
amino acids C-terminus of residue C88 in the VL domain sequence.

25. A variant immunoglobulin or a method according to statement 24 wherein the VL
domain comprises a substitution at one or more of positions 88, 89, 90, 91, 92, 93, 94, 95 or
15 95a.

26. A variant immunoglobulin or a method according to statement 25 wherein the VL domain
comprises a substitution at position 91.

20 27. A variant immunoglobulin or a method according to statement 26 wherein the
residue at position 91 is substituted for A, F, L, R, S or W.

28. A variant immunoglobulin or a method according to statement 27 wherein the VL
domain comprises a Y91A, Y91F, Y91L, Y91R, Y918 or YO1W substitution.

25
29. A variant immunoglobulin or a method according to any one of statements 24 to 29
wherein the VL domain comprises a substitution at position 93.

30. A variant immunoglobulin or a method according to statement 29 wherein the
30 residue at position 93 is substituted for D, F, L, Q, S, T, WorY.

31. A variant immunoglobulin or a method according to statement 30 wherein the VL
domain comprises a P93D, P93F, P93L, P93Q, P93S, P93T, P93W or P93Y substitution.

35 32. A variant immunoglobulin or a method according to statement 23 wherein the VL C
terminal CDR3 aggregation-prone segment extends from the position three amino acids N-
terminal of residue F98 to position 99 in the VL domain sequence.

33. A variant immunoglobulin or a method according to statement 32 wherein the VL
40 domain comprises a substitution at one or more of positions 95, 96, 97, 98 or 99.
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34. A variant immunoglobulin or a method according to statement 33 wherein the VL domain
comprises a substitution at position 96.

35. A variant immunoglobulin or a method according to statement 34 wherein the
5 residue at position 96 is substituted for E, L, V or W.

36. A variant immunoglobulin or a method according to statement 35 wherein the VL
domain comprises a R96E, R96L, R96V or R96W substitution.

10 37. A variant immunoglobulin or a method according to any one of the preceding
statements wherein the VH domain framework aggregation-prone segment is selected from
the group consisting of the FR1 aggregation-prone segment; the position 95 aggregation-
prone segment; and the position 102 aggregation-prone segment.

16 38. A variant immunoglobulin or a method according to statement 37 wherein the FR1
aggregation-prone segment is located in framework region 1 of the VH domain sequence.

39. A variant immunoglobulin or a method according to statement 38 wherein the FR1
aggregation-prone segment is an aggregation-prone segment selected from the group
20 consisting of positions 1 to 3; positions 4 to 6, positions 11 to 13, and positions 16 to 21.

40. A variant immunoglobulin or a method according to statement 39 wherein FR1
aggregation-prone segment extends from position 1 to position 3.

25 41. A variant immunoglobulin or a method according to statement 40 wherein the VH
domain comprises a substitution at position 1 of the VH domain.

42. A variant immunoglobulin or a method according to statement 41 wherein the
residue at position 1 is substituted for E, Q, D, Aor V.

30
43. A variant immunoglobulin or a method according to statement 42 wherein the VH
domain comprises a Q1E, Q1D, Q1A or Q1V substitution or an E1Q, E1D, E1A or E1V
substitution.

35 44 A variant immunoglobulin or a method according to statement 39 wherein the FR1
aggregation-prone segment extends from position 4 to position 6 of the VH domain.

45, A variant immunoglobulin or a method according to statement 44 wherein the VH
domain comprises a substitution at position 5 of the VH domain.

40
46. A variant immunoglobulin or a method according to statement 45 wherein the
residue at position 5 is substituted for V.
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47. A variant immunoglobulin or a method according to statement 46 wherein the VH
domain comprises a L5V.

5 48. A variant immunoglobulin or a method according to statement 39 wherein the FR1
aggregation-prone segment extends from position 11 to position 13 of the VH domain.

49, A variant immunoglobulin or a method according to statement 48 wherein the VH
domain comprises a substitution at position 12 of the VH domain.

10
50. A variant immunoglobulin or a method according to statement 49 wherein the

residue at position 12 is substituted for V.

51. A variant immunoglobulin or a method according to statement 50 wherein the VH
15 domain comprises a L12V.

52. A variant immunoglobulin or a method according to statement 39 wherein the FR1
aggregation-prone segment extends from position 16 to position 21 of the VH domain.

20 53. A variant immunoglobulin or a method according to statement 52 wherein the VH
domain comprises a substitution at position 17.

54, A variant immunoglobulin or a method according to statement 53 wherein the
residue at position 17 is substituted for R.

25
55. A variant immunoglobulin or a method according to statement 54 wherein the VH

domain comprises a G17R substitution.

56. A variant immunoglobulin or a method according to any one of statements 52 to 55
30 wherein the VH domain comprises a substitution at position 19.

57. A variant immunoglobulin or a method according to statement 56 wherein the
residue at position 19 is substituted for T or V.

35 58. A variant immunoglobulin or a method according to statement 57 wherein the VH
domain comprises a L19T or and L19V substitution.

59. A variant immunoglobulin or a method according to any one of statements 52 to 58
wherein the VH domain comprises a substitution at position 20.

40 '
60. A variant immunoglobulin or a method according to statement 59 wherein the

residue at position 20 is substituted for A, K, SorT.
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61. A variant immunoglobulin or a method according to statement 60 wherein the
residue at position wherein the VH domain comprises a R20A, R20K or R20S or R20T
substitution.

62. A variant immunoglobulin or a method according to any one of statements 37 to 61
wherein the position 95 aggregation-prone segment extends from position 91 to position 99.

63. A variant immunoglobulin or a method according to statement 62 wherein the VH
10 domain comprises a substitution at one or more of positions 91, 92, 93, 94, 95, 96 , 97, 98
and/or 99.

64. A variant immunoglobulin or a method according to statement 63 wherein the VH
domain comprises a substitution at position 94.

15
65. A variant immunoglobulin or a method according to statement 64 wherein the
residue at position 94 is substituted for R.

66. A variant immunoglobulin or a method according to statement 65 wherein the VH domain
20 comprises a K94R substitution.

67. A variant immunoglobulin or a method according to any one of statements 63 to 66
wherein the VH domain comprises a substitution at 96.

25 68. A variant immunoglobulin or a method according to statement 67 wherein the
residue at position 96 is substituted for A.

69. A variant immunoglobulin or a method according to statement 68 wherein the VH
domain comprises a G96A substitution.

30
70. A variant immunoglobulin or a method according to any one of statements 1 to 69
wherein the VH CDR3 aggregation-prone segment extends from the position 100¢ to position
103.

35 71. A variant immunoglobulin or a method according to statement 70 wherein the VH

domain comprises a substitution at one or more of positions 100c, 100d, 101, 102 and 103.

72. A variant immunoglobulin or a method according to statement 71 wherein the VH
domain comprises a substitution at position 100c.

40
73. A variant immunoglobulin or a method according to statement 72 wherein the
residue at the position 100c is substituted for D, E, F, G, P, S, T, W, or Y.
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74. A variant immunoglobulin or a method according to statement 73 wherein the VH
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domain comprises a A100cD, A100cE, A100cF, A100cG, A100cP, A100cS, A100cT, or
A100cW or A100cY.

75. A variant immunoglobulin or a method according to any one of statements 70 to 74
wherein the VH domain comprises a substitution at position 100d.

76. A variant immunoglobulin or a method according to statement 75 wherein the
residue at position 100d is substituted for F, G, L, P or M.

77. A variant immunoglobulin or a method according to statement 76 wherein the VH
domain comprises a S100dF, S100dG, S100dL, S100dP or S100dM substitution.

78. A variant immunoglobulin or a method according to any one of statements 70 to 77
wherein the VH domain comprises a substitution at position 102.

79. A variant immunoglobulin or a method according to statement 78 wherein the
residue at position 102 is substituted for A, F, H, 1, L, Vor Y.

80. A variant immunoglobulin or a method according to statement 79 wherein the VH
domain comprises a P102A, P102F, P102H, P1021, P102L, P102Y or P102V substitution.

81. A variant immunoglobulin or a method according to any one of statements 70 to 80
wherein the VH domain comprises a substitution at position 103.

82. A variant immunoglobulin or a method according to statement 81 wherein the
residue at position 103 is substituted for I, L or V.

83. A variant immunoglobulin or a method according to statement 82 wherein the VH
domain comprises a W103I, W103L or W103V substitution.

84. A variant immunoglobulin or a method according to any one of statements 1 to 83
wherein the CH1 aggregation-prone segment extends from position 150 to position 156.

85. A variant immunoglobulin or a method according to statement 84 wherein the CH1
domain comprises a substitution at position 153.

86. A variant immunoglobulin or a method according to statement 85 wherein the CH1
domain comprises a substitution at position 153.

129 Y
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87. A variant immunoglobulin or a method according to statement 86 wherein the
residue at position 153 is substituted for V.

88. A variant immunoglobulin or a method according to statement 87 wherein the VH
domain comprises a S153V substitution.

89. A variant immunoglobulin or a method according to any one of the preceding
statements wherein the sequence of the variant immunoglobulin has up to 10 amino acid
substitutions relative to the parent immunoglobulin sequence.

90. A variant immunoglobulin or a method according to any one of the preceding
statements wherein the sequence of the variant immunoglobulin comprises 2 substitutions in
the VL FR1 and/or FR2 domain; 3 substitutions in the VL CDR3 domain; 2 substitutions in the
VL FR2 domain and 3 substitutions in the VL CDR3 domain; 2 substitutions in the VL FR1
domain, 2 substitutions in the VL FR2 domain and 3 substitutions in the VL CDR3 domain; 2
substitutions in the VH FR1 domain; 1 substitution in the VH FR1 domain and 1 substitution in
the VH CDR3 domain; 2 substitutions in the VH CDR3 domain; or 1 substitution in the CH1
domain and 1 substitution in the VH FR1 domain.

91. A variant immunoglobulin or a method according to statement 90 wherein the
sequence of the VH domain comprises a 100d (D101-1) and a 102 substitution.

92. A variant immunoglobulin or a method according to statement 91 wherein the residue at
position 102 is substituted for A, F, H, I, L, V or Y and wherein the residue at position 100d is
substituted for F, G, L, P or M.

93. A variant immunoglobulin or a method according to statement 92 wherein the VH
domain comprises a P102A, P102F, P102H, P102I1, P102L, P102Y or P102V substitution and
a S100dF, S100dG, S100dL, S100dP or S100dM substitution.

94, A variant immmunoglobulin or a method according to statement 93 wherein the VH
domain comprises S100dF and P102V substitutions, S100dM and P102V substitutions,
S100dF and P102Y substitutions or S100dM and P102Y substitutions.

95. A variant immunoglobulin or a method according to any one of the preceding
statements wherein the variant immunoglobulin is humanised.

96. A method of assessing the manufacturability of an immunoglobulin comprising;

identifying the amino acid residue at one or more positions selected from the group
consisting of positions 18, 20, 45, 46, 74, 81, 93 and 96 in the VL domain of the
immunoglobulin, positions 1, 5, 12, 17, 19, 20, 94, 96, 100c, 100d, 102, and 103, in the VH
domain, and position 153 in the CH1 domain of the immunoglobulin,



98 P 102 138 E 85 99 W103 139 D 86 100 G 104 140 T 87 101 Q 105 141 A 88
102 G 106 142 VvV 89 103 T 107 143 Y 90 104 L 108 144 Y
WO 2011/021009 PCT/GB2010/001579

43

wherein the presence of a residue other than R, S or V, preferably R or V at position 18, K,
R, S or V, preferably R or V at position 20, E, K, R, Q or V, preferably K or R, at position 45, L
or Y, preferably L, at position 46, V at position 74, A, F, L, R, S, or W, preferably W at position
91,D,F, L, Q,S, T, WorY, preferably Q, at position 93 and/or E, L, V or W, preferably V, at
5 position 96 in the VL domain of the immunoglobulin and/or;
the presence of a residue other than A, D, E, Q or V at position 1, V at position 5 or
position 12, R at position 17, T or V, preferably T at position 19, A, K, S or T, preferably A, at
position 20, R at position 94, A at position 96, D, E, F, G, P, S, T, W, or Y, preferably W at
position 100c, F, G, L, M or P, preferably F or M at position 100d, A, F, H, |, L, VorY,
10 preferably V or Y, at position 102, I, L or V at position 103 in the VH domain of the
immunoglobulin and/or
the presence of a residue other than V at position 153 in the CH1 domain of the
immunoglobulin,
is indicative that the manufacturability of the immunoglobulin are sub-optimal.
15
97. A method of assessing the manufacturability of an immunoglobulin comprising;
identifying the amino acid residue at positions 100d and/or 102, in the VH domain of the
immunoglobulin,
wherein the presence of a S at position 100d and/or P at position 102, is indicative
20 that the immunoglobulin has sub-optimal manufacturability.

98. An isolated nucleic acid encoding a variant immunoglobulin according to any one of
statements 1 to 95 or a VH domain, VL domain or CH1 domain thereof comprising one or
more of said substitutions.

25
99. An expression vector comprising an isolated nucleic acid according to statement 98.
100. A host cell comprising an expression vector according to statement 99.

30 101. A method of preparing a variant immunoglobulin comprising;

expressing a nucleic acid according to statement 98 under conditions to bring about
production of said variant immunoglobulin or a VH domain, VL domain or CH1 domain thereof,
and recovering it.

35 102. A method according to statement 101 comprising formulating the variant
immunoglobulin into a composition including a pharmaceutically acceptable excipient.

103. A pharmaceutical composition comprising a variant immunoglobulin according to any
one of statements 1 to 95 and a pharmaceutically acceptable excipient.

40
104. A variant immunoglobulin according to any one of statements 1 to 95 for use as a

medicament.
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105. A method of preparing a hybrid immunoglobulin which binds to a target antigen

comprising;
providing a donor immunoglobulin which binds to said target antigen,
5 providing a variant immunoglobulin according to any one of statements 1 to 89,

replacing 1 or more CDR sequences of said variant immunoglobulin with the
corresponding CDR sequence from said donor immunoglobulin,
thereby producing a hybrid immunoglobulin which binds said target antigen.

10 106. A method according to statement 105 wherein the VL CDRS3 of the hybrid
immunoglobulin comprises a substitution in the VL CDR3 N terminal aggregation-prone
segment or the VL CDR3 C terminal aggregation-prone segment.

107. A method according to statement 105 or statement 106 wherein the VH CDR3 of the
15 hybrid immunoglobulin comprises a substitution in the VH CDR3 aggregation-prone segment.

108. A method of preparing a variant immunoglobulin library comprising;
providing a variant immunoglobulin according to any one of statements 1 to 95,
replacing 1 or more CDR sequences of said variant immunoglobulin with a CDR
20 sequence comprising a random residue at one or more positions therein,
thereby producing a diverse library of variant immunoglobulins.

109. A method according to statement 108 wherein the VL CDR3 of the variant
immunoglobulin is replaced by a random CDR3 sequence which comprises A, F, L, R, Sor W
25 atposition91,D,F, L, Q,S, T, WorY at position 93, and/or E, L, V or W at position 96.

110. A method according to statement 108 or statement 109 wherein the VH CDR3 of the
variant immunoglobulin is replaced by a random CDR3 sequence which comprises D, E, F, G,
P,S, T,W,orY at position 100c, F, G, L, P or M at position 100d, A, F, H, |, L, Vor Y at

30 position 102, and/or |, L or V at position 103.

111. A variant immunoglobulin library, wherein each member of the library comprises;
a VL domain comprising a substitution at framework aggregation-prone segment
and/or a CDR3 aggregation-prone segment;
35 a VH domain comprising a substitution at a framework region aggregation-prone
segment and/or a CDR3 aggregation-prone segment; and/or,
a CH1 domain comprising a substitution at a CH1 aggregation-prone segment
wherein the members of the library differ in one or more CDR sequences.

40 112 A population of nucleic acids which encodes a variant immunoglobulin library
according to statement 111.
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113. A method of obtaining one or more immunoglobulins with improved manufacturability
which bind to a target antigen comprising;
bringing into contact a variant immunoglobuilin library according to statement 111 and said
antigen, and
5 selecting one or more immunoglobulins of the library able to bind said antigen.



100e 119 100f 120 Tabl e 1B VH Domai n nunbering 51 Substitution
Posi ti ons Segnent Residues inportant for aggregation Preferred variants
Vari ant s webaw210€ A-light 118 RSV R V A-light 120 KR8GH0M/dB1370ght 145

EKRQV K R 46

Sequences:

VL
5 NFMLTQPHSVSESPGKTVTISCTRSSGSIASNYVQWYQQRPGSSPTTVIYEDNQRPSGVPD
RFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDPEMRVFGGGTKLTVL (SEQ ID NO: 1)

VH

10 QVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVISYDGSNKYY
ADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKTYEGPTYFASDPWGQGTLVTVSS
(SEQ ID NO: 2)

15



B-light 146 L Y L Glight 174 V V D-light Y91 (C88+3)* AFLRSWWD-1ight P93
(C88+5)* DFLQSTWY Q E-light RO6 (F98-2)* ELVWvVv HC A-heavy El ADQV a
A- heavy QLOADEY2AEV B- heavy L5 V V C-heavy L12 v v D heavyGB2010/001579

47

equence B [abat onegger equence B [abat onegger
N 1 1 v 33 41
F 2 2 Q 34 42
M 3 3 w 35 43
L 4 4 Y 36 44
T 5 5 Q 37 45
Q 6 6 Q 38 46
P 7 7 R 39 47
8 8 P 40 48
H 9 9 G 41 49
S 10 10 S 42 50
\ 11 11 S 43 51
S 12 12 P 44 52
E 13 13 T 45 53
S 14 14 T 46 54
P 15 15 v 47 55
G 16 16 ] 48 56
K 17 17 Y 49 57
T 18 18 E 50 58
A 19 19 59
T 20 20 60
| 21 21 61
S 22 22 62
Cc 23 23 63
T 24 24 64
R 25 25 65
S 26 26 66
S 27 27 D 51 67
G 27a 28 N 52 68
S 27b 29 Q 53 69
27¢ 30 R 54 70
27d 31 P 55 "
27e 32 S 56 72
27f 33 G 57 73
34 Vv 58 74
35 P 59 75
| 28 36 D 60 76
A 29 37 R 61 77
S 30 38 F 62 78
N 31 39 ) 63 79
Y 32 40 G 64 80




Gl7 R R D-heavy L19 TV T D heavy R20 AKST A E-heavy K94 R R E-heavy @6 A A
F- heavy A100c (D101-2)** DEFGPSTW W F-heavy Sl OGd (D101-1)** FGLMP FM

F- heavy R{020ARkdoYY V Y F-heavy WI03 | L VI L V G heavgr®&iE8iwmovs7dVL CDR3
positions: Y91, P93 are al so nunbered ijg% proximty to Kabat's C388 & R96 is
al so nunbered by proximty to Kabat's 8 respectively

equence B (abat lonegger equence B abat jonegger

S 65 81 121
! 66 82 122
D 67 83 123
S 68 84 124
S 68a 85 125
S 68b 86 126
N 69 87 127
S 70 88 128
A 71 89 129
S 72 90 130
L 73 91 131
T 74 92 132
I 75 93 133
S 76 94 134
G 77 95 135
L 78 96 136
K 79 97 R 96 137
T 80 98 v 97 138
E 81 99 F 98 139
D 82 100 G 99 140
E 83 101 G 100 141
A 84 102 G 101 142
D 85 103 T 102 143
Y 86 104 K 103 144
Y 87 105 L 104 145
C 88 106 T 105 146
Q 89 107 v 106 147
S 90 108 L 107 148

Y 91 109

D 92 110

P 93 11

E 94 112

M 95 113

95a 114

95b 115

95¢ 116

95d 117

95e 118

95f 119

120

Table 1A VL domain numbering



**VH CDR3 positions: Due to heterogeneity of CDR3 (heavy) Positions are

al so naned according to proximty to D101 (invariable in Kabat) Table 2a

52 Substiwotnomri@esi ti ons Segnent Resi dues inportant fecTagmwagaiion
Preferred variants Variants tested LGg B-light L37 0 N Q B-light L46
KRHFS R B-light 045 R K E R HC D-heavy P61 KRQEDNA R D-heavy V85 E D A E
E-heavy HO4 R K T

equence B (abat lonegger jequence B (abat lonegger
Q 1 1 41
\Y 2 2 42
Q 3 3 w 36 43
L 4 4 \' 37 44
\ 5 5 R 38 45
E 6 6 Q 39 46
S 7 7 A 40 47
8 8 P 41 48
G 9 9 G 42 49
G 10 10 K 43 50
G 11 11 G 44 51
Vv 12 12 L 45 52
\' 13 13 E 46 53
Q 14 14 w 47 54
P 15 15 \" 48 55
G 16 16 A 49 56
R 17 17 v 50 57
S 18 18 | 51 58
L 19 19 S 52 59
R 20 20 Y 52a 60
L 21 21 52b 61
S 22 22 52¢ 62
Cc 23 23 63
A 24 24 D 53 64
A 25 25 G 54 65
S 26 26 S 55 66
G 27 27 N 56 67
F 28 28 K 57 68
T 29 29 Y 58 69
F 30 30 Y 59 70
S 31 31 A 60 71
S 32 32 D 61 72
Y 33 33 S 62 73
G 34 34 v 63 74
M 35 35 K 64 75
H 35a 36 G 65 76
35b 37 R 66 77
38 F 67 78
39 T 68 79
40 | 69 80




R E-heavy RO5 E D D E-heavy V100 FGLMP F E-heavy S102 AFH LVY V Table 2b
53 Conbi nations Tested T18R T20R T18R T74V T45K T46L T45R T46L T18R T20R
T45R T46LwdL8R/B2OR T45K T46L YO1W (C88+3)* P93Q ( C88+5PCTRABWINIEES92) *
T45K T46L Y91W (C88+3)* P93Q (C88+5)* R96V(F98-2)* T45R T46L Y91W (C88+3)*
P93Q (C88+5)* RO6V (F98-2)* T18R T20R T45R T46L Y91W (C88+3)* P93Q (C88+5)*
RO6V (F98-2)* QLA P102Y QLE P102Y QLV P102Y QLA WLO3L QLD WLO3L QLE WLO3L
QLV WLO3L A100cW (D101-2)** S100dF (D101-1)** S100dF (DL101-1)** P102V

S100dF {DP101-1)** D102V S100dM (D101-1)**P102V S100dM (D101-1)** P1Q2Y
p10o2v DI D102y 8031 p1ob¥Ri031 pIfBY=RMoay P83y | 19T [ohesse

S 70 81 100g 121
R " 82 100h 122
o 72 83 100i 123
N 73 84 124
S 74 85 125
K s 86 126
N 6 87 127
T 7 88 128
L 8 89 129
Y 8 90 130
L 80 91 131
Q 81 92 132
" 82 93 133
N 82a 94 134
S 820 95 135
L 82c 96 136
R 83 97 D 101 137
A 84 98 P 102 138
E 85 99 w 103 139
D 86 100 G 104 140
T & 101 Q 105 11
A 88 102 G 106 142
v 89 103 T 107 143
Y 90 104 L 108 144
M 91 105 v 109 145
c 92 106 T 110 146
A 93 107 v 111 147
K 94 108 ) 112 148
! % 109 s 113 149
M 96 110
E 97 111
G 98 12
P 99 113
T 100 114
Y 100a 115
F 100b 116
A 100c 17
S 100d 118

100e 119

100f 120

Table 1B VH Domain numbering



S153V R20A T18V R20A T18V R2OV * VL CDR3 positions: Y91, P93 are al so
nunbered by proximty to Kabat's C88 & R96 is al so nunbered by proximty to
Kabat's R98 20mapewmbi vely ** VH CDR3 positions: Due to hetergrreriotyroof CDR3
(heavy) Positions are al so naned accorgdijng to proximty to D101 (invariable
in Kabat) 54 Variant conbinations Conbi nations tested HC R95 S102 R95D
S102V H94 RO5 V100 S102 H94R RO5D VI00F S102V NCI LC P61 VB85 / L46 P61R
VB5E / L ' HI94R

RO5D / L46R LC L3ubsttutiopResidiR Table 3b WO

2011/ 021(J09PCT/ GB2010/ 001579 55 Substitution nmade (Kabat nunbering) | C or

NC Rel . AgsHgagstiti ORedifiles infcPERObI dghagatie . PRéréifddaMiisntd  variants Tested

LC
A-light T18 RSV RV
A-light T20 KRSV RV
B-light T45 EKRQV KR
B-light T46 LY L
C-light T74 Vv Vv
D-light Y91 (C88+3)* AFLRSW W
D-light P93 (C88+5)* DFLQSTWY Q
E-light R96 (F98-2)* ELVW \
HC

A-heavy E1 ADQV Q
A-heavy Q1 ADEV ADEV
B-heavy L5 Y \Y
C-heavy L12 v Y
D-heavy G17 R R
D-heavy L19 TV T
D-heavy R20 AKST A
E-heavy K94 R R
E-heavy G96 A A
F-heavy A100c (D101-2)** DEFGPSTWY W
F-heavy $100d (D101-1)** FGLMP FM
F-heavy P102 AFHILVY VY
F-heavy W103 ILv ILV
G-heavy 5153 Y Y

* VL CDR3 positions: Y91, P93 are also numbered by proximity to
Kabat's C88 & R96 is also numbered by proximity to Kabat's F98
respectively

** VH CDR3 positions: Due to heterogeneity of CDR3 (heavy) Positions
are also named according to proximity to D101 (invariable in Kabat)

Table 2a



bi ndi ng Rel . ANS bi ndi ng 11 1 T18VvV LC 0.28 0.43 0.49 0.35 T74V LC O, 23
0.05 0.88 0.81 T18V T74V LC 0,21 0.23 0.45 0.48 L37Q U5R LC 0,31 1.84
L46R LC Owé 2811402100B1Q HC 0. 51 PCT/GB2010/001579

52

Substitutions positions
Segment Residues important for aggregation Preferred Variants tested
variants
LC
B-light L37 QN Q
B-light L46 KRHFS R
B-light Q45 RKE R
HC
D-heavy P61 KRQEDNA R
D-heavy V85 EDA E
E-heavy H94 RKT R
E-heavy R95 ED D
E-heavy V100 FGLMP F
E-heavy S$102 AFHILVY Y

Table 2b



6.73 L5V HC 0.63 0. 51 L12V HC 0.92 0.92 Gl7R HC 0.52 1.76 L19T HC
0.52 0.53 0.87 1.16 RO5D HC 0.05 2.69 R20A HC 0.61 0.57 1.22 1.33 S153V

HC WO 2011/021009 PCT/GB2010/001579
53
Variant combinations Combinations Tested
LC

T18 T20 T18R T20R
T18 T74 T18R T74V
T45 T46 T45K T46L

T45R T46L

T18R T20R T45R T46L
T18R T20R T45K T46L
Y91 (C88+3)* P93
(C88+5)* R96 (F98-2)* Y91W (C88+3)* P93Q (C88+5)* RI6V (F98-2)*
T45K T46L Y91W (C88+3)* P93Q (C88+5)* RI6V(F98-2)*

T45R T46L YO1W (C88+3)* P93Q (C88+5)* R9BV (F98-2)*
T18R T20R T45R T46L YS1W (C88+3)* P93Q (C88+5)* R96V

(F98-2)*
HC
Q1 P102 Q1A P102Y
Q1E P102Y
Q1V P102Y
Q1 W103 Q1A W103L
Q1D W103L
Q1E W103L
Q1V W103L
A100c (D101-2)**
$100d (D101-1)** A100cW (D101-2)** S100dF (D101-1)**
$100d (D101-1)**

P102 S100dF (D101-1)** P102V
S100dF (D101-1)** P102Y
$100dM (D101-1)**P102V
S100dM (D101-1)** P102Y

P102 W103 P102V W103L
P102Y, W103L
P102Y W103l
P102Y W103V
S153L19 S153V L19T
$153 R20 S153V R20A
LC & HC
T18 R20 T18V R20A
T18V R20V

* VL CDR3 positions: Y31, P93 are also numbered by proximity to
Kabat's C88 & R96 is also numbered by proximity to Kabat's F98 respectively

** VH CDR3 positions: Due to heterogeneity of CDR3 (heavy) Positions
are also named according to proximity to D101 (invariable in Kabat)

Table 3a



0.73

RO5D LC /wbiGoD/ak4002. 33
RO5D S102V

S153V R20A HC 0.31 0.78 0.95 1.22 S153V L19T HC 0.41 0.43 0.7 0.87
T18V / R2Z0A LC/ HC 0.59 0.04 0.52 T18v / R20OvV LC/ HC 0. 86

L46R / H94R

L46R / P61R VB85E LC / HC 0.52 @CT/GB20103037645R /

54

Variant combinations Combinations tested
HC
R95 5102 R95D S$102Vv
H94 R95 V100 S102 H94R R95D V100F S102V
HC/LC
P61 V85 /L46 P61R V85E / L46R
R95 $102/L37 Q45 R95D S102V /L37Q Q45R
H94 R95/ L46 H94R R95D / L46R
LC
L37 Q45 L37Q Q45R

Table 3b



LC/ HC 0.01 18.77
1.57 0 0.12 QIE HC 1.03 1.96

&6A HC 0.69 4. 38

S102V HC

QLV HC 1.12 2.21

0.10 6.61

P102Y HC 0. 60

QLA HC 1.17 1.84

WO 2011/021009 PCT/GB2010/001579
55
Substitution made (Kabat Rel. Rel.Thioflavin T
numbering) | C or HC |Aggregation Rel. Productivity binding Rel. ANS binding
1 1 1 1
T18V LC 0.28 0.43 0.49 0.35
T74V LC 0.23 0.05 0.88 0.81
T18V T74V LC 0.21 0.23 0.45 0.48
L37Q Q45R LC 0.31 1.84
L46R LC 04 1.4
E1Q HC 0.51 6.73
L5V HC 0.63 0.51
L12v HC 0.92 0.92
G17R HC 0.52 1.76
L19T HC 0.52 0.53 0.87 1.16
R95D HC 0.05 269
R20A HC 0.61 0.57 1.22 1.33
S153V HC 0.73
S$153V R20A HC 0.31 0.78 0.95 1.22
S153V L19T HC 0.41 0.43 0.7 0.87
T18V/ R20A LC/HC 0.59 0.04 0.52
T18V/ R20V LC/HC 0.86
L46R / H94R R95D LC/HC 0.14 233
L46R / P61R V85E LC/HC 0.52 0.77
L37Q Q45R /R95D S102vV  |LC/HC 0.01 18.77
G96A HC 0.69 438
S102V HC 0.10 6.61
P102Y HC 0.60 1.57 0 0.12
Q1E HC 1.03 1.96
Q1v HC 1.12 2.21
Q1A HC 1.17 1.84
Q1D HC 1.58
S100dF (D101-1)** HC 1.26 264
$100dM (D101-1)** HC 0.54 3.44
P102Y HC 0.55 1.71
P102V HC 0.39 1.37
W103L HC 0.74
w103V HC 1.37
w103l HC 0.81
Q1A P102Y HC 0.58 1.69
Q1E P102Y HC 0.58 1.23
Q1Vv P102Y HC 0.59 0.78
Q1A W103L HC 0.76
Q1D W103L HC 1.08
Q1E W103L HC 0.99
Q1V W103L HC 0.85
R95D S102Vv HC 0.01 11.92
H94R R95D V100F S102V HC 0.64 344




QD HC 1.58 S100dF (D101-1)** HC 1.26 2.64 S100dM (D101-1)** HC 0. 54
3. 44 P102Y HC 0.55 1.71 P102V HC 0. 39 1. 37 WLO03L HC 0.74 W03V HC

1.37 WO 2011/021009 PCT/GB2010/001579
56
Substitution made (Kabat Rel. Rel. Rel.Thioflavin T
numbering) LC orHC Aggregation  Productivity binding Rel. ANS binding
$100dF (D101-1)** P102V HC 0.15 8.61
$100dF (D101-1)** P102Y HC 0.18 6.78
$100dM (D101-1)** P102V HC 0.00 8.69
$100dM (D101-1)** P102Y HC 0.13 6.40
P102V W103L HC 0.58
P102Y, W103L HC 0.44
P102Y W103| HC 0.39
P102Y W103V HC 0.50

VL CDR3 positions: Y91, P93 are also numbered by proximity to Kabat's C88 & R96 is also numbered by
5 proximity to Kabat's F98 respectively
** VH CDR3 positions: Due to heterogeneity of CDR3 (heavy) Positions are also named according to proximity to
D101 (invariable in Kabat)
All data shown relative to wild-type.

10 Table 4




WL031 HC 0.81 QLA P102Y HC 0.58 1.69 QLE P102Y HC 0.58 1. 23 Qv
P102Y HC 0.59 0.78 QLA W03L HC 0.76 QLD WO03L HC 1.08 QLE WLO3L HC

0.99
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Claims: '

1. A method of improving the manufacturability of an immunoglobulin, comprising;
identifying a parent immunoglobulin having a VL domain and a VH domain,
introducing a substitution into a framework aggregation-prone segment and/or a
CDR3 aggregation-prone segment in the VL domain of the parent immunoglobulin,
and/or
introducing a substitution into a framework region aggregation-prone segment
and/or a CDR3 aggregation-prone segment in the VH domain of the parent
immunoglobulin, and/or;

introducing a substitution into a constant region aggregation-prone segment in
the CH1 domain of the parent immunoglobulin,

thereby producing a variant immunoglobulin having a VL domain and a VH
domain which displays improved manufacturability relative to the parent
immunoglobulin.

2. A variant immunoglobulin comprising;

a light chain variable (VL) domain which comprises a substitution at framework
(FR) aggregation-prone segment and/or a complementary determining region 3
(CDR3) aggregation-prone segment;

a heavy chain variable (VH) domain which comprises a substitution at a
framework region aggregation-prone segment and/or a CDR3 aggregation-prone
segment; and/or,

a heavy chain constant region 1 (CH1) domain which comprises a substitution
at a CH1 aggregation-prone segment.

3. A method according to claim 1 or a variant immunoglobulin according to claim 2
wherein the variant immunoglobulin displays both reduced aggregation propensity and
increased productivity upon expression, relative to the parent immunoglobulin

4, A variant immunoglobulin or a method according to claim 3 wherein the
variant immunoglobulin displays an increase in productivity of at least 20% and a
decrease in aggregation propensity of at least 30% relative to the parent
immunoglobulin.

5. A variant immunoglobulin or a method according to claim 3 or claim 4
wherein a substitution is introduced in the VL domain of the parent immunoglobulin at
the VL position 37 aggregation-prone segment and/or the VL position 45 aggregation-
prone segment; and/or

a substitution is introduced in the VH domain of the parent immunoglobulin at
the VH FR1 aggregation-prone segment; the VH position 95 aggregation-prone
segment; and the VH CDR3 aggregation-prone segment.

SUBSTITUTE SHEET (RULE 26)



QLV WL03L HC 0.85 RO5D S102V HC 0.01 11.92 H94R R95D V100F S102V HC
0.64 3.44 WO 2011/ 021009PCT/ GB2010/ 001579 56 Substituti on nade (Kabat
nunber i ngyvolk@ 1ar1dde Rel . Aggregati on Rel . Rel . Thi of | avi nP€T/GB2010/001579
Producti vi t ybi ndi ngRel . ANS bi ndi ng S490dF (D101-1)** P102V HC 0.15 8. 61
S100dF (D101-1)** P102Y HC 0.18 6.78 S100dM (D101-1)** P102V HC 0. 00
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6. A variant immunoglobulin or a method according to claim 5 wherein the substitution
is introduced at a position selected from the group consisting of 1, 17, 94, 95, 96, 100,
100d and 102 of the VH domain sequence and/or a position selected from the group
consisting of 37, 45 and 46 of the VL domain sequence.

7. A variant immunoglobulin or a method according to claim 6 wherein the residue at
position 37 in the VL domain sequence is substituted for Q or N.

8. A variant immunoglobulin or a method according to claim 7 wherein the VL domain
comprises a L37Q substitution.

9. A variant immunoglobulin or a method according to any one of claims 6 to 8 wherein
the residue at position 45 in the VL domain sequence is substituted for E, K, R, Q or V.

10. A variant immunoglobulin or a method according to claim 9 wherein the VL domain
comprises a T45E, T45K, T45R, T45Q or T45V substitution.

11. A variant immunoglobulin or a method according to any one of claims 6 to 10
wherein the residue at position 46 in the VL domain sequence is substituted for L or Y.

12. A variant immunoglobulin or a method according to claim 11 wherein the VL
domain comprises a T46L or T46Y substitution.

13. A variant immunoglobulin or a method according to any one of claims 6 to 12
wherein the residue at position 1 in the VH domain sequence is substituted for E, Q, D,
AorV.

14. A variant immunoglobulin or a method according to claim 13 wherein the VH
domain comprises a Q1E, Q1D, Q1A or Q1V substitution or an E1Q, E1D, E1A or E1V

substitution.

15. A variant immunoglobulin or a method according to any one of claims 6 to 14
wherein the residue at position 17 in the VH domain sequence is substituted for R.

16. A variant immunoglobulin or a method according to claim 15 wherein the VH
domain comprises a G17R substitution.

17. A variant immunoglobulin or a method according to any one of claims 6 to 16
wherein the residue at position 94 in the VH domain sequence is substituted for R.

SUBSTITUTE SHEET (RULE 26)



8.69 S100dM (D101-1)** P102Y HC 0.13 6.40 P102vV WO3L HC 0.58 P102Y, WO3L
HC 0.44 P102Y W031 HC 0.39 P102Y W03V HC 0.50 VL CDR3 positions:
Y91, P93 woeoalemopunbered by proximty to Kabat's C88 @CRES208/mizo
nunbered by 5 proximty to Kabat's F98 respectively VH CDR3 positions:
Due to heterogeneity of CDR3 (heavy) sfositions are al so nanmed according to
proximty to D101 (invariable in Kabat) Al data shown relative to
wild-type. 10Table 4 WD 2011/ 021009PCT/ GB2010/001579 57 Cains: 1. A

nmet hod @B, i Nprovdriagt imreunvaiobhirc o metHodtagcartingrio claimund gihetein the, Vitonpr i si ng;

i denti f%hﬂginacoﬂz;ﬁfgg%aim%%tﬂwﬂn having a VL domain and a VH donai n,

5introducing a rtution rnto a franmework aggregati on-prone segnment
and/or a CDR3 aggregation-prone segment in the VL domain of the parent
i nmunogl1ebul i M variadt mmmunoglobulimor athethiodgcaordingde anyioheaf ¢lains 64oflBamewor k

regio F&9 el BBl SNRosBA B thanl4 8bmainCelidertads a@ntituesy for DNe segment in
the VH domal n of the parent 10 i nmunogl obulin, and/or; I ntroduci ng a

substitution into a constant region aggregation-prone segnent in the CHL
domai n @0. Alverigndiremunogtefitio g emgthed according tqa*mméwfpﬁf@agm ¥g a variant

| munoglgkidid sbnhistses d rRusHLsubetitaiidh.and a VH domai n whi ch di spl ays i nproved
manuf acturability relative to the parent 15 i nmunogl obulin. 2. A variant

i mrunogl obul i n conpri si ng; ' a light chain variable (VL) daomain which
conpriGed. a subwariantinmmwnagiobutinaeasethrRRFoSiNg e gay PBRoheleime &eflent and/ or
a conpl e/fRAsiIALAE rdeidees Bl pusitdnraBdh e \BH domain sequence is substituted for A.

22. A variant immunoglobulin or a method according to claim 21 wherein the VH
domain comprises a G96A substitution.

15
23. A variant immunoglobulin or a method according to any one of claims 6 to 22
wherein the residue at position 100d in the VH domain sequence is substituted for F,
G,L,PorM.

20 24. A variant immunoglobulin or a method according to claim 23 wherein the VH
domain comprises a S100dF, S100dG, S100dL, S100dP or S100dM substitution.

25. A variant immunoglobulin or a method according to any one of claims 6 to 24
wherein the residue at position 102 in the VH domain sequence is substituted for A, F,
25 H I,L,VorY.

26. A variant immunoglobulin or a method according to claim 25 wherein the VH
domain comprises a P102A, P102F, P102H, P102l, P102L, P102Y, P102V or $102V
substitution.

30
27. A variant immunoglobulin or a method according to any one of claims 3 to 26
wherein the sequence of the variant immunoglobulin has up to 10 amino acid
substitutions relative to the parent immunoglobulin sequence.

35 28. A variant immunoglobulin or a method according to any one of claims 3 to 27
wherein the sequence of the VH domain comprises substitutions in the VH FR1

aggregation-prone segment and the VH CDR3 aggregation-prone segment.

29. A variant immunoglobulin or a method according to claim 28 wherein the
40 sequence of the VH domain comprises substitutions at position 1 and position 102.
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20 (CDR3) aggregation-prone segnent; a heavy chain variable (VH)
domai n whi ch conprises a substitution at a framework region

aggr egat iwo-2prienecosegnent and/ or a CDR3 aggr egat i on- pr oreTaER0BM0)1578nd/ Or ,
a heavy chain constant region 1 (CHl)ggdonmai n which conprises a substitution
25 at a CHl aggregation-prone segnent. 3. A nethod according to claim1 or
a variant inmunogl obulin according to claim2 wherein the variant

i munog! 3%l VaRastiispluapglobdintoratisted aeguding & claim 20 whenesi thy residleiatcr eased
product | Mslibn YBIR &{g)e fiRai0n, # 8 4L Voradd\ondiBnant rdsiBBdRgbaluH i n SO 4.
A varia 1

"hod "according to clarm erein the
vari ant ¥ FHRRYBEPGBAF Q Qrérﬂfé(ys an increase in productivity of at |east 20%
and a decrease in aggregation propensity of at |east 30%relative to the

par ent, |§qmnog}\gghg,gf}nm§ﬁ?%§ouhﬁ~o¥ Théifidd ém«ﬁ&%@ \WMeréinfikd DA

accor di to clarm ere n is introduced in the
VL domai $PeAIn P‘I’f@p'b??rs@ré Q2anbs e A thA 231 S“E’B@P{']‘?"bn 37

aggregati on- prone segnent and/ or the VL position 45 aggregation-prone

segmstnt ; 3Aand/ Oftvgﬁal?nt%HPttﬁhb bEdhﬁ'&:rla?rnétﬁéd%Eéﬁdwb fo'arytRie \drlicdmies b of t/ ge
parent inmmunogl obul in a

Posi 11 on VRS dar sehenanouhe N Ll cDARG MR R S JTone
segmend . agaregation-HOINEGEIPEM @Rbibe YHORB? aug@gation- wooausegment» munogl obul i n or
a nmethod according to claim5 wherein the substitution is introduced at a

PoST L1 Onyee! eOhSlilh ARG B6 A0 GHShaS LS8l bt afhordfpg®, 100, 100

and 102 | on_se romthe group
5 consi stqugn@r ofghe Vhiziomein ﬂ@“@fseﬁﬁébWUtﬂﬁﬁﬁt W%‘&El?@rﬂ!‘@ posifion A0Zar i ant
i mrunogl obul in or a nethod according to claim6 wherein the residue at

positi, ? n3437A\'/at?|af'| @ﬁﬂnoﬂ%ﬁﬁl‘ﬂoé{ﬂ\@%ﬁ%cb \aﬁH?@Eﬂaﬁﬁ'F?%hfefér Q/\ﬁe%sﬁﬁe %0 8. A

varian erei il t

domai n cB‘?Pﬂtoi”s%g '%SLLb\?’?'@%feéf‘t'fd'Holn 9. ﬁ"‘\%}i’ prgmt PRI POSHIPR or a
met hod a@®isrsdbstiuted famyordhe of clains 6 to 8 wherein the residue at
position 45 in the VL domain sequence is substituted for E, K, R Qor V.

15 10. varl . | obul i n _or thod accor di wher ei n
the VL dimin BoREFTLEERE0qREMn o Funingd areorgAg & G b dbF Ve on

11. szadmraam compusesy SHABV wbetltuaomémdt@tﬂlgéacﬁeb@ﬁw@nto any one of clains 6
to 10 20 wherein the residue at position 46 in the VL domain sequence is

substi tuted for r| i 0.0 d accordi ng
to cl ai rﬁ[3 1 vvhervf?f'ﬂntt W@L\Véglaw& rﬁ%f)& gga;vg%{%%y cﬂheé{g% %stl tution. 25
13. A var Bawhereimin &gl aorin further QOW%éUB%t&@I%FﬁQP@%“%m%@NQ 1(99 clains 6 to
12 wherein the residue at position 1 in the VH domain sequence is
Zggzﬁ'%ﬁg‘??Avg mrﬁtmﬁ;ﬁ;n |O€U|ﬂ rgmeth)#f]%%d%ddﬁﬁ%{o mt'i@\)lv'lglég@lln%é' qu%rlDa g’ikhgf
QLV subs®t Rasitiop 9443 5‘&?‘?’“@1@ OEB@"d@lWeGIdUEpr%%‘E%t Fﬁ‘dt??t't”t% o K-"vari ant

i mmunogl obul in or a nethod according to any one of clains 6 to 14 wherein
35 Lo Rovar | A B Tl 15 wher el
She Vi AR BRI HOAR IR e

i mmunaégl obulin or a nethod according to any one of clains 6 to 16 40

}/\hereR' n gge rgw\%‘ﬁﬁnﬁh\nﬂ}?@ blob@iih &4 AnBthbB @cobrdifg ek &weﬂmmsea?sablstl tut1 <7ad
or varia [ o claim
wher of n PRErei g SpinoBa e Ut gh e dafin b BRB- AR BhfHiaek L2, 1

i munog| swRAtitutions indherpesitien Hceagredaligntrsonerieaniest and BEPORMOB460 18 5 wherein
the resi dg@regétldhq&brﬁé n¥Enti n the VH domai n sequence is substituted for D.

20. A yariant immunoglobulin or a method according to claim 19 wherein the
VH dorai n_conprises a RI5D substitution. to 21. A variant inmunpogl obulin or

a et hod48ccor di Yajapgmamnoglesulit ora methed aceqrding toAiBime B9 Wheeen B8 due at
posi t i ons&uenbe bhibe Vit dbomain of the yarant énmsnagidisdin tcampdsdsosubstitutid®.at A var i ant

i munogl gBYliddP4n o according to claim2l wherein the VH domain
conpri seg '(£3 dalIE)stlk{ﬁutl on. 15
40 41. A variant immunoglobulin or a method according to claim 40 wherein the residue at
position 37 is substituted for Q or N and wherein the residue at position 45 is
substituted for R, K or E.
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23. A variant imunoglobulin or a nmethod according to any one of clains 6
to 22 wherein the residue at position 100d in the VH domain sequence is
substi t utwo 20owo2k09G L, P or M 20 24. A vari ant i nmunogcosB20m/mis7a net hod
according to claim23 wherein the VHglonai n conprises a S100dF, S100dG
S100dL, S100dP or S100dM substitution. 25. A variant imunoglobulin or a
nmet hod according to any one of clains 6 to 24 wherein the residue at

posi ti o102 i Qb WhindREEIGELIR BFH PREtSod Scodidird totdtimds 1fvaieréin tie V25 H, 1, L,
Vor Y. [ 26. Avarl antlé rtl)ogtlg{)bul |c8 &25% rrgtI d according to claim?25
wher ei n RN APBRIREF 7 3%%{1 SHWUAN BYH3 RASBAYBEMUNo 1 P1021, PlO2L, P102Y,
P102V or S102V substitution. 30 27. A variant imunogl obulin or a nethod
accor i rigp t 0 anyafdie irfitufbqiblin 3r bonetRod\bebriiny folhyleang oneobdlaiinge vari ant

i mmunogl,obyl i n_ha 1 ] i L i f i : he parent
i mmunogl '8 gg e gl?mt égm@g cggq.pﬂg%sgg :Si%?\y ?ﬁsrh{#gg?l’ gﬁ% Fiﬁ?sgéu\ggtr'}gﬁ%%d
accor di rapdtthe Yhopgin eamprisgs gd-33 & syibstitutigneans Q8RR subjfitdiofe of the VH
dormai n conprises substitutions in the VH FRL aggregati on-prone segnent and
theVHqg?Sagr kL On- : 'oaéHé,' i) or a
met hod acCor_di%é’g'?%hérﬁg}uﬁn&ggsum??gﬁé t{] %dgg%dé@s{e {ue,n edn%‘ﬁif{& %%Q/%‘t%%?ml n
conpr & esheseipdhe VHdomain eamprises ©ng Q" MossHbsHIoNSA the¥H Pogisen 95

2011/ 02 14¥pdatibRprinklegMbn Sndihe 30 dotnaimcoraprises mome wo giood slibstitutionsinnet hod
accordi : j el i due at position 102 is substituted
for A E‘gehgs'ﬁ‘l,’@ﬁ%gﬁ‘S%@“?Hgné ernciﬁ' the residue at position 1 is
substituted for E, Q D, Aor V. 5 31. A variant i munoglobulin or a nethod
accor di dp.t 0 cAaararBimmuepgivbulinie avhktiotacsordiogts ¢laigsdawhraemthe bkt i t ut i on

and a L hyRdin GBRpAEASIUbLGIRHR. at posifighs o ArRId5AdHd theWILRGMAPBbprises sa et hod
g to 31 wherein the sequence of the VH

according .t ny_one.of clains

domai n c%’r?ﬁﬁtf‘@@ia%@f’r't"' tions in the VH position 95 i o0 aggregation-prone
segnent and the VH CDR3 aggregati on-prone segnent. 33. A variant

i munogl ghul i NAGA&riantTRRREgIRBGIN &Hatgethod atairding & vibiaT 45 Whedeth hequence of

the VH domai n (i ' i i. O . Sl L 102. 15
34. A varrelggf"f'la afﬁ?ﬁ[}% o'BErIl‘ll. g_hoéromzfl "ﬁgtss Hgé}'tlg[g@gérrcﬁ)’ n’kgogrﬁ’ Oé‘ritftg?%é%@ueo 1erein the
resi dae pesitipp5tin e ‘%dzion@"slﬁ lsubstityied for £pr Dhandthepresigue at pogitign 46 iy

wher ei n fhae/Lr &l & ubsitodtioo, B, iForsgibstituted for E or D. 35. A
vari ant i munogl obulin or a nmethod according to claim34 wherein the VH 20
domai n conprises a S102V substjtution and a RI5D su_bs%%t Eti on ﬁ@’P A
variant ffmuno8gaantimminoglohuingsa methgd areridipg tacfaimde waerel eyt 33 1o 35
wher ei n ddreailidochprisesna HO4R laed aoRESD substitsiidisand the Mbrdomaain povprisesas 94 and
100. ikaht i nmmunogl obulin or a nethod according to claim 36
V\herei%ﬁ ?ieeRrééBsé?gdﬂgﬂat position 94 is substituted for R and the residue at
position 100 is substituted for F. 38. A variant inmunoglobulin or a method
accordi ng8t o chaianastimmumogichulirher asrethodacerrdioenty aryeaneofigaims SUB4Yi t uti on
and a V1QA&remths \VH dr&n of @ vaRdnt imUAbIamlini JoMphieed minidrmorer a nmet hod

accor di n?ut{Sﬁtgﬂ@ﬁsrmﬁ 9{"%&%%%‘%@%&&&0%%@&6 he sequence of the VL

domain o Ian in'‘conprises substitutions in the

posi ti38n 37 aggregati on-prone segnent and the position 45 aggregation-prone
segnent . 485 4Q. vafiantifrnsuriogiobukmerdd @bthod acedrding e tlhima 48 oheredh thg Mk cl ai m 39
wher ei n d . J riant i mmunogl obulin

conpri seé&ﬁ‘a@g?ﬁﬁ%%oﬂbsg@ﬂ%ﬁ?tﬁﬁgﬁb@%?%Or?tdg}%otﬁ%fi on 45. 40 41. A variant

i mmunogl obulin or a nmethod according to claim40 wherein the residue at

posi ti on587 i s Aswdniahi immercbgfobulirCoroa misthed cicedrdingito cliaime 48 edieckire theetVhbosi t i on

e A T B e e e e VL
domai n c§ﬁg¢lcﬂ:g '51!'1 éy;ﬂ%ﬂtb’g?’i‘st ?ft?@ﬁgglrﬂ!’df @gﬁuﬁﬁﬁgﬁnﬁuti on. 5 43.A
variant i mmunogl obulin or a nethod according to any to any one of clains 3
to 42 whefei n theariht ARRTHOYIBRNPEI & AetiddLesingUd shy bHé bPihe dReLeding95D

substitutjon apd t VL .domain ¢ rises a L370Q substitution and a Q45R
subst i tutc!alﬂ?ls. Wﬂereﬁ‘ld}.ﬁexa(ﬁﬁi"aﬁ‘f’n?m'%ﬁ 'ESB‘HU‘F'?'%G or a method according to any
one ofdoclaims 3 to 43 10 wherein the VH donmain conprises one or nore
subst i t U ORSyariAntienuWbg RO Gl dranmBfhod agt®eiAl te®BnPoMNES thegrezatingnd the VL

a00r egat COI,RBer g Sangi bl B8RedsBe AR RIAFR siern ot oo

according to claim44 wherein the VH 15 domai n conpri ses substitutions at
positions 94 and 95 and the VL domain conprises a substitution at position

46. 46. A variant immunog i t ording to claim45 wherein
the residue at position 945%%@-6{—15%‘5#@“%@@05“ tuted for R Kor T
and the residue at




20 position 95 in the VH domain is substituted for E or D and the residue
at position 46 in the VL domain is substituted for K R H, F or S 47.
A vari antwormunagloebul i n or a net hod according to cl ai mpéé/gBreroaions®he VH
dormai n conprises a HY4R and an RO5D substitution and the VL domain
conprises a 25 L46R substitution. 48&2 A variant i munogl obulin or a nethod
according to any one of clains 3 to 47 wherein the VH domain of the variant
i mmunogl obulin conprises two or nore substitutions in the VH CDR3

aggregati on-prone segnent. 30 49. A variant imunoglobulin or a nethod

acco:dl rgg.t o CA%ﬂ'ﬁrﬁﬁnh‘\bﬁé@bﬁhhhh:ea%tﬁ@&@cﬂrdﬁr@mransmewb&tpréu%drl]rfylds at
position met ho
accordi nzja'%] g‘leanrgth%@/% wﬁrétr@?nnurﬁﬁ%g@hqg&o&onm n cg}?JHt%&s]feog&gf%BOdF and P102V

subst i t LBXPESSIONS100dM and P102V substitutions: SlOOdF and P102Y
substigutions or S100dM and P102Y substitutions. 51. A variant

whoror9l@oul ! aQaright ey |ﬂro‘?|'ra]'?\gestﬁ ARGy I RiROSELAIS! al M

wherein the vari an | unmani s A var i ant

i munog! SHSYPeE @eﬁ@t”ﬁB'd H'@“ I rHWﬂPt’%Pn‘@'ﬂb? ppﬂ@na&pgg@ay ng cl ai ns
wher ei n ddeeptableiexcipientmunogl obul in is expressed in a reconbi nant system 62
53. A variant immunoglobulin or a method according to any one of the
preceding cl ai e n the V@ riant bulin is | at ed and/ or

pur i fl%d&f-ol I O&FW%VW‘&L?JJ@&%?W thg ma\gwfac%ﬂ?gﬁ?n‘ bb‘ﬁul in or a method
accor di ngpmmisady one of the preceding clains wherein the vari ant

|1 mgogl Orauhﬂlfping awefé?ﬁuﬁula@tdaesmué Bt @e%?&ﬁdf@%@&iléﬁsaéél%t@ﬁﬁ@ﬁ&l@@r@uﬁxCl pi ent.

Nyt nogl obul in
conpri si (f?é‘s'spnq é)r?tsi%'f)g@%% gﬁgn %gH%MS%G& ‘Juée“\é/arﬁ'tnug‘gI JJImﬂ'{rrbr e positions
sel ect edpdsttions f he,§ho omeg, sﬂtOpﬁQn@f'O%dBmel\dTth@?m 45 and 46 in the VL
domai Rs of whérein theprsaghedol 4 fesmewtﬁerm A at fokiticd4B7; BHK, REQ ot®), 100d and
posi t1 orb9ratl RRVR B pgkhIRGEE| By oA LS singn hESh ey Cligiein) "1 3
pr ef er ab®fyihg immynagiobiutin BW’/%’ in the VL domain of the i munogl obulin
and/ or; the presepcesiean@sidot ather eisandAieD, &, eor Y bBeposhionD, Regt pQsition V- at

pOS' ti 0”171’R ﬁlﬂ%utugﬁéhtw{‘ Ttlon%%t Fp@S%tl\'ﬂgF'PgﬂreféAaﬁ}t/ FQP%A b ;%m%ﬁ F, G L M
pr ef e?g[ﬂe(ip%vgo? e 'atV %21 RN '%Ff"‘bﬂ)\é orj tt‘??éﬁl%m%ﬂﬁ ’?I;F! ¥ dPW@'”i ‘?@Eﬁlogl obul i n,

i s i ndi ciaimunegtobalin,t he manuf act ur abi I | ty of the immnogl obulin are

sub-opti mal . 3Gdfeapé m«dtrfécrﬁgmsagrabmtyvdfmmrﬁgmmrﬁa@&ubw.ﬁahe

manuf acturabi lity of the 25 immunoglobulin is sub-optinmal and inproving the
manuf acturability of the i munogl obulin by a nethod according to any one of
claims 15@&nd 3 A meBwd aEgordingdo etstm &5 cpmerizing thgt the manviarigabiityldf thewi t h

; rm; ?\égﬁ}ni% iHéigRBLH i8Bubidp¥m@Pam infp tr)m tﬁ@lﬁia(h\afdétugsbnﬁ y BEHeei gnamo ﬁeegfcodl ng
\Y | |
cl ai s 1%@%%@*' gyg "peéliogcﬁéei%c(é?&bg %Shaguy%é ?gggﬁgscfér% Q%ér‘?con)d/l tions to

bring about production of said variant inmunoglobulin, and recovering it.

35 58. A §Et hod AasethodbNgreparing & imniuhogbpiin withigndrovetLthatufagutabiityvar i ant
i mmunog| ?&Hﬂ)ﬁsﬁhg' nto a conposition including a pharmaceutically acceptabl e

exci pi en
P 30 providing a nucleic acid encoding a variant immunoglobulin produced by a method

according to any one of claims 1 and 3 to 46,
expressing the nucleic acid under conditions to bring about production of said variant
immunoglobulin, and recovering it.

35 58. A method according to claim 57 comprising formulating the variant
immunoglobulin into a composition including a pharmaceutically acceptable excipient.
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