WD 2007/ 076950PCT/ EP2006/ 012365 1 ANTI - CD19 ANTI BODI ES W TH REDUCED

| MMUNOGENI CI TY Field of the Invention The invention relates generally to
vari abl e regions of the anti-CD19 nurine 5 nonocl onal antibody B4 |ight
chain and heavy chain nodified to reduce their immunogenicity. Background
CD19 is a surface protein found on B cells and on certain cancerous cells
derived lo fromB cells, such as many B cell |ynphomas. Anti-CD19 nonocl onal
ant i bodi esvhhawe/otesn generated in mce, and show sone ECAMEPIGICION2365
pre-clinical animl nodels of B cell-lderived cancers. However, nouse-derived
anti bodi es are general ly i mmunogenic in humans. A nunber of strategies have
- been devel oped tANTI-CD19ANTEBOMESWITH RBIHICED MMMVUNOGEMCITYe r

i mrunogenicity in humans. 15 One such strategy, chinerization, involves the
fusi on of nobuse variable regions to human constant regions. However, the
nmouse-deri P’%‘i’d RS vertRiH on sequences remai ning fol l owi ng chinerization

w Il often be inmunogenic. Another such strategy, humani zation, involves the
r epl acenmenThefnventisr relstasvgharalyntoweriableergiginns grtRs pntitG D1 S murmevar i abl e

regions with the nost,..cl.o r.el at ed humgn-.deri ved, sequences,. with the

optional® r BPEPEPER %?t‘bé’«gyts@# %rﬁr‘#‘ﬁg‘ %Rﬁz&a g@?@'? @q@@edicgzrr é’é‘ﬁ‘aﬁﬁ'hg nouse

am no aci dimifuRbgRiicityd mai ntain binding activity. However, even hunaenized

anti bodi es may be i mrunogeni c, since the anti body conpl enentarity

determ ning regions (CDRs) generally contain B cell epitopes and T cell

epitopes t n-self. Indeed, even fully human anti bodi es are 25
abididu

I nmunogeni C, ¥ I S the basis for the formation of anti-idiotype antibodies

duri ngdt h_eCDgQri§ e_snfggfg dr@@rg&)u!nesnmselﬁs ahd o@}‘cfrhﬁsearmevbdﬁﬁnsilmi\@fnpl y to
nouse-derivead ant] - antil bodies as they would to_any other type o
ant1 body, TS Pele, SUPRERITPEY § SelAATPBRTARL ANSOTA ARONSRATE il bOF P duced

i nmunogeni gl ; i 1oh td : ALk J: is

i rect ad t GictbectPpSHERR ftice! Bnd SHER e GRnE BE R chile e, .2

modi fi ed t modethafdd celsderivechogmmersi Hpwener onpasd-derivedoantidodids/are B4

anti body. Mre ecifically, bhe vari,able re '(%n of. the B4 ant'bo@é f the
nventi on PEnGTBlY ainGgenin hUmhe . AUTIDST Shstiategies Bue begd devPlobe; B
WO 2007/ 076508 @ld 286/ 2o diesdominfiize RREK ﬁﬁnmhoggﬁcwyﬁmmgns.have

i mproved bi ol ogi cal properties conpared to wild-type ant i bodi es.

Accor di Hgl Pneisvchsérategye shimenzatippyiarelves thetus rapusshvarabie repieRyuence
to human constant regions. However, the mouse-derived variable region
sequences remaining following chimerization will often be immunogenic. Another
such strategy, humanization, involves the replacement of mouse-derived
framework regions (FRs) within the variable regions with the most closely related

20 human-derived sequences, with the optional reversion 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

25 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 foranti-CD19 antibodies with reduced immunogenicity.

30 Summary of the Invention
The present invention is directed to an anti-CD19 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



5 defining a nodified i nmunogl obulin heavy chain framework regi on conprising
am no acid residues 1-30 of SEQ ID NO 22, wherein one or nore of the am no
acid residues at positions X5, X12, X19, X20, X23, and X24 are as foll ows:
X5is Qor E, X12is Vor K, X19is Ror K, X20is L or V, X23 is K, E or D
or X24 is T or A According to this aspect of the invention, at |east one of
t he am no woizth7hobkok@si dues at positions X5, X12, X19, XEOpmpsddeoi®ss X24 is
not the same am no acid residue as thesam no acid at the correspondi ng
position in the unnodified i nmunogl obur?'i n heavy chain framework region as
set forth in amno acid residues 1-30 of SEQ ID NO 13. In one enbodi nent,

X23 is E or I not r._as t i I f u 1 acid
- sequence d%'?{{%r%i qqlﬂ% 38"%%@ %‘%ﬁl ﬂ}éﬁ@él/@%gﬁgfe% #ﬁﬂ%{%ﬂqg"@@@ on
conpri si ng g@moarﬁmoa;ésea dues 1-14 of SEQ ID NO 23, wherein one or nore of
-the am no acid residues at positions X3, X5, X7, and X8, are as follows: X3
is Kor R X5 is R T, or A XTis G D, or E, or X8 is Qor K Accordlngto
this aspec ] L reS| dues at
pos t | ons AR, bR bk g, e | ERoritalREs B erifio SR rte” O
corres p@nddiéfmmz@ainﬁdd?rﬁed mnmhaog!mmﬁh heady cinain lf@gie&mrklregmaa:owpma@

framework region as rth i idresidues 36-49 of SEQ I D NO 13.
In one enbdBNPedr %3&0 §%§?D%%%er'a§ﬁ‘§&f mengeLfithg &minen

features SEsLHRNe i i eavy
chain fra?rgéc\/{gr leé@&f%ﬁ) npri s?n%ﬁar%mng;g(azg ??eé?%g(ggraﬁ%%qg?&g%&% NO 24,
wher ei n on@ ak, rmmsdt ot Kexaﬁnmﬂ adf,dX2(kisi ldoe¥, X23 k| Eicrd3, ox6{244s0;, X26,

X29, d X34 fo D,. X26 S,
5% B oo Ragiging to B srortoh e invenfbn @164 e ot the BaeP Bt of Lhe

i nventi,gn, re%?du'e@%%bo@iﬁ@n@ﬁ(ﬂ Ixe 22 RH DOX2G | X223 &sHAUEs ridh tH Sk @MingGicid<10,
X26, X29, or X34 is not the same as the am no acid at the correspondi ng

posi tion ifiesidue amisdrminecddidéiihegiostesppiding pegitiondn the vameddied regi on as

set WO 20 0] es

50- 98 of SR MRS Noevs AR ERRNork Pesio) 85 Bt IRy AMGMRE BRI

anot her aspg6tof 3H@ D MNE@MBL dn dneadrmbediment, 2@3is Bor D. sequence 5 defining a
nodi fied i munogl obulin |ight chain framework region conprising amno acid
resi dues 1-23 of SEQ ID NO 32, wherein one or nore of the am no acid
rDES;(dUIQE Al Mﬁér‘éﬁb%c?qhe ?ﬁrenﬁ@n f@ﬁ@ves@ﬂamﬁﬂﬂa@ﬁ%e&ﬁ@n@démﬁ@%g |X:sL I\/So?r
A Accor di mgdtfﬁatlmmlmmmndfeaw@hamvfeamewﬁik @gidmpmag’@mmhecwjm no acid

resi dues 10 0 9 i .no .th .same as the
am no aci dfeéfat‘{eﬁo'si%Pfg?&ﬁ%f‘@?B P?R%}]OP%%% Hb"?ﬁﬁ’ﬁélﬁ %%gﬂ‘%soul in

l'i ght chai &t gostigneoKd X&@hmm%&eirefa@rfbﬂlbwm mnsnooﬁszl G(SHQR dyes Al3@3 of SEQ
| D NGO 25. | n_one enbodi nme A and X I n anot her embodi nent, X1
is D, X10 ©LID, erfe %?iB issQLor I@SAFQPFQH‘GttﬁéP'Sa?@EQ’é&Of the dnventient aldpasteat ur es
an am ng a&h@oﬁﬁ%%ﬂiﬁ%é%?& rébidlbLat BfitldnS &4, ! Ba9be R4elis Rol {r%héarﬁg%ﬁn

conpl enentarit eterm ning region conprisifig amno acid residues 33 of
SEQ | D NO m@arﬁmolamlchabﬁhlee:rormpend:ngtdmsltlonverhh;a unmbdmednmmm@obuﬁo acid
sequence defini a.nodi fied i.mmuno in I| hain fr [ gi on
conpri si ngﬁ%ﬁﬁ Cg%’él%ffarﬁe&qf@ r%?o%é‘sé"% g}rﬂggém; CE?S Jjg@@oif%?%fggr not her
aspect, thg NO/ent irooné eaibotRfed Xané Ebgedy. vari abl e region 25 conprising an

am no aci d sequence selected fromthe group consisting of SEQ ID NO 14, SEQ
ID NO 15, SEQID NO 16, SEQID NGO 17, SEQ ID NGO 20, SEQ ID NG 21 SEQ

L2, 25 SR Mo fpe RN AR o B OO eBlenSFRARAR, 20,

CD19. modified immunoglobulin heavy chain framework region comprlsmg 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, X261is S, D, orkE, X29is Sor A, or X34 is V or T. According o this

30 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 regidn as set



30 According to another aspect, the invention features a pol ypepti de at

| east 90% or at |east 95% identical to a B4 anti body heavy chain variable
regi on, the poiypeptide conprising an am no acid substitution at one or nore
resi dues WD 2007/ 076950PCT/ EP2006/ 012365 - 4 - corresponding to Vall2,
Leu20, Lys23, Thr24, Lys38, Gly42, G n43, Lys65, Lys69, -Ser85, Ser88, or
Val93. | n wwoestembosi nent, the pol ypepti de conprises onep@r iR ofs
substitutions G n5d u, Vall2Lys, Argl9Lys, Leu20Val, Lys23Glu, Lys23Asp,

Thr 24Al a, Lys38Arg, Arg40Thr, dy42Asp, dy42Glu, G n43Lys, 5 Lys65Asp,
Lys65Glu, Lys69Glu, Lys69Asp, Ser85Asp, Ser85Glu, Ser88Al a, or Val93Thr.

90% or at ‘Paadh uon pageruesE-af BESEEIRLUEC 1 fefe RRNRTERaE8's cgi on.

the pol ypegpirge i 0 conprising an amno acid substitution at one or nore
resi dues corresponding to Val3, Ser7, 11610, Met' 1, Vall9, Val29, Ser5l,
Leu53, Alab54, or Ser75. In one enbodi nent, the pol ypeptide conprises one or

oAl 5, va o0 a bR AP bls o BB iR o REIET Am i Flo o sedfbb R O
aspect, st h@ﬂwahﬁ@dﬁiécﬁaﬁmaﬁg@mmIi@i\tccmm' flagiee@uk Reyien polrprspyi de

according to any one of the enpodi nents of the invention. |In another aspect,
t he i nventadinoraed (pedues heSFPRR IPNGBwhergaanemr meiseofibe @etingd
conpri si ng_t: f o QSR AY | p [ LV nt of a
pol ypept i eé'‘!&:E%S?)(?%l%nég]t RS éndyy %ingk%’pg%%gd;%gd?ﬁrér@ %'?\é ﬁ@ﬁ%\gfe%@g‘r@t 0 a
patient. lar X3 eV cagntis $ beEi Xdong | onT fxat iy Risord, e t@ds Moor Aar geting a

cell with CD19 95 on its surface, the nethod conprjsing.the step. of
S i St or AR THRCN BB SUL! B I ANIgIH IGRSITE Hdhe GTIRG ShL eaiddeie

enbodi BNt g it X NUENDIX10, X188 RADXIhIRRG Sind b6 HERRRD 544 sfe! | s a

tumor cell. 'I'n summary the invention relates to: 30 A nodified B4 antibody,
whi ch is |besorespandiogipositioarin tosummaidified dmBaurngiodioiohhemaindm ni stered to

cel1's. expriaEPRgHiseor SSRet foth hRoIRGREEa e o RGBT RS B or the
fol | owi ng ¢reumbetiphent] K3heAvand X7 is E. In another embodiment, X1 is D, X10is |,
and X11is L.
15
In another aspect, the invention features an amino acid sequence defining a
modified immunoglobulin light chain complementarity determining region
comprising amino acid residues 24-33 of SEQ D NO:28.

20  In another aspect, the invention features an amino acid sequence 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
25 comprising an amino acid sequence selected from the group consisting of SEQ
ID NO: 14, SEQ 1D NO: 15, SEQ ID NO; 16, SEQ ID NO: 17, SEQ ID NO: 20,
SEQ ID NO: 21, SEQ 1D 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. |
30
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



WO 2007/ 076950PCT/ EP2006/ 012365 chain framework regions: (i)
QVQALX5QPGAEVX12KPGASVX19X20SCX23X24SGYTFT (SEQ I D NO 22) wherein X5 is Q or
E, X12 is Vor K, X-16 is Ror K, X20is L or V, X23 is K, E5 or D, and X24
1sT or A, provided that at |east one of the am no acid residues at said
positions i-s not the sane as the amno acid at the corresponding position in

am no aci dypesi7@wuesy 1- 30 of SEQ ID NO 13. (ii) V\X/X3QX5P€%M%W &SEQID
NO 23) wherein X3 is K, X5 is R A orT X7 is G and I'S

provi ded that io one of the am no act d*resi dues at position X5 or X8 is not
the sane as the amno acid at the correspondl ng position in amno acid

resi dues 36-49 of SEQ I D NO 13, i
YNQ<FX6mff@WMEI'K&NQVSﬁE%QW§D§M4M Glgéd @hﬁ‘lﬁd-zﬁﬁ5 15wherein X6

Is K _Dog >%9’?§3§§88E PVa ES &%%r*es?tﬁboan%ntq’he)%ﬁ)(de?h eWordprisa@d X34 is

Vor T, pr g1 de east one of the ammno aci sai d

posi ti ons ong oretorehed s*mamuafsns k‘mn@@iun&'aed@ws,aArg‘!l@eysdremManding?Gmﬁ itionin
am no aci 98 of, SEQ | D 13 A cor ifie

ant i body gdﬁ?;% ﬁé% Ly$a8AT: A Eﬂf&%\fkew?éép {%'5’4%%? @E%ﬂ)q}fé&hd (iii) A
correspon a

mon- o TN R P B a i Se DG s S JeFab ARy, BB gART Ry
conpetenth&m&§HEC|f|calIy bind CD19 and to target cells expressing CD19,

said nodi fied anti body conprising the follow ng i munogl obulin Iight chain
25f ramewor k regions: (iv) X1 X3LTQX7PAX10X11SASPCEKX19TMIC(SEQ I D 1'40: 32)

wher ei n XtAdcéro@lg?fo ant?@r bﬁjéétoﬂhe"}ﬂvéﬂldnq‘e&u%s Epo}?ﬁéptiée lat RiasTo0%ldr is Mor

L, and X16 is or A provided that at |east one the ami no acid residues

at posi ti @hieass Qﬁ%t identécal done B antikodynlight caamdfaalabtm@gm tless pelygeRtfeosi ti on
B Poak) " REH A T S Sl 50 Bul B e ANGBEE SRR R 1T o B4
ant i body; h®rerf, k10, ME1 1 )X¥8119s Vel2%$érad, LeuS3|-Alab4, or Ser75. in one

embaodiment, the polypeptide comprises one or more of substitutions Gin1Asp,

Val3Ala, Ser7Glu, lle10Thr, Met11Leu, Val19Aia, Val28Ala, Serb1Asp, Leub3Thr,

Alab4Asp, or Ser75Glu. '

15
‘In another aspect, the invention features a nucleic acid encoding a polypeptide
according to any one of the embodiments of the invention.

In another aspect, the invention features a method of treating a patient, the

20 method comprising the step of administering a therapeutically 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 celt with CD19

25 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:

30 « 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 immunoglobuiin hea\)y



WO 2007/ 076950PCT/ EP2006/ 012365 6 A correspondi ng nodi fied B4 anti body,
conprising heavy chain framework regions (i), (ii) and (iii) and |light chain
framework region (iv) A corresponding nodified B4 antibody, conprising the
fol | ow ng i mmunogl obulin |ight chain conplenentarity deternning region

(CDRs): SASSGANYM -1, (amno acid residues 24-33 of SEQID NGO 28). A
nodi fi ed &Goa.djﬂ’j}(]m&ky which is | ess immunogeni c than nons#pgh ant i body
when adm nistered to a human, but is still conpetent to spegpéﬁgéﬁgy bi nd

CD19 and to target cells expressi ng €019; said nodified antibody conprising
at | east one of the follow ng heavy chain variable 10regi on am no acid
sequences selected fromthe group consisting of SEQID NO 14, SEQ ID NO
15, SEQ I D NO chsin fei@ewdriN@gidi®: SEQ I D NO 18, SEQ ID NO 19, SEQ I D NO 20,

non. ot 1 e BA) ant FYSXORRAARI A AR PR AR S T i1

conpetent to 15 spegQqp p:dynd CD19 and to target cells expressing CD19,
said nodified anti body conprising at |east one of the follow ng |ight chain

vari abl e re | ofvheReiRcksde 0B Bquenisc¥ 05 &, &as BAR or ¥m>ths lgpbNp Xeoiid(.st i ng of

and SEQ 1D NG 250 a00 kel ff%ﬁ?ﬁawﬁa%a%?aea§'?§25%,ﬁ?f%%§®m B ising at

| east one of t hesifiodd avéalg poehivyis (habitheaahabhe tHeegmind actiieotieei d sequences
selected fromthe grocP consjisting of SEQID NO 14, SEQ 1D NO. 15 SEQ ID

NO 16, SEQ | DCRUESRINdiRgEOBHONS @mmcsz diresitieps d -38HSER IONGE3- sEQ I'D NO
21, and at Iea (T3] L varl abl e region am no 25
acid sequences?s)e W\?)g (?ﬁ 7’?4‘?[3% group %%dgm g?lén%s of SEQID NO 26, SEQ ID

NO 27, SEQ | DwWHereiadss iSEQ Xsls R?A 20T, Zx@ GDahl@Xefi@Q anld ﬁEQddﬁtl@ 31. A
correspondl ng nodif.ied B4 ant]

chai ns'&el ect e@NBhe ARG BE‘H regéy r@é%bo'gﬁéﬁ %ﬁdtggrs eo%s @’IedSlEngIh}D

NGO 14 and 'lgfahnﬁa@bla a&%ﬁb%@}r@sﬁ&%.ﬁg pBkitiSk bFPm'NQacs@@esnﬁUb% 3'3%9/& chain
vari abl e regi on of SE NO 15 and Tight chain variable region of SEQ ID

NO 27; WO 206HQ1BMNORET/ EP2006/ 012365
(i) YNQKFXsGKAX1gLTVDKSSSTAYMEVSX 6L TX2sEDSAXaYYCAR
(SEQ ID NO:24) .

15 ~ wherein Xgis K, DorE, Xy isK,EorD, Xzsis S, DorE, Xagis S or A, and
Xasis 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.

« A corresponding modified antibody comprising heavy chain framework

20 regions (i), (it} and (iil)

s A corresponding modified B4 antibody, which is less immunaogenic 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 foliowing immunoglobulin light chain

25 framework regions:

{iv) X4 XaLTQXPAX10X411SASPGEKX o, TMTC(SEQ 1D NO:32)

wherein X;isQorD, XzisVorA, XyisSorE, XypistorT, XqgisMorlL,
and Xqg 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

30 in amino acid residues 1 ~ 23 of SEQ ID NO:25.

s A corresponding modified B4 antibody; wherein Xj is A and X; is E.

o A corresponding modified B4 antibody; wherein X4 is D, Xqpis |, and
Xq1is L.



-7-. (H) heavy chain variable region of SEQID NO 16 and |light chain
variable region of SEQ ID NGO 28; (iv) heavy chain variable region of SEQ ID
NGO 17 and light chain variable region of SEQID NO 29; which is preferred.
5(v) heavy chain variable region of SEQID NO 18 and |light chain variable
region of SEQ ID NO 29, which is preferred. (vi) heavy chain variable
region of SEQ ID NO 20 and light chain variable region of SEQ ID NO 30;
and (vii)VGauuyp7reHai n variable region of SEQ ID NO 2Icvkb2iisgindsschai n

vari able'region of SEQ ID NO 31. A_cgr,[espondi ng nodi fied B4 anti body,
conprising the followi ng immnoglobulin |ight chain conplenentarity

determ ning region (CDRs): SASSGANYMH. (am no acid residues 24-33 of SEQ ID

oo o i e e LSS Bl S P
antibody when i %E{ﬁﬁé‘nd eii)aermll@ﬂ, g@lhhtfrér%e%ﬂi teg&gg% ent to

specifically bin and to target cells expressing , the pol ypeptide
conpri si ng an @ntoreespoindirguinetified tBbantitodyneomprinibgdhe dallasieg cor r espondi ng

to Vall2, Leu20, Lys23, Thr24 0ly42 s38, . 5. Lys69, . Se or Val93.
20 A g:orresponé"ih Bf%PHHBH'SB’é?h%A%EPEP?Tﬁ%EBM@*‘%sHW@ fegialt {Craligg)[ 95%
i dentical to adMsIGANYMY, {mﬁw seiPidid(Risi 2B 8 of 8FIPID NCA2eRT r espondi ng
pol ypepti de, wherein the pol ypeptide conprises one or nore of substitutions

G n5d u, Val ¢ 21ysiodified| B4 gotibadyualivhiis ldsg I28ENOgEhis3ASION-MhdBiediBd
Lys38Arg, dy42 d y42Glu,. Lys65Asp,. 25Lys65Glu,,. Lys69 Lys69Asp,
sgr85Asg, Se?/s@éﬁﬁ?d%w}l‘%fﬁ‘ﬁ*ﬂﬁsyemit%%rﬂ”&%ﬁ}dﬁ?ﬁﬁggﬁb‘?‘%}/ﬁ%&ﬁ@ at | east 90%
i dentical to asbb@ih&aiﬁﬂ”l%!hﬂ_()@’f@ aRl & tRgeokiRlexBlesifd BOAR, 4 Alddified ess

| munogeni ¢ than non-nodified B4 anti body when adm nistered to a human, but
is still conpetagtibodpcepedsing@diegst onaef tm pligwing Beawr ¢hain vatizleexpr essi ng

resi dudb cor r eSugH ] o GeTEsertIeREsd So B R, o OB binki b sl T ™
Leu53, Alab54, oD N@©r74.SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ D
NO:18, SEQ ID NO:18, SEQ ID NO: 20, SEQ 1D NOC: 21,
¢ A modified B4 antibody which is less immunogenic than non-modified B4

antibody when administered to a human, but is still competent to

15 specifically bind CD19 and to target cells expressing CD19, said modified
antibody comprising at least one of the foliowing 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 1D NO: 30, and
SEQID NO: 31.

20 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

25 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 1D NO:; 31.

s A corresponding modified B4 antibody comprising the following heavy and

light chains selected from the group:

30 (i) heavy chain variable region of SEQ ID NO: 14 and light chain variable
region of SEQ ID NO: 26; '
(i) heavy chain variable region of SEQ ID NO: 15 and light chain variable
region of SEQ ID NO: 27;



WO 2007/ 076950PCT/ EP2006/ 012365 - 8 - A correspondi ng pol ypeptide, wherein
the polypeptide is at least 95% identical to a 134 anti body light chain
vari abl e region. A correspondi ng pol ypeptide, wherein the pol ypeptide
conprises one or nore of substitutions dnl Asp, Val 3Ala, Seatlu, 11el0Thr,
Met | 1Leu, 5Vall9Al a, Val29Al a, Ser51Asp, Leu53Thr, Al a54Asp, or Ser75Glu.

nodi fi ed Bo aibaoRegdy conprising a heavy chain pol ypept| g the
am no acid substitutions Gn53 u, Vall2lLys, ArglolLys, Iﬁﬁé@%fehﬁ%&;%&u

Lys23Asp, Thr24Al a, Lys38Arg, 4 y42Asp7 9 y42Glu, Lys65Asp, Lys65Glu,
Lys69Glu, Lys69Asp, Ser85Asp, Ser85Glu, or 10Val93Thr, and a light chain
pol ypeptide conprising the am no acid substitutions A nlAsp, Val 3A a,

Ser7Glu, I|lel Q@fheavyathhil eariablairégi@mod SEAN2 8I0:06 Sied Bitsghairb earibldr ,
Al ab4Asp, or Ser 7561ﬁ DNA nol ecul e encoding a nodified 84
anti body or coff®<pHE §ﬁ%'QL§';9)I mepti de as specified above and bel ow.

An expressi Onngﬁfﬁé’év \/é#l%tggg?;@%lﬁﬂrd'f%ﬁ@@'m %@ﬂ?ﬁ@éﬁa@n vafatlst cel |

expressing a nodified 64 anti r a corresponding pofypeptide as
speci fi ed. region Af SR&Y hblEntAS¢ sthidoisposietiedn suitable for the treat ment

of cancer and ut 0| ne dl ases co |

ef fective am)ui\i3 15’0\6%7’ '%85@&@92@0 Béafﬁq@gﬁg ‘%ﬁ'@gl?el ow,
optional 'y togeidigs oYVSE@ D MI@I’ZQB.WH g3rbter@ecept abl e diluent, carrier or
excipient. A use of a corresponding pharnmaceutical conposition for the

manuf act ure of () healycehamvanakleragionof SERH? NE: 2 end Highinehain yedalde or
ol d sequence HAGARLS M ERT 30y HELYY' chain variabl e region (134 ViD)
(SEQ I D NG 1), (vii) heavy chain variable region of SEQ ID NO: 21 and light chain variable

10 region of SEQ ID NO: 31.

s A corresponding modified B4 antibody, comprising the following
immunoglobuiin light chain complementarity determining region (CDRs):
SASSGANYMH. (amino acid residues 24-33 of SEQ ID NO:28).

o A polypeptide at least 30% identical to a heavy chain variable region of B4

15 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 Val12, Leu20,
Lys23, Thr24, Gly42, Lys38, Lys65, Lys63, Ser85, or Val93.

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

» A corresponding polypeptide, wherein the polypeptide comprises one or
more of substitutions GIn5Glu, Val12l.ys, Arg19Lys, Leu20Val, Lys23Glu,
Lys23Asp, Thr24Ala, Lys38Arg, Gly42Asp, Gly42Glu, Lys65Asp,

25 Lys65Giu, Lys69Glu, Lys69Asp, Ser85Asp, SerB5Glu, or Val83Thr.

* 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

30 polypeptide comprising an amino acid substitution at one or more residues
corresponding to Val3, Ser7, lle10, Met11, Val19, Vai29, Ser51, Leub3,
Alab4, or Ser75.



Figure 2 depicts the nucleic acid sequence encodi ng an exenplary 64 anti body
30 heavy chain variable region incorporating codons for the nutations K23E,
42D, K69E, and S85D (B4 VHvl) (SEQ ID NO 2). WO
2071076950PCT/ EP2006/ 012365 - 9 - Figure 3 depicts the nucleic acid sequence
encodi ng an exenplary 84 anti body heavy chain variable region incorporating
codons forwbhe7/adesd | ons K69E, and 5850 (B4 VHv2) (SEQﬂd}iﬁ%&@ozssFigure 4
depicts the nucleic acid sequence encodi ng an exenplary 84 antléogy 5 heavy
chain variabl e region incorporating toflons for the nutations 05E, V12K,

R19K, L20V, T24A, S85D, and S88A (84 VHv3) (SEQ ID NO 4). Figure 5 depicts
the nucleic acid sequence encodi ng an exenpl ary B4 anti body heavy chain

vari abl e regporA cotespding pojypeptctes wheareiniibe polypeptts isGBEeaRR, L20V,

R401, 3K, K65 S8 8A,.. d,V93T (.84 VHv4 SEQ ID NO5). 10 Fi 6
depi ct S4t he nud‘l?%ri‘ttcagaﬁageﬂn'«???g@hgﬁﬁ@m("ﬁ&a% t@?@é‘ﬁpgry B4 an%i body Ihg;\rlg

chain variable ' rm}% | LB if | 12K,
R19K, L20V, T24£§A;§8':2g§’£ R Q&&%‘g{l{ﬂﬁ' K65D?lﬁstggg?tygﬁgm\’/%%brm?gie%wﬁ%fy( SEQ I D

NO: 6) . Fi gur endredefivbstiutines Gilin Asm \id3Alas 8gUidHu ellettlddi Mgt th eexenpl ary B4
anti body is he ai (A e Lqn_ i LPALAL LN Q or the

mut at i ons CBE, a‘%%é@’%%@?%?&ﬁi@%@ﬂ%ﬁ*ﬁf‘\?)@ﬁa?‘%ﬂ%ﬁ%ef?@é ‘1D NO. 7).

Fi gure 8 depjctspidai { } i id@shphidight chain
vari abl e regi oﬁ@( B4 %‘h ?gﬁ%@D&@%ﬁg%ﬂ?gbygﬁ?%? t he %ﬂaéénlg%i c acid
sequence encodithg aarine aeidmubsiiiudionslnbGy Vait AlyghArgii®hys. heudlial.e regi on

NG )¢ Frgure 13CARBI CyseHEsh TRt AR L By R SR SR excetpl ary, B4
anti body |ight [glagBAsyaryis8BGa, 188696, 1Ge69RSMIS185490BersbGiu,tdre mut at i ons

QLD, 110T, M 1L, and A54D (B4 VKv2) (SEQ ID NO:10). 25 Figure 11 depicts the
nucl ei d®aci d séfﬁ.l@?ﬁ_@@'»encodi ng an exenplary B4 antibody |ight chain variable

regi on i ncor porgf4 ; | V29A, and
875E (B4 VKv3) ?‘?&%%@%ﬂﬁﬁ‘g"%i‘?t%%?‘%@%ﬁ%@%ﬁﬁﬁ%@g@gﬁ%ﬁ seqguence
encodi ng an exdaiphAsy, \BE3AlR, Seod@id, lighOTioh Meat1 taau, Akl t9AlagVel29te; or por at i ng
codons for the iLons 30 9 510, and L531 (B4 VKv4) (SEQ
I'D NO:12). Fi gtﬁ’%‘sigsﬁgﬁ”isﬁg}'{ﬂaéﬁﬁ% %[\cgﬁ%égﬁbence of 84 anti body heavy
chain variable A esDmdtde/ERiodiRER hbditiedl BA) antib¥8y or corresponding

2007/ 076950PCT/ EP2006/ 012365

15 polypeptide as specified above and below.

= An expression vector comprising aa corresponding DNA molecule.
¢ A host cell expressing a modified B4 antibody or a corresponding
polypeptide as specified.
» A pharmaceutical composition suitable for the treatment of cancer and
20 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.
» A use of a corresponding pharmaceutical composition for the manufacture
of a medicament for the treatment of autoimmune diseases or cancer.
25 '
Brief Description of the Drawings
Figure 1 depicts the nucleic acid sequence enceding B4 antibody heavy chain
variable region (B4 VHO) (SEQ ID NO:1).
Figure 2 depicts the nucleic acid sequence encoding an exemplary B4 antibody
30 heavy chain variable region incorporating codons for the mutations K23E, G42D,
KB3E, and S85D (B4 VHv1) (SEQ ID NO:2).



- 10 - Figure 14 depicts the am no acid sequence of an exenplary B4 anti body
heavy chain variable region with the nmutations K23E, 42D, K69E, and S85D
(B4 VHv1) (SEQ I D NO 14). Figure 15 depicts the am no acid sequence of an
exenpl ary B4 anti body heavy 5 chain variable region with the nutations K69E,
and S85D (84 VHv2) (SEQ ID-NG 15). Figure 16 depicts the am no acid sequence
of an exenplary B4 antibody heavy chain variable region with the nutations
QBE, VI 2Kyo Rb7816950L20V, T24A, S85D, and S88A (64 VHv3)pchaehdsloid¥ex 16) . 10
Figure 17 depicts the am no acid sequence of an exenplary 84 anti body heavy
chain variable region with the mutattohs 05E, R19K, L20V, R40T, 43K, K650,
S85D, S88A, and V93T (B4 VHv4) (SEQ ID NO 17). Fiqure 18 depicts the am no
aci d sequence of an exenplary B4 antibody heavy chain variable region with

t he nut at Ednee 8skepics he nraleic aqig esguenss enkeging an erRamplannidiantivesp, S85D,

of an oxeler el ol e PRy A peffY BepRsiSote v alBnr ReSBn i actons -
QBE, RLOKSSEROM4 WAGD) (SIRBID NOG)VO3T (B4 VHV6E) (SEQ ID NO'19).  Figure 20

depicts the am no acid sequence of an exenplary 84 anti body heayy 20 chain
vari abl e E&urad darists the nHEEE: 3m sequence !“Q)&@@Kefmﬁm)é&@@,bodﬁd S85D
(B4 VHv .  Ei : i ] i ce of an
exenpl agry%ﬁ&gﬁﬁlh?gﬁégwé?mgﬁgﬁﬁeﬁ iﬂggﬁ%g% bgééﬂtﬁeamﬂ?%ﬂg)ﬁg%gg@?ggs (BE,
V12K, R19R19K20QY0OVITEM, H85D, afd SESAKBEDNHERSSECAEBNO:dhd VI3T (64 VHv34)

54 ant | DOGIEEBSEHINATHE PHARSI SPRYRTE SHEoR NSHoR FROTBRISHERATUEPAY ool ducs.
16, X2, Kigy ofin SASIARHIORA BN doch ST L@ AaFBle 0B RN © 23

depicts the am no aci ence o gn xenB y 84 antibody heavy chain
f ramewor k L28Yi BAOR, MMBHK, KhGBf 586D, &8BAoand V@3 dBddidwd )SEXH) NXrp).and X8 30

B4 VHfr2).(SE D.NO,, 23) Fi I, 4 depicts the am no _acid sequence of an
o K o Eigure B deidlS'ing Rlcbicrfid sBducti ccdalleraf Bl fioRty BATHERRE ant no
aci d resi dgesy X9ainX¥hBabAegioklAcomBeatitgldddns Yoif the)m(ahehs BSEOVAZK, WO
2007/ 076950PCT/ EP2006/ 012365 ghcts t he am no acid sequence of 84

Fi gure 25 de
anti body R1§k: LeRYi E%&Hﬁ%\%ﬁ?ei?ﬂaga PA3KsKESROpBEBERNY MR (BHVHVE gure 26
depicts t Eéwoa@i d sequence of an exenplary 84 antibody |ight chain
vari abl e regiron wiHh the nmutations V3A, S7E, and A54D (B4 VKvl) (SEQ ID 5
NO 26). Figure 7 depicts the nucleic acid sequence encoding an exemplary B4 antibody

15 heavy chain variable region incorporating codons for the mutations Q5SE, R19K,
.20V, K65D, S85D, and V93T (B4 VHvB) (SEQ ID NO:7).

Figure 8 depicts the nucleic acid seguence encoding B4 antibody light chain
variable region (B4 VKO) (SEQ ID NO:8).
Figure 9 depicts the nucleic acid sequence encoding an exemplary B4 antibody

20 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, 10T,
M11L, and A54D (B4 VKv2) (SEQ 1D NO:10).

25 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 ID 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,

30 V19A, 851D, 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).



Figure 27 depicts the am no acid sequence of an exenplary B4 antibody |ight
chain variable region wwth the nutations QLD, 110T, ML1 L, and A54D (B4 VKv2)
(SEQ ID NO 27). Figure 28 depicts the am no acid sequence of an exenplary 64
anti body light to chain variable region with the nmutations HOTl, MIL, VI19A,
V29A, and S75E (84 VKv3) (SEQ ID NO 28). Figure 29 depicts the amno acid
sequence afoam7exespl ary B4 antibody |ight chain vari aQlegg@gisRhs th the
nmut ati ons 110T, ML1L, VI 9A, 551 D, and L53T (B4 VKv4) (SEQ ID NO 29). 15
Figure 30 depicts the anmino acid sequehe of an exenplary B4 antibody |ight
chain variable region with the nutations V3A, S7E, V19A, A54D, and S75E (B4
VKv1l) (SEQ ID NO 30). Figure 31 depicts the am no acid sequence of an
exenpl ar y FiRfirantdi deydgts lthgbmiehacid seguieabé of ar gkemplary B4 srdibnaydteagps 1101,
MIL, VI19A, V29A, S51D, L53T,.. and,K S/5E V ) [ 31),. Figure 32
depi cts tﬁsaw%@@cm'%wﬁﬁﬁ%%”&ﬁ%ﬂseﬁgﬁ%| é@@é@ﬁ%%ﬁﬁ%&.@ﬁt chain
frammrkv%i)?gE@ hnenelef i ned amino acid residues X, X3, X7, X10, X11,

and X19 (B4 VKfrl) (_SEQ'I NO 32). Figure 33 depicts the am no acid
sequence @fquin 1&danttatye Bminmacidagguengaof 28 expaiptany Gfpantitodyheavy

determ ning_region Wth undefined.amn Ld, res! X6 (84
VKedr 2)° ( SE8N fﬁ@%@g}owgﬁé*aé’%wt%‘%%%@rﬁé‘ﬂiﬁﬁﬂ?éé?ﬁ@fﬁéﬁﬁ@ of 84
anti body heavg)chain variable region. The conplenmentarily determ ning
regions are underlined. The nodifiable amno acid residues _are shown in

bol d. 30 HEiguied6xepietsitee anine agidi spsiugpre of ag exawplay Biantitadydwpvyi ght
inder | | ned P RRl et SRR Qb TR IS ROPHAE FD g
2007/ 0769 20RGHEZPEDYHYBY BBBQ-IDIL0:16i gure 36 is an amino acid sequence

o TR e A B0 Lol SR YL LS e B AR 5 o
NO 17) . Vidpgin(ver@blddddidr fith tNMut&i&éﬁ%Eﬁa%ﬁx Pov a8 ﬁg@ﬁﬁﬁ%' D

2
NO 21). Figure 37 1s an am no aclid sequence al i gnnent o 'y 1ight

chai n var iS5 S884i, end X&ZT (B3EdHVS) (¥5Q3P NORV). (SEQ I D NGO 26), VKv2 (SEQ ID
1021 oobab AR OREDund 4, TS Coh h bl AT R 30
Burki tt' s chyimpleialcaidion Withples fratatshs/Q5H, B42K) Ri 9K/ VM, A B8R expr essed
either from HEK 293T cells (enpty triangles) or fromYI 32/0 cells (filled
tri angF%sﬁ4%@@<»%ﬁ%r§@é@'gﬂy‘ﬁ%@p(%‘gb(rkb’g’%é%ﬁ@ii%@ﬁ(‘-’r)om a N5/0 cell line
g_e”pt Y Ci i §8)19%e it he 8fdifo S8l stqubhbh Bflaf bkElnpiary 2% ARioH)Hrdvyn Exanpl e
chain variable region with the mutations Q5E, R18K, L20V, K85D, S85D, and
V3T (B4 VHVB) (SEQ ID NO:19).
Figure 20 depicts the amino acid sequence of an exemplary B4 antibody heavy
20 chain variable region with the mutations V12K, K23E, G42D, K65D, KB89E, and
S85D (B4 VHv11) (SEQ ID NO:20).
Figure 21 depicts the amino acid séquence of an exemplary B4 antibody heavy
chain variable region with the mutations Q5E, V12K, R19K, L20V, T24A, R40T,
Q43K, K65D, S85D, S88A, and VI3T (B4 VHv34) (SEQ ID NO:21).
25  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 atnino acid sequence of an exemplary B4 antibody heavy
chain framework region 2 with undefined amino acid residues X3, X5, X7, and X8
30 (B4 VHir2) (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 1D NO:24).



Figure 39 shows the results of treatnment of mice transplanted with human 15
PBMCs treated with either the 84 VHy4NKv4 anti body of the invention (striped
bars), Leu 16 anti body (white bars) or PBS (black bars) as described in
Exanple 5. Figure 40 shows the results of treatnment of mce carrying
Namal wa | ynphoma cells treated with either the B4 VHy4NKv4 anti body of the

i nvention wenwinereads circles) or PBS (stars) as descri begi e kasaiple 6 Figure
41 shows the results of treatnment of mce carrying Daudi Burkitt's |ynphoma
cells treated with either the B4 VHvaNKk¥4-antibody of the invention (enpty
triangles), cyclophospham de (enpty square), a conbination of the B4

VHy4NKv4 anti body and cycl ophospham de (enpty circles), or PBS (stars) as
descri bed &m&gﬁfﬂﬂmcm.tgﬁamm@ agigl saovRECe 196 Blaantibody §eht ehadn irerRablef m ce

carrying - I l]-s.~¥M th an anti body of the invention conbi ned
w th vari %@h@%@ﬂ§@£§ggmas described in Exanple 8. In Figure 42(a)
treat ment S’i@;r@ 25ydsoRaAR e Ramthd acidetimRiuensd bh b EkempieryBd Yhiithdighant i body
(X), a 30 conmbination of the 134 VHv4NKv4 antibody and cycl gphospham de
(filled sdhairesyriabip ragien wéthdhe ymutplions YafeS AR ( 8 Aﬁé@t&%n‘%var(e?&@ Keristine
(empty ri‘@@%gs), the B4 VHv4NKv4 anti body (X), a conbination of the 84
VHv4/ VKv4 ant1body and vincristine (filled triangles), or PBS (stars). In

Fi gure 42(Riqure\80 @&afiFts0R6 (htiRCECIERQSeN04288A exefrplarytB4eabitodydight e

doxorubicin (enpty,circgles) he B4 VHv4ANKv4 i body j nation of
e 34 VIASIRRVETIANS ERsgn i e reauens @Dy 110 oM Pl arbse B SRRREE: ure) ' 5
Det ai | ed U f the Invention The invention is directed to B4

pr ot ei ns ?ﬁgﬁgyg}???eguced i mrunogeni city as conpared to wild-type B4, as

wel | as nditwd2F depictskhe@mind ackl segiuench of rotexemplanytideasiimdyfligbbl | y, the

Feduct 4G e A den KR sf iliddhs oRal B Y pR7VEOR B 7R (1 ©
renovi ng Wog)(SEQ IPRER28Y.thin 84 that may stinmulate to an inmmune response.
The present invention is directed to a set of nodified antjbody heavy chain

(VH) and Ifigte Z28.¢enictsRe apape asidsaatignsn &f ap expapiayiB4enibadyilioht anti body
64 ( Nadl W ? i 7 5&; .
(195(94) P?I)Cg%ﬁhﬁrﬁue&a‘%a ﬁ%)(l:tfﬂh% i Gigb?rgé@aﬂ m%ghéﬁéﬁg?ﬁég?g?ggﬁeri cally
t er ned " BA/Ki4)XSEEND NBM29Kvy", respectively. For reference, the sequence of
the h hai i.abl i f th i gi nal [ ti 84 VHO
and tne> o dddune0'So8RdRe eGflnd 3nik searpanr eV eRBaMIB hal mur | ne
84 ant i boga(rBdardifd regibh WitRAné Reutslidis UBAEeSYENedoAaA84 D! Svd dedei(R4Fi gures
34 and 35, respectivel conpared to the origi nal 84 VHO and 84 VKO

. As
pol ypept i dd&11B4SEAP é@i?’@)él VKvy pol ypeptides have reduced i mmunogenicity.

VK whi o HeaB o b8 S0 P ERED o h e B a2 o o

regi on polghagpeariddse regiomwaithl the byutations/i10F, THdel V18A| VEpAsSHBADhLE3T hese

nvent Bon oot (A iael 13 I0 A g the modi 1 ed for s of the 84

ST comatesrh S53cisanp AniTy Seraighog of 8BSy Bl busbdygRr. but are
chain framework region with undefined amino acid residues X1, X3, X7, X10,
X11, and X19 (B4 VKfr1) (SEQ ID NO:32). |
Figure 33 depicts the amino acid sequence of an exemplary B4 antibody light

25 chain complementarity determining region with undefined amino acid residues
X3, X5, and X6 (B4 VKcdr2) (SEQ 1D 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.

30 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.



30 target cells expressing CD19. WD 2007/076950PCT/ EP20061012365 - 14 -
variable region that interact primarily with an antigen. The i nmunogl obulin
heavy chain variable region (VH and i mmunogl obulin Iight chain variable
region (VK) both contain three CDRs interposed between franework regions, as
shown in Figures 34 and 35, respectively. For exanple, with reference to the

am no aci dy§ :qeausere defining the i mmunogl obulin heav able
region of the 34 antibody as shown in Figure 34 (SEQ l%?(‘ﬁ@?df@sﬁ)ﬁ?fs e CDRs are

defined by the am no acid sequences frbmSer31 to Hi s35 (CDR1), from GLu50
to Asn59 (CDR2), and from Gly99 to Tyr109 (CDR3). Wth reference to the

am no acid sequence defining the i munoglobulin light chain variable region
of the 34Fiaure36iibedanisosuihsequerceqligenssit 0EBg ariibady hesyy chais CDRs are

Lo Sorss Vetags outs FHAISFEIFNG A UV TERER D TACYHiaRa lo e o e
" Framewor ydrag) angy3 @Eb 1BRYO: mwuom@sgmwﬂr\immwmms@@mm gpy of an

i mmunogl obuI invaria re ion adjacent to the npl enent ari ty-Determ ni ng

Regi ons. W&/t dﬁﬁ%@b&?ﬂ a{@a\&@v%éﬁﬁQ\}&N@tﬂﬁ reg| on (VH) and

shown h B8 374 3h ARk ER AR e R et X PAREBRBI N el i o e
sequence draﬁatmerrggibhsvkrmw&h@llbmn)m)mﬁvy(SE@Iln) N@rzabVKvgf(SEmelQO of the
34 antibody_as shown in FI ure 34 FRs are defined by

Che. am no NQ2D) SHISER TPAAE) Yk (34D NARE), ViV IESa® Mo~ il 40
(FR2), fromyTueed ﬁ&-d\q@% F,i(s and from Trpll0 to Serl 20 (FR4). Wth

reference 10 the no acl d sequence defining the immunogl obulin Iight chain
vari abl e Fgire38afhomsathB4eanits MyAE)@G hesay Om [}auguBar}ﬁBs (\eEahadrha Netls 25) ,

Fr om Tibaperamy i i vap i B bR SibRa oMK POH BRlSS 1o
Lys104 (F%ptyﬁﬁéh@%wﬂﬁomm aén@pn@éwa@eéjeah@sadmvsmvd in Figures

34 and 35 are "am n0 acid residues may be mutated accor di 8 to various
enbodi rrentegmb@dst pepreasasheitier frgo aNGA) celbipie (speyy cliplepkor tem Y82/8d by a

vari ety o @HH%rcféggagﬁgagm%eéxdgﬁﬁlgws i ncl udi ng predictions based on
y

structure’ el'inhg or Synt hesi s of peptides and testing
for bindi WSMeNH@I@ afﬁseéttnenW&WYr@ﬂﬁﬂﬁﬂBﬁstﬁﬂﬂﬂﬁéhOlZ%S - 15 -

pot ont 151 FENGF <eaisd Gk 65 e UREAK i Sl tReimentin S8BT sol a ec
pepti de, ipgrd)r eéli %%ubedpmﬁ'«té Bafo Csﬁm Bérs@é@@b'&tfbl an equi val ent

in a non-humdn species. A potenti a T- epitope 1s d ne wi t hout
consi der ataxempd¢ Sot her 5 aspects of antigen processing, such as the

of ol cavadauedpals iR fstus B FeBRbe BT PES3 A NG BaM b Hhefd an b1 e
to MHC O aefs treatednwitisgitigsr. thé BasVHUW 8@t artibodly ©f kHe invention (empty
20 circles) or PBS (stars) as described in Example 6 '
Figure 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/VVKv4 anfibody and cyclophosphamide (empty circles), or PBS (stars) as
25 described in Example 7.
Figure 42 shows the results of freatment 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
30 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)



epitopes that are actually presented on MHC Class Il after adm nistration of
a protein to an animal is a subset of the potential T-cell epitopes.
According to the 10 invention, a T-cell epitope is an epitope on a protein
that interacts with an MHC class Il nol ecule. Wthout wi shing to be bound by
theory, it is understood that a T-cell epitope is an am no acid sequence in

a protei ng‘é‘{?‘m Abdped to undergo the negative 1-cell sege{:ﬂég@gmﬁa%cess

during 1- evel opment and therefore will be expecte e presented by
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20 the CDRs underiined, are provided in Figures 34 and 35, respeetive!y.

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
25 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 fo specn‘lcally bind CD19 and to
30 farget 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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variable region that interact primarily with an antigen. The immunoglobulin heavy
chain variable region (VH) and immunoglobulin light chain variable region (VK)
both contain three CDRs interposed between framework regions, as shown in
Figures 34 and 35, respectively. For example, with reference to the amino acid
sequence defining the immunoglobulin heavy chain variable region of the B4
antibody as shown in Figure 34 (SEQ ID NO:13), the CDRs are defined by the
amino acid sequences from Ser31 to His35 (CDR1), from Glu50 to Asn59
(CDR2), and from Gly9¢ to Tyr109 (CDR3). With reference to the amino acid
sequerice defining the immunoglobulin light chain variable region of the B4
antibody as shown in Figure 35 (SEQ ID NO: 25), the CDRs are defined by the
amino acid sequences from Ser24 to His33 (CDR1), from Asp49 to Serb5
(CDR2), and from His88 to Thro4 (CDR3).

As used herein, the terms "Framework Regions" and "FRs" are understood to
mean the regions of an immunoglobulin variable region adjacent to the
Complementarity-Determining Regions. The immunoglobulin heavy chain
variable region (VH) and immunoglobulin light chain variable region (VK) each
contain four FRs, as shown in Figures 34 and 35. For example, with reference to
the amino acid sequence defining the immunoglobulin heavy chain variable of the
of the B4 antibody as shown in Figure 34 (SEQ ID NO: 13), the FRs are defined
by the amino acid sequences from GIn1t to Thr30 (FR1), from Trp36 to Giy49
(FR2), from Tyr60 to Arg98 (FR3), and from Trp110 to Ser120 (FR4). With
reference to the amino acid sequehce 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 Tyrd8 (FR2), from Gly56 to Cys87 (FR3), and from Phe85 to Lys104
(FR4). Furthermore, amino acid residues depicted in bold in Figures 34 and 35
are amine acid residues that may be mutated according io 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
bv svnthesis of peptides and testing for binding to specific MHC Ciass II

+
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molecules or in an immunogenicity assay. According to the invention, a potential
T-cell epitope is a sequence that, when considered as an isclated peptide, is
predicted to bind to an MHC Class Il molecule or an equivalent in a non-human
species. A potential T-cell epitope is defined without consideration of other
aspects of antigen processing, such as the efficiency of protein uptake into
antigen-presenting cells, the efficiency of cleavage at sites in an intact protein to
vield a peptide that can bind to MHC Class ll, and so on. Thus, the set of T-cell
epitopes that are actually presented on MHC Class Il after administration of a
protein to an animal is a subset of the potential T-cell epitopes. According to the
invention, a T-cell epitope is an epitope on a protein that interacts with an MHC
class Il molecule. Without wishing to be bound by theory, it is understood that a
T-cell epitope is an amino acid sequence in a protein that failed to undergo the
negative T-cell selection process during T-cell development and therefore will be

- expected to be presented by an MHC Class li molecule and recognized by a T-

cell receptor.

ccording to one embodiment, the invention provides methods related to reducing
the immunogenicity of B4 VH and B4 VK regions. According to one embodiment
of the invention, potential non-self T-cell epitopes are identified in sequences of
B4 VH or B4 VK. For example, potential non-self T-cell epitopes are identified by
computational methods based on modeling peptide binding to MHC Class il
molecules. Substitutions to specific amino acid residues are then made such that
the ability of peptides containing poiential T-cell epitopes to bind to MHC Class H
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
rutations is predicted based on struciure-based computer modeling. For
example, ProPred (http://www.imtech.res.infraghava/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

(64) FKGKAKLTV (47)



These potentially inmunogeni c sequences in the 64 VH and 84 VK pol ypepti des
can be rendered | ess i nmunogeni ¢ by introducing specific nutations that
reduce or elimnate the binding of a particular peptide to a human HLA-DR
allele (see, for exanple W98/52976 and WO00/ 34317). Alternatively,
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st ruct ur es- 9§1)t RésimRsueh angdgrritam, yaneus/peptide saquescen wesm oissevered

t heoretical.,,nr |, ,Qf A0 i 4ahl j j anti body B4
VHONKO carwlg‘érwggn\é‘ﬁraﬁ@t %@@M{:B%ﬁg%{@ét@ﬁé@&iﬂﬁp&ﬂg@él&ﬁﬁq ggéguheavy and
li ght chaigielardraphe theaifersikety todd pimansgenict Thesdpapttesedfirgesi ned,

whi ch can be identified by froma primary structure alignnent %ﬁétschul et

al ., (199@nditheivsredigied) binging fragrienspio HKAtW@é!Q‘Qﬁ@"@ISQQWUHﬁﬁ lised to
nodel the 84 |ight and heavy chains onto the solved 10 structures
(Marti-Renomet al., (2000) Annu Rev Bi ophys Bi onol Struct 29:291- 325), and
t he t hr ead®ith s¢fereriosrtesT abby 1pthef sodusace pétacte8-rher piyitiierthat Bindsdheair cal |y

| avorabl e SnOLER SNUIED Sl ltea A0 b R ARl S0 DB ot "
respectivelay é&%@zgt ES%r%éﬁ c%&ﬁn?@? 'b“B 768 8 rfER toRe %Eugl%écrroﬁg ment of

nonocl onal™ ant | a IMM (Fa ragnent of anti 5 chineric
ant i body SleleGhpebal)s possitleldkalidies, dhalrtbe peptide bidsy akofean Bhbikapur pose.

ot dindt  dpnaRs SERRooR, Mlist iR gk o binding MchiBrBl ot St Tn@eBle3Ber
posi tions diptid¥ bhddid%-9laRBlesk®3:” iddidatekIe pBFde Bifds 1648.19ERled@hd S85,

S88, or V93 in 84 VH and ami no acids at positiQns . V3, S7,110, M1, V19,
V29, 551, &3 indptesthegyeptids tinds e 20150 mlelest diheRUthibinding thresh@dss ni ng t he

ability of i : it t i S

conpar abl ere{agﬁg? %ghl}ﬁ%% in%;lgerﬂg)f'or m g?ﬁ@% &{Fﬂ%’sé)? E@B@g{@nﬁéﬁiaﬁorgﬁﬁé?r?passes
B4 anti bodiessribed bp$tamidleadtal.one nodification in the VH sequence sel ect ed
fromthe group of amino add positions consisting of 05 V12, R19, L20, K23,
T24, K38, R40, 042, 043, K65, K69, S85, S88, and V93 and/or havi ng at | east
one nodi figHé @nsa@ctéaep%ﬂﬁcﬁe@ww ré%bﬁﬁﬁﬁéﬁiété@% bl KR HYA-BR no acid
positions consisting of 01, V3, S7,110, 1, V19, V29, 551, L53, 30 A54, and
575. WO Z#e¥Es076950Kr EP2006/ 012365 - 18 - A nonexhaustive |ist of specific
positions found to tolerate am no acid substitutions according to the
invention is presented in Table 2, together with exenplary substitutions at

t hose pogitH @rsll epitopes (start pos.) bind freq. | VK T cell epitopes (start pos.) bind freq.
(2) VQLQQPGAE n (2) IVLTQSPAI rarwy
(12) VKPGASVRL + (3) VLTQSPAIM i+
(18) VRLSCKTSG - (19) VIMTCSASS
(36) WVKQRPGQG + (29) VNYMHEWYQQ
(60) YNQKFKGKA + (46) WIYDTSKLA 4
(64) FKGKAKLTV S (47) IYDTSKLAS +
(80 YMEVSSLTS ++
&3) VYYCARGSN +

20 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 W088/52876 and WO00/34317). Aliernatively, non-human T-cell
epitopes are mutated so that they correspond to human self epitopes that are

25 presentin human germline antibodies (see for example US 5,712,120),



5 Table 2. Substitutions in B4 Vregions. Position in 134 VH Substitution

Position in 134 VK Substitution G n5 Vall2 Argl9 Leu20 Lys23 G u Lys Lys Val

GQu, Asp Anl Val3 Ser7 I1el0 Metll Asp Ala Gu Thr Leu Thr24 Lys38 Arg40

Gly42 A n43 Ala My Ala, Thr Asp, GM Lys Vall9 Val29 Ser51 Leu53 Ala54 Al a

Ala Asp Thi Asp Lys65 Lys69 Ser85 Serg8 Val93 Asp, G u Qu, Asp Asp, GQu Al a
WO 2007/076950 PCT/EP2006/012365
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Guidance for selecting ahpropriate mutations may be oblained by reference to
tertiary and quaternary structure of antibody variable regions. Crystal structures
of antibody variable domains are known in the art and it is found that structures of
the FRs are generally very similar to one another. A theoretical model of the
s antibody variable region of anti-CD19 antibody B4 VHO/VKO can be constructed

from the most closely related antibody heavy and light chain variable regions for
which a structure has been determined, which can be identified by from a primary
structure alignment (Altschul et al., (1890) J. Mol. Biol. 215:403-415). A threading
algorithm is used to model the B4 light and heavy chains onto the solved

10 structures (Marti-Renom et al., (2000) Annu Rev Biophys Biomol Struct 29.291-
325), and the threaded structures may be further refined to obtain
stereochemically favorable energies (Weiner et al., (1984) J Am Chem Soc
106:765-784). It was found that the solved heavy chain and light chain
structures designated respectively by their PDB database accession codes 1FBI

15 (Fab fragment of monoclonal antibody F9.13.7) and 1MIM (Fab fragment of anti-
CD25 chimeric antibody Sdz Chi621), were useful reference structures for this
purpose,

Preferred mutations do not unduly interfere with protein expression, folding, or

20 activity. According to the invention, amino acids at positions Q5, V12, R19, L20,
K23, T24, K38, R40, G42, Q43, K65, K69, §85, 888, or V83 in B4 VH and amino
acids at positions Q1, V3, 87, 110, M11, V19, V29, 851, L53, A54, or S75in B4
VK can be mutated while still retaining the ébi!ity of the antibody to be expressed
and to bind to CD19 at levels comparable o the unmodified form of B4. Thus the

25 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, 888, and V83 and/or
having at least one modification in the VK sequence selected from the group of
amino acid positions consisting of Q1, V3, 87, 110, M11, V19, V29, 851, L53,

30 Ab4, and S75.



Thr Ser75 (flu
the B4 VH pol ypepti de,

One set of enbodi ments includes am no acid substitutions in
selected from QBE, V12K, RI19K, L.20V, K23E, T24A,

K38R, R40T, (42D, 043K, K65D, K69E, S85D, S88A, and V93T. Additionally
contenplated i o substitutions are K23D, (A2E, K65E and K69D. Parti cul ar
conbi nations of nutations are also found to be useful.

specific

anot her spegedorerseitbodi nent ,

are inclu

anot her specific enbodi nent,

V12K and

enbodi nent ,
ded, as shown,

K65D (34 VHvI

for exanple, f
15 VHvl a

;

1) (SEQ I D NO 20).

the substitutions K23E and K69E are i ncl uded.
additional ly the substit utiCorgr2@42D3and S88A
In yet
itionally includes the substitutions
In a further specific enbodi nent

B4 VHv1 (SEQ |

;

For exanpl e,
I n

D NO 14).

the substitutions E, V12K, RI19K, L20V, S85D, and S88A are i ncl uded,
exenpl i f i dunggexiaugveligtsEepeplic\Rostons fered kool Aterdmisy 269365 - 19 - R40T,

43K, K65
(SEQ I D

ppfolipneEer

3 InArtioh

er specli

o

exenplified by B4 VHS (SEQ I D NG 18).
substitutions of 84 VHv3 and B4 VHy4 are conbi ned, as shown in the sequence

of B4 VHv
substi t ut

%tﬁéﬁ%%:ﬁse&‘t%% lénpﬁgf

I ons—Tn

vpept i de,

I RHERRI R RIOR, R

R19K, L20\&xekdfaty sbemutidSK: tHKesos8RB, and VI3T are incl uded,

I n anot her speci

as
fic enbodi ment,

1

in one

as

84 VHv4
rihbtyihhftgi ons (BE,

5

Qtlglonzet of enbodi ments includes am no acid
selected from QLO0, V3A, S7F,

10T,

ML1L, VI

Phsiti2@A4 G951 O

 StbgiitlhBT, A54D

Peaitn 8YBEVKI n ¢

pRebsspition fic

enmbodi ne
nmut at i ons
embodi nen
exenplifi
ML1L are

enbodi nen
exenplifi
substi t ut

tGrl §hc stbsti-tt
afe al so found
t\&ll2addi ti onal |
e B4 VKv1 (
i%gf}yﬁded, as ex
theuBY VK1 addit

in 84 VKyl 1
ief%rslisﬁlloT, ML1

ton—AS4D—+s—in
0 be useful.

yLyshe substi t ut
| D NO: 26),

3’58 ified by B4

ivdal |y include

EQ.] D NO: 30)
L(gﬁ A, V29A,

cHEaded—Par et
For exanple, in
D 1,t,he substi t ut
v2 15 (SEQ I
sl¢llfe substituti

njyet anot her
%ﬂé /SE are in

e C.
I CUOTTOT 1Tatl T UTT3
noT e specific

¥ad V3A and 57EA3 e i ncl uded,

iens QLD, 110T,
)IGﬁlg. 27). In a f
dhs V19A and Sji

odi ment, tHh
[ uded. as exe

of

as

and
urt her
(5E, as
e

plified

by B4 VKv
substi t ut
exenplifi
substi t ut
of B4 VKv
sequences

THBEQ | D NO: 29
i qns. HOT, M1 U
A, 84’ Vkva (
iAned) of B4 VKv3

EQ I D NO: 3
‘%‘%’%4 VHvX and
Glnd3

hAlaln yet a fur
 aM19A, S51D, a
S? | D NO 29).
AladiiB4 VKv4 ar
1 pprimry s
6

Lys

Mell9specific e
Ng,be3T are 20 |
n anot her speci
eSgbhbi ned, as

Lfygsure alignm
Ala54

iment, the
@4 uded, as
I ¢ enbodi ment,
Sldemn i n the seg
2R, of some exer

Asp

Lys65
Lys69
Ser85
Ser83
Val93

Asp, Glu
Glu, Asp
Asp, Glu
Ala
Thr

Ser75

Ghu

juence
mpl ary

10

15

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, K6SE, S85D, S88A, and VI3T. 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 KB9E are included. In another specific embodiment,

additionally the substitutions G42D and S88A are included, as shown, for
example, for B4 VHv1 (SEQ 1D 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, 885D, and S88A are included, as exemplified by B4 VHv3 (SEQ ID



25 VKvx of the invention, described above, are presented in Figures 36 and
37, respectively. Am no acids depicted in bold are positions of VHO and VKO
that may be nutated according to the invention, and underlined am no acids
represent CDRs. VHv1l - VHy34 and VKvl VKv34 are representative heavy and

i ght chains, respectively, with specific amno acid substitutions that
reduce 30 wamuwnoegesni city. WO 2007/ 076950PCT/ EP2006/ 01286 mpr200801236c0Nnt ai NS
34 VHyl (SEQ I D NGO 14) and B4 VKO (SEQ I D NG 25). In another enbodi nent, the
variabl e region contains 34 VHyl (SEQ £B NO 14) and B4 VKvl (SEQ | D NO 26).
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peptide can be a mnimal 9-nper, or can have about 10 to 15, or ‘nore than 15,

ami no aci dxampie.dp mMarerspecificrRinbediments addiienally the substiitions M3 andf
tritiated t mﬁﬁ- n t echni ques. The
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yet another embodiment, the substitutions (10T, M11L, V19A, V29A, and 875E

are included, as exemplified by B4 VKv3 (SEQ D NO:28). In yet a further

specific embodiment, the substitutions 110T, M11L., V19A, S51D, and L53T are

- 20 included, as exemplified by B4 VKv4 (SEQ ID NO:29). In another specific
embodiment, substitutions of B4 VKv3 and B4 VKv4 are combined, as shown in

the sequence of B4 VKv34 (SEQ 1D NO:31).

A primary structure alignment of some exemplary sequences of B4 VHvx and B4

25 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
C_DRs; VHv1 - VHv34 and VKv1 — VKv34 are representative heavy and light
chains, respectively, with specific amino acid substitutions that reduce

30 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



nol ecul e, no signal will result. If the peptide is able to bind an MHC C ass
Il nolecule and there are 1l-cells expressing an appropriately rearranged
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i nvol ve thhet&rieMIOWQ of a B4 VHvaKvy prote| n corrp05|t|on such as an

anti body, that had been designed by testing individual conponent peptides
for potenti al

Verification of the Reduced Immunogenicity of Variable Reqgions of the Invention.

15 To verify that a mutation of the invention has indeed resulted in reduced _
immunogenicity, standard experimental tests, which are well known in the art, can
be employed. For example, a T-cell stimulation assay may be used {e.g. Jones
et al., (2004), J. Interferon Cvtokine Res., 24:560). In such an assay, human
peripheral blood mononuclear cells (PBMCs) are obtained and cultured according

20 to standard conditions. After an optional pre-stimulation, a peptide corresponding
to a potential MHC Class |l epitope is added to the cuiture of PBMCs; the 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

25 DNA is then measured by standard technigues.

The T-cell stimulation assay is thought {o work by the following mechanisms.
First, if a peptide is used as a stimulator, the peptide must first bind to an MHC
Class Il molecule present on a cell among the PBMCs. Second, the MHC Class
30 ll/peptide complex must interact productively with a T-celi receptor on a CD4+ T-
cell. If the test peptide is unable to bind sufficiently tightly to an MHC Class i
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



30 i nmunogenicity in a cell-based assay such as one descri bed above. Once
such a candi date B4 VHvXA/ Kvy protein conposition is designed and expressed,
the protein is tested for i munogenicity by injection into an aninmal. WO
2007/ 076950PCT/ EP2006/ 012365 - 22 - Injection of the B4 VHvXNKvy protein
conposition is generally performed in the same nmanner as the anti ci pated
route of e 2eweeiemuring therapeutic use in humans. FOPCENREbBI2365

i ntradermal , subcutaneous, intramuscul ar, intraperitoneal injection or

i ntravenous infusion may be used. [f- ke than one administration is 5 used,
the adm nistrations may be by different routes. For inmmunogenicity testing
purposes, it may be useful to coadm nister an adjuvant to increase the
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Fvs, bi speC|f| c antibodies, and Other configurations known in the art of
ant i body emgbraelionge BRrge numbeaphdifieredisources o§PBMEsianddatiegithesse | | ght

Ceapect § veryes,FeRRnity. 16 A8y Yp AN Bl BXcSt PBRICO TSR AT s conot ant
regi on of eimicaliyudiogisetset ohhurhas] avdieagdtennihethé MHIC Clhss NllbRge const ant

regions that are desi %@("?d as |ther WO 2007/ 076950PCT/ EP2006/ 012365 - 23
- kappas oPTe3ER dheRFA PRPYIZYEPt i cul ar enbodi ment of the invention, the

l'ight chain constant region is a kappa chain. The heavy chain constant
regi ons, and
The standard T-cell assay has the disadvantage that the tritium incorporation

‘signal is often only two-fold greater than the background incorporation. The
proteins and peptides of the invention may also be tested in a. modified T-cell

20 assay in which, for example, purified CD4+ T-cells and purified dendritic cells are
co—cultured-in the presence of the test peptide, followed by exposure to tritiated
thymidine ar_ld'then assayed for tritiated thymidine incorporation. This second
assay has the advantage that tritiated thymidine incorporation into irrelevant cells,
such as CD8+ T-cells, is essentially eliminated and background is thus reduced.

23
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

30 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 injeetion into an animal.



various nodification and conbi nations thereof are discussed below in nore
detail. S Fc Portion The antibody variable domains of the present invention
are optionally fused to an Fc portion. As used herein, the Fc portion
enconpasses donai ns derived fromthe heavy chain constant region of an

i mmunogi obul in, preferably a human to i mmunogl obulin, including a fragnent,
analog V&0 ant/g7epsat ant or derivative of the constant wegm@mm@ﬂh@aponstant
regi on of an i mmunogl obul in heavy chain is defined as a naturally-occurring
or synthetically produced pol ypeptide Aénpl ogous to at |east a portion of
the C-termnal region of the heavy chain, including the CH, hinge, CHZ2,
CH3, and, for sone heavy chain classes, CH4 15 donains. The "hi nge" region
j 0i ns t he |Gettiaroabihe 34)\/1“(%/\{!3&12/— [Tefein egmmsibibnémg@nei]aﬂypbdnrmmthm thenst ant
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| Munogl olyinhdhd. SRBrAB&NIE, M’&bheﬂﬁﬁm\/\@md@ﬁéﬁ&u%r wrahﬁeeum ifitrap&ithkss et al.
(1989) J. Imunol. Meth. 125:191). 20 In the present i nvention, the Fc

portion tyme@ecm 9r infraveneis nfusiemeeydearsedJfinate thresr o aAplRstration ist

portion cap Ln |_u eavy chain constant region
(CHI - hi nge &@éﬁ“’t"%‘?@?hé{ﬁ%}}e‘ﬁj‘%}w?ﬁ@g@ 'JSQHQT on can include all or a
portion of the hinge region, the CH2 domain and the CH3 donal n. 25 The '
constant region of an i m‘runogl obulin is responsible for g i mport ant
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bi ndi ng a L RIRAL il he heavy
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functions aptibady rdxpdings agaiist theitatdigatefprotetn.| gG cl ass, include

conpl enent - dependent cytotoxicity (CDC) and anti body- dependent cel lul ar
cyt ot oX? ci ty (ADCC). Al of the IgG subclasses (1gd, 1g&, 1903, 1g*)

medi at e ﬁ%ggﬁ?ieoa&ﬂmeteﬁbﬁ%f tHM ¢dhdided BWHWGRV earaeimvst pot ent

for both act|V| Chapter 3, Table 3 in Paul, Essenti | mrunol ogy
4. sup. t h E®mpdsiiqn, tte2presenc: ocfanieidictype antiboiesiis ﬂeytedmaaopdhegmechani SNE;

one. mechary s 8 1 i e 4.0058 ALERNA RRSMHod! RISt RaTRadRbien on a cel i’

surface
VHvx/VKvy protein compositions of the invention induce antibody formation less

20 frequently, and to a lesser extent, than corresponding molecules containing
original B4 VH/VK sequences.

Other Configurations of the Variable Regions of the Invention.

In addition to the use of the V regions of the invention in a naked antibody, it is

25 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.

30 In certain embodiments of the invention, the light chain variable region and the
heavy chain variable region can be coupled, respectively, to a light ehain constant
region and a heavy chain constant region of an immunoglobulin. The
immunoglobulin light chains have constant regions that are designated as either



antigen-anti body conplex is formed, the A g nolecule is believed to bind the
antigen-anti body conplex. O q then cleaves itself to initiate a cascade of
enzymatic activation and cl eavage of other conplenent proteins which then
bind 15 the target cell surface and facilitate its death through, for
exanple, cell lysis and/or ingestion by a macrophage. ADCC is believed to
occur wherydrspotggedat ors on cytotoxic cells, such as natpdfalpzdobloiBEs ( NK)
cells, macrophages and neutrophils, bind to the Fc region of antibodies
bound to antigen on a cell's surface- Ed receptor binding signals the
cytotoxic cell to kill the target cell. Characteristically, 20 NK cells,
believed to be the primary nedi ators of ADCC, express only FcO Rne. It is
of t en usefkipph@radmbdatcheiref flect martitwaceémoodinudntan treeninivboiiyn, thefiglexanpl e, to
treat cancers associated with a B cell | i gnancy or to. treat. autoi nmune

di seases Wila PSR RIS GhisRpa ¢hain. %Egﬁ}’y P%Q'Qrﬂﬁ’ﬁﬁ@é‘t [RRCNpERact i vity
of the 25 aiblLButiicdiofhd CofBibliSi Herdor e ldilous e @ BERACR hife ADCC
activity of an antibody directed to B cell surface antigens present at

rel ativel yddtailv density (Niwa et al., (2005) din. Cancer Res. 11:2327-2336),
such as to CD19. It is believed that the antigen density of CD19 relative to
C20 on’the surface of B.cells is roughly ten-fold lower. Alterations in
ant i bodi esgd paftiohncrease the ADCC activity 30 of an antibody relative to its
parent antTbody are known in the art, and generally correlate with

modi fi cat i Drsantingdyivecieblesdomansisif g nges&n? inventjornare eRtioraly fumeddatanbody to

re 1 ntroduonebhy S Rereln, B FadBrich dboriiess B Rt ' o
2007/ 076950RGELEP2AGIG/ SHHEBHT regidh of ahdmerergbuling eferablys hiwani n 196/ 1)

sel ected from 256, 290, 298, 312, 326, 330, 333, 334, 339, 360, 378 and 430
( nunberif nd thiing tnckuding adiaggient sanpiemcasiapt mylgpeenderdrtivaei g ogi cal
| nt erest, af e i f iLi.ons sel ected
from 208, Fa3iart rEhiBh, THECLdPl i rilan 8f SnihrtegRib R HEaPPERARTES, 2
i nt r oduceddefikBE@sar haturaly-odcuriveg ansyribelycally pavdiccadnpdlypeptidd by t he
particular_cell |ling used to produ t he antibody. F xanpl e, ., anti bodi es
pr oduced iWPfP?IBQ%%@eaHﬁ@%%Bgf{@P&?g%? &gtempagfgiﬁ%n Bg{'\%ea&gﬁgﬁmq y have |ow
ADCC, and iaahah?dheem,qﬂmd:ma CH3! aid, THesaRB h}é@vgehéiﬁ di&dse¥B2lA) cells
have high ADCC (Lifely et al., (1_995) d ycobi ol ogi/ : 813 - 822). It is known
i n t he lar tdamainst fbet ingeoregien joing e Gidd domyin imthaohi?-CHBreaisnoh aaf f ect s

t he carbo e.s f ks ' I R.hich is attached
o the o ropaanorrERstislioR ohd AR chaifehan Sfifaidl Koo7"i 1 | 60y
1, The caribomydgddmiliss rexbibir extensiea amiradaed seqgodncedinmilantGH@MA cel s is

fucosyl ated, whereas . the carbohydrate chain of ti bodjes prodyced in YB2/0
s | ar gol SSSHERGES ¥ there,EampangiRRiinragions are welbkiowmyiadhe it 86, 3473)
Ant i bodi esg hhddilibaekal Ye35® LimhiiBiof M&ANYS5:3b¢) Structure bind to human
FCORII la with higher affinity (Shields et al.,” (2002) JBC 277:26733-26740).

I'n certi@in enbodi ments, anti-CD19 antibodies with variable regions of the
e e R D T e e
For example, the Fc portion can include the entire immunoglobulin heavy chain
constant region (CH1-hinge-CH2-CH3). Ailternatively, the Fc portion can include
all or a portion of the hinge region, the CH2 domain and the CH3 domain.

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

30
lgG, for example, is separated into four y isotypes: v 1, v2, v3, and v4, also
known as lgG1, IgG2, EgGé, and 1gG4, respectively. 1gG molecules can interact
with multiple classes of cellutar receptors including three classes of Fclreceptors



It is also often useful to alter the serumhalf-life of the antibody. The
serum hal f-1ife of an antibody, as of an imunogl obulin fusion protein, is

i nfluenced by the 25 ability of that antibody to bind to an Fc receptor
(FcR) (G llies et al., Cancer Research (1999) 59:2159-66). The CH2 and CH3
domai ns of 1g& and 1 g4 have undetectable or reduced binding affinity to Fc
receptors conpared to those of gGlL. Accordingly, the serumhalf-life of the
f eat ur ed widxdosdyssean be i ncreased by using the CH2 anBCOEPOMBIEETai n from
lg& or 1gA isotypes. 30 Alter nativel%/ the antibody can include a CH2
and/or CH3 domain fromIlgGlL or 1gG3 W 11 nodi fication in one or nore am no
aci ds in t hese donains to reduce the bi nd| ng affinity for Pc receptors (see,

oot cati BPhecHEah i Bes S5 AioNags breRhe Rl eaBss Bbats - 26
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CH1L domai n of the heav hai n constant "region. Wen included in the proteins
of the pre@mﬁeﬁtnmiﬂ%ﬁ CHPandiGide domaiiol ogous to a natural | y-occurring

i mrunogl obulin region and typically includes cysteine residues |linking two
heavy 5 chains via disulfide bonds as in natural inmmunogl obulins.
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It is often useful o alter the effector functions of an an'tibody. Far example, to
treat cancers associated with a B cell malignancy or to treat autoimmune
diseases with a B cell component, it is useful to enhance the ADCC activity of the
25 antibody. 1t 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. Itis 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
30 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 -



. WD 2007/ 076950PCT/ EP2006/ 012365 - 27 - An Fc portion fused to an anti body
vari able region of the invention can contain Cl-12 and/or CH3 domains and a
hi nge region that are derived fromdifferent antibody isotypes. For exanple,
the Fc portion can contain CH2 and/or CH3 donains of 1g& or g4 and a

hi nge region of 1gGl. Assenbly of such hybrid Fc 5 portions has been

descri bed Wo2Q07/8769at ent appl i cati on publicati on 2003- Q4442350360 fused to
an anti body variable region of the invention, the Fc portion may contain one
or nore am no acid nodifications thétzﬁ%ﬁérally extend the serumhalf-life
of -an Fc fusion protein. Such am no acid nodifications include nutations io
substantially decreasing or elimnating Fc receptor bindin%%or conpl enent

fixing actefeiange tedheioRasiior in @y b\selectrd BoanbRit2U, 8H8r ehd 8. BRE.

| ycosyl atyi j 0 i . I i Ln. In

Pt -t ne Sy SPapPinTLd fnd A2 Al BrR s BRI b 8 X0uERRL T

apE: icati oﬁnggigs?fé%vir%n&kﬁgigé{?_ﬂtemﬂﬂ 1?1!@11 F%Isfe!dfeg. mptatiens am)a]t bmﬁb'r_on .

ubl i cation - : e anti bo arj abl e regi ons of the invention

Ean be at mﬁ@@sﬂ@“ﬁsme&g@%é?mczgﬁn%ﬁéra%‘?éﬁér gﬁ’éﬁf‘?'ﬁm NNGhe agent can be

fused to Eﬂﬁstﬂ‘?”tfndrg%éﬁtb%cjﬁf@ a fusion protein. Alternatively, the agent
a I'e

can be chemc y cou to the anti body to produce an i nmuno-conj ugate.
The agent can be, for exanple, a toxin, 20 radiol abel, inaging agent,

i ti JTDi _the. like. .Th i hod i abl e regi f th
venton L BEaTRL Y bbb i A mlEFoRL bR KoL P s’ "
interl eUkabﬁ:!u%éQﬁe%ﬁtibé@ﬁrF@ﬂéﬁa’h@ef Ahtitddied brodiuckd irPthel hofise hlyeloma L- 10,
1L-12, 1L-13, I'L-14, T'L-15, IL-16, 1L-18, 1L-21, and IL-23, 25 hemmatopoietic
factors sh&H0 asly a0 welishgrnasphalryeclonohl CEL, iard) antibagiesdqyodvcgdan CSF) |

necr osite” TafGME TR Bl 1 E20RER novs il ARG IV R Py el i 1
regul at or SlajobiGld@PHIS18 -PBRR L SIE BskrmaTindke lagithiatihel tybe of eelblse agedfors
interferon a, interferon 13, and interferon ﬁ and chenoki nes. Preferably,

the anti bajeedt SHraesian affgsisdhe srdiqhydraie st B obMalydinkediotisray's cyt oki ne
e an L ) w ; S C
Pused t o PG Whlchts sHACREE M, Figtin of 8, AHbRD DY pUBA BofeSBSRIL | 2
mut at ed t to Ne@daelg@xl .cilThy cadwohjesateisbudiure ofastibadies produysptiic &HON

bl i cati on, 20Q3- 0166163, . WD 2007/ 076950PCT{ EP2Q06/ 012365 - .28 -.
Opt 1 ondh 1 9215 BRI Ic Wannsins 10 Codio R hair ol Ao des et otion: | sucn
as a seconNg2ayisal abﬁemﬂfmﬁ@@%{sm&awaaet%,meylﬂﬂc arg3hedy3d i on

protein includes 1L-12 and IL-2. The construction of protein conBIexes
8§

cont ai ni n§"HROFIRMIRJRELIICPRE B1EE FakINdYETRIe sieluee bifd toyiusramEsURYIa
descri bed i fiH&H difihify (Srmeids eFaf., (2082) 88EL7715%733-26740). In certain

embodiments, anti-CD19 antibodies with variable regions of the invention are
20 characterized by having reduced fucosylation on the N-linked glycosyl chain of
the F¢ portion of the antibody.

It is also often useful to alter the serum half-life Sf the antibody. The serum half-
life of an antibody, as of an immunoglobulin fusion protein, is influenced by the

25 ability of that antibody to bind to an Fc receptor (FcR) {Gillies et al., Cancer
Research (1999) 59:2158-66). The CH2 and CH3 domains of 1gG2 and IgG4
have undetectable or reduced binding affinity to Fc receptors compared io those
of IgG1. Accordingly, the serum half-life of the featured antibody can be
increased by using the CH2 and/or CH3 domain from 1gG2 or IgG4 isotypes.

30 Alternatively, the antibody can include a CH2 and/or CH3 domain from igG1 or
lgG3 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.
(9/258,158, published as U.S. patent application publication 2003-0105294).



Anti body Production Antibodies of the invention, as well as other variable
regi on-containing proteins of the invention, are produced by methods well
known in the art of protein io engineering. Nucleic acid vectors capabl e of
expressing a heavy chain and a |light chain which include sequences of the
invention are introduced into the appropriate cell and the reconbi nant
protei n pwodueteriso expressed and purified. For exanpl epCrRedobodess of the

i nvention can be produced in engi neer g manmal i an cell |ines such as NS/ 0
cel|'s, CHO cells, SP2/0 cells (SP2/0-A414; L5 ATCC CRL 1581), YB2/0 cells
(YBZ/3HL P2. G11. 16Ag 20; ATCC CRL-1662), or other mammalian cells well known

th f tib t o nbodj t, B4 V N t 1 bodi
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are pr Odu%‘ﬂndnﬁ‘ 03’@%/}%&/?' A éﬂ)ﬁﬁéﬁ%‘reg}(ﬂ YWhERasEuded Anthe prbfesecdf el | s, or

bacteria may be used to produce 20 teins containing variable regions of
t he i nventpresentientios thethinge isThemealegbbotl adabfrallyreciurviegt i on are

Fymphoms "B GEsRAIR e aR ErdupEaly biidel et S Rl e Gl
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eryt hemat osus, and so on. For B cell rg) oma, dependi ng on the |udgnent of
it

the physi SEaHENGas @fﬂyn@%ram@mormrma@ ar%léeﬁmunqg&bwéscanm NGt her
t her api es.. i.e r By T™M may
initially ”P é‘ggéﬁg @qﬁﬁ%uxan mf%&dﬁgﬁ? G(e':}léjtrlljc%‘r ceI %E%%&a’%e' Such

patients mesﬂneulamdgeunenagzy still respond to the anti bodies of the
i nvention. WD 2007/ 076950PCT/ EP2006/ 012365 - 29 - the invention. Rituxan TM
may be used for this purpose, according to standard procedures.
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delivery. 10 For a 70 Ki am human pical dose is in_ the range of

about 50 FSTVPEaRIaGH- Oghanaly. 18 frsh e defarminagsete e Dhen feihe o about

400 - ! t
weeks, o Mk s atey EREMCETKe SRpRERRAER) Ana RF AnfaI¥e b 10 =1
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treatin ch,a ncer r eat for
exarrp: egurs@q”ﬁ%ﬂ?#ﬁg% g'&?d Q% “Egt P%&&aﬁ’@ ?Uﬁ”bﬁg‘% % QQ‘L‘%&S‘J’& ng the
vari abl e regi ons of the i nvention by infusion or subcutaneous injection,

usi ng doses of 0.1 to_ 100
In contrast to igG1 the hinge region of 1IgG4 is known to form interchain disulfide

20 bonds inefficiently (Angal ef al., (1893), Mol. immunol. 30:105-8). Also, the IgG2
hinge region has four disulfide bonds that tend to promote oligomerization and
possibly incorrect disulfide bonding during secretion in recombinant systems.
One suitable hinge region for the present invention can be derived from the IgG4

_ hinge region, preferentially containing a mutation that enhances correct formation

25 of disulfide bonds between heavy chain-derived moieties (Angal et al., (1993),
Mol. Immunol, 30(1):105-8). Another preferred hinge regi'on is derived from an
lgG2 hinge in which the first fwo cysteines are each mutated to another amino
acid, such as, in order of general preference, serine, alanine, threcning, proline,
glutamic acid, glutamine, lysine, histidine, arginine, asparagine, aspartic acid,

30 glycine, methionine, valine, isoleucine, leucine, tyrosine, phenylalanine,
tryptophan or selenocysteine (see, e.g., U.S. patent application publication 2003-
0044423).



20 milligranms/nmeter2/patient. In a preferred enbodinment, it is particularly
useful to adm nister an antibody-1L-2 fusion protein conprising the variable
regions of the invention by infusion or subcutaneous injection, using doses
of 1 to 10 mlligrans/ meter2/ patient, and nore preferably about 3 to 6
mlligranms/nmeter2/patient. 25 Pharmaceutical conpositions of the invention
may be us®&MD tm7/eteesef orm of solid, semisolid, or |iquidrdesageeboses, such

as, for exanple, pills, capsules, po s, liquids, suspensions, or the
like, preferably in unit dosage forns itable for adm nistration of precise
dosages. The conpositions include a conventional 30 pharmaceutical carrier
or exci pi ent _and, ? addi ti on, ncl ude oth nedi ci_pal agents,

phar naceuﬁ”c%ﬂ; PRIGERA( %59%@@’? @pgbo o‘ﬁi geglqn E the BYemian; GANeSRNaiRay i ncl ude
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proteins. Actua osage orns are known or will be
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reglons pdHL12 is designed to accept nucleic acids encoding the heavy chain
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The antibody variable region of the invention can be attached to a cytokine.
Preferred cytokines include interleukins such as interleukin-2 (IL-2), IL-4, IL-5, |L~
B, IL-7, IL-10, L-12, IL-13, IL-14, IL-15, IL-16, IL-18, I1L-21, and 1L-23,

25 hematopoietic factors such as granulocyte-macrophage colony stimulating factor
(GM-CSF), granulocyte colony stimulating factor (G-CSF) and erythroposeitin,
tumor necrosis factors (TNF) such as TNFaq, lymphokines such as lymphotoxin,
regulators of metabolic processes such as leptin, interferons such as interferon o,
interferon B, and interferon y, and chemokines. Preferably, the antibody-cytokine

30 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 !1.-2 moiety are mutated to reduce toxrc;ty, as described in
U.S. patent apphca’ﬂon publication 2003-0166163.



synt hesi zed de novo and inserted into a pUC vector- derived carrier plasmd
(Blue Heron Bi otechnol ogy, Bothell, WA). The nucleic acid was excised from
WO 2007/ 076950PCT/ EP2006/ 012365 - 31 - the carrier plasmd as a Nhe Hind |11
fragnent and ligated to the appropriate vector fragnent of a |ikew se

di gested pdHL12 plasm d. Nucleic acid sequences for B4 VHO (SEQ ID NO 1), B4
VHv1 (SEQ ID NO 2), B4 VHv2 (SEQ ID NO 3), B4 VHv3 (SEQ ID NO 4), B4 VHv4
(SEQ | D N&Bx7/B4ss¥HvS (SEQ I D NGO 6), and 5 B4 VHv6 ( SEQrEBxokRiZjesare shown.
Simlarly, nucleic acids of light chain variable regions of the invention,

fl anked by sequences w th endonucl ease’f €5t riction recogniti on sequences 5'

- GCTAGCTCCAGC -3' (upstream containing the All Il site) and 5 - 10
GGTAAGCTT - 3' (downstream containing the BamH site), were synthesized de
novo and iGriong mthﬁwtslrpwp@é%fzan%mn%@i%@ RiseeORY 28RN SLEM 88 aHer on

Bi ot ec hno's%@éfn%?ﬂ%flﬁell Ig\éﬁ}aﬂmﬁiﬂ'}éﬁ e% 84 Wﬂd\‘!‘@\?y gﬁ@g&gﬁugfoﬂgﬂg&féﬁ carrier

pl asm d as "an arn agnent and 11 gat’e € appropriate
vect or fr agrieads bF12ahd Ked®i SkhedcgresiuetiopdHibieiplcasylekesNoritainngeaan d

sequences .15 encodi ng B4 VKO (SEQ I D NO. 8), B4 VKvl EQ | D, NG 9), B4 VKv2
(SEQ | D NETBY 9%’%%&@@%@@”&3”&(9’%@5%” &i{@@@%@@@@% Pl T?#Sar e
shown. s Byl !Qé%.BWQS‘She nucl ei ¢ aci d sequences encoding the different

heavy and |1 ght chainh variable regions conbinatorially into pdHL12, a panel
of plasm ds encoding 20 B4 anti bodi es of the invention, B4 VHvXNKvy, were

gener at ed.A I%x! aggl e ﬁ Expression and Purification of Antibodies of the

| nvent i on.20 ' g general techniques are used in the subsequent
Exanpl es. Altibealds dPuhd ivenaon 2 wes e othervafiabRRERMScoHtbiniRtbetking ansi ently
frommammalian cells, plasmd DNAis introduced i nto human enbryonic ki dney

293 cel | s thginveatignaigdredutadipienetimgs welkknewn iy thearpebpioteinat i on of
pl asm 1.Lh cal¢i I . i t ection for
o1 s a maSleeRinGe U, BOEAES ABHbER oL 8 fPalh HigH et
Labor at or Yighbetheih whish theopiel segiueacdoof thil indddntioBtaablintréduaedfisiotthd cl ones are
obt ai ned by one, of several standard nethods, for, exanple, by el ectroporation
or by nuclARBrRRTIAN ol ENE3e BRSGaRINGR RPN AdYEh S RIBESSEATSHBUTIE0 cel | 5 | o
per f or med i hei ti b ; i d
D075 0760d anekRimpEnibE0Rs s the iFefiisH eaRbe Brodided in engineere

mammalian cell lines such as NS/0 cells, CHO cells, SP2/0 cells (SP2/0-Ag14;

15 ATCC-CRL 1581), YB2/0 cells (YB2/3HL.P2.G11.18Ag.20; ATCC CRL-1662), or

other mammalian celis well known in the art of antibody production. In one

embodiment, B4 VHvx/VKvy antibodies are produced in NS/0 cells. In another

embodiment, B4 VHvx/VKvy antibodies are produced in YB2/0 celis.

Alternatively, yeast, plants, insect cells, or bacteria may be used to produce _

20 proteins containing variable regions of the invention.

Adminisiration

The antibodies of the invention are preferably used to treat patients with B cell
disorders such as B cell lymphomas or autcimmune disorders with a B cell

25 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

30 should generally still respond to the antibodies of the invention.

In the case of antibodies directed against CD19, it is sometimes useful o clear
the normal B cells from the body, as these cells are likely to titrate the antibody of



Dul becco's nodified Eagle's nmedium (DMEM Life Technol ogi es) suppl enent ed
wth 10% fetal bovine serum 2nM glutam ne, 1 mM sodi um pyruvate and | X
penicillin/streptonycin. About 5x106 cells are washed once with PBS and
resuspended in 0.5 m phosphate buffer solution (PBS). Ten mcrograns of 5
i nearized plasmid DNA is then incubated with the cells in a Gene Pul ser
Cuvette (@ohkoemredsectrode gap, BioRad) for 10 m nutes pOIEEB06/012365

El ectroporation is perfornmed using a e Pul ser (BioRad) with settings at
0.25 V and microF. Cells are allowed t© recover for 10 m nutes on ice, after
whi ch they are resuspended in growth mediumand then plated onto two 96-wel |

01560 nvimoniet RSt hBuRee o WibiThas ekoMigyLd shablic Presence
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times, and MIX-resistant clones generally appeared in 2 to 3 weeks.
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producers iffL%eg at I%:fxl. élll 9) J. Inmunol. 15 Methods 125:191]. High

pr oduci ng A ?r”g TERFed and propagated in grow h nmedi um cont ai ni ng 100
NM MI'X.s Sim larly, other cell lines may be used to obtain stably transfected
cl ones by essentially the sane nethod, such as CHO cells, BHK cells, SP2/0
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25 nodi fied _Eagle' s nmedi um ( DVE pl emented with heat inactivated 10%

m (DVEM  su
fetal boviAgiveikaigplse paRskie Mmathods Ofgdq{ﬂ%@/odi um pyruvate, and 1 x penicillin
I strepfonycin, were centrifuged at 90xg at roomtenperature for 10 mn and
resuspended in 100 Rl of suppl enmented Nucl eof ector Solution V. 100 ul of the
cel | susp&osadid kiagrarxednam, @htypicabdade isiindéwa range oflabont 80 DNWg@EmsEar i zed at

(Amaxa) | e WhTeted SRR Rrar ALabat AT R R o o

Nucl eof eciisirg/ By &k rehesdledbdit dAce ePEryUhled oS NAEBRS, fBHEXAHBleMEdi UM Was
added and the sanple was transferred into a well of a 12-well pfate. One day

post tran§peeg which nerenal & cells and owr/aeils asppomitersto6/ 012365 wer e

resuspgnded in growth medi um and plated onto 96 well plates at cell
densities ranging from approximately 10 cells/well to approximately 600
cel | s/ wel FusiBngirbieing ahtbegresehtchamdisnaze esekll ectrextingyhuynandizeaset he

f 50 nM net t MI'X) , ich i nt dtw . d
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cl ones were assayed by antihuman Fc ELISA to identify high producérs
[G11ies #fusipn of sobgytapeoysimaadion, neingdosed 860.190]100H gh produci ng cl ones

vl 'l B RAPRARLSE o B ERRHAT X AR 3R DA, 10T
suppl ementdhinisteh ad. Arftibbe -l -2ifayion ereleinicoapisidg tha Vel edgienaditheor a
protein f rine\;reen’girc'?r%i Iblyl'r{r]af%ggr]l oarssu cutg%ggﬂgnjégtio%?hsi% Id%égs of 110 10
milligrams/meter?/patient, and more preferably about 3 to 6
milligrams/meter/patient.
25
Pharmaceutical compositions of the invention may be used in the form of solid,
semisolid, or liquid dosage forms, such as, for example, pills, capsules, powders,
liquids, suspensions, or the like, preferably in unit dosage forms suitable for
administration of precise dosages. The compositions inciude a conventional
30 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



Different ELISAs are used to determ ne the concentrations of protein
products in the supernatants of MIX-resistant clones and ot her test sanples.
For exanple, the anti-huFc ELISA is used to neasure the anount of human
Fc-containing proteins, e.g., chineric antibodies, and the anti-hu kappa

ELI SA is used to 20 neasure the anount of kappa light chain (of chinmeric or
- human | mwwghobubions) . The anti-huFc ELI SA i s descri begrimpasighdhés bel ow

A. Coating Plates 25 ELISA plates are coated with Affini Pure goat
anti-human 1gG (H+L) (Jackson | nmuno Wes‘earch) at 5 mcrogramm in PBS,
and 100 pi/well in 96-well plates (Nunc-Immuno plate Maxisorp). Coated

plates are covered and incubated at 4C overnight. Plates are then washed 4
ti mes wit Bppeehtdorihesa skifwedn tmnrti 7 heBHMpasitan odikedulation taeBSA/ 1/ 0 goat

bt for  at 247615 il A7 e son il St IR LubliphatfisT o Tneen
i n PBS andntaamied efferiigntcpadievd theedssirdd. effgte bl ibjort bRintessatéanpl es and
Secondary Anti body WD 2007/076950PCT/ EP2006/ 012365 - 34 - Test sanples are

diluted to the proper concentrations in sanple buffer, which contains 1%

BSA/ 1% : T [ [ i th
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prepar e aoc$bhamistehtiou foe ageetsithat elHibit soctsactivity ndtiese matheds rpl er buffer to

give a standard curye ranging, from125 rig/m to 3.9 ng/({m . The djl uted
sanpl es aﬁmstgmaﬁm%@%dg@aquww&lgﬂéﬂ,a THPE? fqghlélaf’mtﬁt?leand t he
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has to bepeefcabifigNaflsiciin.each | ot of the HRP-conjugated anti-hunan | gG
After incubation at 37 C. for 2 hours, the plate is washed 8

The inventicn is further illustrated through the following non-limiting examples.
Example 1. Construction of Anti-CD18 Antibodies Containing Variable Region
15 Heavy and Light Chains of the Invention.

Standard genetic engineering techniques were used to introduce nucleic acid
sequences encoding a heavy chain region and light chain region of the invention
into an appropriate mammalian expression vector. Exemplary cloning strategies
20 are described below. The expression vector pdHL12 is a later-generation pdHL
éxpression vector engineered 1o contain unique restriction sites for the insertion
of nucleic acid casseties encoding heavy and light chain variable regions.
pdHL12 is designed to accept nucleic acids encoding the heavy chain variable
region as a Nhe | / Hind lll fragment, and nucleic acids encoding the light chain
25 variable region as an Afl Il / Bam Hl 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' —

30 CTTAAGC ~ 3’ (upstream, containing the Nhe | site) and 5’ —
CGTAAGTGGATCC - 3’ (downstream, containing the Hind |l 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



Is times with 0.05% Tween in PBS. C. Devel opnent The substrate solution is
added to the plate at 100 pi/well. The substrate solution is prepared by

di ssolving 30 ng of o-phenyl enedi am ne di hydrochloride (OPD) (1 20 tablet)
into 15 m of 0.025 Mcitric acid/0.05M Na2HPO4 buffer, pH 5, which contains
0.03% of freshly added H202. The color is allowed to develop for 30 m nutes

at roomtaupRiaidse i n the dark. The devel oping tine i scpubieggéizie® change,
"depending on ot to lot variability of the coated plates, the secondary

anti body, etc. The col or devel opnent- i31 t-he standard curve is observed to 25
determ ne when to stop the reaction. The reaction is stopped by addi ng 4N
H2SO4, 100 ul/well. The plate is read by a plate reader, which is set at

both 490 tHa citle5I8siG 88@ NE® QS AMEN fiayraertdracigaeéd id the dpnseiiggnd OD at
650 nmfromthe OD at 490 nm 30 The antl-hu kappa ELI SA follows the sane

pr ocedur evegiotEagmepeef abewise gigastrd Pﬁﬁﬂglﬁéﬂ%@@or’l\lj@}%m 8RId; spsaenoeed i s

hor ser adi @199

Bi ot echnofﬂmééggﬁkﬁc%E?Fﬁrfﬁgﬁgxé'gg? V,d?géed aﬁvé?gg?gg{)ngi'?)m ion. WO
2007/ 0769BARGTVHFRO6DMNO3B5B4 \34- (FRQ i DINQ@1E) 0B4 VENWSNGEE I NG B dBAd o
purification procedures were followed. Typically, B4 VH/xNKvy antibody
conposit i Bts/1dY6 (HeilRNG: |)oﬁrwfbur| fied fromcell-culture supernatants
via Protein A chromatography based on the affinity of the Fc portion for
Protein A. The conditioned supernatant fromcells expressing 34 VHv/XA/ Kvy -
anti body Soniery), hudsic a@Eds bﬁbgiﬁathahrtmrmbﬁﬁ eegions ofi theatventibastarfidedvbyPr ot ei n A
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fragment of a likewise digested pdHL12 plasmid. Nucleic acid sequences
15 encoding B4 VKO (SEQ ID NO:8), B4 VKv1 (SEQ |D NO:9), B4 VKv2 (SEQ ID
NQ:10), B4 VKv3 (SEQ 1D NO:11), and B4 VKv4 (SEQ ID NO:12) are shown.

By inserting the nucleic acid sequences encoding the different heavy and light
chain variable regions combinatorially into pdHL12, a pansl of plasmids encoding

20 B4 antibodies of the invention, B4 VHvx/VKvy, were generated.

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 mammatlian cells, 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)
30 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
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VHy6NKv4 (10) . Representative results of two experinents are shown in Table
io 3 ahd stecied qlapesare selppleddat growthin theprererse oHB&oMi ndi ng to Daudi

cells by anliBRAAS (R NEHIRUE Mitkilced b d299%oBRErkAsfection. The cells
are fed every 3 days for two to three more times, and MTX-resistant ciones
generally appeared in 2 fo 3 weeks. Supernatants from clones are assayed by
anti-human Fc ELISA to identify high producers [Gillies et al. (1989) J. immunol.
15 Methods 125:191]. High producing clones are isolated and propagated in grth
medium containing 100 nM MTX. '

Similarly, other cell lines may be used to obtain stably fransfected clones by
essentially the same method, such as CHO cells, BHK cells, SP2/0 cells, and

20 YB2/0 cells, When YB2/0 cells were used, stably traﬁsfected clones were
generally selected by growth in the presence of 50 nM MTX.

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 penigillin /
streptomycin, were centrifuged at 80xg at room temperature for 10 min and
resuspended in 100 ul of supplemented Nucleofector Solution V. 100 ul of the
cell suspension was mixed with 2 ug 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 Nuclecfector (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 cells
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were resuspended in growth medium and plated onto 96 well plates at cell
densities ranging from approximately 10 cells/well to approximately 600 cells/well.
Stably transfected clones were selected by growth in the presence of 50 nM
methotrexate (MTX), which was introduced two days post-transiection. The cells

5 were fed every 2 or 3 days twice more, and MTX-resistant clones generally
appeared in 2 fo 3 weeks. Supernatants from clones were assayed by anti-
human F¢ ELISA to identify high producers [Gillies et al. (1989) J. Immunol.
Methods 125:191]. High producing clones were isolated and propagated in
growth medium containing 50 nM MTX.

10
The cells may be grown in an alternate medium known in the art, such as HSFM
supplemented with 2.5% fetal bovine serum and 100 nM methotrexate, or a
protein free medium such as CD medium.

15 1B.ELISAs
Different ELISAs are used to determine the concentrations of protein products in
the supernatants of MTX-resistant clones and other test samples. For example,
the anti-huFc ELISA is used to measure the amount of human Fc-containing
proteins, e.g., chimeric antibodies, and the anti-hu kappa ELISA is used to

20 measure the amount of kappa light chain (of chimeric or human
immunoglobulins).
The anti-huFc ELISA is described in detail below.

. A. Coating Plates

25 ELISA plates are coated with AffiniPure goat anti-human IgG (H+L) (Jacksan
Immuno Research) at 5 microgram/ml in PBS, and 100 pl/WeII in 96-well plates
(Nunc-tmmuno plate Maxisorp). Coated plates are covered and incubated at 4°C

~overnight. Plates are then washed 4 times with 0.056% Tween (Tween 20) in
PBS, and blocked with 1% BSA/1% goat serum in PBS, 200 micraliter/well. After

30 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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Test samples are diluted to the proper concentrations in sample buffer, which |
contains 1% BSA/1% goat serum/0.05% Tween in PBS. A standard curve is
prepared with a chimeric antibody (with a human Fc), the concentration of which
is known. To prepare a standard curve, serial dilutions are made in the sample
buffer to give a standard curve ranging from 125 ng/ml to 3.9 ng/ml. The diluted
samples and standards are added to the plate, 100 microliter/well, and the plate
is incubated at 37° C. for 2 hours.

After incubation, the piate is washed 8 times with 0.05% Tween in PBS. To each
well is then added 100 microliter of the secondary antibody, the horseradish
peroxidase (HRP)-conjugated anti-human IgG (Jackson Immuno Research),
diluted around 1:120,000 in the sample buffer. The exact dilution of the
secondary antibody has to be determined for each lot of the HRP-conjugated
anti-human IgG. After incubation at 37° C. for 2 hours, the plate is washed 8
times with 0.05% Tween in PBS.

C. Development ‘

The substrate solution is added to the plate at 100 pl/well. The substrate solution
is prepared by dissolving 30 mg of o-phenylenediamine dihydrochloride (OPD) (1
tablet) into 15 ml of 0.025 M citric acid/0.05M NazHPO, buffer, pH 5, which
contains 0.03% of freshly added H,O2. 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, efc. The color development in the standard curve is observed to
determine when to stop the reaction. The reaction is stopped by adding 4N
H.SQOy4, 100 pliwell. 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 480 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 (Southem Biotechnology Assoc. inc., Birmingham, Ala.), used at a
1:4000 dilution.
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Purification
Standard antibody purification procedures were followed. Typically, B4
VHvx/VKvy antibody compositions of the invention were purified from cell-culture
supernatants via Protein A chromatography based on the affinity of the Fc portion

5 for Protein A. The conditioned supernatant from cells expressing B4 VHvx/VKvy
antibody compositions was loaded onto a pre-equilibrated Fast-Flow Protein A
Sepharose column. The column was washed extensively with sodium phosphate
buffer (50 mM Sodium Phosphate, 150 mM NaCl at neutral pH). Bound protein
was eluted by a low pH {pH 2.5 - 3) sodium phosphate buffer (composition as

10 above) and the eluted fractions were immediately neutralized to about pH 6.5 with
1M Tris base. The compositions were stored in 50 mM Sodium Phosphate, 150
mM NaCl, pH 8.5 supplemented with Tween 80 to 0.01%.
The purity and integrity of the product was routinely assessed by HPLC size
exclusion chromatography and by SDS-PAGE. Resulis showed that the B4

15 VHvx/VKvy antibodies of the invention were typically greater than 90 % non-
aggregated and intact, with little evidence of degradation products.

Example 3. Determination of the Relative Binding Affinity of B4 Antibodies of the
Invention to CD-19 Presenting Cells.

20 To ascertain that the antibodies of the invention retained binding to CD19 a
competition assay was used, in which the sirength 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-labelaed B4 VHO/VKO antibody was prepared using the EZ-link Suifo-NHS-

25 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 chro‘matography.

Briefly, a titration series was prepared of biotin-labeled B4 VHO/VKO antibody pre-
mixed at a final concentration of 100 ng/ml with one of the unlabeled,

30 experimental B4 VHvx/VKvy antibodies at 800 ng/ml, 400 ng/ml, 200 ng/m}, 100
ng/ml, and 50 ng/mi 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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contrb»l). The combined antibodies were added to Daudi cells for 30 minutes at 4°
C. A 1:200 dilution of FITC-labeled streptavidin was added to the cells and the
samples were incubated for a further 30 minutes at 4° C. Bound amount of
labeled B4 VHO/VKO antibody was quantitated by FACS analysis, and the resulis
5 were expressed as “percent inhibition,” relative to the positive binding control.
The tested antibodies were B4 VHO/VKO (C), B4 VHvINVKv1 (1), B4 VHV2/VKV1
(2), B4 VHVI/VKV2 (3), B4 VHV2/VKVZ {4), B4 VHV3/VKV3 (5), B4 VHv4/VKV3
(6), B4 VHv3/VKv4 (7), B4 VHv4/VKv4 (8), B4 VHVE/VKv4 (9), and B4
VHVvE/VKv4 (10). Representative results of two experiments are shown in Table
10 3 and Table 4.
Table 3:_Inhibition of Biotin-B4 VHO/VKO binding to Daudi celis by antibodies of

the invention.

_ Antibody
Ratio
(% inhibition of labeled B4 binding)
{unlabeledl/labeled)
C i 2 3 4 5 6 7 8
8x 68 56 56 36 56 60 56 60 60
4x 56 44 40 44 44 40 44 52 43
2% 44 28 28 32 32 16 32 36 32
1x 28 16 16 20 16 20 16 20 16
0.5x 16 12 g 12 8 12 12 12 12

Table 4: Inhibition of Biotin-B4 VHO/VKO binding to Daudi cells by antibodies of
15 the invention.

Antibody

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

C 9 10

8x 93 90 87

4x 90 87 80

2x g3 70 70

1x 67 57 60

0.5x 50 47 53
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i nhi bited binding of |abeled B4 antibody to Daudi cells to a simlar extent
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Example 4. ADCC activity of antibodies of the invention

ADCC activity mediated by the antibodies of the invention produced in various
cell lines was assessed. ADCC was determined by a standard °'Cr release
assay, as practiced in the art. A serial dilution of the antibodies was prepared (4-

10 fold dilutions in a range from 100 ng/mi to 0.025 ng/mi), and lysis by purified
human PBMCs (effector cells) of >'Cr-labeled Daudi cells (target; E:T is 100:1) in
the presence of the antibodies was measured by specific S1Cr release, relative to
total cellular *'Cr (adjusting for spontaneously released 5'Cr). B4 VHv4/VKv4
antibodies produced from human embryonic kidney 293T cells or from YB2/0

15 cells, and B4 VHv5/VKv4 antiboedies produced from a NS/Q cell line or from YB2/0
cells were tested.

Figure 38 shows the result of such an experiment. Both antibodies obtained from
YB2/0 cell expression were equally active in mediating ADCC, and at least 50

20 fold more 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/VVKv4 produced from a NS/0 cell line. |

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

25 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 éssenti'aliy eliminate B cells.
Alternatively, when treating with a tuinor-targeting agent such as Zevalin™ or

30 Bexxar™ or a Leu16-iL2 fusion protein (WO2005/016969), it is usefu! to first
eliminate normal B cells.
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15 essentially absent, indicating that human B cells were depieted by these antibody
freatments.

Example 6. Treatment of a lymphoma-bearing mammal with an antibody of the

invention. .

20 To address whether the antibodies of the invention were functional in vivo, the B4
VHv4/VKv4 antibody, expressed in YB2/0 cells, was tested in an animal modeli 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

25 intraperitoneally or with PBS. About one to two times per week the mice were

examined to see which mice had become il 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

30 with the B4 VHv4/VKv4 antibody became il at later times, and three of the six
mice in this group remained heaithy throughout the 30-week course of the

experiment.
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which all became ill within three weeks, as opposed to the PBS-treated mce
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treated with 500 m crogranms of ant’ibody Intraperitoneall

with neither antibody nor CPA, ali of the mice became ill within four weeks of
injection of the lymphoma cells. In the groups of mice singly treated with either

20 the B4 VHv4/VKv4 antibody or CPA, 5 out of the 6 mice were healthy for at least
five weeks but became ill within about six weeks. In the group of mice treated
with both B4 VHv4/VKv4 antibody and CPA, all of the mice remained healthy for
at least eight weeks.

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

the invention combined with chemotherapy.

in another set of experiments, Namalwa 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

30 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



WO 2007/ 076950PCT/ EP2006/ 012365 - 40 - PBS on days 3, 7 and 11. Mce were
also treated with either cycl ophospham de (75 ng/kg, i.p.), or vincristine
(0.4 ng/ kg, i.v.) or doxorubicin (3 ng/kg, i.v.) or PBS (i.v.) on days 3, 7,
and 11. The results are shown in Figure 42(a-c). The results indicated that
each of the three chenotherapeutic agents could be 5 conbined with an

anti body wbh dbm7sawenti on. Exanple 9. Treatnent of a hsgpappatéenss W th
anti bodi es and nethods of the invention. The anti-CD 19 antibodies of the
i nvention are used to treat human diseédses and io disorders as follows. In
general, the preferred nethod of adm nistration is by intravenous infusion
or intravenous injection, although subcutaneous injection, inhalation, oral
del i very, P@Sdorotiags 3nEehddd. Aviiceakere aisxsh“eblee!.wiﬁdeitmmngjMBphbmtde once

every 2 or weeks 15 used, althoygh.the equenc f mnlstratlonrra
var yydepe cﬁﬁ@ I.PHeohVBgSt e @H’%"}QQ?Q &MY OFAérOKgﬁ{%é K(gﬂﬁ d-Y1E0Thout 100y
to 800 nop sog vﬁﬂ%na&y wu;m 1117 PRY ?é%uﬁ@tdr@ehéwﬁnﬁﬁwéu@we f9hesigns of

i nfection tha rom i mmunosuppressi on. For exanple, a patient
Wi t h Cast resufin’ mmtsdm e&:htmféheé!ﬁewmbmdthempeuﬂ@menMOwa&/wKM ant i body

of the invention ahQout opce, ev two weeks at a dose of 20 about 8 ny/ kg,
with adni ﬁ?@h’?@i‘%’ﬂ" 89 a&ﬂgﬁd‘-\f ﬂf{%l'g}ﬁerf@ﬁ about 1 hour. A patient with
rheumatoid arthritis is treated with the anti-CD19 B4 VHv4NKv4 anti body
about once everygfour vveeks at a dose_of about_ 8 rrg/ kg W th adrp nistration
by drip i BEX8&IXS i ‘ PR LRI MEIE) 3 Y ' i

found to bg ﬁl Igglflcantly I nhi b| ted by m)not herapy even when conpared to

di sease- anti-rheumatic drugs. A patient with Crohn's disease is

treated wrhb dnfiecong 'ran@BcBeBéf Waviddkiibreavel m{)ammﬁmedueaf@sas aedir weeks
at a dose of about 8 wi th 30 administration ggm rip.infusion for
about P hélgerdess |§§tfﬁ3|l§?ws V\hntgﬁﬂﬁ!ﬁ't the erefgreedmethed et BYstiation I8 BY anti - CD19

ol ko, wi L S0 SR AR R s PSRN P Boufafns ifecfiof ! °

inhalation, oral delivery, and other methods are also possible. Administration

about once every 2, 3 or 4 weeks is used, although the frequency of
administration may vary depending on the needs of the patient. A typical dose is

15 about 100 to 800 mgs for an adult human. ~\I”:'eat(—;*d patients are monitored for
signs of infection that may result from immunosuppression.

For example, a patient with Castleman’s disease is treated with the anti-CD19 B4
VHv4/VKv4 antibody of the invention about once every two weeks at a dose of
20 about 8 mg/kg, with administration by drip infusion fer about 1 hour.

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
25 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
30 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



- 41 - admnistration by drip infusion for about 1 hour. Treatnent with the
anti-CDl9 B4 VHv4NKv4 is conbined with a standard-of-care treatnent for

mul ti pl e nyel oma as determ ned by a physician as appropriate for the
patient. 5 A patient with a B cell lynphoma is treated with the anti-CDl9 B4
VHv4/ VKv4 anti body about once every three weeks at a dose of about 8 ngy/Kkg,

W t h admwpgséozatdeen by drip infusion for about 1 hour,p@pEd08s@hiddsi n
conbination with an anti body such as Rituxan TM at about 375 mlligrans per

square neter of body surface area, whédh-i s adm nistered every week, or with
the anti-CD22 anti body 10 epratuzumab. Alternatively, in the case of a
patient with refractory |ynphoma, treatnment with the anti-CDl19 B4 VHv4NKv4
anti body admintikitioadwdrighinfusiadiopiabaun o ooy, umﬁment:Wech@ammM Bt Zevalin

TM . More specifically, . atient wwth a B c rrpomalstreated with the
ant i - CD 19NBHWAGARRObiGR Wit @ sa%'aﬁﬁfdcqf@@r%wawmrf%wmﬂaf@ OM3Yose of

about 8 1?3 H@(@hﬂ e\e“; agﬂ%le ﬁtésagﬁp}rar%@%te%“@lel ;éﬁton for about 1 hour,

optionally In co erapeut’i ¢ regi nen such as
cyclophosphanlde plus vincristine plus doxorubicin plus prednisol one

pl us anc’?‘P@f'gﬁg‘?ﬁ@f‘gﬁl} @p‘%’gm%ﬁ tﬁm"géH%@Gb CB(S.Z%% %ﬁ%{% xant r one

cytarabin AR\ toxant rone plus
et oposi de?rﬂgddﬁ ?@gkﬁg@?f‘ﬁv&g} fl uda%%biéﬂnéjg%%é gﬁémt%@y‘?ﬂ ernative

"t r eat ment administedipn by drig inursiomiar abauBt delt, dpjinpalbnip dosnbbinatiorawith anr eat ed

vm'ththea i-CD 19 8 VH\/4NL<V4 Nt t.a dose of about and is
then | ot eAMEpETRuER A AR A < BR A e Beblrd Pl LS, 5

descri bedsurfac\éﬂa%@QSJvﬂmﬁ9§adniﬁﬁ1§teeewe@érg,w@m@t-mntthe%ntnr@aﬂzzdn%bdiay 1 with
the anti-CD19 B4 VHv4NKv4 antibody wth admnistration by drip infusion for

about 19 heRretuzymah. h@lﬁema@eﬁlmn&m aase of anatienyvith aftactan haﬁphorc@zo 1L2

fusi on pro t g dm nistration
by drip in %‘%gﬂ% gﬁ mtﬂg%ﬁt!%g?ﬁ%&r\éﬁé&\/ ""9‘%8%90 |r25'?lgwev%{{he% about every 3
weeks. 30radidimouinosnsjuigate suches BemwT’b;ortheainyM the anti-CD19 B4 VHv4NKv4

ot i ont . g HRRCIRGR o AR R PIL AR RPNt the antiqefls by

bi ndi ng tgy WNKWJ&F‘ é’f%dt%nce'evé%f thréd-RebMs At adsaMlabbln 49 anti body,
whi ch is engineered by ying variabl e regions of nudne anti-CD19 B4

anti body B amtbradz@alswtlon@ymwvfusm far abputabheun, @gtl@ihaibmnSEQ | D NO 13

than sat CTRANRIT W et etbru bl et R cob BHoe BTN %o i
still COﬂVﬂ&&Mhethu§§3mmbm&1 bluslpiréwnﬁlﬁ\ﬁe ¢THOR") er getompldss expressing

CD19, a}Pacterl zed Flt’ iit sai d nodi fied anti body nprises the heavy chain
vari abl e PlegMY¥RINgPr §E@ BlUSHepoSide: QW‘*@XW”@ H‘%V‘V‘ﬁﬁﬁt&'@ @UBegi on of SEQ

' D NO 29 tg%te;:?a [NRaR0 ﬁ&é’bﬁsﬁﬂ?&%b&%éfbl g?h %pi%@%%)ﬁ %?r@%ﬁ%‘ fied in

An ‘expression vector conprisin aim2, 4. A
host czel | plex Fosfamidg plus mitoxantbhe plus etopdgides os benddmastin, or dudanbit.

and 2-CdA.
In an alternative treatment strategy, a patient with a B cell 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

25 described in W02005/016969. For example, a patient is treated on day 1 with
the anti-CD18 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 1560 micrograms per kg with administration by drip
infusion for about 4 hours, and this cycle is repeated about every 3 weeks.

30 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 thét the
anti-CD20-IL2 fusion protein exerts its effects by binding to remaining tumor celis.



5. A pharmaceutical conposition conprising in a pharmacologically effective
anopunt an antibody as specified in clains 1, optionally together with a
pharmaceutically acceptable diluent, carrier or excipient. 6. Use of a
pharmaceutical conposition according to claimb5 for the manufacture of a

medi canent for the treatnment of autoi mmune di seases or cancer. 7. An anti-CD
19 anti body as specified in claiml1 for use for the treatnent of autoi mmune
di seases or cancer.

- 42_
CLAIMS

1. An anti-CD19 antibody, which is engineered by modifying variable regions of
murine anti-CD19 B4 antibody characterized by the heavy chain variable region of
SEQ 1D NO:13 and light chain variable region of SEQ ID NO: 25, and is less
immunogenic than said non-modified parent antibody when administered to a
humah, hut is still competent to specifically bind CD19 and 1o targef cells
expressing CD19, characterized in that said modified antibody comprises the
heavy chain variable region of SEQ ID NO:17 and the light chain variable region
of SEQ ID NO:29.

2. A DNA molecule encoding an anti-CD19 antibody as specified in claim 1.
3. An expression vector comprising a DNA molecule of claim 2,
4. A host cell expressing an anti-CD19 antibody as specified in claim 1.

5. A pharmaceutical compaosition comprising in a pharmacologically effective amount
an antibody as specified in claims 1, optionally fogether with a pharmaceutically
accepiable diluent, carrier or excipient. |

8. Use of a phamaceutical composition according fo ¢laim 5 for the manufacture of
a medicarnent for the treatment of autoimmune diseases or cancer.

7. Ananti-CD19 antibody as speciiied in claim 1 for use for the treatment of
autoimmune diseases or cancer.



