10

15

20

25

30

ANTI - CD19 ANTI BODI ES W TH REDUCED | MMUNOGENI CS Fi el d
of the Invention The invention relates generally to

wWQo 2007a9s0 r egi ons of the anti-CD1 9 nuri ne nmonPCT/BP2N06/012365
anti body B4 light chain and heavy chain nodified to
reduce their immunogenicity. Background CD19 is a
sur f aANTH+GID €9 ANTDIBQDIES BVIdé REDUWGENIMMUNOGENICITY
cancerous cells derived fromB cells, such as many B
cell Iynmphomas. Anti-CD19 nonocl onal antibodi es have

FietE Bf IS0 PR SGohN M ce, and show sonme promise in
pre-clinical animl nodels of B cell-derived cancers.

Thieimeation relades generadly tanarisblégi regicnseofgbaanditC19 murine

mpBeHoaa ey 84 TBIT ehdinieicadl o etERa B e their

imMfhohdg&cityrel r i nmmunogeni city in humans. One such
strategy, chinerization, involves the fusion of nouse
vari abl e regi ons to human constant regions. However,

-derived variabl e regi on sequences remai ni ng
B%%??ﬁ@#ﬁg chinmerization will often be inmmunogenic.

conotisersgfaie plotéihdgvnd brMbeiiaah@on dattadh vaacéoas cells derived
repl acenent of nouse-derived franmework regl ons (

FRs
fromt i calls ruch-As manY B eall biephamast AdtingB dn@s@q:@na?antibodies
h&vd BL&H gBHerR'eQ‘?ﬁ hYEE ARALTAG Egmé{)‘g&ﬂni%@‘?n %Pé—'cﬁﬁ‘i%l animal
n o S ck to the

r eversi certain’amno aci
modelsas[® cdil-agrived oanaertsndHaweder, mouskedetivedrantib@adies are

L e L
todRfeprib b 1deiel SRHb6GEES niRif:8 thelr fffthMoBeRicAgih humans.

epitopes and T cell epitopes that are non-self. .
Onadwet  stralegy,faimerigatiom invalvestheckisioreof mouse yariable regions

ta i Tigh geBSEm FFdg et ke rEhafiSe HerRBh vatipbfieon
sélenebstroaraning dblleaiBg Bhimengatior wilnBRisredelimwRshogenic. Another

anti-CD 19 anti bodi es, as the% would to ang ot her type
sgh %Fﬁft‘tﬁgbdwm?ﬁ&aé'%r ipvolveg the replacament phmonserderiyed

Lo RSN TR R i Sohodd clat
hambn-debil/edreequences/with theabptdna revésthn of certain amino acids
back to the corresponding mouse amino acid in order to maintain binding activity.
However, even humanized antibodies may be immunogenic, since the antibody
complementarity determining regions (CDRs) generally contain B cell epitopes
and T cell epitopes that are non-self. Indeed, even fully human antibodies are
immunogenic; this is the basis for the formation of anti-idiotype antibodies during
the course of an immune response. All of these problems may apply to mouse-
derived anti-CD19 antibodies as they would to any other type of antibody.

Therefore, there is a need for anti-CD19 antibodies with reduced immunogenicity.

Summary of the Invention

The present invention is directed to an anti-CD12 murine monoclonal B4 antibody
which has been modified to reduce its immunogenicity in comparison to wild-type
B4 antibody. More specifically, the variable region of the B4 antibody of the

invention is modified to remove potential T-cell epitopes. As a result, B4
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whi ch has been nodified to reduce its inmunogenicity
in conparison to wild-type B4 anti body. More
wapmcifdiosal |y, the variable region of the B4 aptTi/BRu96/012365
of the invention is nodifiedyto renove potenti al
T-cell epitopes. As a result, Bdantibodies of the
i nvention have inproved biol ogi cal properties conpared
an{t@o&’lésd&fx Agrﬂfbw Ik?éw ro@é& %ﬁdibgig!ayprdp@n%bec@rﬁﬁﬁl?éd to wild-
nven T on eatures am no ac sequence defining
type Badaritivediesmunogl obul | n heavy chain franework region
conprising amno acid residues 1-30 of SEQ ID NG 22,
wherein one or nore of the amino acid residues at
Ac?%?ﬁjihgg_?% 5(1'% a)§ %ct )tﬂ@mvé%@on)@a?tur@é‘gné%ﬂn@ra%nc%equence
ol Tows: Xb E, iIs Vor K X19 is Ror K
defding s nnodjﬁed/,ummqgmbqhnmeavymWn Kamework region, comprising

arpie 20 feitdes 0B SEELUF hed 22, RERDh PR g€ 8Pt amino
acld #hiddedat 5<é’§t|oﬁ§ X824 1S Xnot xrzbex:zanan@mmr@casifonows X5 is
residue as the amno acid at the corresgondl

Qmsﬁ tXt?nISMOf KeXﬁr%iﬁd? oF Kd X428nahodn ¥ouk3is Kekvgr Phai #24 is T
Bndpa PR br i Vb ld A S(TREHTRo acia

readuleg aﬂlﬁ@%hﬁns@@e}ﬂz X1& X203, or XRhisutat shesaard amino acid

aci d sequence def dified I I h
regidierad MeAMBIGEFEGI e Eeﬁ'ésbgéqﬁggh%@%ﬁe RS nadaied

mér&uijrﬁ @Bbéﬁégﬁéﬁ fr%@%@ r a5 sfé?\écﬁrtrpfn AR PEiBesidues

esi oSi t1ons are as

1-B80IdfSEQ IBNOs1X brofe e)ﬁbochm@nt K2pis Bor V7 is G D,
or E, or X8 is Qor K According to this aspect of the
i nvention, at |east one of the am no acid residues at

InPEIth&CASHEES, th&InvetttiorPfeatifrels an@inirid 8cid @i8guahcé efining a

amno acid at the corresponding position in the
modifiediimneunogtabulinheav chaiRdamewaes rfegwraﬁ@m@rlﬁlr\ge@“m acid

B GRS DRSS 4 g e

at ns XBEXBNXENaNO X8, @ed ue dsllaws: X8 n;d(aanj XeisuRnTeor A, X7
efi ni ng a nodified | m*runogl obul i h heav
k

isfG afe@bEKOF X8ils A ebﬁprpf‘%q% |ngﬁpﬁla|sa'qﬁp§c¥g§§h&d@geqtl%rg at least
oﬁé 9 gﬂg SRiEH&4: re%%bgilg p ﬁ|8ﬂ§))<(2§ér)@5 K7, & (fi@ A tAEIsdme as

ues at positions X29, are
th@sarhwid acig atﬂﬁe cerr&p@;dmg pBsitigb0nitke rslnmbdlfmd Enmmeglobulm
h%\%@lﬁlﬂér%e\yﬂ;l%regnon as et fbéirtholrn g%dho' aci ré)sfldues 36-49 of SEQ

ID NO:13. In one embodiment, X7 is E or D.

In another aspect, the invention features an amino acid sequence defining a
modified immunoglobulin heavy chain framework region comprising amino acid
residues 1-39 of SEQ ID NO:24, wherein one or more of the amino acid residues
at positions X6, X10, X26, X29, and X34 are as follows: X6 is K, D, or E, X10 is
K,E,orD, X26is S, D, or E, X29 is S or A, or X34 is V or T. According to this
aspect of the invention, at least one of the amino acid residues at positions X6,
X10, X26, X29, or X34 is not the same as the amino acid at the corresponding

position in the unmodified immunoglobulin heavy chain framework region as set
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aspect of the invention, at |east one of the am no

acid residues at positions X6, X10, X26, X29, or X34
W0 200707696he sane as the amino acid at the corrRSHEPEY2365

position in the unnodified_i gnunogl obul i n heavy chain

framework region as setforth in amno acid residues

60-98 of SEQID NO 13. In one enbodinent, X10 is E or

A [ - [ , Y | ; i

fogth iAAFHRS 2R/ il BT oD N0 37 FBhe Rritisitiett, x10 i
E bAmunogl obulin light chain framework region conprising

am no acid residues 1-23 of SEQ I D NO 32, wherein one

or nore of the amino acid residues at positions X 1,
AGPribg rbprachiect SR, IV @afcsald A dgd detyBhoe
def?\im% amadified ¥mbtunaglabulin ight Abaor tlamgwask region eopewising

of the inventiagn,,_at e of the amno acid .
arpisgl akid $o3EUBB a1 23 GHSER 1D Ned32RwnelSingihe B f6r of the gmino
adr;% Sr«%l{iiué@%t ﬁtaﬁi‘go% >¢1h$<36}')(d7f39<1@9 Xy 1|<’2‘tan6rb§‘1@9fé 85 PSIBNSAX1 is Q

on in “unnodi fi'ed i mminogl obulin I'ight chajn
orf D AXBuSVkom AgK s Ssorsiet X1@ig hor T, A i Maer b, ereXi YireY or A.

1-23. of ID NO25. 1n ope e ' [ S .
ASerTfindo TS SRAdhof TN 19t o pf % AHird 45 residues
atasukittonklx i SxB; XFNXxa00Kkhe! of%peed not fhe samenisithe amino acid at

features an am no acid sequence defini ngl a nodified,
thernaures@iooding positighin Hieaummediisddmsmeaeglehulibbehtanamg

[ edio .Sl . j ' .
i [EOTEh ot T tfihe gbeEities o3 RGNS 25. In
ofdefhoadment XBIBA @andeXT is Bg |l amothidriesdbodimensgK bl Di K10 is |,

light chain framework region conprising am no acid
an¢1dusd-56-87 of SEQ ID NO 28. According to anot her

aspect, the invention features an antibody variable

region conprising an am no aci d sequence selected from
Irt imeothepaspedntiesinvagtion festtagyesmmaming acsgquengedefiging a

m@es mmnealpBiiBE A omeTRBen Ay el miiig reden
oA IAgNindOaciSresiiRedlo4-Rof SECBERNM2BO. 3 1,

wherein the antibody variable region specifically
bi nds to CD19. According to another aspect, the

In BNGREF 88p G2IHY v eRtiBR fRERIS &1F afind SR~ séfliéride defining a

modified immunoglobulin light chain framework region comprising amino acid
residues 56-87 of SEQ ID NO:28.

According to another aspect, the invention features an antibody variable region
comprising an amino acid sequence selected from the group consisting of SEQ
ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 20,
SEQ ID NO: 21, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO:
29, SEQ ID NO: 30, or SEQ ID NO: 31, wherein the antibody variable region
specifically binds to CD19.

According to another aspect, the invention features a polypeptide at least 90% or
at least 95% identical to a B4 antibody heavy chain variable region, the

polypeptide comprising an amino acid substitution at one or more residues
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at least 95%identical to a B4 anti body heavy chain

vari abl e region, the pol ypeptide conprising an am no
WwW@ei0d/0%9bst i t uti on at one or nore resi duescor r BEPBP20GIN 2365

to VaM2, Leu20, Lys23, Thr24, 1lys38, {dy42, G n43,

Lys65, Lys69, Ser85, Ser88, or Val 93. In one

enbodi nent, the pol ypeptide conprises one or nore of

substi f.uti. o d \V/ 2 L I
cofigsand it 6 Jasizdinidh, aad ot Liid oz, SRS Lvscs.
Lngég,éé’ééé@B, sﬁlrs(%gcfswgg ﬂé?zf%m%@@ig?gmhe;wgg@ﬂde comprises
ysS u, Lys69Asp, Ser p, Ser u,  Ser , 0
onwairgaater of sahssitutions GimosHu: Mak 2hypeRtg 19ye. ¥%@e(ﬁ‘(?'oLVSQ3G'U’
f ur [ t t
Ly B5EAH BRI GEBEATE, BlRE! GRAAGh, OhAas! GRSy
LyEESASH, LyisBeGhe) Waa9GIdeL gsBakss iSty8 AspnB e85 dSer88Ala, or
substitution at one or nore residues corresponding to
Val3Br-Ser7, I1lel 0, Metl 1, VaMd, Val 29, Ser51 ,
Leu53, Al a54, or Ser75. In one enbodi nent, the

pol ypepti de conprises one or nore of substitutions
AcGordiRg o avotk aspest tidinventioaifeatures palypentide at least 90% or

at o) P05 oal ok 5 S o SR i PGB, r Blpopypeptice

| IS 9dls08sMuBeh ¥PBRE icd en@recreisitiues dovrespynding to
cogr#gﬂs??d:taﬁe‘angrqb [ rrentg gf the invention. | n anot h?rtD J

Va3 peet?, liene, MetthtVanor ¥atdd: Serdl hauis Aad4 /&3¢ g- dn one

at i.ent he t hqd, c [:S] P,
erBSiie bR RSP G RATbrEET o OF rEirblbiSubstiutions GintAse.
VASAMP SRl 7GR, ARG OTHF Ndet 101 Lasty ValtdAlh, ValR 9 Biensd Asp, beuS3Thr,

the invention to a patient. In another aspect, the
AlabdRsR.i Jroed®Ql¥es a nmethod for targeting a cell with

CD19 on its surface, the nethod conprising the step of
adm ni stering an anti body vari abl e region according to

‘Inamotitereaspect, the énvertianefetures a mecléinasid eoaoding 2opelypeptide

enmbodi nent of the nethpod.the.ce i S upor cell. In
acsaias o e ans h e bes S Bhind RvRplio cq”Ba

anti body, which is |ess inmunogenic than non-nodified

B4 anti body when administered to a human, but is stil
Incogpleereaspeiat, thpdovention featwies@ wpifwdatireatinga patient, the

mgmgf com Fi&%aitﬂg S%Dplgf a&%iirﬂst'éﬁ%fa{ ﬁ'n%rapeutically effective amount of
a polypeptide according to any one of the embodiments of the invention to a

patient.

In another aspect, the invention features a method for targeting a cell with CD19
on its surface, the method comprising the step of administering an antibody
variable region according to any one of the embodiments of the invention. In one

embodiment of the method the cell is a tumor cell.

In summary the invention relates to:

« A modified B4 antibody, which is less immunogenic than non-modified B4
antibody when administered to a human, but is still competent to
specifically bind CD19 and to target cells expressing CD19, said modified
antibody comprising at least one of the following immunoglobulin heavy
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anti body conprising at |east one of the follow ng
i mmunogl obul i n heavychain framework regions: (i)

WARMQZAHIRCGAEVX 12KPGASVX19X20SCX23X SGYTFT ( SBELT/EP2006/012365

NO 22) wherein X5 is Qor E_X12 is Vor K X19 is R
or K X20 is L or V, X23is§<,Eor D, and X2 is T or
A, provided that at | east one of the am no acid

resi dues_at said go,sit_i ons is not the sane as the
ani fBalciramewark&egi8PFespondi ng position in anino acid

resisgues )k

30X 'gx7x %@%Y%%@%&g %%’9@?%&’(?433 ALV

R, A,fotrj(18'EOXI_D NO:22) and Xg is Qor K, provided that

one am no id residu t. it '
g s &
pos?g'qz%(idﬁx N5 MOoRAl Brdvidedts abfeat? oble GHER: lamino acid

NO. o YNQKFEX 6GKAX 1OLTVDKSSSTAYMEVSX 26LTX
29EDSHiNucd ¥YcaR pesiipnDisNDtAng same as thexemigo reidzaighe

E, XiOis K., E or.D _X26 i . . j .

and cgggspgn{j/ngrpqs’ltl% g\/?’@é’io ?ﬂgtrgéltd Epgg%t%doﬁe%@rlmgo'w'

anm np) acivgvxeQIIPXSXEELEWIG (BEQHIDANG:23) not the sane

as the amno acid at_the correspondi ng, positi in .

ani vehereindXs issiKd¥e & BoAogr & Xsis s, BNRcKs 820 or X, provided that
corres i | £ . ' i { S) i '

Fr o PR fesiBllog SERUSOTNS 81, X8 AR thercaiin as the
modidrhiag 4d anthdodiyespdridihg ipssitiensn iaminoepithresidiem36-49 of
non- nodi fi ed B4 anti body when adm nistered to a hunan,

but $EQIH 'Np-lt%ﬂpet ent to specifically bind CD19 and

to t(@igg@r‘Nc§ﬁ]i.fb@ew&éﬂ/D%@TMNE\VQX%MXZL,@DSAXMYYCAR

anti y conprising the foll ow ng i munogl obulin |ight
chai n(SE@BWEKR24gi ons: (1V) X1l X3LTQX 7PAX

or YNSEET €07 By DY BeXiado & OED K S B'dh ErXen i 5r A, ana
i's MQlis V.orantrékRiddsthit atf leAst pnewf thedahiied aeid resities at said
one of the am no acid residues at
positions is not the same as the amino acid at the corresponding position
in amino acid residues 60-98 of SEQ ID NO:13.

A corresponding modified antibody comprising heavy chain framework
regions (i), (i) and (iii)

o A corresponding modified B4 antibody, which is less immunogenic than
non-modified B4 antibody when administered to a human, but is still
competent to specifically bind CD19 and to target cells expressing CD19,
said modified antibody comprising the following immunoglobulin light chain
framework regions:

(iv) X411XsLTQX7PAX10X11SASPGEKX1sTMTC(SEQ ID NO:32)

wherein X;is QorD, Xzis VorA, X7is SorE, XygislorT, Xq1isMorL,
and X4 is V or A, provided that at least one of the amino acid residues at
positions is not the same as the amino acid at the corresponding position
in amino acid residues 1 — 23 of SEQ ID NO:25.

e A corresponding modified B4 antibody; wherein X3 is A and X7 is E.

e A corresponding modified B4 antibody; wherein X; is D, X1o is |, and

X11 is L.



10

15

20

25

30

positions is not the same as the am no acid at the
correspondi ng position in amno acid residues 1 - 23

W@R003BWPISO NO 25. A correspondi ng nodi fi ed B4APCT/EP2006/012365

anti body; wherein X3 is A_anéj X7 is EE A
correspondi ng nodi fied B4 antibody; wherein X1 is D,
X10is 1 , and X11 is L.- S - A correspondi ng

di fied B4 anpti body,. ISl h . j

regibraresondng fraafied B grthadth PERPrisia hoRnL AT Hiemework
reg| . ) . r/k: i . i ,
oo, (o e e e n
E:orr_m eoresponding gm@figdi E??g@ﬁhzlgyo co(npbiRi)g theAshmaivgVH.

am no acid residyes 24- EQ I. 28).. A .
o VRSB WRERAN EAmPleTERer L etscathing Pesigh (CORS)
BO”'%S@ﬁ?@yﬁﬁRamiﬁ@%id/\‘é%mt%mmstcﬁr@btlg NORBaN,

ut 1s still conpetent to specifically bind CD19 and
t o tAngslifiedBdsardibodysetiok i<BES, imsainbgani¢ thardnon-modified B4

anti body co i Si at | t f, t.h 0L | i
oA Ehgy AR pamTriSteces B3 b i uitdS shifl soffisléht to

sel eﬂ‘b%%ﬁgaﬂgmﬂd“@[ﬁlf% (oRhet E618 SlpréFEnh @D, t4id modified
SEQ 15, SEQ ID NO 16, SEQ ID NO 17, SEQ ID

NO: 1shtibBEE commiGing at st ppendthe follogeag Ipampchaimyvarigble

nodi fi ed B4.anti.nody whi ' ' [ |
non B F BAC 8 s SR e ki o TR 4ER corsiifig of SEQ
?gt tggg: I1(l;ﬂ(,alsgwml N1 15,065%%Naa4!66>8mm_ NID19728HQ ID
S expressin .. Sai
iant Lﬂé@d@f&ﬁ@r'plsNQ&%tSE@g@ NQﬁé—’%fSEtCHZB%qBIF ggn ng
i ght chaj.n i ' | i
o ch rgi B By R TS RESrRGhSGaD AT A podified B4
EICE)Q %rg?iti&@ydvﬁtgeErb §ngﬂ’1\igtd1@i {a&, lRBEQ'\J ButNEstik @oniEgentiio
j , .an . . i ifi e
X iy ol i arg SO SRR, ot
heaVé(ntthﬂfyrl:o‘fﬁ{)ﬁQHg Gt |&4Et YmeFthe f@iﬁvﬁn%ﬂ@%?ﬁﬁ@iﬁ variable region
sel ected Fromthe group consisting of SEQ 1D NO 14,
SEQ amindtacid seqbiE@ceHshlacteabfrosEdel groNp: corpjstisg®fI3EQ 1D NO:

NG 185 SEQ NP2 el b ook, $Ba iRd:2e, sEq 1D NO: 30, and
SEQ ID NO: 31.

e A corresponding modified B4 antibody comprising at least one of the
following heavy chain variable region amino acid sequences selected from
the group consisting of SEQ 1D NO: 14, SEQ ID NO: 15, SEQ ID NO: 16,
SEQ ID NO: 17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO: 20, SEQ ID
NO: 21, and at least one of the following light chain variable region amino
acid sequences selected from the group consisting of SEQ ID NO: 26,
SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, and
SEQ ID NO: 31.

o A corresponding modified B4 antibody comprising the following heavy and
light chains selected from the group:

(i) heavy chain variable region of SEQ ID NO: 14 and light chain variable
region of SEQ 1D NO: 26;
(i) heavy chain variable region of SEQ ID NO: 15 and light chain variable
region of SEQ 1D NO: 27,
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NO 2 1, and at least one of the follow ng light chain
vari abl e region am no aci d sequences selected fromthe

W@er@ap7@snsi sting of SEQ ID NGO 26, SEQ | D NO PQWEPHBE€12365

IDNO 28, SEQID NO 29, SEQID NO 30, and SEQ ID
NO 3 1. A corresponding noditied B4 antibody
conprising the foll ow ng heavy and |ight chains

selected fromthe group: (i Vv ' i.abl , .

: egmhh@?vssg@nma@uq?mé@%r 350 T KI5 Mo 24Pt Shain variabie
regi I L »36; (ii1) heavy chain vari abl

regiro Oﬁf“%l@ IQI\g 2?5 agd I)i ght %:/hai n va:r/i alblae °

r egi(ioh he?vyggﬁzainwaﬂ@blé?egibh iof SEAVY NDall 7 andrlighbichain variable
regi on o I .16 and light chain variable
reg!rgﬁ‘OBfOf I'B 'TI\Lg 2%8}"’?‘(‘5\/'? ‘ﬁ@{f\ﬂpcﬁhai n variabl e

regi : : L ; . .
A A e e Ve
chairegilmrcifeSﬂE@ IDd?DoQQoWhﬁEQslpDeMedls and light chain
variable regjion of . SEQ I D NO,. 29 i GNAKS .
(vi )(V'Eé!&@yy Zhainvar %%%%B%OP@&S%Q éw}%écf? B’ﬁrcfé'%héﬁ‘d"a”ab'e
|'i ghtgphadsrarnpaRDe 30egigHy of SEQ 1D NG 30; and

(vii) heavy chain variable refgl on of SEQ I D NQ

r 2 1
and (Vii)greavyrehiain variablel regiasyeloPEY IDSNO: 129 A lightichain variable
correspondi LUH. B4 anti body, conprising the
f ol Irsaﬁﬂg&:%ﬁg’gngbﬁqi' n Iight chain conplenentarity
det e Bbre§Bondialh PodifieRBY4 afilsedG bYMpris(rayihecfodowihg

residues 24-33 of SEQ ID NO 28). A pol ypeptide at
| eadmnagueglaeuin ight ochaim camplgmeniarty Jalermiliag regirg{CORs):

of ; A ) ! '

non PSPl L3l gBid RS RuUROBIR SEQ 1IBNO28).

tbgt tpé?og?elggldlémstm% waﬂc'gilgﬁd ?ﬁbbyy Ibhaiﬂ\ \ZDiedl@negion of B4
S expressin , :

o e B S5 coL 2 LN PO XRERL 0 ooy wher

resi : i , L

G y SIS PRNE R, by 1ol cdifibent iy gekinicdllyXind CD19

and to target cells expressing CD19, the polypeptide comprising an amino

acid substitution at one or more residues corresponding to Val12, Leu20,
Lys23, Thr24, Gly42, Lys38, Lys65, Lys69, Ser85, or Val93.

e A corresponding polypeptide, wherein the polypeptide is at least 95%
identical to a B4 antibody heavy chain variable region.

e A corresponding polypeptide, wherein the polypeptide comprises one or
more of substitutions GIn5Glu, Val12Lys, Arg19Lys, Leu20Val, Lys23Glu,
Lys23Asp, Thr24Ala, Lys38Arg, Gly42Asp, Gly42Glu, Lys65Asp,
Lys65Glu, Lys69Glu, Lys69Asp, Ser85Asp, Ser85Glu, or Val93Thr.

« A corresponding polypeptide at least 90% identical to a light chain variable
region of B4 antibody, which is less immunogenic than non-modified B4
antibody when administered to a human, but is still competent to
specifically bind CD19 and to target cells expressing CD19, the
polypeptide comprising an amino acid substitution at one or more residues
corresponding to Val3, Ser7, lle10, Met11, Val19, Val29, Ser51, Leu53,
Alab4, or Ser75.



A correspondi ng pol ypeptide, wherein the polypeptide

is at least 95% identical to a B4 anti body heavy chain
W@ 2007980 r egi on. A correspondi ng pol ypept i dePCTHER2086/612365

t he pol ypepti de conpri ses ong or nore of substitutions

G ndd u, Val 12Lys, Argl9Lys, Leu20Val, Lys23d u,

Lys23Asp, Thr24Ala, Lys38Arg, dy42Asp, dy42Q3u,

Lys65Asp, Lys65d Lys69G u, Lys69Asp, Ser.ddAs o
Ser T b lTesBINAIAY SFHREPIR, WHRFEY 165 BONBeRORS fS Al least 85%
oa e S i ! el .

or SRR Sy ol chferegoRp, 2 ool o
nen-Aredirbspondidg polydeptidewivberaidtheipstypeptide comprigasmone or

o uapeet sustnils Gng: GaLsAa; er 13 JERTe Ml 1Leu.
COMyL13oAkh %I%‘AIB?S%?EﬁAsSd{t!%l’JEBgWr,oﬂlalsflA@ eoPSefMBGIU.

resi dues cdrresponding to Val 3, Ser7, el0, Metl 1,
Val 10 madifid® B4Setbbdy dosidsinglaategvyarhale pplypeptide comprising

. [agmohdaHERERl oS oA s Ayt Fe20val,
var ||%§2§d|§9ﬂ_)§'23A , TPFP£KIBONFSIEA R0 GRRE Sl Glyupensi n

t he peptide conprises one or nore of substitutions
G nilAs65A¢a), Bp$GEGISe LysBbAGIu, ILysBRAD, $8iBEASPY Ser85Glu, or
VaNQ@%g T\I{al29AIa, Ser51Asp, Leub53Thr, Al a54Asp, or
Ser7 gTM"A nodified B4 anti body conprising a heavy

chai ghdallgpeehaiel cﬁfpﬂﬁidédftﬂn hsinath@andno aicid substitutions
substitut?gons Gl?d u b 2

Lysﬁm1@smy§@ﬂgp$e¢m£h§§!ﬁ¥ﬁ§, g@r%t 1@!6_&/ é,’@lbgﬁ%X%IQQAla,

ady4 : : , Lys69Asp,
Serségséﬁfséériggﬁﬁ?“?ﬁ@g%@ﬁﬁéﬁ i ght chain
PGl YREPNIAdBoleenR érsdotting hemadified Bt antisodysor carrésponding

A ni Asp, Val 3Ala, Ser7GQ u, IlejOrhr, MetH Leu,
Val 100lyBeptgg 28 apgcifiedabpxeAnd BeI8WThr | Al a54Asp, or

Se.r 7 . . i ifi
o3 e e od e gpoRdg A il
alova o cbRleapressiy @xnodifisd @4 arstitiodly aranpoirespandiag
correspondi ng DNA np| ecul e.

polypeptide as specified.

« A pharmaceutical composition suitable for the treatment of cancer and
autoimmune diseases comprising in a pharmacologically effective amount
an antibody or polypeptide as specifiedabove and below, optionally
together with a pharmaceutically acceptable diluent, carrier or excipient.

e A use of a corresponding pharmaceutical composition for the manufacture

of a medicament for the treatment of autoimmune diseases or cancer.

Brief Description of the Drawings

Figure 1 depicts the nucleic acid sequence encoding B4 antibody heavy chain
variable region (B4 VHO) (SEQ ID NO:1).

Figure 2 depicts the nucleic acid sequence encoding an exemplary B4 antibody
heavy chain variable region incorporating codons for the mutations K23E, G42D,
K69E, and S85D (B4 VHv1) (SEQ ID NO:2).
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A host cell expressing a nodified B4 anti body or a
correspondi ng pol ypeptide as specified. A

WQka7aeosut i cal conposition suitable for the tPEEHER®NE012365
of cancer and autoi mmune di sgases conprising in a
phar macol ogi cal |y effective "anount an anti body or
pol ypepti de as specifi edabove and bel ow, optionally
together, with a phar rraceutl cal I acc tabl e dilu

Figiie 3 depigis t@ﬁdm'%ﬁtam %@W% ORGRIgTY *8) antibody
heQ\b@EﬂBﬁﬁe\}é{rlaﬁé r%@ﬂﬂ‘?ﬁé& B&tfn%rcddb%srfﬁf‘ﬂfé‘ﬁﬂt’étﬁnr%fK@QE and

I'camen e trea ment “of autoi mune di seases or
SssanB VHeR) ¢BEReKENQuB).on of the Drawings Figure 1

Fila SRk o LS S SR e QBB aR) o oay
heg{/g%?ar yﬁ%ﬁilgﬁé%) Ehgn&ﬁﬁbﬁétﬁ\gaé‘ddﬂ)r%%k'ﬂ{@ﬁ\m Q8Eav12kK,

eavy Chain variable region

R1|ghcmzw dtd4dy Sﬁﬁ[hrtmd SB8AHBANIE3) (FEQHDIRO:

A5 T 4 bR Ao 4 v

he%W%Hla?hrVar%lérﬂégubﬁducémavanr@wdmsaror&t& mut@tgarme R19K,
I ncorp oratlgg codons he nmutati ons K69E, and _S85D

L2084 RAiI2 Q4 Q@@DJ\@BQP SBB@uﬁédéV %—p(aﬁ YR (%EQ &} NO:3).
aci

el SEEHTOR FEE A% BRI el aph o hunooy

heBW @hiaingaridte ré@idk, mtRir@&rath@ébdo‘FMAr tiesFiitatiores QSEAV 12K,

R4 2080 b bR araekBoD, SR hd UEaf thedlgve)

ghabl e region incorporating codons for the
SEE?QNQS')@E R19K, L20V, R40T, 43K, K65D, S85D,

_m/jz depitts/ARTnEddic\ddid se(GEQe mmlag anFe@nmela(y B4 antibody

el e eh g gL B Bl oo, Rrox
LZO‘VF‘NGBU a8 8519, &9 YogT! Fgm ‘t/hesmsemllgrmo@)E V12K,
RI9K, L20V, T24A, K38R_ R40A,~ 43K, K65D, S85D, and

Fiy@reT8 (Bpicte-trs) necisio adid Nedegncepperding Bfbpnidadyt light chain
DBl s TRUISE BIRRIEIS, o0, T P
Fi§@@on gepits tHenatieit acid seqhéncdéAtoding an exemplary B4 antibody
light chain variable region incorporating codons for the mutations V3A, S7E, and
A54D (B4 VKv1) (SEQ ID NO:9).
Figure 10 depicts the nucleic acid sequence encoding an exemplary B4 antibody
light chain variable region incorporating codons for the mutations Q1D, 110T,
M11L, and A54D (B4 VKv2) (SEQ ID NO:10).
Figure 11 depicts the nucleic acid sequence encoding an exemplary B4 antibody
light chain variable region incorporating codons for the mutations 10T, M11L,
V19A, V29A, and S75E (B4 VKv3) (SEQ D NO:11).
Figure 12 depicts the nucleic acid sequence encoding an exemplary B4 antibody
light chain variable region incorporating codons for the mutations 110T, M11L,
V19A, S51D, and L53T (B4 VKv4) (SEQ ID NO:12).
Figure 13 depicts the amino acid sequence of B4 antibody heavy chain variable
region (B4 VHO) (SEQ ID NO:13).
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L20V, K65D, S85D, and V93T (B4 VHv6) (SEQ ID NO 7).
Figure 8 depicts the nucleic acid sequence encodi ng B4
Waorkody0 | i ght chain variable region (B4 VKO PEBER20062012365

NO 8). Figure 9 depicts the ﬂgcl ei ¢ aci d sequence
encodi ng an exenplary B4 antTbody |ight chain variable
regi on incorporating codons for the nutations V3A,

ST7E, d A54D (B4, VK Q |1 D, NO
Fighieg 14 Qopint amBinG 3 5ebbaUEh b BB e IS ahtbody heavy
chEEVEN MY r%oﬁ%(ﬁ;ns ?'Jg'téi nsOKS3E, G@QDaR%QEr %%OSBSD (B4

I'ncor por at e nut ations
VHVHY, (SEI@ID\EN@MEA VKv2) (SEQ | D NO 10). F| gure 11
depicts the nuclejc acld se%uenc encod

FigB:4a Pyt A TIRGET SSIUSORECh 20 S EaMIar, g aioody heavy

IR [Btald SEtelstraBipatMa) sEa 0

N@i1dyre 12 depicts the nucleic acid sequence encod| ng

e B O L TR B R v
ch\éﬂrfa@arlafﬁé rQ?loWWmLﬁi’eTrrﬁﬁétldﬁéV@BE( SHOK R1SR, 120V, Fi2gwy, §85D,

icts e am no acid sequence of B4 ant | body

aﬂde%&&xéBéNHv%)r(lseﬁﬁéDr%@ﬂﬁ) (B4 VHO (SEQ ID
Filent dpbRH el drfiERaCh3ertBoRg of anleinan) 82 hiBbaF heavy
Ch%‘gfgvé‘f}%mﬁg@?ﬁ’““@“%“m5 Eard QSBBDQVBRLMFI\(; IQ43K, K65D,
i . _Figur tg -t [
HsT ey ) BB NG heavy chai n
—féﬁfﬁﬁP%&Es"ﬂs%”i"d“@%ﬁ%k%?“?g'{‘9‘%":’“. SrapIBREP R UMRC0H hoavy

chain dasah]eeagonolitlathee renpliens/ QBE, NﬁQKb&‘;QN}é&W diZdiA K38R,

R4GhA948 KEREE BB, oot (8 I SEQUO NP 1)

F|§ur%uf§déﬁlc@é?ﬂié?éﬁnr‘i@Qc@@é&e@@bd)f%ﬂ%ﬁﬁ@aﬁj Bﬂrantlbody heavy
xenpl ary B4 anti body heavy chain variable region wth

chalire vatiabieiregionggith the mutalions /Q5k4 &Rl IKhIRV, ), Sy and
v ils VfleYI8Ed Y NGME), (SEQ ID N1 7).

Figure 20 depicts the amino acid sequence of an exemplary B4 antibody heavy
chain variable region with the mutations V12K, K23E, G42D, K65D, K69E, and
S85D (B4 VHv11) (SEQ ID NO:20).

Figure 21 depicts the amino acid sequence of an exemplary B4 antibody heavy
chain variable region with the mutations Q5E, V12K, R19K, L20V, T24A, R40T,
Q43K, K65D, S85D, S88A, and V93T (B4 VHv34) (SEQ ID NO:21).

Figure 22 depicts the amino acid sequence of an exemplary B4 antibody heavy
chain framework region with undefined amino acid residues X5, X12, X19, X20,

'X23, and X24 (B4 VHfr1) (SEQ ID NO:22).

Figure 23 depicts the amino acid sequence of an exemplary B4 antibody heavy
chain framework region 2 with undefined amino acid residues X3, X5, X7, and X8
(B4 VHfr2) (SEQ ID NO: 23)

Figure 24 depicts the amino acid sequence of an exemplary B4 antibody heavy
chain framework region 3 with undefined amino acid residues X6, X10, X26, X29,
and X34 (B4 VHfr3) (SEQ ID NO:24).
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Fi gure 18 depicts the am no acid sequence of an

exenpl ary B4 anti body heavy chain variable region with
WO p@7/11982 | ons (BE, V12K, RI19K, L20V, T24A, K3BR/EPRAN0GH)12365

43K, K65D, S85D, and VO3T (B4 VHv5) (SEQ I D NG 18).

Figure 19 depicts the am no ‘acid sequence of an

exenpl ary B4 anti body heavy chain variable region with

t he at.i on K L20V, K
Mﬁ@? b e idperin 60 bRy Bkt v
| B4 anti body h h
e T on mx (h 2 b miLALI ona VIZK KDIE. GIoD,

Fid(6B126 ¢E9ELs fdi\@darsmcygﬁewﬁucqpf asEsentyIay Q@)antlbody light
oy WS ST e o

mutations QBE, V12K, R19K, L20V, T24A, R40T, 43K

K65 S85D, S88A, and V93T (B4 VHv34) ( SEQ Ié) % 2/
_ngu_rEL@Jd@ptgts hepaming adid seauRBCASS AN ¢ aptibody light

o A T SO g e v
(Sg?ﬂD tﬂl@t2?1(¥4 (B4 VHf |\/20j (SEQ ID NOf 22). Figure 23

icts the amino_ aci
FignBid8,agPRE P SRIGASH SRaHERRS Can FXS P DK ATEPPHK o
ch?@ K’%n;?cg%‘?e]@l Bl Wit theutations’{ 4 oTane X8 UIBA g )ardEIbE (B4

gure 24 depicts the'am no acid sequence
VW3)48E@(®W@12§8)B4 ant i body heavy chai n framework

rilg8 2030 SRS BRRR LA ISR B8 arftBuag on
ch‘éﬁW&ﬁe?olé hegifi Wih &% FusisRNIEeTOM BA., anSA B D, arit L53T (B4

chain variabl e region (B4 VKO (SEQID NO 25). Figure
VIRGH e N(He?gém no acid sequence of an exenplary B4

il Btcleygite S0 2N SRigReRT R irbdaly B agipagy ton

chEllrgUzﬁlﬁatﬁé rdgioncivigh tie matationsl¢BA, SZ&.8MOA, ¢544h and S75E (B4

enplary B4 antibody [ight chain variable region with
VK\h‘@ &§E&¥ IBNOS%D, MOT, M 11L, and A54D (B4 VKv2)

é er@t@?ﬁe amino acid sequence of an exemplary B4 antibody light
chain variable region with the mutations 110T, M11L, V19A, V29A, S51D, L33T,
and S75E (B4 VKv34) (SEQ ID NO:31).

Figure 32 depicts the amino acid sequence of an exemplary B4 antibody light
chain framework region with undefined amino acid residues X1, X3, X7, X10,
X11, and X19 (B4 VKir1) (SEQ ID NO:32).

Figure 33 depicts the amino acid sequence of an exemplary B4 antibody light
chain complementarity determining region with undefined amino acid residues
X3, X5, and X6 (B4 VKcdr2) (SEQ ID NO:33).

Figure 34 depicts the amino acid sequence of B4 antibody heavy chain variable
region. The complementarity determining regions are underlined. The modifiable
amino acid residues are shown in bold.

Figure 35 depicts the amino acid sequence of B4 antibody light chain variable
region. The complementarity determining regions are underlined. The modifiable

amino acid residues are shown in bold.
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Fi gure 28 depicts the am no acid sequence of an
exenplary B4 anti body |ight chain variable region with

WQ p@7/19& i ons MOT, M 11L, V19A, V29A, and S75ECT/BH2006/012365
VKv3) (SEQ ID NO 28). Figure 29 depicts the amno acid
sequence of an exenplary B4 anti body |ight chain
vari able region with the nutations MOT, ML1L, V19A

£ S50 d L53T (B4 VKv4) (SEQ |D .
s AT A e CObR AT Ch e iRsiod ity ohain
vaﬁéﬁlb%g%nk'\me (SE@ D WO): I13§>I\¢Hvegsem M NO: 11h9? VHv2 (SEQID
mut at | V19A 54D, and S75E

N SERVIBAYSEE) D N@&Bh 8t GolpOUEENCRA R MHIG (8@ 1D NO:18),

Vet G BB AER Va4 e BAISR. nal VHoa
Figi#8A7 i9%h é?mr#&a&d eﬁZé%ln@Bﬁméﬁﬁ‘dﬁBﬂ ér&tb@dym@wcam

3
vaeara;%érg%psaaxémé‘éid@ Q3R T (SERSREbE 260U n(SEQ ID

e RSB TR BR A1EEN 91 By Y60 Noi0)
ande\n(\g:;ﬁ(s%@ Immmﬁs_a):l d sequence of an exerrpl ary B4
Figgiasshowh hn G NE ARG G aPy B Al BesktElymphgma cells
peﬁgrr%@é Mmggﬁﬂgﬁﬂdggg@ﬁ)e@é%@e%mﬂEK@QBT cells

mno acl d dy heavy chain
(empty tidnglesy gonofnomTﬁBZtﬁboqﬂlse(rMﬁed amamgleal)eta@drﬁﬁ Mirty5/VKv4

aniBgigerease i T BNe FREte BaaB ARy Yiffom vB210

cef ﬁl%d%idﬂe@%é@@@.ua‘d iR athpleagly |ight chain
I'abl e redi on. The conpl enent ar.i tﬁladeterm nin

g@. Ihshews the: d@sult&@fdreatﬁ@nﬁ@a mic@ Bleasalentry w&%d*uman

Pe e R R P VAL NRLE et BB e
bafr?% Lens! evaiRdidsayQwiite\6ars3 br PBY (blaGERatd) as@estyipedHin 2

IDNO1 5), VHv3(SEQIDNO16) VHv4 (SEQ I D
Emm)S VHV5 (SEQ ID NO'1 8), VHv1 1 (SEQ I D NO 20),

CE R s S oo

cells treated with either the B4 VHv4/VKv4 antibody of the invention (empty
circles) or PBS (stars) as described in Example 6

Fiqure 41 shows the results of treatment of mice carrying Daudi Burkitt's
lymphoma cells treated with either the B4 VHv4/VKv4 antibody of the invention
(empty triangles), cyclophosphamide (empty squares), a combination of the B4
VHv4/VKv4 antibody and cyclophosphamide (empty circles), or PBS (stars) as
described in Example 7.

Figure 42 shows the results of treatment of mice carrying Namalwa lymphoma
cells with an antibody of the invention combined with various chemotherapy
agents, as described in Example 8. In Figure 42(a) treatments are
cyclophosphamide (empty squares), the B4 VHv4/VKv4 antibody (X), a
combination of the B4 VHv4/VKv4 antibody and cyclophosphamide (filled
squares), or PBS (stars). In Figure 42(b) treatments are vincristine (empty
triangles), the B4 VHv4/VKv4 antibody (X), a combination of the B4 VHv4/VKv4
antibody and vincristine (filled triangles), or PBS (stars). In Figure 42(c)
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vari abl e regions VKO (SEQ I D NO 25), VKvlI (SEQ ID

NO 26), VKv2 (SEQ ID NO 27), VKv3 (SEQ ID NO 28), VKv4
W@ SEQ0TdSNO 29), VKvl 1 (SEQ I D NO 30), and VKRGHEPSBBELD12365

IDNO31 ). Figure 38 shows %e_results of an ADCC

assay on Daudi Burkitt's Iyn‘jb oma cells perforned with

B4 VHv4/ VKv4 anti body expressed ei ther from HEK 293T

weaRiA 94 IORUbBIT (MRS aay i B Ao, 2
co‘;ﬁ ﬁ%t‘?orP@f ﬁecﬁhlvﬁi ;((/ IYJOB ra‘h'deédxd?[lbi%frp{ﬂne@?dlr@es) or
ce es)  as .

dC|r escribed 1 n Exanpl e
PB%"bgjstaes)39 shows the results of treatnent of mce

transplanted with human PBMCs treated with either the
B4 VHv4/ VKv4 anti body of the invention (striped bars),

%}%He& é’sﬂir‘nﬁﬁgﬁ df\&ﬁbtlﬁvéﬁféh or PBS (bl ack bars) as

escribed in Exanple 5. Figure 40 shows the results of
Ther iosention isodiredted to &4 lyﬁqt@nﬁléh@ﬂ heve faduiseddmegrunagenicity as

corHaRA o KR BBl R el et gfaiﬁﬁiég%ggcé%}?%"

prbfélr@ afwRIre s@eEiﬁ@d!llg tHe ln\iiim% ﬂrbeldeswhteﬁloﬁé Wlﬂﬁratamentlbody
mce carr di Burkitt's |ynmphaoma

tha’fr @ai\teath‘lev@flfﬁ?ptélftfﬁ@lﬂcmﬁ éheunmqmgvnmtymﬁ %6@?\“89(’1/ igelf,

prg‘a%rﬁp%)gﬁ% oértbg Jf’é{ | oIk p?w”%%{&@&qjﬁ%ﬁﬂﬁﬁlét?g@?ﬁ immune

regponga/cl ophosphani de (enpty circles), or PBS (st ars)
as described in Exanple 7. Figure 42 shows the results
of treatment of mice carrying Namalwa |ynphona cells

P%s@ﬂt Je'nIBBﬁst Birett2d tb@’@&téﬁﬂoéi‘ﬁéﬁ'diﬁi@o%%avy chaln (VH)

I ouUs c erapy agents, as described in

r&i light dRiairu (\éK)mameble regionsof theapti621 %pmumalnﬁltmdy B4 (Nadler

eIl 50 B S e Y, (T FProc. Nt

A@étplswmsvxmee 973, ashicHibereds hre géné’lfféél(ystbﬁhé)i “BANVHvX"
g%e 42b treatments are vincristine ¥|
and yKefy resnectmelwrﬁav ralorengsy mﬁ)%@ql(@()ce %ft e heavy chain

/
veclr%:gi’é Iﬂ%{lérﬁ g>f ?ri | Fp@ggﬁnlﬁgﬁgl yﬁ%ﬁtl%é‘&)ﬁ@ﬁ%(/gﬁj;da%d the sequence of
theilight ehdin(\vriabtategions ohthe oliginalumucine E{deap’ul;ody (B4 VKO), with
th(elé[%}?gsunderlhnedB 4ar(\a/ Wg\//IXKg ﬁpgtulrgg %34 énc} 35, respectlvely

As compared to the original B4 VHO and B4 VKO polypeptides, B4 VHvx and B4
VKvy polypeptides have reduced immunogenicity. More specifically, the
invention provides mutations within B4 VH and/or B4 VK which have the effect of
reducing the immunogenicity of B4 variable region polypeptides, primarily by
removing T-cell epitopes within these polypeptides that may stimulate an immune
response. According to the invention, protein compositions containing the
modified forms of the B4 variable regions are less immunogenic when
administered to a human, but are still competent to specifically bind CD19 and to
target cells expressing CD19.

As used herein, the terms "Complementarity-Determining Regions" and "CDRs"

are understood to mean the hypervariable regions or loops of an immunoglobulin
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conbi nation of the B4 VHv4/VKv4 anti body and

doxorubicin (filled circles), or PBS (stars). Detailed
w®e®eniqese on of the Invention The invention i SPCI/ERIDEE2365

to B4 proteins that have reduced i nmunogenicity as

conpared to wild-type B4, ast el | as nethods for

meki ng and using such prot eins. Mire specifically, the

i nvention &agw des nut atl ons Within a B4 antibody t
vatiable negiorethat inteesct peimariiy yithran anﬂg@fbgghﬁdmﬂwrm'%b@m heavy

ant f
ord s g v P in PN B SblaB et v
boTHﬂ@oﬁlfaﬁﬁSﬂﬂéeI(IWRGtlmt@rpmseddbeétwdeedframewosletegmnsrmh shewn in
ant i body heavy chain (V and |i ht chaj n

Figurep a4l and 88 Eﬁﬁ@e@f'V?IMe RROXATIDIS, Wilh FeleT ﬁﬁ%K{SbtﬁV gpino acid
se&h‘g% Beﬂ{wlngl the nﬁ@.ﬁ% ul*rm%ﬂﬂ} ch§A1 g?l%élé reg?c%éf the B4
an\l}lt_)sw as sﬁémb&)&m\lfugal‘e B&I(SEQ D N@dﬁ&,rthezﬁﬂ)&lsme me(ﬁneazby the
X n
argnaamigewe@ oS Womgtarapisds SprT, EhR GG f atnso
ﬂ{jf 9&‘% g Hd@@bk@ﬁ WiR ré@ﬁénba%qﬁa%ﬂﬁ@ acid

a|n % rlab regi ons of the original
semuenoe dBﬁnmgtthbouqumlwmq hghttqinanmeam regigsrafithe B4

o R0 GLPLSE15E8, RIG 2e EPBE Hetien by e

arRiRbYREP 5L HEEncdirifivSe@actoBisSE ORI )y frent Adﬁ&g o Bers5
reduced i nmunogenicity. Mre specifically, e

(Gnﬁ%handﬁrancbvs%ﬁo At (GAR3N t hin B4 VH and/ or B4 VK

whi ch have the effect of reducing the inmunogenicity
of B4 variable region polypeptides, primarily by
Ag¢ esay heeeiil- thel terrapi"F rgeewnik Regidrisé sedf6Rspepe uddsrstood to

that may stinulate an i e response.. Accordin 0
mefa th%m'pn%ﬁfapﬂmwn%ﬁiﬂqu & PESiAR Z0RGRTT T e
comdl \drh&ftati %té’rf’mﬁ FBétT)lBﬁy a*hbqrrfrﬁ@ﬂxégléb@rrﬁhéwcha.n

nogeni vvhen a ered to a human, but are
vesialblé re:gmrp(aVleh)]andorrmmmg‘lmtmdln ghsiohaircranable degien (VK) each

o Bhbu R SRS B 5 o e e M spgrence o

th@%‘m%ﬁ%ﬁ@%@@deﬁéé ﬂ”é‘ﬁ'rﬂnf; lige hﬁﬁﬁfﬁb@lotﬁmhmd@glm Qariable of the
| oops of an i nmmunogl obu

|nvar|able region

oo Eeanigacygs Bhgwnn e ait (e 1B Rahnihe siRmare defined

ﬁ\%\’é{mmo acid sequences from GIn1 to Thr30 (FR1), from Trp36 to Gly49
(FR2), from Tyr60 to Arg98 (FR3), and from Trp110 to Ser120 (FR4). With
reference to the amino acid sequence defining the immunoglobulin light chain
variable region of the B4 antibody as shown in Figure 35 (SEQ 1D NO: 25), the
FRs are defined by the amino acid sequences from Gin1 to Cys23 (FR1), from
Trp34 to Tyr48 (FR2), from Gly56 to Cys87 (FR3), and from Phe95 to Lys104
(FR4). Furthermore, amino acid residues depicted in bold in Figures 34 and 35
are amino acid residues that may be mutated according to various embodiments

of the invention.

T-cell epitopes can be identified by a variety of computer and non-computer
methods, including predictions based on structure-based computer modeling or
by synthesis of peptides and testing for binding to specific MHC Class |i
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chain variable region (VH and inmunogl obulin Iight

chain variable region (VK) both contain three CDRs
WO pogopesed bet ween franmework regions, as showPCT/EP2006/012365

Fi gures 34 and 35, respectiv éy_. For exanple, with

reference to the amino acid sequence defining the

i mmunogl obul i n heavy chain variable region of the B4

anti body as shown in Figure 34 (SEOQ. D 13), t.he .
melpryles s i@ RERUBYORHENARSS7Y- a‘c%oggwj% gahysifin. a potentia
T-84 3fitdfe i & 38qlERER that whEALRiRred asAFITRBIk tide, is

and ?"roé)negyégqto yr109W(CDR3). Wth reference obt he
pradictenl chiddteamreltiC Gssll mpletideionameguivalent in @ nghthuman

spreRs &k 391 BE ke ioRs S (Efoee AL At SoaSeTaP Tt Bner

BTN ol R o

antigbRI)resesting odlish dheefficienty efclegvage ahsitesy ik aeigitantprotein to

A% i, RIS B TR S R Py me et o T-col
efffopRk SRENd R ddtialREpRIsentidIen REJCIass Tihefter administration of a
i mmunogl obul i n heavgschaln variaple re

[ VI d
proteimt@gh@nimphis a grbselafithe pataniisl E-G@égélgit%éeé'gl\%géﬁing to the
. C [ EF j j
B e e
claef il malgctilee Withuobwlsbing ionbdbeund blyahaomaiitiiabindecstood that a

T-tgléfl3 e‘éfg@ég ge%gB# ;a%]itnig%g:? ggaq?q%{}%\glmy ei H@ﬁé&%ﬁ%t églﬁésfg (anldgrgo the

- neéeagljgﬁ?'@%;sé@a@\ 'Hroééésﬁlirﬁ%r 'ggcgil)(dlng%IdHH\é_ﬁﬂoé’&j fHerefore will be

fromTyr60 to ), and from Trpl

extectar el poegaritay bywin MHG Classnld enalecyleeanshiasognized by a T-

equence defining the i nmunogl obulin I'ight chain
C‘%‘J%FQBP@ region of the B4 antibody as shown in Figure

35 (SEQ ID NO 25), the FRs are defined by the am no

aci d sequences fromG@nl to Cys23 (FR1), from Trp34 to .
ccpyding tpaRe) embpdimenty Hee invetijarsproviges medheds relatepriagsducing

. ERA ' ' i :

b Tr pE VLB O REIR, A%t AU crpoomen
ofrtasiishergionh pbterdial henvseifak-edll epitopes age identified dusequences of

of 4761 BIRo s S b B o S 1500 DS fenn by
computational methods based on modeling peptide binding to MHC Class ||
molecules. Substitutions to specific amino acid residues are then made such that
the ability of peptides containing potential T-cell epitopes to bind to MHC Class I
is reduced or eliminated.

Modified Protein Sequences of Variable Regions of the Invention.

According to one embodiment, the effect of a specific amino acid mutation or
mutations is predicted based on structure-based computer modeling. For
example, ProPred (http://www.imtech.res.in/raghava/propred; Singh and
Raghava (2001) Bioinformatics 17:1236 — 1237) is a publically available web-
based tool that can be used for the prediction of peptides that bind HLA-DR
alleles. ProPred is based on a matrix prediction algorithm described by Sturniolo
for a set of 50 HLA-DR alleles (Sturniolo et al., (1999) Nature Biotechnol. 17:555
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nmet hods, including predictions based on
structure-based conputer nodeling or by synthesis of
w@epriodeso and testing for binding to specific MIZEEN86612365
Il mol ecul es or in an i munogenicity assay. According
to the invention, a potentTaF6T?ceII epitope is a
sequence that, when considered as an isolated peptide,
is predicted to bind to an MHC Class Il nolecule or an
— Gl vidsiagtsuch an algeritumarardprpertidesegienagsavere. disepvered
D f
witBh ERPGH Ind B VIR wiloh 204 bradiErRLiG g R plighe M dloss 1

allefepand @rélthméﬂke liketyotodd ingﬂnnpgementTWeqmﬁtlﬂe depiences
efficiency of cleavage at sites I1n_an intact protei

ancothgirergictefb bincHad fRarenan o HhA-PR Alalenisshown in dable 1.
so on. Thus, the set of T-cell epitopes that are
actually presented on MHC Class Il after

WitH n"efe'rsm:@td Pablef 1 aherseiqeience of @ach@-mer peptide shatdsnds to at

e/ RO PR Aot i ndiastedraont vith 5 pouiart B 1 the BV region
(Iéfh@(%l hgtcﬁrsigv%a@@égw grigHY'éSu%ﬁ s'Hihd felgecrdfeds thﬁé‘ﬁUFnber of

t heory, IS understood that a
allBlesldut ep atpmssibie 5@nall£he£ndh@tdhd [mmdertweds rab@vgrasn afbitrary

oiptBdbEEi 1§ HEGEeP 2borbBRans Badidiarars; BRljates tre
pé}ﬂld@‘fﬂﬁéﬁwﬂ@ameﬁrﬁ&eﬁﬁﬁdaﬂéﬁ th8 pdptidélbivsds 1d 10- 19 aIIeIes and
mol ecul e and recognlze Tcel | receptor. ccor

“+d” ditlicates doe pentide dirds m@rﬁpcﬁ#eﬁﬂ%vm%go%bwéw thréshold is
R o Oy bR L kR ) e

degryibetimnStusniotmet al. non-sel f T-cel |l epitopes are
identified in sequences of B4 VH or B4 VK For
exanpl e, potential non-self T-cell epitopes are
Taslent 'génﬁaeaxa aagtcﬁtsm%g.@ﬁ& fm@&.ct&%obiﬁa hime HOA-DR
ndi to G ass Il nol ecul es.
alBldstituti ons to speci f| c amno acid residues are then
made such that the ability of peptides containing

potential T-cell epitopes to bind to MHC Cass Il is

VHWQ%EH&JES @takﬂ'ﬁo@@i E‘di)inwﬂ'ﬂqf | EWKPT ﬁﬁll&lpﬁoﬁews of | bind freq.
Renl ons-—o 1l e [alVZ-Yal Accordi ng to—one

@ﬁ%ﬂ@%@ﬁg the effe¢f of a saéawlg\@MO acid M
(IDUYRPGABVRL Mut ationg+ s pred| qsevl b@srdvon ++

struct ure-pased compdit er nodel i exanmpl e,
Uﬁ’}Wé@(ﬁi‘%t p: /[ vwww. i At éch. re;.(llgﬁyggﬁ%‘fé%pr opr ed; *
(38) WOIK GREGQG + (29) VNYMHWYQQ +
(60) YNQKFKGKA + (46) WIYDTSKLA ++
(64) FKGKAKLTV +++ (47) IYDTSKLAS +
(80) YMEVSSLTS ++
(93) VYYCARGSN +

These potentially immunogenic sequences in the B4 VH and B4 VK polypeptides
can be rendered less immunogenic by introducing specific mutations that reduce
or eliminate the binding of a particular peptide to a human HLA-DR allele (see, for
example W098/52976 and WO00/34317). Alternatively, non-human T-cell
epitopes are mutated so that they correspond to human self epitopes that are

present in human germline antibodies (see for example US 5,712,120).
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Raghava (2001 ) Bioinformatics 17:1236 - 1237) is a
publically avail abl e webbased tool that can be used
wo 20070M®5pr edi cti on of peptides that bind HLA-BR/EP2006/012365
alleles. ProPred is based on a matrix prediction
al gorithm descri bed by Stum blofor a set of 50 HLA-DR
alleles (Stumolo et a/., (1999) Nature Biotechnol.
17:555- 561). Using such an algorithm various peptide
Guidgnuen o selectingiaprrepaataimutatiang may e ehiainsy kkrefarense to

re predicte [ ey X I
oy BELAATRRLP APt B MRS e S8R, o abePb s
of BAEbbE\ vasaberdstAamRGreheiowrpinete cirbdndiitrigifownd that structures of
frequency to HLA-DR al |l eles are shown in Tahle 1. Wth
the ERs @iiecgenesaltypeey aimilan o sag AnRteTorA dhrarecalgpodel of the

oAb B S BRI By BN el et
frc{ng jﬂﬁé&ﬁ}c@t @quewltela@edfantfﬁﬁgyfeee/gi almj]c l{gt}tlgihllairc oamw .rfegions for

I N reqg. rerers 0 ] unper or a S, u or a .
WiGh 5 1L B3 BRES dotaEMeRavBEp AR IR Ted BB B A Primary
st@%ﬁﬂg&rﬁbpn@rﬁghﬂ%ﬁu{lre,?%'?.?hbdfaidgrJJ. MUISBIASE 280B-4A5). A threading

Irng~Trequency o ates the peptide binds
algaritbrisaldesl tesmotielthei Bdilight @ haavyehaingertod it solyed

10- 19 el.es, and,"++4' Jndicates the .peptide ki.nd X
stigtizgs Yadimansh ot ol BOABAMA Y FauRa fohfol Bttt 20.201-
3255] Ahd M fReadéMenuetur6s malptsé faHRiraflhed tG eBtain as

cal cul ated by an algorithm as described by Stumolo et

starleochamlically. fagerahie encrgips (Weinasretl., (1984)i big Chem Soc
i t i - . . .
1085 FE7BER JPRriuat iR b sohRaeayShar Bedignt shein,
stMéttmgmmdaiés ré?ﬁedli&e{yettﬁsdﬁfaopEBtSGatbm ageessiomygodes 1FBI
I NTroducCli n speciTiCc nutat] ons re r .
(Fabifiammers BbBoHaNALAeIsy .1 Podiand. UV Babdmament of anti-
c@%ggj\gﬁ%@c Qﬁiaé\{if‘s%z(éﬁem ,%ar@%@%l%%?@ﬁé?%%étu@@éi for this

ernatively, non-human T-ce epi t opes

purpeserut at ed so that they correspond to human self
epi topes that are present in human gerniine antibodies
(see for exanple US 5,712, 120). Gui dance for sel ecting

P &P b Bomd! HB R Um dIRYinRefer8 Wit Bbtéin &xprésitn folding, or
tertiary and quaternari/_ structure of antjbody variable
actiyily o Ascottipg tathe investion eamisio agies igbapsilighs 4.¢/12, R19, L20,

KBRS 0 8 B RGBSt 548, Y08 B8 s arin
a@@@aﬂglosihehs A ,NI?(SEtI@I?aMIgDVQBz Vﬂgt Sglahm,b@ﬁky, or S75in B4
v%@%@%ﬁﬁg&%@ﬁﬂm& stﬂplt'eltai(r:u%g thaenatléi |t§)/ of the a\rﬁigg(y)}f ?o i nexpressed
and to bind to CD19 at levels comparable to the unmodified form of B4. Thus the
invention encompasses B4 antibodies having at least one modification in the VH
sequence selected from the group of amino acid positions consisting of Q5, V12,
R19, L20, K23, T24, K38, R40, G42, Q43, K65, K69, S85, S88, and VO3 and/or
having at least one madification in the VK sequence selected from the group of
amino acid positions consisting of Q1, V3, §7, 110, M11, V19, V29, §51, L53,

A54, and S75.



fromthe nost closely related anti body heavy and |i ght
chain variable regions for which a structure has been
waleiozonioned, which can be identified by from aPQFEPRNG012365
structure allgnmsnt (Al'tschul et al., (1990) J. Ml.
Bi ol . 215:403-41 5). A threaa?ng algorithmis used to
nodel the B4 |ight and heavy chains onto the sol ved
structures (Marti-Renomet al., (2000) Annu Rev
A Bpopxiyaustivertist obspeeific positions f@tz@q to E?rhqraﬁ% amine @itk d

f
s BEHEEHS SReBRo Y18 PUERUOR 4 PRRGTReH Tafte . tgpetner wi
exeh98idly subSnteiie® dohosdposiong84). It was found t hat
t he sol ved heavy chain and |ight chain structures

desi gnated respectively by their PDB database

Tﬁﬁg?,z §&$gggm§§§#§@v§§§ﬁ&gr agnment of nonocl onal

and (Fab_fragnent of anti- CD25
Po@iltibmiarﬁschHnti bﬁdtystlﬁdmnChl 621) Pwmoa 1m§éf\{]¢ ref%tbetimtieon
MR AT AP ONEE NI .
uuL tHeS5— 061 H-S |JUI| puoc LT 1 cu IIUL aLI oS UU
G]H%t undul y i nt Q‘f ere with prot QT‘H expr essi on, ’% ol di ng,
var2 activity. Atgording to the| vaBenti on, am noAlaci ds
positions ¢ V12, R19, L2 3, T24, K38, .40,
Aféi& 43, K65 Iik%g, sS85, S88, %?rtf\z/gs in B4 VHGNd
Lea2® NnOo aci ds at Vabsitions QL, VBel0oS7, 11 0 MLY Thwlo9,
Sb1 3 A54 or S75 | VK can be t ed
L\Rﬁle still re ﬁb‘ﬁgthe abi lvEél“of t he antln‘lbj%eyto

THBt expr essed 4

to, the unnodi f
Lyé?w%orrpasses B

Armgoali fication i

roup of am ng
Glgﬁg, L20, K23,
GIs8B, and V93 3
in the VK seq(
aci d positiong

i.ed form of B4.
lAﬁ fti bodi es hav
Al4,ir VH sequen
) aci p03|t|ons
AR N38,  RAO,

1md$or havi ng at
lence sel ected f
consi sting of

mdato bi nd to Cpvaliat

Th
ng at

the i nvent

iC:E‘zl 43, K65,
Abast one nodi f
rom the group of

| east one
C8er§tl ected from Adpe
i sting of (

D1, V3, S7, 110,

| evel s complar abl e

'Rf

V12,
, S85,
i &0t i on
am no
M 11,

Ly¢89, V29, S51
of, specific pq
D&bhsti tutions
Sar85 Table 2, td
etrgg)se posi ti on
regions. One

p

Se

,Asb,'33],u A54, and
) t| ns found t
g%:co'é?& ng to th
geph@iu Wit h exe
| .laTabI e 2. Sub
of enbodi nen

a)

=

Tpl ary substitut

Sa35 A nonexhaus
D tol erate am no
invention is p

Stitutions in B4
fs includes am n

tGhue | st
aci d
resent ed
i ons at
\

o acid

vVadbstitutions |ilirt he B4 VH

One set of embodiments includes amino acid substitutions in the B4 VH
polypeptide, selected from Q5E, V12K, R19K, L20V, K23E, T24A, K38R, R40T,
G42D, Q43K, K65D, K69E, S85D, S88A, and VI93T. Additionally contemplated
substitutions are K23D, G42E, K65E and K69D. Particular combinations of
mutations are also found to be useful. For example, in one specific embodiment,
the substitutions K23E and K69E are included.
additionally the substitutions G42D and S88A are included, as shown, for
example, for B4 VHv1 (SEQ ID NO: 14). In yet another specific embodiment,
VHv1 additionally includes the substitutions V12K and K65D (B4 VHv11) (SEQ ID
NO:20). In a further specific embodiment the substitutions Q5E, V12K, R19K,
L20V, S85D, and S88A are included, as exemplified by B4 VHv3 (SEQ ID
NO:16). In yet a further specific embodiment the substitutions Q5E, R19K, L20V,

In another specific embodiment,
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pol ypepti de, selected from BGE, V12K, R19K, L20V,

K23E, T24A, K38R, R40T, (42D, 43K, K65D, K69E, S85D,
wWGSBA07@M VI3T. Additionally contenpl ated PCT/EP2006/012365

substitutions are K23D, (A2E, K65E and K69D.

Particul ar conbi nati ons of ™ nﬁ?atl ons are also found to

be useful. For exanple, in one specific embodinent,

t he substituti ons K23E and K69E are_included. In
R4NotQ@e3K sisEePs 585 E}r&ﬁﬁ%@m Vadbere B'K%!H‘Q’%lj’t%exemp“f'ed by B4

VRPRSEBHE 5 5B, % PR R 1 tBstutons
Q@EOflREgIéSEtBﬁVl KBgReﬁbmtA ,TEABK, Igﬁﬁ[;ngﬂﬁDt andgm@\/'/l' are included, as
eTIRTED D BSOHVS (St I N85 pecaathocspsciie ERtbodient,

su%%ﬁﬁﬁlbhﬁtdf VRS andlB4, Vl%ﬂgt)%y ﬁg}ﬁeds%?%ho@ﬂglrﬁ%%equence

are 1 ncluded, as exenplified VHv3 (SEQ I D

of B4 WBI)/34I(SE3®1DM®1?rIt)her speci fic enbodi ment the
substitutions BE, R19K, L20V, RA0T, 43K, K65D, S85D,
S88A, and V93T are included, as exenplified by B4 VHv4

Ar(cﬁﬁé} $&1 Mrﬁﬁwn{éhtwc:adéyémm asidesidstitutRIHRORItB B4 VK
substitutions BE, RI19K, L20V, K38R, R40A, \%%3551[3

dmtldSBSEJleCé&fﬁfrWB@@ &3S TRIJA0T aM ke MIIOHA,

5, AR B sl Iy B g o0

in€10a8d n%m@.ﬂaﬁb@l‘f@lﬂdﬂdhbfbfsﬁ@aﬁﬁﬁ§ apd aRb fdund4o LBE@EDN. For
NO 21 ). Another_set of enbodi nents includes

eXaOhHIG sNIEOTE BDRUR TTbadiEents. aRdgisnall dve subsEliges YA and
STESRR RehPied 3 pifpitdd by Mo V(900 IDRiSfoo ok the |

SLBlstiBlIiith_tQ oD, APAD aingl M dL wante dhellrded i asuéxamplifirdsd bﬁB%ViKVZ
(stin TN 2I3s 16 pduBhal amhoias it i VR tldioridly THalHeS e

smhﬁhlbh@tvmﬁa}ofa/sm ﬁéxé\hsnﬁébcin@m/ma (@mblmoe;b) In

B4 VKvl (S 26), or the_substitutions
aﬂenottmrcenmwrrwrﬁ thec$umm1tlcu§ 18Q&En it &0 By 2P Kar@ S75E

b Teihars senelTed Vit R IPRRIT R 2670 it it e

spaeifRX@npbiimet, the Sdbstifutlorls 1BEOM O LNV 13(A,.S31D yad L53T are
anot her enbodi ment, the substitutions

mwgm e axeTpHinas by B MaEdoER o)t Ta angihassperie

oA by, e AR PROLE ORI o

tharsequence of B4 VKv34 (SEQ ID NO 31).

A primary structure alignment of some exemplary sequences of B4 VHvx and B4
VKvx of the invention, described above, are presented in Figures 36 and 37,
respectively. Amino acids depicted in bold are positions of VHO and VKO that
may be mutated according to the invention, and underlined amino acids represent
CDRs. VHv1 — VHv34 and VKv1 — VKv34 are representative heavy and light
chains, respectively, with specific amino acid substitutions that reduce

immunogenicity.

Variable region compositions of the invention include at least a heavy chain or a

light chain of the invention. For example, in one embodiment, the variable region



10

15

20

25

30

i ncluded, as exenplified by B4 VKv4 (SEQ ID NO 29). In
anot her specific enbodi nent, substitutions of B4 VKv3

W@ 7B29%Kv4 are conbi ned, as shown in the seqRE&EnER2006/012365
B4 VKv34 (SEQID NO:31 ) . Aprimary structure
al i gnnent of sonme exenpl ary (gq'uences of B4 VHvx and
B4 VKvx of the invention, described above, are
presented in Fi ares 36 and 37, respectivel

conteims Bl CERENGH 14) Bng B4 VIG EG IS 260, Ykenother

or i R B i B, i | YR REy 80k b4 v

(SE@'ID/NU 26). Vm/%lt ﬂ&héﬁ@ﬁb@ﬂﬁh@m ‘ee hsﬁwMeaegldnl @ntains B4

ch alns, respe speci fic am no aci
VISR QD NRSTyand Paalked (SERIELR ML VR isanether
enil?(%iérg@n? Qﬁg%'ntab%q q‘?(grh[:gﬁtﬁ'lﬁhvgﬂt\) é‘l@b”i@eN@ Zﬁlﬁ_éﬁé B4 VKv4

inor a e i nvent i on
SE@I[M\E) 200 fne apptmnbtedrthat other eamrbaalitnents of the invention are

eafsﬁyg RDIB30 By SompnRE o Bl NBatne CoBRals Skl B PR and B4
V%@yﬂéﬁl f yée/(%_mgn ) efjldé)/ nﬂg@ dﬁé&ntﬂﬂ‘g @QeMﬁY:bnftﬁE&Qidr@ are further

I ment, the variable region
ded:mmlaedsxaénmma(ysm arﬂlysmg pmteamerpow{ons @ggtgmung these

. e.variabl e rediaq
opgiinaions. Butad Ban I EVRGY AT Beky: 1 (YR FRPigiy Hha co-
19‘\{%3 -adtivity Sas R t%bﬁd'eﬂh@éd fhhrmogehrsty g desefibed in more
the invention are easily obtained by combinatorially
detait bélomg t he conpl ete set of B4 VHvx and B4 VKvy
pol ypeti des contenpl ated by the invention. Useful
conmbi nations are further determ ned experinentally, by

Vériihaligh of ths Reeuted wmﬂmdqmlmtyomfr\fmablmﬁ%ddmof the Invention.
conbl nat1 ons, such_as a B4V x/V

To vty (as SXABRR P PesRucBion 155 MIRR P SHteah rodiogd
|m‘9ﬁuﬁo%$n%ﬁ/ﬁ's£arfo%q&%‘?( ehmBH?QQSQt'sCWoh é‘ﬁe \QSFFthWﬁqn'tﬂe art, can

nor e ow. Verification of the Reduced
bd employgeni EmnguannpwaalTabelé sﬂmglaim:l afsaylieay heairado(e.g. Jones

o0 VARG PR ABIR 8L IR L, B Rl
&%él@@é@'mdrﬁﬁi@leé%eﬂ@ (PBM(E@)' areksaimednarichéeultured according

can be enpl oyed. For exanpl e, -cel | stinulation
tosstargardempniditionse After. &) oggm@ pEe- Sé}mulachgg@a,peptpe corresponding

totﬁjéitﬁ%ﬁélololl-@'b‘%AQﬁ eBitSpe is 44088 thd BulfiE R BBMESAhe PBMCs

are further incubated, and at a later time tritiated thymidine is added. The peptide

can be a minimal 9-mer, or can have about 10 to 15, or more than 15, amino
acids. After further incubation of the cells, incorporation of tritiated thymidine into
DNA is then measured by standard techniques.

The T-cell stimulation assay is thought to work by the following mechanisms.
First, if a peptide is used as a stimulator, the peptide must first bind to an MHC
Class || molecule present on a cell among the PBMCs. Second, the MHC Class
l/peptide complex must interact productively with a T-cell receptor on a CD4+ T-
cell. If the test peptide is unable to bind sufficiently tightly to an MHC Class 1i
molecule, no signal will result. if the peptide is able to bind an MHC Class I

molecule and there are T-cells expressing an appropriately rearranged T-cell
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peri pheral bl ood nmononucl ear cells (PBMCs) are
obt ai ned and cultured according to standard

W@ awanTdns. After an optional pre-stimnulati onPCEEP2006/012365
peptide corresponding to a potential MiIC Class |l
epitope is added to the cuTtéite of PBMCs; the PBMCs
are further incubated, and at a later tine trltlated
thym di ne i s added. The peptide can be a mn

regepior capableef reaoanizingLA p@mqudeHCoGla%rlapeﬁa@e ggmplex, a

SBFMERGEFL i Lol s oM A0l BBl sutor

neRAivY setbdbnsirandes,chd sighal willeesulfh@hése @héchanisms are
stinmulation assay is thought to vvork by the follow n

consideand salevant tos elmmlanngﬁlq:lgleo,%p[ggw %g,qlgance as inferred
I
Yl BER s diDialor by Slgitebyar E
Second, the WHC Class ||/ peptide conpl ex nust interact
roductlv with a T-cell tor

I fqcoonizing rgfal@;ﬁrredge?%nﬁma@ %l nEmbers in ?%m F@Wpopvlat'on for
stoctitictepBoftp rlblinGlafsiute of h epichridle Tobal fcghion o toke
plavé ec ptadifenationiod othen, enfelateld B-cellp fallowiatgbyhomeostasis of the T-
ropr, at rearr d T-cell bl f
o BRI e B0 AP o S S Blaf BB Rrmgerec
Twuss lfﬂsélne‘g@ﬂué Ge&ﬂﬁsuﬂnb?/ ddeurvBased bnHese Eoﬁgidbsattmse it is
been del eted as a result of a negative selectio

imposiaat to use adaggrnumiber of difigrent sm@%s aeCBMs ﬁ@dépéest these
s RRRS RS2 is'eed BEnb IV ARART 6 1dok FEMELEAED

as inferre |nulat|ono
ethhically diviepse byt of ltmmlans Jand to:ieetermlrreettmgmm Qjask i elleles
are present ver ow nunbers in the PBMC popul ati on
prﬁé?”*s'f‘c?&?&'s??@'@ BORYAOPe| ating to failure of an
appropriate T-cell receptor to take place or
proliferation of other, unrelated T-cells followed by
T steostasd Tscelf asday Waselhie gisadvantage thatitbe dritikiy in¢erporagion

5§50 3% 8380 17005 DSHRPeBe8 PRI B BB G Bion. e
pr@)&ﬂﬁs gt Pdprides of thé m%m@ﬁtrﬁéy alsd bssrested ﬁf@f?ncﬁwﬁ&ﬂ?rr cell
of different sources of PBMCs and to test th

ass@yn wlcmd@p@mmﬁ ypurified; GD4t Joc@@r@?capwfl% éiﬁuﬁr%ce"s are

e t
cd- Sgﬁl.frgggﬁ:ﬁ ﬁ{&ﬁe&f:\}ﬁé?%t ﬁeg‘i’lmé fq?lﬁ\éﬁégsb)g%)ééggn[ﬁg% tritiated
thgﬁﬁd}g@&bﬁ tﬂmmﬂ&bye@ forTthitiatetdathgiaiding-icedrpoestioay  Tiais second
i )
assa()e/ he{sst evaac?\}a% ggé nme’}t tltlt?aetea rtrllyt/rlnmel {}1%%{' gr%%'n?rr\]to irrelevant cells,

such as CD8+ T-cells, is essentially eliminated and background is thus reduced.

A third assay involves the testing of a candidate protein with reduced
immunogenicity in an animal such as a primate. Such an assay would generally
involve the testing of a B4 VHvx/VKvy protein composition, such as an antibody,
that had been designed by testing individual component peptides for potential
immunogenicity in a cell-based assay such as one described above. Once such
a candidate B4 VHvx/VKvy protein composition is designed and expressed, the

protein is tested for immunogenicity by injection into an animal.
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signal is often only two-fold greater than the
background i ncorporation. The proteins and peptides of

W b@7/meént i on may al so be tested in a nodifi eRBCTVER®D$/012365
assay in which, for exanple, purified CD4+ T-cells and
purified dendritic cells aFezgoTcultured in the
presence of the test peptide, foll owed by exposure to
tritiated thym dine and then assayed for tritiated

Infepyian @f dee BIOBHBNVAYRTOtem cCompasHian isgeneralperhermed in the

J . n .

s Y AR AL AT ad QAT 08D ASPHPBERRAN i
hiehans .nEbedxamplddakgdemmal, ssbdutaseses]usteamudcular, ridtraperitoneal
~assay involves the testing of a canpdi dat‘ﬁ rotein wiith
injestiog & IntrNANSYSINRISIGN MAYhe useGall raoraihal opepdmytigiration is

; | 4o the testing of a

”S%X‘C@‘ﬁg? m‘%ﬁgﬁgﬁﬁnwggﬁﬁ%ﬂymyﬁ% as an anti body,

that had been desi gned by testing individual conponent

P BB 500 e b FOBEY % oot
acgggéﬂtC{atiﬁcr%ﬂaswaéfs}ﬂﬁ\éy aRA FhiRiMiZR AR FRIMBEH bfishiMas BiRefeed to

expressed, theprotein is tested for _ .
be meechotfean adjuyablisiugedeitiiopossible tenusenamadjuvainé tadking a protein

f the B4 VHvxL/{Kyy .prot ei i L ' LLy.
QupdBoush o A Y e igERRS R PolRE bRstaie oid A,
NGbrfig! mEgiionifd! onsthehBaareil heniisiotdim chmpaRentstoNVithout wishing

exanpl e, intradermal, subcutaneous, intranuscul ar,

toi bt baywed Py dhealy, the eationale ﬁVﬁiqj%@ @rfaa@-w?tamﬂua%gvants is
: [

i Ealf BT EroteinCRieS, Ao "E S Repap Sl it i ultngtEh eorthBute to an
antibodyaeeponsé pgaimst thegcandigategsrotein. may be useful to

coadm ni ster an adjuvant to increase the signal and

mnimze the nunber of animals that need to be used.
Aftér &7k 8FBraHdrhiRiskBns lof the carGiahll B4 VMHMWPPKRY protein

adj uvant |acking a protein conponent, such as Wi th
campesitigh athecprepenck nfiantidioyes, aniibodiasi iatestediagcarding to

stoBHSshERn ey Ruelt =5t FLISA B0, s BOR Rl e
VHIKAIOS srotéih cavspatitithsisfatheiifvertitindinduog aatiboafdrendtdn less

that other proteins nay provide T-cell epitopes that, .
fremuently, engde & essemexteplithan 60HASRRRGIRG MPleeWss Foptaining
' 9&&“%@3 protein. After one or nore
O%ﬁhélﬁét\}r@&%ns of the candi date B4 VHvx/ VKvy protein
conposition, the presence of anti-idiotype antibodies

i t t ed dj t } .
Olthser gnf%urgggrg)sr o% Ph% Vgriable Regions of the Invention.

In addition to the use of the V regions of the invention in a naked antibody, it is
also possible to configure the V regions of the invention into antibody fusion
proteins that target toxins, immune stimulators, and other proteins, as well as in
Fabs, single-chain Fvs, bispecific antibodies, and other configurations known in
the art of antibody engineering.

In certain embodiments of the invention, the light chain variable region and the
heavy chain variable region can be coupled, respectively, to a light chain constant
region and a heavy chain constant region of an immunoglobulin. The

immunoglobulin light chains have constant regions that are designated as either
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standard techni ques, such as the ELISA nethod. It is
found that the B4 VHvx/VKvy protein conpositions of

W@ b@7jomegent i on i nduce anti body formati on | ess PCT/EP2006/012365
frequently, and to a | esser extent, than correspondi ng
nol ecul es contai ning origi naf3Ba VH VK sequences.
O her Configurations of the Variable Regions of the
Invention. In addition to the use of the V regions of

kappa oraerhdaoehains a Imaksdticilar eadppdiment of the daveidios; helight

oy ESBHAY A Y PEPRIRE! ThARSEIY R o Tt pgons. anc
vatlouglLhedifitatiotandddomtinatiotstheseofsrevdistussed belbwtia more
singl e-chain Fvs, bispecific antibodies, and ot her

defalf i gurati ons known in the art of antibody
engi neering. In certain enbodinents of the invention,
the light chain variable region and the heavy chain
FoBRortaddl e regi on can be coupl ed, respectively, to a

Tl §TUROQY VaHAR ARRGEINS B 6P ERRat ITHEB BB SPURPA TG oed to an
ngtéfﬁm h@éfassemﬁﬁegt tHeEPE PBRIIT @ cohBasy bR dsrived from

erkappa or |anbda chains. In a particular
therreadiy robvain obnstaet regiemof an imnenadgleulirg ipséferatiy et ruman

B aRb Al " G LPNSLE TG CAT O, Al UG Girgivative of the
cdreaRabgRire The edRsRAt Rediomof BnMinsurstfiabllin saRochdins
The antibody variabl e domai ns of the present invention
definedom & svedimallyfaesefringoasyrbetieallyipsrduped pebgeptdei n,
£ j . . ; .
oy R0 o M ARG SR e 09 onin
inpluefrey thlel @Ha, hingen GHENLEIHE) adil fonsomecheasliynghadn classes, CH4

dé’{igg\gﬁ:ﬁﬁ% %ﬁé&%’eﬁ@ %m%hﬁg&qrgémggrth%%ﬁ%%ﬁé retghlcem of an
Fén g?ﬁ@gglﬂpé‘kbﬁst%ﬁﬂ’éfgﬁﬁ BF the Res\Rf %:r:i‘ﬁﬁs il gﬁ mammalian

[1'y-occurring or synthetically produced
inpolyaglpbuliies axhibit @xtensiteanting aeist sequemceisimilarfityt HINA

S PR oS B g OB R RS G BR. (e

e.gl,ar;iﬁ'@%,et@#m UnEnmURel. 'Méthge2511€dion j oins the CHIL
omain to the -CH3 region of an Fc portion. The
constant region of the heavy chains of all mammlian

In the present invention, the Fc portion typically includes at least a CH2 domain.
For example, the Fc portion can include the entire immunoglobulin heavy chain
constant region (CH1-hinge-CH2-CH3). Alternatively, the Fc portion can include
all or a portion of the hinge region, the CH2 domain and the CH3 domain.

The constant region of an immunoglobulin is responsible for many important
antibody effector functions, including those mediated by Fc receptor (FcR)
binding and by complement binding. There are five major classes of the heavy
chain constant region, classified as IgA, 1gG, IgD, IgE, and IgM, each with

characteristic effector functions designated by isotype.

IgG, for example, is separated into four y isotypes: y1,y2, y3, and y4, also
known as IgG1, 1gG2, 1gG3, and 1gG4, respectively. 1gG molecules can interact

with multiple classes of cellular receptors including three classes of FcOreceptors
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I mmunogl obul i ns exhi bit extensive am no acid sequence
simlarity. DNA sequences for these imunogl obulin

w0 @ronm®sare well known in the art. (See, e.g.PCIEPI00VE612365
ef a/. ( 1989) J. Immunol. _ h. 125:191 ) . In the
present invention, the Fc portion typically includes
at least a CH2 domai n. For exanple, the Fc portion can

B SR E P BREAR I B e £, PRl

Tfﬂ?éétﬁﬁhc;éﬁgmggﬁzﬁiﬁ%raﬂhb Biﬁdlt?\ﬁgﬂgggqg tAE AYR Rdde@fors have been

region, domai n and omai n. The

reporied &mberiedghe CH2 and Clidwleomgiodul in is responsible
for many inportant antibody effector functions,
i ncludi ng those nedi ated by Fc receptor (FcR) binding

Wity Rscogmimd eaRestobfunttidas of @tiBodiee, parieurdtlydf the IgG class,
cl asses of the heavy chain constant region, classifrled

inglyde gamplgment-gepengdent eyiatoxially (642%) apd antibody-dependent

oo B FSITEKEH) PABECE A pLIRTEERIEATRSY ez, igos. 100w
mediaty BEXC apd IADGC2to spride extehtgwith 1gGIcarkdig@B beingdbst potent
respectivel nol ecul es can

lg&, 1gG3, and | g4, ( E 1 gG
foy g@@r%\fétwt{ﬂst (Chantes 31 bakbleakiBRaws Esgential dmmunalpgy fsup.th Ed.,
i | i d . . .
P- S0 0% RIS PAEET B miRRIE FREPEAiHhs hdnechapjsm is
iniiatedRivhen amdarititpdyl bihds T ansedigenaesaicef'srsuafaicef neeéthe
orf Bty b R reieh Ty Bl bR o ind e
arftReAtHtmRAyeidesieR! ¢ Hdrofea®s ASEIf RPRItRSe a cascade of

parti cul arIZ/i of the 1gG class, include
@

enzymatisragiivatiep éndesieavdgeebxther comptEmopntpi@teins which then bind

iR SSRERASR bt 6 AR VARLE 80, s
ar{diér ingdsthiiCby taomaerapheagee PADOG Ishbdligedas dcbgGrheaiFgreceptors

nost potent for both activjtie Chapter 3, Table 3 in .
OrP‘élGPt,OXEs‘é%liﬁ’ sHeh IWHF%HIG{(%‘%@ %@H&Eﬂ?‘?mpﬁ’ha%? andpireutrophils,
B g e e o TRERASh BTl s Bface. Fo
reaapiog bindimg signalls the sytofaxdeceltackill tine target celh- @hardnbelystically,

NE B iege T B By BT . O AGCER S E Y FeORIlla
itself to initiate a cascade of enzymatic activation

and cl eavage of other conpl enent proteins which then
It isi often weefublogaiterdbe| effagtarduactions ofan Bntikedy. | Fer @xample, to

tréeﬂrc%Hggrs efxﬂoc%tgm/‘/i% acéel:éll lﬁéﬁ’lbﬁancy or to treat autoimmune
diseases with a B cell component, it is useful to enhance the ADCC activity of the
antibody. It may be particularly useful to enhance the ADCC activity of an
antibody directed to B cell surface antigens present at relatively low density (Niwa
et al., (2005) Clin. Cancer Res. 11:2327-2336), such as to CD19. It is believed
that the antigen density of CD19 relative to CD20 on the surface of B cells is
roughly ten-fold lower. Alterations in antibodies that increase the ADCC activity
of an antibody relative to its parent antibody are known in the art, and generally
correlate with modifications that increase the binding affinity of the variant
antibody to Fcy Rl (see for example, US Pat. No. 6,737,056). For example,

mutations are introduced into the Fc region at one or more positions (with
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and/ or ingestion by a macrophage. ADCC is believed to

occur when Fc receptors on cytotoxic cells, such as
wWa0a0zski | 1 er (NK) cells, macrophages and  PCT/EP2006/012365

neutrophils, bind to the Fc yegion of antibodi es bound

to antigen on a cell's surfd&ce. Fc receptor binding

signals the cytotoxic cell to kill the target cel

refprangarip thetiingsgion BrIORDILBeIBORGLOTaPG. LaBad %13, 326, 330
33;&?% %ﬂ) “%?)If, 47 Btéhf‘hﬁ@ r(nﬁrﬂBeﬁﬁé %%ESFdlﬁg‘&?K'aBBﬁePél ®equences

exanpl e treat“cancers associ at ed
of Wrdtires @‘lmhbnmbv@mteyesmsgﬂ )t Rrafersed oiutationrs are at one or

di seases W|th a B cel] f.ul .
QIR ORONS RSIRESE TETIAAE: gt BTSNt T W THIE: ARSI

SUBQ{'&JL&ﬁé ﬁ{dé@/bgﬁﬁf ude®. enhance the ADCC activity of an

rected to B cell surface antigens present
at relatlvely | ow density (vava et al., (2005 din.

EF%&IgER)??DﬁH}lel@ﬁ 7 ngag%o Hﬁ gé &Sloteg%]aéﬁ?ulﬁ} %IeI!/Enete used to

pr@?& Aef fp&reeﬁmﬁecﬁhiltﬁodlés ad hethefrﬂd)@be myeloma
ower terat| ons in anti bodies i ncrease th

Nsxoco@nacfor BP0 obliSgenerabongve EVaADIECt @ @é‘t'B‘a‘F'Sﬁtpmduced in

{
R Bl ) 54 RERE 0l St
Glgfzoﬁlb%g\y% 868t goR). horykricwri-irgthiel drt tr(ambeﬂype e&eeiblum used for
No. 6,737,056). For, exanpl. e,

antihody expeassion affesls the qaétgﬁ"l)ﬁ“%ie %HéctB'Ee ﬁ%&‘&ﬁ&?k‘?‘? Ghycosy!
ch%a!ﬂot\nqr}gglg% %@%&1&%855 fﬁ? brt\ log%hoé Q%%%@/B%f)d, pé%%&%@ﬁespondmg
to NR7aindgGIQ . (ﬁhe‘@arbofyciaateoertmot@remf actihedies prgduced in CHO

colisdh fucopyietes e ratans sabaeraE gfih of b Eies produced in
YR i 'Ié’r@é gﬁﬂ)ﬁéﬁt%‘ fliEsy8 EHnka93 et and(2B®8) JBQ 278:3466- 3473).

exanpl e | ani ne substitutions may be introduced. A
Ardtitoidies wamnaqu@caae iondhg casbehysisatenstrueHeeBingytofgnan FeORIlla

I
wil§bides aRnifiRbin S 3 A (ool PRHEP 26783 8740 n chftpin
eriBbHitndms, éiﬂadﬂ)@éhﬁbocﬂe@wital\}anaiW&agloms 6D insedtion are
anti bodi es produced in rat

chasacteriged @ym@mg\mc(qg, fpgp§yl@{|orépn thgﬁ&g@eé ycosy%l c@am of
th?h lenghqg)fhéﬁ%ﬁod 822). It is known in the art that

used for antibody expression
affects t he carbohydrate structure of the N-1inked

It tsh%JCOS qgg.ge?;-:!fglttog]tqcr%%%e@h‘tp ?‘?@@ggﬁ?ﬁ ﬁl‘élQSn{i:tgocﬁf RS s&Fum half-
life of an antibody, as of an immunoglobulin fusion protein, is influenced by the
ability of that antibody to bind to an Fc receptor (FcR) (Gillies et al., Cancer
Research (1999) 59:2159-66). The CH2 and CH3 domains of 1IgG2 and IgG4
have undetectable or reduced binding affinity to Fc receptors compared to those
of IgG1. Accordingly, the serum half-life of the featured antibody can be
increased by using the CH2 and/or CH3 domain from IgG2 or 1gG4 isotypes.
Alternatively, the antibody can include a CH2 and/or CH3 domain from IgG1 or
IgG3 with modification in one or more amino acids in these domains to reduce the
binding affinity for Fc receptors (see, e.g., U.S. patent application Ser. No.
09/256,156, published as U.S. patent application publication 2003-0105294).
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to N297 in I1gGy | . The carbohydrate structure of

anti bodi es produced in CHO cells is fucosyl at ed,
woRerea®st he carbohydrate chain of antibodi es PCOEPRIOE012365

in YB2/0 is largely absent of 6f ucose (Shinkawa et al.,

(2003) JBC 278: 3466- 3473) . Aftibodi es that |ack

fucose on the carbohydrate structure bind to human

| ] i.th:higher affinit Shi.el ds, et al ... (20
ThERRE gl 5 Bee oflan BbitallyAifisanfifaymink8 o7 e ch
dénbin SR8 HuiviyRPdie sombtaht YadibROVehér tHAigePin thBSroteins of the

invention are characterized by having reduced

pregeptipvantion tba hinge is hompiagaysyte sspatucally-acadrringe Fc

0888 aMAEIATB kA o SRABEBTRMEES ol B hoavy
chiehs Vief disalfidebonisi itynataral GhnuhdgioBulRe. (ReprieBentative
fusion protein, is influenced by the ability of that

seaHanssa i hinga rrgiers far heinar aegiraeuseirNUNeiabulis can be found

T RN REING, o PRAC I GARE, (PfipBEeR 6. w. 1.
FreednaredndbiGodj h@O22¥.fi nity to Fc receptors conpared to

those of 1gG@ Accordingly, the serumhalf-life of the
featured anti body can be increased by using the CH2

SGifubIe hirfgdd3redford fbrftﬁérﬁrtgéﬁﬁ et érﬁﬁéﬂ%@ﬁgd from 19G1, 1gG2,

Al ternatlvely, the anti odylcan I nclude a
190G Iglofnand bthen imyaineglobyl@Bisatypesnothd ig@t ismtype hasdwo

AR AEH e ik, RS BB EELABR S e
baratieg foreiont ar herefre! a preferfd RinGe Ye§fon BURkipTESEhtaRvention is
U, S. patent application publication 2003-01 05294). The
deriveg rqr@dgﬁﬂ-o@ptlmal% thefitstomoRbNrgrminai gysteine ehan IgG1
gk Laib R YIS LA BSSAUE B g o
agibesiyrfusion\prateins of tHeeinkentien (sed)engl gBupatent application Ser.

NByD8siese Reblished es TS Reterd apalicatth Rt iRgton2002:0944423).
chains via disulfide bonds as in natural

i munogl obul i ns. Representative sequences of hinge
Inrczg@"tr@sgtcr l9G hihamingei regios of ighd imighaalto foromimterchain disulfide

oAl 554 B, 5B P s, e 02

hifgé rediba Haisrfoar drwlftesbémds thae teHdREPlorhteasligofierzition and
be derived from | 4, and ot her

PRSHIRIN HCsERSt Hisulf Gpgé@k%%»ésin?ﬁg’ret!é& ifpeecembinaRt systems.
One suitable hinge region for the present invention can be derived from the 1gG4
hinge region, preferentially containing a mutation that enhances correct formation
of disulfide bonds between heavy chain-derived moieties (Angal et al., (1993),
Mol. Immunol. 30(1):105-8). Another preferred hinge region is derived from an
IgG2 hinge in which the first two cysteines are each mutated to another amino
acid, such as, in order of general preference, serine, alanine, threonine, proline,
glutamic acid, glutamine, lysine, histidine, arginine, asparagine, aspartic acid,
glycine, methionine, valine, isoleucine, leucine, tyrosine, phenylalanine,
tryptophan or selenocysteine (see, e.g., U.S. patent application publication 2003-
0044423).
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di sul fide bonds in the hinge region permtting

efficient and consistent disulfide bonding fornmation.
wab@refose, a preferred hinge region of the prRGERP2006/012365

invention is derived froml . Optionally, the

first, nost Nterminal cysterne of an 1g@ hinge is

mut ated to enhance the expression and asserrbl y of

An R oRTieTseedd a0 é’nt%y%vs’ar%ﬂ%rﬁ%ﬁ@é&? {5 fitag camgontain

CHQ/ ?ﬁ%%r%l%db‘r‘r% hs 9@ RRirdeSegitit @At aa@abhaéd fioh different
Ication 2003- 0044423) I n contrast to |

arihlbngge isatgpesm bor exgmnples thebwrpartion eamaontaip g‘#&? @nd/or CH3

o G A A Ay e
4 RHE pekh ldefsbﬂse@wdﬁst Fé‘tbnt apglidariopr sublication 2003-0044423.

o I goneri zation and possibly incorrect disulfide
bondi ng during secretion in reconbi nant systens. One

géHfab ) n%ﬁﬂég%%n%ﬁﬁ rgaﬁ)n%felﬁg%vé thﬁé’?‘lc‘:@ﬂ?ﬁ@r‘? may

region, preferéntia

cop@diharal Mn@réfuhﬂm agid medificatians tatgeneeally éxiemsltthe iserum
of disulfide bonds between heav 3/ chai n-deri.ve

hatfdifetaf @ tafsden erotgin. , Syabgayno REid mp ﬁBP”S fir{ydg mytations
su%%t%@%%%sluﬁé mﬁ%ﬁhﬁﬁtmiﬁ@ ré &"blhalr@%r‘ MSHplenfent fixing

Wo cyste€ines are
aotl&niﬂ fFor et(a:hpﬂe:; calmtyberofamlchonatatldn reocivesdhe iglycosyiation site
pref erence, ,serin

oo LB SB35 B R 9 0BT Gyasaton

sifdfigi AUD7 (%éeafowxaﬁaplé%%tpétemca;sbncgwﬁlse@ No. 10/310,719,
nmet hlonlne val I he, i sol eucl ne, Ieu0|ne éfOSIﬂG

pyitiehetl aisddish @atemtﬁnmlpaacnn ou bb@at@ﬁ&%fi-m fB163)ke,
e.g., U S patent application publication 2003-
0044423). An Fc portion fused to an anti body vari abl e

Theeho®f vagble negiohs @f tmmmnbalcan(ﬁé?aﬁadﬁeﬂ taChigliagnostic
domai ns and a hinge region that are d r|ve

aniior albeEPEHLS BATLI TOPABESt mbbedus e g ARlifay to produce a
fu?%&br%ﬁbdﬁa%@%‘étﬂ)eny Ghie a@%ﬁ? 8%51 G’é‘% n%ri c@uplb@@g tRé antibody

I'nge redi on such
tofryrbdude Bo iponanocenjugatde€he mgot caled‘beu, forueﬁm;piat artoxin,

[ jcation publi ation 2003-0044423. , When fused to an
e pbelaymoainB Ao BN GRS Rty Srhe e Fe
portion may contain one or nore anino acid
nmodi fications that generally extend the serum
Tha|aﬁtnbodyevamataﬁ regionusi ta ipvastienrandbe pttarhed tagigytokine.

AR BTN LR SR T 012) 14, 15, 1
6 cloopl et f1i2xiing 3, 1L-14, IL- 15 IL-16, IL 18, IL-21, and 1L-23,
hematopoietic factors such as granulocyte-macrophage colony stimulating factor
(GM-CSF), granulocyte colony stimulating factor (G-CSF) and erythropoeitin,
tumor necrosis factors (TNF) such as TNFa, lymphokines such as lymphotoxin,
regulators of metabolic processes such as leptin, interferons such as interferon a.,
interferon B, and interferon vy, and chemokines. Preferably, the antibody-cytokine
fusion protein or immunoconjugate displays cytokine biological activity. In one
embodiment, the antibody variable domain is fused to IL-2. Preferably, several
amino acids within the 1L-2 moiety are mutated to reduce toxicity, as described in
U.S. patent application publication 2003-0166163.
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activity. For exanple, one type of such nutation

renoves the glycosylation site of the Fc portion of an
W0 povoso@bobul i n heavy chain. In 1gd@ , the PCT/EP2006/012365

gl ycosylation site is Asn297 ésee, for exanple, U S

pat ent application Ser. 1 /310, 719, published as

U. S. patent application publ i cation 2003-0166163). The

anti body variable regions of the invention can be
Oa’tl@faﬁilYeghQ projei Cé)jﬁ@‘@%ﬁé Céﬁd!ﬂﬁhe'é'nﬁh@ﬁaﬁ)éﬁﬁq”ld agent : suchas a

o 2 B g S AR R s o

inelnelet ¢l 112yarsd WpP e A Heocdristruatibh hqubyotbm wmdlw(esmmntalmng an
i mruno- conj ugate. The agag{t can be

'WBR”?Q'OPH'H‘ apa@@v NG A eagRrRY O AR IRSRsGADesk Brdptal in U.S.
%[lﬁll\ﬁjt)é i ke. The anti body vari abl e regi on of
e |nvent| on can be attached to a cytokine. Preferred
cytoklnes i nclude interleukins such as interleukin-2
| L-2 IL4 IL-5, IL- 6, IL-7, I'L-10, IL-12, IL-13,
Aty n|L16 IL-1 8, IL-21 , and IL-23,
|é’§’8\‘ fHd ﬁ;\vfaﬁﬁéﬁ’rés weh rzhs'Cb‘?th@rV @éﬁ&&é)‘é@oﬁﬂfb’r@@ihﬁ“@%rotems of
colony stimulating factor (Gw CSF), granul ocyte col ony
thetinventicr, mge paedwred Ity asthodswel kpownopdbe arhof protein

S b e e T N R R R

light cha Whichi intiRidbalerjuenses bf & invbAtide bed imroduced into the
Interferon b, and interferon , and chenoki nes.
apprepERtentsl| anththexrrGORRIPaRY PIOkSIA Produstdn expErssed ajid purified.
: . ) ity
PSR BB eF T M chtbA LR AiiRel T hiarad
mansadidroctiLiizes Boet as NS/, cedley€HA calts, IBP2/0i abdls WSPRIAg14;

AleCctibetSt . B el B ERHILRR T b ThdiaE TR TrL-1662), or

tfur 5?1 ﬁl%liéﬁ s '\Aféwalddwn tm@\eparpbﬁannmb@ﬁ%nsﬁn In one

I ncl ude a second a ent, such as "a second
em}abdknem BdnVidwe ey atitibedlies aregarodHiesd kip/@eellpotryanother

eBRa e By By SRoyoasies afliotbrbdinYRa et

AltETRAN08IyOPEA $tN pRARL iRs@dtEellvor sHdtésa endy by ekt ne produce
described in detail in US. Pat. No, 6, 617, 135.

PrateinB saytainibguariabie regiopsaf be igYeRtiRN.i nvent i on, as
wel | as other variable region-containing proteins of
the invention, are produced by nethods well known in

Atlhdnistratioh protein

The antibodies of the invention are preferably used to treat patients with B cell

disorders such as B cell ymphomas or autoimmune disorders with a B cell
component such as rheumatoid arthritis, myasthenia gravis, multiple sclerosis,
systemic lupus erythematosus, and so on. For B cell lymphoma, depending on
the judgment of the physician, it may be useful to treat a patient that has failed
other therapies. For example, some patients who are treated with Rituxan™ may
initially respond, but Rituxan™-resistant cancer cells may arise. Such patients
should generally still respond to the antibodies of the invention.

In the case of antibodies directed against CD19, it is sometimes useful to clear
the normal B cells from the body, as these cells are likely to titrate the antibody of
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engi neering. Nucleic acid vectors capabl e of
expressing a heavy chain and a |ight chain which
WO p0dessequences of the invention are introdRCEEPI006/012365
the appropriate cell and the, ?econbinant protein
product is expressed and purified. For exanple,
anti bodi es of the invention can be produced in

tnEN NG REREIE " BRy B8 sl 67 Ry By, AeePrciiy |6 standara
prEfBé’dLQeéeWﬁer(\é(ﬁ?élﬁ Hhe RIS D119 BAtbadies AT e Beniéh Hay be

or other manmalian cells well known in the art of

usgattprdepr thedwmraal heellsremdhedigslyi fasexample @avdgsgriped in
i d NS/ 0 cel l | th
E%ﬁ]ﬁblggﬂéﬁ? Eﬁ%ﬁ@/&lﬁf%&vyl gntl bodlcgs zre grgggcegrl n
YB2/0 cells. Aternatively, yeast, pI ants, insect
i Gl el g Ol B S
ad?ﬁﬂ}s@ﬂa?lgﬁ%bl%g-m Bcfith z'l;(%lﬂ@b %%cﬂfastglﬁ)duf%?é&.{so thtfddermal,

use totre atients wth
mtdamusdehas mtrebea@nlal:eirhntkew@mme(botus)aletnmnyrrdnbalatlon and oral

i sorders with B c onent such as rheumatoid
Ve 316 %'Solﬁ?e%?ﬁl\% ejkaq%gf@(’e MAlYtiple sclerosis,
system c | upus erythematosus, and so on. For B cell

| ynphoma, dependi ng on the Judgrrent of the gh ysi ci an,
Farta A Kilbgram duman, @ typisal daseis indhe range oh abobhb0 gailligrams to

2 e i P e e TR nof TR} 4P Dbl

DdSiby xeay barepestedtaiiut ohBe vepettrae W@ gixanesiks, fStékample,
patients should generally still respond to t he

dLEWBl woighdwraral Bheellsandhtunger. celis argdneaiéereds ant i bodi es
directed against CD19, it is sonetines useful to clear
the normal B cells fromthe body, as these cells are

Fusidme pyotemst ofttha tpeesdrd iav&rittmdqreaisdﬁel in rhn&ahih'gdmman disease,

sucheancatiens, WBdnMBatnglcaBRRE ! b dpy S4B aT i Adinister an

arﬂ?bbU?Q@ZeﬁJs‘iﬁn bRstein6AbliAAg Wv?ﬁa&é@@gfoﬂs@f@ﬁé lﬁ\)é‘htlon by
normal B cells fromthe body, for exanpl'e as descri bed

lnfw@fawmctsaae@%qim gsingidasesiafi®).1 0 1A6 preferred

il Balbe A Sftp Thd BPtEiiBRE s mpriguiarty useful to

adhiibisiéeae ansibod yM LL-2desionl protaih camptisingpthe variable regions of the
i ntraperitoneal, or intravenous(bol us& del i VFT){.
inygyRianRY BfusiRp g5 syibcutaneous |nject|on using doses of 110 10

milligrams/meter?/patient, and more preferably about 3 to 6

milligrams/meter?/patient.

Pharmaceutical compositions of the invention may be used in the form of solid,
semisolid, or liquid dosage forms, such as, for exampie, pills, capsules, powders,
liquids, suspensions, or the like, preferably in unit dosage forms suitable for
administration of precise dosages. The compositions include a conventional
pharmaceutical carrier or excipient and, in addition, may include other medicinal
agents, pharmaceutical agents, carriers, adjuvants, etc. Such excipients may
include other proteins, such as, for example, human serum albumin or plasma

proteins. Actual methods of preparing such dosage forms are known or will be
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delivery are al so possible nethods of delivery. For a

70 kil ogram human, a typical dose is in the range of
WoRWI7@ m | ligrans to 2 grans, with a preferPEHEMRISF012365

in the range of about 400 - O mlligranms. Dosing may

be repeated about once every three to six weeks, for

exanpl e, during which normal B cells and tunmor cells

t d... Fus f
appAtRAS Shoss skiledin e By e sargpashiin B F&Bilaton fp e
adfiin ?ef}%@rwnlv\heéh)l EGatl BQnt‘é?rﬂéquenhfy d)fsthé%fct@ém;ﬁ)nent(s) in

use to adm ni'ster an anti body-1L-2 fusion protein

ancampunseéffectiviedowanhiens ther @@snme@ctﬂm} ¢he ﬁu@ﬁp{)bﬁm'yreated
i nfusi on or subcutaneous injection, using doses of 0.1
to 100 mlligranms/ nmetei M/ patient. In a preferred

A&ﬁh%@ﬂmﬂtof thé dofnptuitidrishéveoy can ®eulia bayad the asteptedrmodes
anti body-1L-2 fusion protein conprising the variable
of edgiinistration ﬁ@reagenxgrihatoexmplt sHEl arbyityor TReaR-Methrdripcal or

sy%e{rr%gzﬂﬂogwg}sxﬁt@ﬂ,\qﬁg?‘?%rgcguslmﬁ%ct%rlga h narmage utlca a%:ceoptable

catrferfis @ prefaediathbe iof AdatinsatatioRh a'hmadum(xaﬂ actlve compound
conpositions of the inventiaon %% be used in th

adatinistered, willepl eiree, b@rdepreageat thigeulbigrhkreing d@?t%%l 3, the
sel/Bfit e&(ﬁﬂgla?ﬂlcﬁbllmltﬁe rﬁéﬁﬁé‘ \{%ﬁ tion, bhﬂl{hggldgment of the
't pr g y

suspensi ons in unit dosage

présgritng phisislan.f or adni ni stration of preci se dosages.
The conpositions include a conventional pharnmaceutica
carrier or excipient and, in addition, may include

THE ReEn G i iier AlRNa%ed ﬂﬂéﬁgﬁ‘ﬂ%ﬂ-‘dll@ﬁhn?ﬁ@ﬁﬂﬁnltlng examples.

carriers, adjuvants, etc. SuCh exci i ncl ude
Exarmple pbr GoesigcticniehArt-CH 9 Aéwaﬁﬁleé C%fﬂiﬁﬁhng; ¥agigpble Region

al bum t ctual nethods of
H?ﬁvé(paar? hégig%ﬁ'g‘%gg&% &g?ﬁgoﬁre known or wil |l
beapparent to those skilled in the art. The

onposition or fornulation to be adm ni st Wi | |
Staﬁga@,gﬁmetlccgmlapﬁnag dechiayes were Heed {9 | g) uce nuclelc Beid

seg%ReQE %@ na ﬂ@ ”EHQ@J @Ecﬁﬁéhd' ﬁgﬁtoclﬁiﬁ‘ 'r@g' 8n'd¥€he invention

esired e e su eing treated
mt&ohm apptapltate mna:hmahanoaxmessiom vastone Em’mpdan’y deningsstrategies

M e R T
x?éisqah GedfiFdhghdarbt a8 cohtdih AnRjliiestriitiont dieR foptHe insertion

harmaceuti cal I'y acceptable carrier is a preferred,
ofmetchrid asfd eapdeifestenaoding heaey andlight eainyeriable regions.

poﬁ%ﬁ’éjls cﬁiemgned to accept nucleic acids encoding the heavy chain variable

region as a Nhe | / Hind Ill fragment, and nucleic acids encoding the light chain
variable region as an Afl Il / Bam HI fragment, and to co-express intact antibody
heavy and light chains (see, for example US patent application 2003/0157054).

Nucleic acid sequences of heavy chain variable regions of the invention, flanked
by sequences with endonuclease restriction recognition sequences 5’ —
CTTAAGC — 3’ (upstream, containing the Nhe | site) and 5" —
CGTAAGTGGATCC - 3’ (downstream, containing the Hind 1l site), were
synthesized de novo and inserted into a pUC vector- derived carrier plasmid
(Blue Heron Biotechnology, Bothell, WA). The nucleic acid was excised from
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adm nistered will, of course, be dependent on the
subj ect being treated, the severity of the affliction,
wWo b@70ei9der of adm nistration, and the judgnmeneCBHEPIh&012365
prescri bi ng physician. The invention is further
illustrated through the fotl®hing non-liniting
exanpl es. Exanple 1. Construction of Anti-CD19
Ant i bodi es Contai ning Vari abl e Regi on Heavy and Li ght
theairies phasmideas avidng I 6Hindst birdgment endtligatashigi theeanpigpriate

el R A frsig S didesf RIS, it ShASlg apid sequences
focBAVHI eSEQNDPNG:hE metv GEQ mmwc@rz)aamnnwz a8EQ ID NO:3),
manmal i an expressi on vector. Exe ary Ccl on

BAVT HBUGER TBNO BN (EGWD MRS R VEGBARERHD HO:6), and

on pdHL expression vector
B@E\Lﬁ@%ﬂ?&?@%t %ﬁ%gﬁ’}”ﬁ{ue restriction sites for the
insertion of nucleic acid cassettes encoding heavy and
ght chain variable regions. pdHL12 is designed to

Slaw@db,tmm!@p@cad%\@f mt@h@wva@ablﬁéeawwféww%pnaﬂ@réked by
seqﬁg 88 Qﬁthger'l}hﬁt‘{%:léa's@ rrégtrlc# bnfréeggﬁﬂ%p BRteRlsd 5 C

acl s enco aln-va e region as an
G@TAGCTCCRBE HI 3’f(upgtrea1m canthining e &fpli eBe) iant e

CERNARC o1 3 dhiomietrsat contantese Harm gl sElorre synihesized
deSRIREREE s é&elﬁ‘l’d a&flﬁg Ne¥frl 88tifed SQ#rfé'Fi)légmlHr'(Blue Heron

I nventi on, an ed equences w t h endonucl ease
BmmhnobgvoBotmibWA) i aihe mlqlmch aecidl Bas exgsedAem thegcarrier

it as alnrERy B ] sl N niddihho 108 aBrreipriats, yector

frddnheﬁtl dfey lakéWéé digeEtee parR A 245l asmid N&dlel@éadts&}uleﬁb@s
pUC vector- derived carrier plasmd

e@pdtf@cﬁﬁMlﬂbQSE@dﬂw@Q 8). eh VKYhdSEG 1R fo¥: {9&4 %4\)@@’2 (SEQID
N(ﬁf@& 84 \;P{m#@Qq?J;IBbG‘L 1 )DE\%'MVW@(S@E Ib IéOH'Z'}%ré shown.

ént’ and e appropriate vec
fragment of a |likew se digested pdHL12 pl asm d.

L 8058 Bl st 4T s 0
ch%%ﬁ%lé‘%%bns%%ﬁé‘to@ﬁ%@nﬁt@ 7&@"_502 BHaneno? p(a%l?ﬁ?d's'%ncodmg

are shown. Simlarly,
B41antlte¢djea@f the tﬂventlgm Bé Ndrﬂ\foKW,awe@ gengraird.of t he
i nvention, flanked by sequences w th endonucl ease
restriction recogni ti on sequences 5 -

Example 2. Expression and Purification of Antibodies of the Invention.

The following general techniques are used in the subsequent Examples.
1A. Cell Culture and Transfection

To express antibodies transiently from mammalian celis, plasmid DNA is
introduced into human embryonic kidney 293 cells, or baby hamster kidney (BHK)
cells, by co-precipitation of plasmid DNA with calcium phosphate and cells are
grown without selection for plasmid maintenance [Sambrook et al. (1989)
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor, N.Y.].

Stably transfected clones are obtained by one of several standard methods, for
example, by electroporation or by nucleofection. Electroporation of DNA into

mouse myeloma NS/0 cells is performed as follows. NS/0 cells are grown in



GCTAGCTCCAGC - 3' (upstream containing the Afl 11
site) and 5' - GGITAACCTT - 3' (downstream containing
W b@7B8xiysH site), were synthesized de novo aneCT/EP2006/012365
inserted into a pUC vector- g rived carrier plasmd
(Bl ue Heron Bi otechnol ogy, B ?hél I, WA . The nucleic
acid was excised fromthe carrier plasmd as an Afl 1|1
/ Bam H fragnent and |ligated to the appropriate

Dulbecen’s medjfied Eagle’a medidn CMEMyddiectenglagiep) supplgmented
wit TR PALRE IRy RS RfShes SRR PR hng 1
AT YA, oo St S v 5 n
roBWERATIIRS INHO Bt PIEFRAIER Duyig" SAMPNGREShdIeq WisPaETES of

5 fin gggﬂ&] Eoce) ﬁﬁy\oi%'éaéhYnd e UithliRe 21BN Gohe Puészfer Cuvette

P S encodi ng ant1 bodi es of the Invention,
(O\A—kzr_m]{ é!&ulyodevga]?, B&ﬂ%e;@)gfed 1 OE?ianmtfbsaoﬂ iceExprestroporatiomdis
Purification [ j t I ti h :
oo e g s Bl S8 R S 5825 'na micror
cérnébér%%aweo@@mO%r A0 FRhlteSont igéﬁaﬁévokwﬁrcﬁnﬁéﬁ @féon

0 express antibodies transiently from manmal i an

resespeandad nsgrowtiDredisni and thercplatedhootchiwvmBbavall platess Stably

Ki 293 |l baby hanst. i B | s,

o iR e st Y sl od R phcRSpgr Al
mBfHotRIkate (TN, GRhich igliftraiunsd twd deys postHesidfestidmr The cells

pl asm d mai nt enance [ Sanbrook et al. (1989) Ml ecul ar

are)fedieng!y A daysdpaive Yo iHRaaNoredimes.gpid My Aapgistant clones
ol aPhPHel 7075 SEIHS SERars APhPLffes bho 988y by

arftlf—laumam:crr BLISA toiddntify highepriodatesnGilies @f @ddd9898) dnimmunol.
0 i nmouys el oma NS/0 cell]s, is f d .
15 MBHadses 189 b HOP RPOSHENG: Qes Arisolated 3o apRsatkd in arowth
méamﬁbénféﬁ%gmd@mﬁwm.fe Technol ogi es) suppl ement ed
wth 10%fetal bovine serum 2nMglutamne, 1 nmM

sodi um pyruvate and 1x penicillin/streptonycin. About

SPgHEofE: SRR BaUHH RS o AR faeasihit oy
edEentialy tHEsarel megrd, 266h RIsSSHOICENISABHK thky) SP2/0sliedand
wth the cells in a Gene Pul ser Cuvette'§0.4 cm

20 YBRéceellsadVhep, Y BR/Orerlls were uspdristalkdragsiecied clones were

oL PR STt A P Sde p FFT R ==

Stably transfected clones, for example from rat myeloma YB2/0 cells, were also
obtained by nucleofectibn. About 2x10° YB2/0 cells, grown in Dulbecco’s

25 modified Eagle’s medium (DMEM) supplemented with heat inactivated 10% fetal
bovine serum, 2 mM glutamine, 1 mM sodium pyruvate, and 1 x penicillin /
streptomycin, were centrifuged at 90xg at room temperature for 10 min and
resuspended in 100 pl of supplemented Nucleofector Solution V. 100 pi of the
cell suspension was mixed with 2 pg of linearized plasmid DNA (linearized at the

30 Fsp | site in the B-lactamase sequence), transferred into a cuvette (Amaxa), and
the nucleofection was performed using the appropriate Nucleofector (Amaxa)
program, Q-20. 500 ul pre-warmed culture medium was added and the sample

was transferred into a well of a 12-well plate. One day post transfection, the celis
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Cells are allowed to recover for 10 m nutes on ice,

after which they are resuspended in growh nedi um and
W b@mopdoat ed onto two 96-wel | plates. Stably PCT/EP2006/012365

transfected clones are selected by growth in the

presence of 100 nM et hot rexafe” (MrX), which is

i ntroduced tvvo days post-transfection. The cells are

fed every 3 days for two to three nore tines, and
werexesuspendad ingremal raediurnang piaied ante 9 well plgtes at cell

ORI RO BRI PP oA ety 600 cosen

Sty tramsfecedadiondsl 489 sélecléﬂTbylgi'owahhhéSpréé’éndéBdﬂ 50 nM
Hi gh produm?n?sg clones are isolated and propa

meiheliienatfedyl T cutchiwasitrogocaditwe days; SRR %9 eqs'pﬁe}rhe cells
Id 4l
WGP ko S B 2T By e o R bR M PR IS S raly
apbeldred irBRito Gelvésks. SBﬂbérr[&‘thmts franalofity Werhssayedhmyn anti-

YB2/Q cells were u tably transfected es were
ht@@%?&ﬁe ﬁoeletaeﬂf@ﬁygg 9\55) &rs léﬂlé%p?te%'eﬁﬁiﬂ%gf’ HHMHRO!-
¢ tr f [
M¥lhErs YR 11 HGR ELEENG RS Wb 1sBKARR ohd frofbbated in
grnwtﬂl ewfdiemni camtainbgud0 2 MIGK.YB2/ 0 cell's, grown in
Dul becco's nodified Eagle' s nmedi um (DI\/EI\/p suppl enent ed
wi th heat inactivated 10% fetal bovine serum 2 nmM

THH 8&IRTNAY, be]gWriSWéNmtébﬁdﬂéﬁﬁéﬂlumdbvmrpﬂ’m &it| duoh ds HSFM
streptomycin, were centrifuged at 90x room

sm&qmemedr\wtm 8rd%detdl hoxing see'yuseré%dga nM methotrexate, or a
pratR FREEAL AR MGLE AL EH Ghodighpit Lon V. 100 m of the
e suspensi on-was m xed W 2 ng of linearized
plasm d DNA (linearized at the Fsp | site in the
b | act amase sequence), transferred into a cuvette
1 . and the nucl eof ecti on was performed using the

Dlﬁ@%rﬂﬁfuéh% eh’ls!‘ﬂs“é@ft%cdélérrﬁﬁ@ﬁhé)coﬁbeﬁfrﬁﬂbn&?ﬂrotéiﬂcbrﬂhucts in

pre- war med cul ture nedi um was ad and the sanp € was
the rsapematam cnerIaSXaremwntaﬂoxaes_anmmermeat sampies. degr example,

RSB ELRFA NS oot RS BB P RBEAT B R -8B RM g
pr@ﬁﬂﬁs& td.gs chﬁrﬁélh@ éinfibodiea Pan@® mdBhth Kdppet L SAWR lisddto
approxi matel y 0O cells/well. Stably transfected

m@aw@sthwaow@d&a@@auggr@cbmrh(qf ghimerigpebema@a of 50

WY ate (MrxX), which was introduced two days
' urﬁ*&il?@é}ls cti on. The cells were fed every 2 or 3

Thhiaﬁtl-thCQEMSﬁeis desdribBL-im estailt beibwcl ones general |y

A. Coating Plates

ELISA plates are coated with AffiniPure goat anti-human IgG (H+L) (Jackson
Immuno Research) at 5 microgram/ml in PBS, and 100 pl/well in 96-well plates
(Nunc-immuno plate Maxisorp). Coated plates are covered and incubated at 4°C
overnight. Plates are then washed 4 times with 0.05% Tween (Tween 20) in
PBS, and blocked with 1% BSA/1% goat serum in PBS, 200 microliter/well. After
incubation with the blocking buffer at 37°C. for 2 hours, the plates are washed 4
times with 0.05% Tween in PBS and tapped dry on paper towels.

B. Incubation with Test Samples and Secondary Antibody
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appeared in 2 to 3 weeks. Supernatants from cl ones

wer e assayed by anti human Fc ELISA to identify high
wWeewdnowss [Gllies et al. (1989) J. Immunol. RE/APWE6/012365

125:191]. Hi gh producing cl oggs were isolated and

propagated in growth medi umcontai ning 50 nM MI'X. The

cells may be grown in an alternate nedi um known in the

art, such as HSFM suppl enmented with 2. 5%feta|ee i ne
Teﬁéﬁam%ﬁ%@an@d"lﬁwrr@ttmpf%tfé)f‘csr‘tfﬁt'%ﬁ‘%trbﬁf“f) laufrer, which

coipghyqos %t‘égl\/g af@éjrh 015B Talder(p PBSS % §Rind5kd elfve is

are used F M ne concentratr ons protein
prepaidol ith Iarlcrtrhrenelamrbnayemttb aotiurvBiX-Fa sthet corcentration of which

and ot her test sanpl For exa the anti
is rsnpyn S pishpre & T1BRIBILCENG: SIASHUEPN affmade n the sample

r"&?ﬁi\/@ ﬁsf’%ap réPtcEt\fésrar@ fro ‘I?@ rﬁgﬁnfiﬂ@}ﬂs oatl//s. T%B%Iuted

asure the anount
samﬁplk*arapd dtagtardstaeradded torthmpriate Eb@O imicepditer/well, and the plate

ins e anti-huFc ELISA is described in
H%@?‘%JQFS%V ¢ }OF&E?PWg Plates ELISA plates are
coated with AffiniPure goat anti-human IgG (H+L)

(Jackson | mmuno Research) at 5 micrograninm in PBS,
Afmfdnqmmatrﬂrr e plate iDeasbed Bmmeewtt\r(mﬁ@% Tweeo ipIPBS. To each

B §RhPegf R EbeE B e s ANERY B SHER ffotcn
pé?oﬁa%é' BRP )(coMpegatéd)antithiitBan I@@C(Jbékxﬂfﬁldnr\mrhb Hééearch)
BSA/1 % goat serumin PBS, 200 mcroliter/

iR B 2Dt thecarinia PIET o T ha e @rbaitds; Ohe.
sty &by MASIPHE deRfifled fdridiich 16t bhirfe (RE dfGEHated

anti-himaad y GSavfier m@aﬁoﬁe&tdﬂaé} yor@thiobios|ythe platedamashed 8
are gb dréﬁg to the er concentrations in sanple

tirges ¥ Vh EWEBRIRIPES 106 BSA/ 1 % goat serum 0. 05%
Tween in PBS. A standard curve is prepared with a

chimeric antibody (wth a human Fc), the concentration
Mgmgm known. To prepare a standard curve, seri al

% SRS B by iR B I Sfd hyGyRptate souior
is E'F@p@l'eblﬁyﬁé‘rssolvmg 30 mg of o-phenylenediamine dihydrochloride (OPD) (1
tablet) into 15 ml of 0.025 M citric acid/0.05M Na;HPO, buffer, pH 5, which
contains 0.03% of freshly added H,O,. The color is allowed to develop for 30
minutes at room temperature in the dark. The developing time is subject to
change, depending on lot to lot variability of the coated plates, the secondary
antibody, etc. The color development in the standard curve is observed to
determine when to stop the reaction. The reaction is stopped by adding 4N
H,SQ4, 100 pl/well. The plate is read by a plate reader, which is set at both 490
nm and 650 nm and programmed to subtract off the background OD at 650 nm
from the OD at 490 nm.

The anti-hu kappa ELISA follows the same procedure as described above, except
that the secondary antibody used is horseradish peroxidase-conjugated goat anti-
hu kappa (Southern Biotechnology Assoc. Inc., Birmingham, Ala.), used at a
1:4000 dilution.
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sanpl es and standards are added to the plate, 100
mcroliter/well, and the plate is incubated at 37 C
wo 2007a7d9ur s. After incubation, the plate is WeSHEP2086/012365
times with 0.05% Tween in PBS. To each well is then
added 100 microliter of the 3gcondary antibody, the
hor seradi sh peroxi dase (HRP)-conjugated anti-human |1gG
(Jackson | mmuno Research), diluted around 1:120,000 in
Purlficaianpl e buffer. The exact dilution of the secondary

SRR AR B R FRARS e DAL 196isk I B,
VISyx/VRivy 2nial§ compositigtistof theWwasdraibndvéieBarifidd fiof €8ifeulture
Tween in PBS, C. vel opment The substrate solution is

supgmaiants Yiadrplein & ghromaoarapky hasegen hamaffipdy of the Fc portion

oSBT St B PR bogsig oy

antibbdy tompositiors Wa$ Iddded onto apiredquibidtéé FiBER low Protein A
buffer, pH 5, which contains O O‘i}% of fr shIK added
SaRasosé el of e COMMBIAS WaShed exigasively wihaasEphosphate
bLther ml\tﬂWﬁ Iﬂﬁg%ﬁﬂhéé hes6lATM- Nadi‘leatq'fae‘(ﬁrla'q’gmg BduMe protein
Ject to chang epending on | o
waﬁaelludmi by taylowf piti NpHCZ)ét-e'b) suiditre phoshbatedouffatdcgmposition as

b 80 4ne S TSP N A bbb .5 v
1N REtHAYR. 'frﬁ@ céﬁ%%lt@ﬁs'vﬁel%téwi@ﬂm@() aildliSeaivih F*'I'?o%@ﬁate 150

100 m/well. The plate is read pl at e reader,
mikhiNaGl,ipH 6 smplamqmtq@wwrfrmqn 6@60Mh%d pr ogr anmed

Tispp B A ey BF ot PR Rl iR BeBePRA PRI G e

exeludi@tioh®matodesshy ed bgl8SDS,.PAGES [RedutiatsHoneed that the B4
secondary ant i body used i s horseradi sh

Vfa@f/}«ﬂ&vua?éwé'beerﬂsuzjath@dn‘g%monawer%ﬁypwaﬂbsr%%smh?& %Z % non-
A 0BG ot RE e Fridefibe BLOGHARaSN Braquegs=c

purification procedures were followed. Typically, B4

In@%t@ﬁWW@Pr@@éﬂﬁ@@eﬂ@e af fi nlty of the Fc portion

To ascertain that the antibodies of the invention retained binding to CD19 a
competition assay was used, in which the strength of these antibodies to inhibit
binding of labeled parental B4 antibody (B4 VHO/VKO0) to Daudi lymphoma cells,
which bear the CD19 antigen, was measured. ‘

Biotin-labeled B4 VHO/VKO antibody was prepared using the EZ-link Sulfo-NHS-
LC —Biotinylation Kit (Pierce, # 21430) according to the supplied protocol. The
product was dialyzed with a Slide-a-lyzer (Pierce, # 66425), and analyzed by
HPLC size exclusion chromatography.

Briefly, a titration series was prepared of biotin-labeled B4 VHO/VKO antibody pre-
mixed at a final concentration of 100 ng/mi with one of the unlabeled,
experimental B4 VHvx/VKvy antibodies at 800 ng/ml, 400 ng/ml, 200 ng/ml, 100
ng/ml, and 50 ng/ml in a PBS / 2 % serum buffer. As a control, the biotin-labeled
antibody was pre-mixed with unlabeled B4 VHO/VKO antibody at the same

concentrations as above (inhibition control) or with buffer only (positive binding
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for Protein A. The conditioned supernatant fromcells

expressi ng B4 VHvx/ VKvy anti body conpositions was
WO odethosnt o a pre-equilibrated Fast-Fl ow Prot BCTER2006/012365

Sephar ose colum. The col um_was washed extensively

wi t h sodi um phosphate buffér3?50 mM Sodi um Phosphat e,

150 nM NaCl at neutral pH) Bound protein was el uted

by a | ow pH - 3) sodi um phosphate buffer o
congehposia Fem wdaerzqul%wem@déedtte@aqda@ﬂ'%m 3feminutes at 4

c! t

C p R E 0B AbOREITCRBA LR ARIaA s Ag¥ep o il GEtand the
sartsiep hasdre inddishtetVifdlaifurtidt 3D ﬁ‘llmtpsleﬁﬁélﬂ eBouhd anfowedrof

80 to 0.01 9% The purlt%i/and |nte E of the PrOdH%

S he results

labeled B VHY KO andibody v quéagq Sugn%'afs
R L oS RO R S RSO A contol

THeyteistead bytilgodias evere i VOID/ VKO ¢Gaga4 sbatuKamd 1), iavHv2/VKv1

(@b Bty Ry e T O e ARV P BUar RO RACE B it ey

(6&8'1"9‘2“—!\}3‘?9'@4% (?], BAOHVAREN4 (8), B2 \ﬂ@vwm ,;andm

To ascertain that the antibodies of
VHlveiyividor 0).et Bepreseptativierrgsults oDive axpeimpenistarershoywnip Table
3 vva(i.l.u%fed in which the strength of these antibodies to
%' %i ndi ng of | abel ed parental B4 anti body (B4
TaBE BVKRhititorPetBiotinyB® MHTVEe Bifidingtto Madik @elis by d6BbBdies of
—antigen, was neasured. Biotin-labeled B4 VHO/ VK
thamv%@y) was prepared using the EZ-1ink Sul fo-NHSLC

'DIULIHyIaLIUH K \rlclbc, fia 4¢4ou; od U|Hg to—tie
suppl i gdtigpr ot ocol § The product was di ai J‘éd with a

Slide-a-| (Pig¢rce, # 664%5yhibianm0ﬁnbﬂlqdz&4jbib@ingﬂPLC
{@Flﬁ‘?‘? chi

si (rlaksidl/ or&at ography, Br Iffl y,, a titratjion 8
series was prepar ¢ b| oti n | ab é4 V VK
ant 1 bodgx prem xed a68a f3nal seonceat i aké on 1(3@ 60 60

nn/ nd \l\l t h one oflthao |n| a2 Laod avindari nnht Ql

VHVX/ VK\‘)’;‘/ anti bodjes®af %b r@;‘m ,274‘2 Slozuhg néfo 2(316 2 | 48

g7, 3P0 ng/ T, [andl bozad) 18 1[N 32 PB5 /| Be%[senum 36 | 32

-l aheéeled Bnti nrly Was
pre-ni x&8 with unl|aB®l pdl®B4 V0| VRD antt bpddP 4t he 20 | 16

apovie g1 B (T @ O Tolp of 12 | 12
with buffer onl y dpositive lbi ndilngcomtrol The

combi ned anti bodi es were added to Daudi cells for 30
Ta'BIelﬁ eInh%ltlon of Biotin-B4 VHO/VKO binding to Daudi cells by antibodies of

the invention.

Antibody

Ratio (% inhibition of labeled B4
(unlabeledl/labeled) binding)

C 9 10

8x 93 90 87

4x 90 87 80

2x 83 70 70

1x 67 57 60

0.5x 50 47 53
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C. A 1:200 dilution of FITC |abeled streptavidin was

added to the cells and the sanples were incubated for
w@2Goantdesr 30 minutes at 4 C. Bound anount of PEDEPA6/012365

B4 VHO/ VKO anti body was quantjitated by FACS anal ysis,

and the results were express Z as "percent

inhibition," relative to the positive binding control.

The tested antibodies were B4 VHO/ VKO (Q), o
Asveivaiyic T abierd andaisbies forea fqungl theh a4 e Vicry antibodies

oA e BB SRS e B Re(Eh oo e
urdis|B4 B4 Bl0MKE ’ef]nli@bd_y Régyrindieating ’tr(xjea theatiniesof theoB4
exper :
Vi EDeplas 519 B 0N ROTRS PR abad; cel |5
by antibodies of the invention. Table 4 : Inhibition

of Biotin-B4 VHO/ VKO binding to Daudi cells by
Examplecti ADCE actieity of entibadies\ef Hieowentiomabl e 3 and

ARG a5 e arer U ioe ABCPRICRRY 11 1 YEEON B el ) Faous

ceh8ines Was assddiddar ABYC Wasafetbitinea b2 shdatd Vi Péidhse
anti body did, indicating that the affinities of the B4

asgHy xa¥Kvactimediibdae est. oA sepal dilgipu thatEnbibagdiesrwas prepared (4-

i mj lLar. .Exanpl i, Vint i ' f

toft SlutBis i ArSR 8 (o 1O @ 8 P2 ho R LR N5 BL plifed

hdrhgn IPBICE (effedtop delerof NCrsabeter Deridi cells@argssE:T is 100:1) in
assessed. ADCC was determ ned by a standard 5 1Cr .

the giresencenakthe, anfiboslies wasdpeastred dysrecific sErirglease, relative to
i P ; ’

off BR % (o3R8 Sp a0y Bl SRR Cau B vpavics

aritivddiessproduyed drdrh ibenndn senb iRBNEKidrefyf 283 Oceliseot §pmoYB2/0

calieas EDoH LD hanfifed B o SR e b’ ¢g) he'ch rom vB200

cél%%éﬁeit_%sékg rel ease, relative to total cellular 5
1 (adjusting for spontaneously released 5 1Cr). B4

VHv4L/ Kv4 anti bodi es produced from human enbryonic

ki dn 93T .cel | r , s . .
Figui ey bR DEissar R6f shETatEePrffint” adtE Snlifodies obtajned from
YB2@eBaxfes siohsveves equatlyt adive fih grediatity ADOE, ahe at least 50

result of such an experinent. Both, anti bodd' es obt ai ned
fold m@re active than the corresponding antibody obtained by expression from a
NS/0 cell line or from 293T cells. B4 VHv4/VKv4 produced from 293T cells was

more active than B4 VHv5/VKv4 produced from a NS/O cell line.

Example 5. Depletion of human B cells grafted into SCID mice by antibodies of

the invention

The depletion of B cells is useful in a number of therapeutic contexts. For
example, antibody-driven autoimmune and inflammatory disorders may be
treated with antibodies of the invention to reduce or essentially eliminate B cells.
Alternatively, when treating with a tumor-targeting agent such as Zevalin™ or
Bexxar™ or a Leu16-IL2 fusion protein (W02005/016969), it is useful to first
eliminate normal B cells.
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YB2/0 cell expression were equally active in nediating
ADCC, and at |east 50 fold nore active than the
werex9sndi ng anti body obt ai ned by expressi onPE¢T/BP2086/012365

NS/O0 cell line or from293T cells. B4 VHv4/ VKv4
produced from 293T cells was3fore active than B4
VHv5/ VKv4 produced froma NS/ 0 cell line. Exanple 5.

Depl eti on of human B cells grafted into SCID m ce bé
Taaddiesdiveetber anantibodyiof dre Tventiepicetidbbe vised te depiete human

B b3t g saeTerR va SeRRRR. “ORR I Baieehiy ce17

migeSAr€8y ef@¥nhrafidde@ite punifiel Humam PENSs vmtm about 4.5 x 10’
i nvention to reduce or essentially elimnate B cells,

celp ire Praam!s of FBSwere injected n@trwwoae@lmr@rsseav@lé«prgwmg a

o SR A A ARSI B Kb T bbb o o

Trahspil raunobr(2005B18€57s164). a0didays3, whe tnhieé wadre injected
anti body of the invention could be used to degl et e

mtﬁ@wﬁoaea@r with either FES 8PRINERQHAMERH th@anth P@Qramtip.ody

W -
ey I St LN Qv evels o Rl R el iR
measkdredlby @hﬁmanslgM BRBSAvaprantitatjceckie(Bethyl Laboratories; Cat #
eri entially follow ng a protocol
E%QQSFBB afy6 t1ﬁeaf‘a}ﬁ|sfer of human spleen cells
( Yacoub- Youssef et aI , Transpl. |munol. (2005)

15:157-164). On day 3, the mce were injected
Figurer 3 showsrwpical restilis eiln the PBSctreatedcantmlsghaditerasf human

b e84 erks<Eh i <Citho L pOR et eV M ot ol the

midy trediedaitH GithdrllicoM BoveBY i\IWEi/VKvKidntledS/hhuman IgM titers were
Laboratories; Cat # E80-100) on days

essegtially abseMolnsiqajipodhet Pusian B cell$ Wtelﬁ% dﬁeteteqi @attease antibody
s, the titer of human I1gM steadily increased,
trér%fgngwtcequi?éﬁg about 800 m crograns/m on day 42. In the
mce treated with either Leu 16 or B4 VHv5/ VKv4
man IMtlt er e, essentlall
. nt of 2. lymg egring mammal with, an aptibody of the
in@éﬁﬂd@pdy treatments. Exan'ple 6. Treatment of a

nmphoma- beari ng manmal with an anti body of the
Tao addisssovhether the antibodies of the invention were functional in vivo, the B4

VHv4/VVKv4 antibody, expressed in YB2/0 cells, was tested in an animal model of
human lymphoma. Eight-week-old SCID CB17 mice (n = 6) were injected
intravenously with about 1 x 10° viable ‘Namalwa’ Nalm-6-UM-1 cells on day 0.
On days 1, 3 and 5, mice were treated with 500 micrograms of antibody
intraperitoneally or with PBS. About one to two times per week the mice were

examined to see which mice had become ill enough to require euthanasia.

Figure 40 shows typical results of such an experiment. Mice treated with PBS all
became ill within 10 weeks of the injection of the tumor cells, while mice treated
with the B4 VHv4/VKv4 antibody became ill at later times, and three of the six
mice in this group remained healthy throughout the 30-week course of the

experiment.
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To address whether the antibodies of the invention

were functional in vivo, the B4 VHv4/ VKv4 anti body,
wexprezeed in YB2/0 cells, was tested in an anP@®EEP2006/012365

nmodel of human | ynphoma. Eight-week-old SCID CBl 7

mice (n = 6) were inject ed~i dPravenously with about 1

X 106 viable 'Namalwa' Nalm6-UM1 cells on day 0. On

days 1, 3 and 5, mice were treated with 500 m crograns
Exa‘mpiat?i bbrhatiment ab erBurkitts lymphomaitiearg mabwoal wite an@ntibody

Td: é@(ﬂ#re%s%éhév\@wé él’ﬁl'ltfcﬁheé GﬁtHet ﬁ\v@ﬁtléﬂl @Bul@lrbé?w&ﬂ qureu% in
Mce treated with PBS all becane ill within 10 weeks

copfibinakon witbcehesnoiberape the B Vel MKvavantikogy was tested in

t ted V, l.

o B e B B ARGtk i e previous
exXafie Nestréedididg t hite kawh nbé@ o'B@namthﬁea“tSerﬁé of ienphoma.
experi nment . Exa ?e 7. Treatnent of a Burk

In mepﬁ@r@ﬁqﬁatwqummmant whe Pamgi gl I'%%dyh'@h i laeBurkltt s

|yA\R/ﬁK‘§ &{IH ‘i@é%{rgéféd% Mﬁé‘aﬁ*\ﬂ@%ﬂﬁmpé(n bgﬁa/g‘égége}%d in

I es o the i nvention co
YB2ZYO\gells, wnhmrmthmnlogolophbbphmm (@?AbyElgHt@vﬁfk-old SCID
VHv 4/ VKv4 ag i body . was tested in anjnm

CRUGNCH YOOt RIooes STrRNanaysh iR Bbouhar 10 Yigkle Daudi
eﬁé%\‘n‘ &é&ﬁoe@?@tb9? g ‘F?prﬂﬂf@ \ﬂlré ﬁelgfhéﬁgﬁgﬁ“léb%ﬁzr@érams of

arder to trea
antibpdg ©e MBS @ dapéfr thﬁarmce mee beatid withIPBS o 75wmiacpgrams of

crf S ostam ok Pl BBy TreatbrBB ARy b FESHE Y] | o
lnma &ritohedlly OO !, NW@&S o fiBS)per ek mmk:emhére

D CB1 mce (n = wer e |n{ ected i ntravenously
emnnlnedlﬁ@@@ew%cnmceurm Reqogpaill ereugh trequyreceutbpnasia.
days 8 and 12, mice were treated with 100 m crograns
of anti body or PBS. On day 7, the mce were treated
Yitehd PBBows tﬁé resuitsogf a typicdl dﬁﬁérlpmfntkllm thgr eomtodl drodp treated

by e e L e
A SR 1§ Y Ve
the B4yHvdlViéxpantibedy or CiPA, feouloefithel6 micsiyere baa@r@{y for at least
flvvé': \{vg%( {Jﬂgé%eﬁﬂg\kggﬂﬁm z?bou s’%t w%lelksOfln We g%u%eop%?caenﬁeated
with both B4 VHv4/VKv4 antibody and CPA, all of the mice remained healthy for
at least eight weeks.

Example 8. Treatment of lymphoma disseminated disease with an antibody of

the invention combined with chemotherapy.

In another set of experiments, Namaliwa cells were injected intravenously into
mice as described in the previous Example, except that 2 x 10° cells were used
instead of 1 x 10° cells. This increased number of cells results in a more
aggressive disease course, as indicated by a comparison of the PBS-treated
mice in Figure 42, which all became ill within three weeks, as opposed to the
PBS-treated mice in Figure 40, which became ill between five and 10 weeks.

Mice (n=5) were treated with 500 micrograms of antibody intraperitoneally or with
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injection of the Iynphoma cells. In the groups of mce

singly treated with either the B4 VHv4/ VKv4 anti body
W@R00gPA956 out of the 6 mice were healthy for BET/ER286/012365

five weeks but becane ill within about six weeks. In

the group of nmice treated wi#® both B4 VHv4/ VKv4

anti body and CPA, all of the m ce renai ned healthy for

at | east eight weeks. Exanple 8 . Treatnent of

PBS mphiays 3li Sesdiliat Mccedwe@aléoweta’aedwnﬂi\ﬁltmd;ycmbmlsehamlde

(7SR ot GhOTeling (L SEPRE E] BPYonarlpR 19 FloRE v or
PBS‘(T\@?’@HQA‘@%B@ iMtapd™ £.eTRE rdﬁﬂfs"ar@eﬁxdm IMEigureueais). The
except that 2 x 106 cells were used instead

reotﬂltslln}dlcﬂb@d that|eachTof theithraescharmotherapreutisy agents gould be

oo e Pl BB T AP HERVER IS Pes. (T oaten m ce in

Figure 42, which all becamslll within three weeks, as
opposed to the PBS-treated mce in F| ure 40 vvh| ch
Exampled. | reatment ohafhuraan patient with gati es_ang-metho:

m&éﬁ%tned wi th 500 m crograns of antl body

eritoneally or withPBS on days 3, 7 and 11. M ce
Thearti-aI10 antitbddids of the mvehtBon aye Lept ds riealrhdman/diseases and

dlg%ggg?sug% gﬁ[o)vx(ss olhgaléggé:rg F\!? ?)ge;fgoggé r{‘lrg(k\o%) otjcﬂﬁ/ra%ygraélonjs by
mﬁé‘@eﬁ’olds lﬁﬂ%dr?ék'lﬁtl%v%h6u§ '"'rﬂlé@tlor\" dﬁh%ﬂbﬁ stdlcataheousfjection,

results 1 ndicated that each of the three
incaletion rwrahgelutary, a@@mlsercrnaﬂh@db@re@m pessibiet MAdministration

2t oRCE BB ot AR Bl Bt ke BB B

adrﬁ‘ﬂ@ﬂrfaltl@ﬁ mayoafndépéhdifig dnttheadieds «ffthe paitient eAttygidal dose is
are used to treat hunman di seases and di sorders as

aboyt I1QQ/§0 809 @Gﬁé@%@n adnit "bﬁ“@’ér 1 eqptad pabigntss are monitored for
siGLh R didh' that hrid lybr>ésbﬁ‘fr'roff'r‘( ﬁﬂﬁﬁxﬁoé@éﬁ%s@lﬁn‘?r
alt hou su

ravenous 1 njec taneous
| nJ ection, i nhaI ation, oral deI ivery, and ot her

A PPl S etk 2 e A28 10 B
VHTM/@‘I"QWnér&IHo@X' FhE8Mvertion ARReRACEGVR M@wmg%t%f dose of
the patient pi cal dose is about 100 to ngs

alfasit 8amgéagu wthrﬁﬁmmlsmatm kyidpatinfugion far abﬁum th@luéd for
signs of infection that may result from
I munosuppr essi on.

A patient with rheumatoid arthritis is treated with the anti-CD19 B4 VHv4/VKv4
antibody about once every four weeks at a dose of about 8 mg/kg, with
administration by drip infusion for about 1 hour. Progression of joint destruction is
found to be significantly inhibited by monotherapy, even when compared to
disease-modifying anti-rheumatic drugs.

A patient with Crohn’s disease is treated with the anti-CD19 B4 VHv4/VKv4
antibody about once every four weeks at a dose of about 8 mg/kg, with

administration by drip infusion for about 1 hour.

A patient with multiple myeloma is treated with the anti-CD19 B4 VHv4/VKv4
antibody about once every three weeks at a dose of about 8 mg/kg, with
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For exanple, a patient with Castleman's disease is
treated with the anti-CD19 B4 VHv4/ VKv4 anti body of

wo b@7iomeeent i on about once every two weeks at aPCDER2006/012365
about 8 ng/ kg, with adm nistration by drip infusion
for about 1 hour. A patient dth rheumatoid arthritis
is treated with the anti-CD19 B4 VHv4A/ Kv4 anti body
about once every four weeks at a dose of about 8

admginlegratiantly drdprinfusiondot abouty! toup TrealmieohwitbrthatsatitCD19 B4
Vil 9Ry4 FBHS il eleRhy Rt rerliph et BTk fryeloma
as@é@ﬁhﬁ%aﬁ%éi aRfarRs abpldliA8 for thegiaeht.c drugs. A

patient w ohn's disease is treated with the
anti-CD19 B4 VHv4/VKv4 anti body about once every four

A Bt Bt A SR Moefithe freBtdHitn thé AoPreRio 4 FHANva
anftisbtl pibeulpate BRrehsthiré € alcrks\it tad ddeeobath out @/l with
VHv4/ VKv4 anti body about once every three weeks at a

admpigistratiogddrisintgsirg fovabeiddhhaus opienally iRcembipation with an
S o i !
or b9 by OB o TSR Bl b meter of body
s%ﬁa@&dﬁpd;ghiohaseadlrr]miafstmdte\fany wask( pr&'thrt?elamhiﬁCEQQ antibody
eterm ne a.. S L,
R A, A G AtRET i e B8 PR ST Rdyaghoms,
treMtinnk mhqnb'arﬁté@@m/w&/wﬂ@(% %mibs(w)s ?&ﬁHFne_@l"Whi% a

every three weeks at a dose about 8 ng/kg, wt
radidirmmiwsnocanjugateégudn ap BexxasT"oor Zevaled¥ut 1 hour,

. v i . . i .
Mgt Sl deBaL it 708 i gPlaf et d Vit BB amt-co1o
B/ HadYKs4 ahebedpabaut shde Bvéry thee wesksaed ddeerof about 8

or wwth the anti-CD22 anti body epratuzumab.

V\Be L P . . . . . .
mafkgewithtadrainistrationt yeddp fdusipnfopabewnt hopt, pptionally in

cRBARREI o PR B ERRA e B8b Rt pus
vimaistioerpius dorojubisin @lusuptedaisdiene CHOP")por CHOP plus
oGl b it BRSEe ihorrBab i BrsS ot
thfé@ﬁﬂ&‘&oé&iﬂ@%&)’gs E%rh‘i IS pﬁbé%ﬂaﬁa'bﬁr?ﬁlu‘é&%‘%aﬁﬁ, & mesna

ose of about 8 ng/kg, wth adm ni'stration by drip .
plusifasfaoride plusabitoxantrone plusoptoposidiel 9r bandamustiat erdtudaribin

arl\%%rb chenot herapeuti c regi nen such as
1 ocg?ﬁ'ospham de plus vincristine plus doxorubicin

InRInugliterhative sehonent stetely,)a patiekiriih alBigsell lymphoma is initially
treated with the anti-CD19 B4 VHv4/VKv4 antibody at a dose of about 8 mg/kg,
and is then later treated with an anti-CD20-IL2 fusion protein such as that
described in W02005/016969. For example, a patient is treated on day 1 with
the anti-CD19 B4 VHv4/VKv4 antibody with administration by drip infusion for
about 1 hour, and then treated on day 2 and day 4 with an anti-CD20-IL.2 fusion
protein at a dose of about 150 micrograms per kg with administration by drip
infusion for about 4 hours, and this cycle is repeated about every 3 weeks.
Without wishing to be bound by theory, the anti-CD19 B4 VHv4/VKv4 antibody
has the effect of clearing most of the normal B cells from the patient, so that the

anti-CD20-IL2 fusion protein exerts its effects by binding to remaining tumor cells.
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bl eomycin, or CHOP plus etoposide, or mtoxantrone
pl us vincristine plus thiotepa, or etoposide plus

WQe@wadnie®sl one plus cytarabin plus cisplatin, oPCHEBWE6/012365

plus ifosfam de plus mtoxantrone plus etoposide, or
bendanustin, or fludaribin-afd 2-CdA. In an
alternative treatnent strategy, a patient wwth a B

I:,cell | ynophoma is initially treated with the anti-CD19

n 4 antibody at a dose of about 8 ny/kg, and
is then later treated with an anti-CD20-1L2 fusion
protein such as that described in WX2005/0 16969. For

1.exaphadified Bat atidodys whicthisdds® Imhayiogenictthah men- modlfled B4

anti-CD19 B4 VHv4/VKv4 anti body with adm nistratio
dr igntibeoysvien pdministared fo ﬁdwmaralrwtlﬁ &Hll PP@W&%NGQ specnﬂcally

dayblad 91 6ayn d"ta‘%%@%é%@ll@@&br mg’ d)bq of Qéub‘}ﬁ%@lvﬂ@& Snfibody

a dose o

ad neomsttisiag iat fedst omel gf theﬁolbvmngﬁmmlﬂnglmbmlnhmaw cheariral
this cycle is regeat ed about every 3 weeks. W thout

wi SFRMEWOHK fﬁQ'BB nd by theory the anti-CD19 B4

y;hé Q)/FVAQ ?’rom heﬁ%%? Zcée%é?91$§trﬁ

anti -CD20¢$¢,@ igSN@Elzgljotel n exerts its effects by
bi nding to remaining tunor cells.Patent C ains:

rmdMﬁ‘f—‘@d" K4 st omady$r2 Y O K, Kib s R Qrdﬁl%zog%h&r\( r?ém is K, E or

but {Té’fq%?,zf fé 5@@2%&%@8%\{@%@3& 14 Sfr tﬁg C#n%B?QJMEékldues at

to sagm g)emtmblls net(ﬂ'reesasrlnegasaﬁégammal a[bldmdth‘e e@l'respondlng
anti bog conpri sin east oW n
R BUATING B4ty Sk 1rﬁ§rf§v£é@ 'B A Y

(SEQ I D
MO T3 ) U e R e g é'%r <X 9

i's \Rlé’rfelﬂﬁxg,)@l?( X3 id- ROIA, br TX%3 |$8 FéndEXst @ordmcbré@deé that one
T or A, provi ded that at |east one of the am no acid

r esfPfdbé@ra'ﬂOsﬁﬁ'@l regidies ghBOSIEOM KO M8 inRet the samee as the amino

" et BE e BhrtPBoifg BOREPH A eIGAi Sl duaERer SEQ 1D

SAMWI13.(SEQ | D NO : 23 ) vvhereln X3is K X5is R

A or T, X7is % and X8 is QS erovidedthat one

(i) YNQKFXsGKAX,,LTVDKSS TAYME SX,6LTX,gEDSAX5,YYCAR
(SEQ ID NO:24)

wherein Xgis K, DorE, Xypis K, Eor D, X25is S, D or E, Xogis S or A, and

Xaais V or T, provided that at least one of the amino acid residues at said

positions is not the same as the amino acid at the corresponding position in

amino acid residues 60-98 of SEQ ID NO:13.

An antibody of claim 1, comprising heavy chain framework regions (i), (ii)
and (iii)

A modified B4 antibody, which is less immunogenic than non-modified B4
antibody when administered to a human, but is still competent to specifically
bind CD19 and to target cells expressing CD19, said modified antibody
comprising the following immunoglobulin light chain framework regions:
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of the am no acid residues at position X5 or X8 is not
the sane as the amno acid at the correspondi ng
WQOM7THI@M i n am no aci d residues 36-49 of SEQ PCI/EP2006/012365

NG 13.; (H) YNQKFX 6GKAX 1 O TVDKSSSTAYMEVSX 2 6LTX 2
9EDSAX 3 4YYCAR (SEQ | D NO 7724 ) wherein X6 is K, D

or E, Xi O0is K Eor Db X26is S, Dor E, X2g is S or

A, and X34 is V or T, provided that at |east one of
thdlvamﬂa(ﬂeT@Xné’ﬁ%hw 18R SREEREasTHIEnESEQ hbt NQhd2)

TR SeiO G atel Riordh SriSae ForaeT O T2 T or L
antdrméyg igfv f Ai HidEQ mtlailiéwstmvof tﬁe BRinbl AR YEdibues at
regitons (1), (1) and (ii1) 3 . Anodified B4

antpdsitibns Wnathhe §amas theramineacid atﬁbei cagespoadingapsition in

correrzon s Silef < 20y SRR/ o target

cell's expressing CD19, sai d nodified anti body
conprising the foll ow ng i munogl obulin |ight chai n
45y xgmme d 8di antibadyvpf ®aim3; whargigXsrisparnd Xoxs|E.
SASPCGEKX 1 9TMIC (SEQ 1 D NO: 32 ) wherein Xi is Qor
Db X3is Vor A X7TisSor E, XiOis | or T, Xnis M
5.0r A madiflecB4léntitbdy of claim® ovd delereiraX4 &8 D, ¥asts loaad
of the am no acid residues at positions is not the
sanetd&lt he amino acid at the correspondi ng position
in amno acid residues 1 - 23 of SEQ ID NO 25. 4. A
nodi fied B4 anti body of claim3; wherein X3 is A and
6.X7 A snddiified B4 amtiiddyeaf apy @fmietmmmsof —d&, Ziomising heavy chain

o dTA B8 b Ty iband 5 8RRt &faif frarewou region (v)

conpri sing heavy chain framework regions (i) (ii) and
(ii1) and light chain framework region (iv

7.nmoch Medifigd Bdnantingly offarangf the daiensc] ai Gr@omprleeng the following

conpribpRablfy ight A RoRBRBERLRRY Haker AR EIRI GRRe

8. AnpuyiANeMB4 anti body which is | ess inmmnogenic
t han non-nodified B4

8. A modified B4 antibody which is less immunogenic than non-modified B4
antibody when administered to a human, but is still competent to specifically
bind CD19 and to target cells expressing CD19, said modified antibody
comprising at least one of the following heavy chain variable region amino
acid sequences selected from the group consisting of SEQ ID NO: 14, SEQ
ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO:18, SEQ ID NO:19,
SEQ ID NO: 20, SEQ ID NO: 21.

9. A modified B4 antibody which is less immunogenic than non-modified B4
antibody when administered to a human, but is still competent to specifically
bind CD19 and to target cells expressing CD19, said modified antibody
comprising at least one of the following light chain variable region amino
acid sequences selected from the group consisting of SEQ ID NO: 26, SEQ
ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, and SEQ ID
NO: 31.



anti body when admi nistered to a human, but is still
conpetent to specifically bind CD19 and to target
W@ 00r87@xpr essi ng CD19, said nodified anti bodyPCT/EP2006/012365
conprising at |east one of the follow ng heavy chain
variabl e region amno acid” s@fuences selected fromthe
group consisting of SEQID NO 14, SEQ ID NO 15, SEQ
ID NO 16, SEQID NO 17, SEQ ID NQO 18, SE?IDN019
10EQ N difad Bd, ars@gdv-f K(aimp8 andd compristnigratdeasipne of the

a4 OGPt R PEPERTTE i R SRR Sefyq from
CONREIgeilip b©n§|l§ﬁﬁ%gf sadz J/Dkwl@d1mecxa|mdNtn 16@8@@ ID NO: 18,
ceIIs expreSS|n 19 aid nodified ant]

RIDANOR ) SR TRINSIE, SRQHINGHGSER dNGHaPSEQ 1D
é?é“‘?bégh??@'t 35155} BRe T e TRBHGRS RERPAS \Bflalt ¥gictFamino
| Ddﬂ@! sé%erﬁ%é n%%be?i@gdf&gz tBﬁ@rblﬁb N&'n?@ﬂng o BEGED INéD 26, SEQ

1T
conpriG; R: SEQ BanlOces SrakNEs e ek Tl S imscsea 10

varygbke region anmino acid sequences selected fromthe
group consisting of SEQ ID NO 14, SEQ ID NO 15, SEQ
I 16, SEQ ID NO 17, SEQIDNOlS SEQ I D NO 19,

D NO
155 bR Blhar o) B BirEed cobiol b TRho R i o
SeqpRieeselsBleRrrefh therbtipe group consisting of SEQ I D
NO 26, SEQ ID NO 27, SEQ ID NO_ 28, SEQ ID NO

SEc(J)era\a@cr@m vafiablgzegion 0o{BEQ 1D NO1 . 14Aarrﬁawfft|0§@lrsz¢aﬂable
ant | onprising the foll owi ng heavy
anc{eg gh cﬁg @sﬁggggt ed fromthe group: (i) heavy

chglinhaavy edia vaeiablenregfiorSBSER NDNQ:A41 Buadd lighhthaihaianiable
vari abl e region of SEQ I D NGO 26; (ii1) heavy chain
varegioneof r%% @ ID NO 15 and light chain

var h@*ﬁ'egvy%abﬁmé’ff tgg%élgnWS@d ID(N O')IG@\%VIIQFW&%Ih variable

vari eglono D NO 16 and light cliain
varregizneofr@igQol) HiO: %Q I D NO 28;

(iv) heavy chain variable region of SEQ ID NO: 17 and light chain variable
region of SEQ ID NO: 29;

(v) heavy chain variable region of SEQ ID NO: 18 and light chain variable

region of SEQ ID NO: 29;

(vi) heavy chain variable region of SEQ ID NO: 20 and light chain variable
region of SEQ ID NO: 30; and

(vii) heavy chain variable region of SEQ ID NO: 21 and light chain variable
region of SEQ ID NO: 31.

12. A modified B4 antibody of any of the claims 8 — 10, comprising the following
immunoglobulin light chain complementarity determining region (CDRs):

SASSGANYMH.

13. A polypeptide at least 90% identical to a heavy chain variable region of B4
antibody, which is less immunogenic than non-modified B4 antibody when

administered to a human, but is still competent to specifically bind CD19
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(iv) heavy chain variable region of SEQ 1D NGO 17 and
light chain variable region of SEQ ID NO 29; (v)

WORMVPTEOMAI N vari abl e region of SEQ I D NO 18 BGHEP20§61012365

chain variable region of SEQID NO 29; (vi) heavy

chain variable region of SEQ4PD-NO 20 and |ight chain

vari able region of SEQID NGO 30; and (vii) heavy

chain variable region of SEQID NO 2 1 and |ight

chaind ivatargdl celisezyipressing SHI 9,bhaipolygpeptidex:omprising an amino

nodi fi,ed, B4 antibody of any of the clains -1

corfffi §PR§'wﬁ8n@2ﬂn§v&rﬁaér BTSN (S REl 17 Leu20,
cor@s@&?mhm,tme/dgt EY$88)ILY86520y98Y, (SdBS5) or VABIANYM

. 13. A’ pol ypepfide at l'east 90%identical to a heavy
chain variable region of B4 antibody, which is |ess

i 85 &Rl B CRERS il el SRl B ey 95%

spagéhticalid v B4 aatiEBdy Haady thainaragrible eddisnexpr essi ng
CD19, the pol ypeptide conprising an am no acid
substitution at one or nore residues corresponding to

1%2?%&9’ bgfjﬁ%&@%%@%%ﬁ%ﬁér 14 %ﬁgreirlri/ﬁégﬁolgbéﬁﬁéi g{jﬁﬁ)@i%es one

pol ypeptide o
whegranard biethecd yhstipatichs Goaiu) ¥aldRL9S A rgdOhlys clhéu2@Val,

% ShOLPAD) Do CHRLD. KB | BRI LB oL ClMEG Lyessnop

CONRJsbSEstu ,Q_%GyGIUPLfsﬁAéd? SctdbAsp [ SéreBtiu DIVESThr.
Val T2Lys, Argl9Lys, Leu20Val, Lys23d u, Lys23Asp,

Thr 24Al a, Lys38Arg, dy42Asp, dy423d u, Lys65Asp,

16,4 BehPer S S sodh iR RIS G alRble oo 84

a ldrgivodyhahithvignesdimmuegigenicthabhontinodfiéyd BaMaintbody when
| ess i nmunogeni ¢ than non-nodi fied B4 anti body }/\,he
Yt

adrAdinigisderad 002 Aumatadut Bustilh corspetent i Apecitical bj_pld CcD19
B751d (BN GURLOS, AR o6 Bhyfihs EHBRTT 34 amino

subk=tid substitntiah aboeemr moreerasidi eduEmresponeimptodVaid, Ser7, lle10,

ot T a0 58120 Bets 1. Lol BY niall, SR ser >t + HeUSS:

17. The polypeptide of claim 16, wherein the polypeptide is at least 95%

identical to a B4 antibody light chain variable region.

18. A polypeptide of claim 16 or 17, wherein the polypeptide comprises one or

more of substitutions GIn1Asp, Val3Ala, Ser7Glu, lle10Thr, Met11Leu,
Val19Ala, Vai29Ala, Ser51Asp, Leu53Thr, Ala54Asp, or Ser75Glu.

19. A modified B4 antibody comprising a heavy chain polypeptide of any of the

claims 13 — 15 and a light chain polypeptide of any of the claims 16 — 18.

20. A modified B4 antibody of claim 15 and 18 comprising a heavy chain

variable region comprising the following amino acid substitutions:
GIn5Glu, Val12Lys, Arg19Lys, Leu20Val, Lys23Glu, Lys23Asp, Thr24Ala,
Lys38Arg, Gly42Asp, Gly42Glu, Lys65Asp, Lys65Glu, Lys69Glu, Lys69Asp,
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17. The pol ypeptide of claim 16, wherein the
pol ypeptide is at |east 95% identical to a B4 anti body

WO L@ 7@bai n vari abl e region. 18. A pol ypepti deCEP2006/012365

claim16 or 17, wherein the ﬁ)ol ypepti de conprises one
or nore of substitutions Gn @sD, Val 3Al a, Ser7d u,
Ilei OThr, MetH Leu, VaMBAl a, Val 29Al a, Ser51Asp,
Leu53Thr, Al a54Asp, or Ser75G u. 19. A nodified B4
antSer88hsp ofiprdsslngoaValdaihrcand n pol ypepti de of any

oy’ Bt chB Parlshe rgioR oo A ng BAE efERACLE .

of sgibatitmtibasand 18 conprising a heavy chain variable
regi on conprising the follow ng anin [

foll d
SuBBINT 6P| VABAIE SeriGlu, Wel Qbry Methl Gaio al19pk, MalagAla,

o yeor Hoe GREEIE: AL Br STl o © Y eRP

Lys69Asp, SerddAsp, Serd A u, or Val 93Thr, and a |ight
chai n variable regi on conprising the foll ow ng am no
21aciA Db EIGIeCHIE SNSOdnGR E@qﬁl I%%é@ratbogyrw@qa?espongmg

(=Y ; a‘g\@,@ i a0 Ser 51Asp,
Le?@%ﬁ“"%ﬁéﬁﬁg? t%/r er@Sg\/ﬂg%gAfmA DNA nol ecul e
encodi ng a nodified B4 anti body or correspondi ng
ol ypepti de. according ta any ane of cl ai ~ 2 22.
2 A RISSEioh Vo brorBsEs R ol Bel® 21
claim2 1. 23. A host cell expressing a nodified B4

anti body or a correspondi ng gol ypeptide as specifjed
23.n Aahgstogelt expressings modifiggl B4 Antinogy &F Reeasaspeading

COTRIAER 7380154 ap) B g RGBT, oncer and

Sing rn a pharmnacol ogi cal |y
effective anount an anti body or pol ypeptide as
specified in any of the, clai, 1 - 20, optionall

2‘1-og%PHéFnﬁWlH'°@¥ FREPOSHION #lﬂ%ﬁ'@fq;éé% y@éﬁn@nap% e%nﬁe,r and
conépdéglhrﬁgﬂs)gg%% incémt%g”%hg?nmg ﬁ(ﬁ%@ﬁ@ makuf acctnderagmoun
of an amtibahnenpolypeptidecas spatifiedtin ahy aftloe otaime 1 — 20,
di Soep%%%%lh? Iiogfe%ﬂgre \5vith a pharmaceutically acceptable diluent, carrier or

excipient.

25. Use of a pharmaceutical composition according to claim 24 for the
manufacture of a medicament for the treatment of autoimmune diseases or

cancer.



