; =>?@A\Be3ex!| | mMfpgwewTx: ~u~~~~u~~ ANTI BODI ES AGAI NST HUMAN CD40 w enu~u~ 5
Back round of the Invention |Imuneiinfiammatory responses are nedi ated by a

conpl e es of i nteractions. One receptoriligand pair shown to be
i rrportB ﬂ@ﬁ” processes is CD40/gp39. The gp39/CD40 interaction
medi at

f inportant signal |1ng events between %C%I vat e? 5 cells
and ot her ’@qu‘ector cells of the inmune system | eadi ng ta tI ? gati on

of an imuneiinfl amat on~ response. Responses to signaling through CD40
include T cell help to B cells tn the hunoral inmune response, induction of
cvt oki nes by nonocytes, and | es by endot heli al
cells. CD40 is a type | cel‘?ﬁﬁﬁﬁj@gg @WM%@r of the tunor
necrosis 15 factor receptor (TNFR) supergene fam ly% Though originally
identified as a B cell antigen, CD40 is now believed to be exp

antigen presenting cells (APC), including dendritic cells, kerﬂm M@MM%\“
and nonocytes. CD40 is al so expressed by cell types that can a

under certain conditions, such as vascul ar endothelial cells, or capoeg”

i nvol ved |n r i tyl th T cells or T cell precursors such as
20 thymc ept ckotoddl i) Bigl ecently) it has also been reported that
CD40 can be exprea&ﬁﬁlurtbymﬁlamnm%@%@onmsmm@mak@i b\ail@brgﬁl’ék‘s’@{eg@f'r cells.

CD40 expression has al so been seen in cancerous cel'ls vi dence for this is
primarily dernemgtionornd eceploniizandopain showef o dermponaniindse prodesses snona

derived cell h a nd Ledbetter, Proc. .Nat|. Acad.
Sci. ( 1986) MS@% ghe g,f?,/ﬁgggggmg{acmn megiates g er O fpqriapyggyaling

169: 2043-5 Bic,EauteRicelacnvaled Prals Mefloués SR LAQOA B8 Il

al .. J. Exp. eﬁﬂgg%f‘ L R ST L R R ST h s éﬁ%%?‘ﬁ 9?3%
43: 78G 9410 Paulahmhé‘ﬂcatadm of ﬁammanna/mﬁnalm’uatoﬂvrrmmsdneResp(mi&&S}mﬂﬂu%S 28;

Denfeld et al. 1996% 26:2329-34; CGaspari et al.. Eur. J.
| munol . {19981)01128 C@medeﬁe@ﬁl’é@dm&\/ celds withg pumonal immung s3sponses 997)

|, | I d
Spits, 0. i mitson S aguRinggn Fhenopties B odflnoh Y it by 5o, &
al so known asen@bdfelial AP, T- BAM and now has the official CD designation

fromthe Leukocyte Workshop df CD 154. In cn vuro assays, gp39 appears on
the T cells approxChdfes g tgped mﬁunsfactmeb@mrrﬁgld dmewokr cfahe wemdrowcmas | evel s

peak at 6-8 hours. The n | evel declines.and i

undet ect abl e éﬂ‘oé TS558 I&ﬁ{F&) S‘éﬁqrﬁ"lﬂeef?’inﬁh tf%’?)g‘ é&p‘Pé’é‘é}dﬁﬂuﬂ%&aséﬂ Bgebeen
det ected on l¢ I

Sei . ( 1092) GBI k%béﬁ?@ﬂ‘a"ﬁ”?ﬁ ‘%ﬁgﬁgéfﬁz}kég"m %ﬁl‘mfnﬁ 8%3“%?514113(1‘9 S
Spriggs et al mcluﬂlmdﬁi@dnﬁédelli keRApcRdH aﬂdiﬂ-'ﬁanGyteG @D4efts albo expkessed By

I mm tnol . ( 1992) 22:3191-94; Covey et al ., | mmunol

31: 471- 84; Ca%@cltéfpeﬂctha} can afl a?ﬁ#&?ﬂm er %myow@r@?m@e V%ia?ggg%mcliab
365: 340- 43, CSABnaR R WfoIedE s (UGS Shulh s Bt L bretiS B pen s

J. din. boveghmif eé@&ﬁﬂal 88118 More riecdABF At has also been reported that CD40 can be

expressed by fibroblasts. eosinophils. and acuvated T cells. CD40 expression has also

been seen in cancerous cells. Evidence for this is primarily derived from the
identification of some carcinoma and melanoma derived cell lines which are CD40".
(Clark and Ledbetter, Proc. Natl. Acad. Sci. (1986) 83:4494-98; Schriever et al., J.
25 Exp. Med. (1989) 169:2043-58; Caux et al., ]. Exp. Med. (1994) 180:1263-72;
Alderson et al., J. Exp. Med. (1993) 178:669-74; Young et al.. Int. J. Cancer (1989)
43:786-94; Paulie et al.. Cancer Immunol. Immunother. (1985) 20:23-28; Denfeld et
al., Eur. J. Immunol. (1996) 26:2329-34; Gaspari et al.. Eur. J. Immunol. (1996)
26:1371-77: Peguet-Navarro et al., J. Immunol. (1997) 158:144-52; Hollenbaugh et
30 al,]. Exp. Med. (1995) 182:33-40; Galy and Spits. J. Immunol. (1992) 149:775-82;




Mehta et al., J. din. Invest. ( 1996) 97:2063-73 ). CD40 is a potent
signaling receptor, providing a nechanismfor activated T cells to regul ate
a wi de range of imrune and inflammtory responses. In vitro and int 5 vivo
studies with reconbinant forms of the gp39 ligand and with anti-CD40 mAbs

have shown that signaling through this, receptor |eads t %@gt &2
response in all known CD40~ cells, an@ that outcone notpgnl va;él es by cell

type but is S dulated by concurrent_ sjgnaling events through other
receptors. | ﬂJcﬁ(ﬁégEIPg, 1% H¢0 msﬁ@dg%gﬁap' 3nf neyrhas ta ¢feaalfPh
si gnal i ng by - t I J | nd
producti on Odegg?étlggﬁT%ngﬁ%P, e?k%é}ﬁggﬁqr%%? é%é%ﬁ:vﬁh (Iarp%gﬁ)(sg g%%#agp%% in
conj uncti on \appdarsogmel Bedlls approkendttly 204 heoe piidwiteadell actRateh hnd levels

proliferation andngr oduction of antibodies of the I1gG isotype (Gordon et
al ., Eur. J. PERq#ffyP hoprsqdigprofein jeyebthsn sopidinggages apd isgindetegablgp.  Med.

Gascan ot Jal "0 s RS GoBepsyo il i Semlectdonpespentiislt

si gnal i ng mayngst eslisa (Notlk dral. clerob LiNat. AcadLsyit o 997)otasis0tsae Honelbatigon of
CD80 and CD86, important T cell costinulatory nolecules which bind CD28 and
CTLA4 (Gol dstebi EMBO 4 (1993)011:431 Ard ) SPriggsen o) . Bxp Mad. £ $992) 1A 1 643+00:9p39

ol . : . eletidigp3
oroducti ve | a0 &t EReERE 1bPD AL KRBt OB RAE (P o 507

i mune syst erg]:49aveN @asti@etnUnNamnainol.i( 13Y3Y951 30UDES IRy @tal.l NigmuRbler act i on
is unique and central to the regulatton of the hunoral i mmune Tesponse in

humans. 118 (3993 1ALG487-23 b Xayghatict all.draturgd i 8% 363 ¢p39; Exyshatsst abrEur

structure have;been s ) | ause, .the h i, f.ci ency
known as X-| iJﬁLmr,@u 8%@&%5#%%9’%’%05@%53?10 &h HEES -W&%gﬁn@?a}'s
characteri zecMQMatehg"im@ph_lIh{,égt_qflggg)fgegoggl_m;]_dw dual s to produce anti bodies
other than those of the TgMi1sotype, indicating that the productive
i nteraction bet wee®D¢pBR potent Cignalingrecenion, peaviding a aveckdnisne fonaeti vasedof-al
i mmune respons Allen et .,_Science 199 259: 990-93; Aruffo et al.,
Cel | ( 1993 )Ceﬁsif’ Feﬁb'f%"ci’o‘?‘adlﬁr%r&fdm&‘{“gla‘.‘, "%é%‘ﬁﬁwé“é’ T4PeR§es 3Bt Virg £ d u3;
Ful ei han, st @l stuBeith NeohmbiR formSr i 93DigdH M Rk Qal:Bpasenhbauer et
al., Nature (1993) 36l :539-5S41; Notarangel© et —al., Imunodef. Rev. ( 1992)
3:101-22). Lileswisbeyn thatsghalohgtthroughl tloaiteeepthaleadsan-aXellGlat respaade tl &1 syndr one
in humans is caused bg, defects in the CD40 nol ecul e. Usi n% gene knockout

n bu

t echnol ogy, nfnosvn GRRY herlisreng that qyepmana) onbeasics b eelhtypa butsalse ni ce
exhi bit a phe [ - erdsti I ngr.ome
suggesti ng thrgl? 3‘#&%8“@5%9%‘%@%&@%%?%? Flgt? gﬁ%e§thi§rr{ Egﬁiﬁtogféi ﬁoﬁﬂtcégsf H{rhe
effects of cCnexamle, OTRA sigilliniin Borfunidiioh waitt igfaBA® bothelll-4 r@psBr 0 t hat
bl ock the interaction between 15 CD40 and gp39 {Kawabe et al ., Imunit (
1994) 1: 187- 7B celkpradiferation andproduetipn(of gnuhodievaf sheslgE; isquwpes e D4 . | .
Exp. Med. (1994) .180:1889-1900Q;..Casti.gkl e an . Proc. | o Agad. Sci. USA
(1994) 91: 121%‘%‘2‘%5?.‘“ Fofitag o i BRbi P rbmCihe Bto fee P 168 e B RS gp39
interaction hgno@ifdiesh SEROGEICYSh b ahtibbidRe dfﬂmtgc;rmdtly\gi @oradifetibyEer. frodel s
of disease using a hanster anti 20 nouse 3glp:?T mAb 1 ). The

o

9 (
i mmunosuppr esBimunela@@87} §7:533 5k Roussasevial.,ilsExmpMeask (A9 1) h73:7@5-AH1: Fabaga t o

(Foy, ot 1.+ St B MR TR, LG8 SERRR055e W& L 1pung L TREGER 35, 9°"
i mune di $£as &30 aY%RiRdSODIE Siznsl ay PlayQ roltth ReMBSk ibmidiSahfaphk thei th the
anti body) including those nediated by cellular inmne responses. D sease 2s

nmodel s shown imslubkon offCHBO end 686y mapomant T well hostintulatogy3oleaieLsikick bindagen

nduced. AU S ARk S 51 OSSR RS L Sl P

nephritis,

The CD40/gp39 receptor/ligand system is one of the many systems which are
involved in the productive interaction between activated T cells and other cells of the
30  immune system. However, a number of findings suggest that this interaction is

unique and central to the regulation of the humoral immune response in humans. In



and graft vs. host disease (Dune et al., Science ( 1993) 261:1328- 30;
Berry, et al., unpublished; Gerritse et al., Proc. Natl. Acad. Sci. USA
(1995) 93:2499-504; Mhan et al., J. Imunol. ( | 995) 154:1470-1480;
Larsen et al., Transplantation ( 1996) 61:430 9; Hancock et al., Proc.
Natl. Acad. Sci. USA ( 1996) 93:13967,72; Parker et al.qgRQustNaid2 Acad.
Sci. USA ( 1995) 92:9560-64; Durie, et al., J. din. Invest.” ( 1994) 15
August 2002 oeeriada, deectsyg) $RIOEXprsssian or stuyspuibhdve heer) shommeo belthe cafise of

CD401gp39 in L J f el lyl.ar | ne . e be direct,
t hrough t he S%Pﬁﬁ g{P é%&hg@dég@ %ﬂlg%lé?ovg a%%tlln\ifg(i g%%??%ﬁ%épﬁﬁ)aﬁyggl’%@ecapabl e
of expressi ngTKP4RmuAsdefiBitnt L &lchatablefg@by he wedbilRP o PAff&Yddaka NG g t he
expression of inportant co-stinulatory cell surface s nolecul es such as

CD80 and CD3eprodificantipedies ether than thopetf the &) protyps, DRt ingd21CTE productifae

anti-inflammatory.. f e, ;AL bI tor. have been .deponstrated by
studies in a ‘%geﬁscé‘%%gtg‘{e%%%p %é(?rbdegg??]ésur@g‘&rqd?ébar}ﬁef?ﬁa ve °r§¥ FERE on
inflammation @eponksy QA lddneet SUIYREIRd1998) DS 9bALOYI A fbfolcf 81 el (@69mIShoat i ng

stimulation of CD40 on vascular endothelial cells and nonocytes which
resul ts in t hi0GjhSarteichal. datume|(19%dRES156 h-4doFdeibirest alnifrod. NatxhAdd. SNO)

munol | ( 1oo8pY SEKAENTD B NoRh i of BTG 0 PR s ot & 0
6:3952-60; Hodll, ¢mbangiercRedl(1992) 3: 181 22) e tkewise 123G} 48 2n B34 O0Mmar il €S Wi th

anti-human gp39 mAbs Th nonkeys have shown that biologics 15 which inhibit
t he int er #ct | bakeddilveeyndgyrse imbumanm4nciused by defeateinghé E€Pd0wmolecule. Using

i mrunosuppr essi ve _agen jn.primtes.. Anti-gp39 s have been d nst rat ed
to be effecti%eé]eﬁﬁ‘i‘ogﬁ’@E Feﬁhri‘%gﬂ’gﬁc%?mélﬁgi %rrgB HERCR GETPraley: Ie[q’géependent
antigens, andmf@ &hibﬁt%k}elﬂgﬂg?gwﬁéh%agEMaﬁﬁlc‘ﬁ%bt@Hstic%%?HIIMSSyﬂmangOUS to

that seen in rodents. . ively the above studi es have shown that agents
whi ch di sr upt suggestg thatnacacan bmarbapprepeiatgpad:] anethiChH40 tesothk dfftees ok @nb

i rmunosuppressi ve and. anti infl tory agents. Therefore, there exists a
need in the aFfatmgRt ith %?h%é{lﬁl@%?rwaﬁ-%gsm-‘bww loqkdheitragign yetween
interacti t i i u I § i4gnd amopt; fect. A
pur pose o?glt hgngpg}éggﬁ?%de‘{?ﬁé%ﬁ%gg{mgﬁ%g lgr@gﬁf ?dﬁ‘ody "v%%zﬁtﬁl ocks the

nteracti on beiSadph4gpHa91;chuhskiidd 6t al2 3. Bxypo Ml (199§)280: I8t 1980 pCBEgintt al.,
nvention is to provide a chjnmeric antibogg effective in blocking the
. . F 'I'

nteraction bBikeNAl.cherd. 3HdUSAIdPOAY latfdPP138hal obj ect of the present
nvention is to preyi manZask i { , : bl i t he
nteracti on bet megx%%%&aﬁg’ gbﬁéﬂkﬁ%‘?ﬁg"’?c%%?@@%g lo?e rétlﬁlghgrggégﬁeeg?

nvention i s axtewdivedylstaliedin ndbmial Agcamnd mmuseandielsrof dixeasaishig addmster siiter i ng
an anti bod%/, chineric antibody, or humani zed anti bod,%/ of 5.15 August 2002
the presedt i HANsR BT MAREMBhJde pminupasupREsssive sapagifcef thegntdegy Bunber of
aut oi mune di . i . r i
Surmry of t hictlagaip oL oRsrE Ry B AR SR b BIPELBRL T v, g,
mor e pr ef er abldypendediianigdng€Howret bk, HUBRP. NIEY.Q1993)QT8:0567-7 5)ntSebaraymbusdb)

whi ch bl ocks the interaction between gp39 and CD40. I n_one enbodi nent of
the present i madglsiodimmangdiseases havg alsqpeenshewy toche iphibitedbly Heatmenfuvith CD40
m\b is referr “chi 220 ' ' ' ' i sing
muri ne vari abl?lge %nﬁgg%rlrrg&nhﬁégbhé) Sz%ﬁ'lcfafa Qeéf @a%%%@ﬁ%%%é&gg%l%g%% Chi 220,
like its paremiodeBuhowfdbe lhitsitediby tfdadhermmdih si-gp30 exdlide, coblthgendiiduced y

bl ocks hunoral inmmune responses to T cell-dependent antigens I1n a dose
dependent f as#rtbritis, Akpsinasidablseieencrphalpmyeliis, Bipwpeepdritis,Heanpag sgjection,

i nvention are hunmanj ze ti- 0_.ant ibadi e | l, ng Lt ction
bet ween gp39 éﬁ@%@;ﬁ?: H?Sgiaf)sﬁ%sel "0 r%ﬁi‘%%ﬁ%@r@éh@?ﬁ@nﬁ@n, a
hunmani zed ant ivageiishéd; (RirAisk @flall, Pré® Nadt. Alchd. SRDUTA %l@gbpﬁlzmti(ﬂbmman

humani zed antibody is referred té as L3.17. The preferred hunmani zed
ant i bodi es of et hle, Jpimmune!. (998Nt o 0o MR, Sarstueteah, Veansplantatidnad930) &hd-

ant i bodi estor % FRReL AL MGl eSS AR RETH o iR 4 FRE

hunmani zed ant iNpadiaRad Hcs AID& ¢ HodHsbeigRc0BUEDRFE, € hil, YEClin. TaRék!(2¢9apg hunor al
i nmune responses against T cel |l -dependent antigens,” colTagen i nduced

arthritis, and transplant rejection. The anti-CD40 anti bodi es of the
present invention, preferably the chinmenc and humani zed anti bodi es

di scl osed herein, are also useful for their anti-inflammtory properties
(which are simlar to those seen with anti-gp39). 25 The anti bodi es of the
present invention, particularly the anti-CD40 chineric




anti body chi 220 and the anti-CD40 humani zed anti bodies F4 and L3.17, have
w de therapeutic applications, including autoi mune di seases, inflammtory
di seases and transpl antation. Because of the expression of CD40 seen on
mal i gnant cells of several histologic types, the potential oncol ogy
applications of anti-CD40 anti bodies,, 30 particularly a EBhQFQ?Q sand
humani zed anti bodi es of the present itivention, are evi ﬁ August
2002 The iol i owt n~ aoorevianons are used throu~'ttout t'tie preset,

appi >.:.atioa and are known by those skilled In the art: APC (antyen
presenting c&fIP3 @B)thallé@npﬂ apunpubished).dEherold ¢ftGiQ40/g1g}9om)the CHO | chi nese

hanst er o~~an~ = en- | nduced ar i mum serum
concent r at | oAMRITIERYS nloafaceﬁ@l&r "‘%F}é%%reﬁ‘iﬂ?ﬁee?a¥ E"f)?‘fﬁ?l{ dhpoug >S] SI“I"H’é‘)“o“Bﬁ/A

(di sease nmodhiubset aﬁwva@an‘vééﬂs tHay BR)ca ﬁuﬁ%xﬁﬁgﬁygﬁmok&qn&wr&%%wem
assay), EPT (end pom ners), endo?oxtn uni ts) b (antigen binding
fraerrl ent); wEutapg pf qublon@cnnldltb@m%@neflnhiwr(ahmmmm@dt)arv tel O Ace

h d 39 bod L
ot P BioiectRe i o) oy oS RaRB blaP R T Gollye o Tiasiainay
anti body); Mpfi(Amt h%feraﬁﬁfiﬁ@mm%n%tﬁ‘&\’sadfmmltgﬁlﬁe (beapéé?m{sﬁaéa&'m ered

saline); PCR (polynerase chain redction); PE (phycoerythenn):
(subcut aneousiudicSDS2PavEEe (rodell Qfmxglgciewmesldﬂufgam,mry)omac:f@cltmn de gel

el ect rophor esi SEC (si.ze excl usi chr omat o SRBC ( shee red

bl ood cel | s) m@ﬁﬁ“e%?‘} ’S‘ W T8 AReECs 8&5#}6 n Yo 1 %iﬁﬁ%&?sz@w%@%“mé igR Pt v
(antibody |1 @Hadorbvad apén'HBtHéThlaMﬂs IBhdc eY'dnﬁaﬂgkn]h&qﬁ yesgxt}?bﬁ
vanabl e region). A nucleic aC| encodi ng a efer |n of a

chi meri c 1ant icbibdgthesfort theleprles antic bmdeIQNOQnm(tnkmﬂEEﬂlbproafnhasbﬁ)d)d 2.220) has

been deposited wiith the Anerican_ Type Cul ture Col | ecti on of Manassas, VA
20110- 2209, Qranfamgrtary L¥GKipss %lf@%’-tah Lt H@INJISE 491 arSNMslk et ATCC

203630. A
e body UG &} SRR, e gt@? 3gs§§og§§§eﬁﬁmﬂ ebaawyggg%g%g 99%3%14 BRI C
Aneri can Typea,og;ul ture Coll ection of Manassas, VA 20110-2209, U.S.A on 5

February 1999 and %I ven the Accessi on Nunber ATCC 203629. A nucleic acid
encodi ng a pref er r¥ddies yih aphdiumanfzpad Aikhsin meakeyshaydihpvar thadielpeichr esent

inventio (hu 4 ited with.the Arerican Type
Cul ture I I e@@bﬁﬁ@f‘?ﬁ}ﬁ §€§‘§° %ﬂwf%igﬁ%%fgg&?‘% YR %h e%eclggﬁr uary 1999
and given thqn&:%msggs R8ssNeEBefits A $rEm2@sS 6 R Ri-gHS NALS havisded demensd i tan
additional preferred light chain of a humanized anti body of the present

i nvention (hmcenffezeue aht'hﬁ irddhyitip of Atibled rebmemﬂbgﬁlt dapendant antiggndaad i can
type 30 Culture n .of Man ssas 011 n 5 February
1999 and gi veﬂpf?lgaﬁgl (grr?"Mf Pnﬁ'ﬂlfs %’?gi%' %ﬁ%ﬁSqe l%m%ef“g encodi ng a
preferred heavy ch@bn'ec@ifve@ the 1 A8ve 260 3 Ml dddwnahat bfetPwaRAisrhptRAt | on (F4
and L3.17) has been deposited with the Anerican Type Culture Collection of
Manassas, 20VA inirdaionbepyeet) g83 Aand G DF0Mecyld e gotarg Fomanesupprassive ird Mdicessi on

Nunber ATCC 35,.203631. ust, 2002 The d ref red tq, herein
WIT be’ i ne SRR etheT PP Ghere REsBA GaLBane PR GHep i mnds
| nt er nat i onal oﬁﬁ&&&ﬂg EHte‘DAllf/gﬁjﬁn@?i&%htto Hovitl Gh AnfubedipprEsii©br &L poses of
Pat ent Procedure. These deposits are provided nerely as convenience to

t hose of ski | intlammaieryaffectantl parpessof the presehtirssnigon is e prayidéapamtibodys
required unde{vhéﬁdg%@éﬁﬁ%@e%c%m ngeseg%p%l dséD% t he pol ynucl eoti des

contained in
25 Another object of the present invention is to provide a chimeric antibody

effective in blocking the interaction between CD40 and gp39.

An additional object of the present invention is to provide a humanized
antibody effective in blocking the interaction between CD40 and gp39.

A further object of the present invention is a method of modulating an immune

30 response by administering an antibody, chimeric antibody, or humanized antibody of



matenal s, as well as the am no acid sequence of the polvpeptides encoded
t hereby, are incorporated herein by reference and are controlling in the
event of any conflict with any description of sequences herein. A license
may be required to make, use or sell the deposited materials, and no such
|icense is hereby granted. 1 o All re%erences cited in i |4 ion,
whet her supra or infra, are herein inCorporated by refe?%ﬁ%ﬁﬁgﬁ %qggr
entirety. Brief Description of the Drawings Figure 1 shows the inhibition

of sgp39 bi ndi to Raji S apt i.- human i.5. 0 mAbs. Figure 2 is a
schemati ¢ outltlrﬂg' F\%e?tﬁléveﬁﬁlgﬁa?gyg’teﬁﬁg "barycrﬁ%ouégqu.?‘%gn%fnw}%e?@ht are

i ndi cated Wi t hadbigifpiisdisch§B3) 4y @l AOsksn ¥ dther 0BG tARGhIAHedtigar € i ndicated with
rectangl es and triangles, respectively. Aninmals treated with 2.36 were not
studi ed past Phase | and animals treated with 1.106 were not studi ed past
Phase Il. 20 Figure 3 f5£0¥\5, t he anti-SRBC antibody response in primates.

Fi gure 3a showd ERE YTt hal ysis for | gM anti-SRBC anti bodi es.
Figure 3b shows theThesidtensindbn@iadotiiried @hoved Sl B EradsthbQdi es.
Figure 4a shows the sequence of the l'ight chain variable region of chi220
in bold (SEQ | ¢menzed antigngnan (4@ mopoghnalsntibray {mebe vddctoblotdsghhieavy chain

i abl e 25 i f .chi220 in b SEQOID NO:2). T der | i ned
ouances . Ptk Feiicth 2ps 8 oRPCRab CH Pt bF e BiSREa hoR o
human ant i bodypaitlafi{ BrefdrR8 @ AimeB LAGRuh D 40aFA b REREHEEth AS:chi220”.

hunmani zation tenplate. Figure S shows the results of in vctro assays
testing chi mer Cbi22Ads hchmmaing eatitody icougyisiog nmunme yeesdnind hwemntkiappe arfd gur e 5a

shows the binding of chi220 and 2 o0.to hCD40-n&2b iin an | SA based
assay. Figlft e SHTTAJGOTSAY F?ﬁﬂ?%%lgz&gieéﬁgggn%msg ’@H‘ﬁﬁitﬂgbépia& 3§¢

h B [ 1 J £ t i

Che T oM ant i - chr e Bk i RaP fmundbefoingddb T'oe  dBtorid tihfigdnean 01

nonkeys that redeseviegedi®nt fi6hion. 100 ng/ kg chi 220. Figure 6b shows the

results fiom nonkeys that received 0.1 or 1 / kg chi 220.. i
Also encompassed within the scope of the present invention are humanized

anti-CD40 antibodies which block the interaction between gp39 and CD40. In one

15  embodiment of the present invention, a humanized antibody is referred to as F4; in
another embodiment the humanized antibody is referred to as L3.17. The preferred
humanized antibodies of the present invention comprise human variable heavy and
variable light regions with murine CDR’s grafted therein.

The anti-CD40 antibodies of the present invention, preferably the chimeric and

20 humanized antibodies disclosed herein, are effective in modulating humoral immune
responses against T cell-dependent antigens, collagen induced arthritis, and transplant
rejection. The anti-CD40 antibodies of the present invention, preferably the chimenc
and humanized antibodies disclosed herein, are also useful for their anti-inflammatory
properties (which are similar to those seen with anti-gp39).

25 The antibodies of the present invention, particularly the anti-CD40 chimeric
antibody chi220 and the anti-CD40 humanized antibodies F4 and L3.17, have wide
therapeutic applications, including autoimmune diseases, inflammatory diseases and
transplantation. Because of the expression of CD40 seen on malignant cells of severai
histologic types, the potential oncology applications of anti-CD40 antibodies,

30  particularly the chimeric and humanized antibodies of the present invention, are

evident.



Figure 7 shows the 1gG Anti-SRBC anti body response. Figure 7a shows the 5
results from nonkeys that received 10, 40 or 100 ng/ kg chi 220. Figure 7b
shows the results from nonkeys that received 0.1 or 1 ng/kg chi220. Figure
8 shows the anti-OVA anti body response in primtes. Figure 8a shows the
results of analysis for 1gManti-OVA anti bodies. Fi gurq@ﬁ@hgy@oblye
results of analysis for 1gG anti-OVA antibodies. 1 o Figure™ shows the
anti-KLH anti body response in primates. Figure 9a shows the results of

anal ysis for IgM anti-KLH anti j Lgure 9b shows the results of .

anal ysis for 1gG anti- ‘}Qhﬁwg‘%ﬁ" %g{agégs %IE ggerdg‘“fé‘%%\k% HEShFat a9 BF t he
ability of antirbeaywr B1eke atied/EthdD m$mrg5@?&saﬁmbg§na@mbody response
to SRBC. 15 Figure 1 | shows the dose response of inhibition of antibody

response to SRBEnplemenvaEtv-GRISTMAIRE fegIon?, Shouchiasssmemsicopvarector maps for a
heavy chain region and light chain region of a chimeric anti of the
present i nvent'?%lﬁ%eﬁl&ﬂfcégi%mburs ‘vclE1 %"sg%a’ﬂﬂgfnesrﬁu %E?T&cgléﬂl?é‘ﬁccg(g?g‘?“raﬁ“

expr essi on svecdredn @apiady! forobiast QelC KR ) DM ABDAARERY Ynddi@idl Bbi-Beghhqeeri C
anti body of the present invention. The start ATG (nucleotides 1000-1002),

encodi ng t he sirugy: MelS ofengyee-lipkssrmappnosenivant aseayidiitlelcof pemeutvnyrall
ant i body. 1> iiguhabely Gl B0l la 00t L ihouall 122 (REOLR NS,y

underlined, provide a preferred nuclelc enc

heavy chai n of(hamamaéd)pRTNE-Dihuitaeizen afeEb3d MeRS)t HAMA 2RurkirdaHiEmbdsdr ovi des
a nucleic acid sequence for an expression vector capable of expressing a

| i ght chai n ofansibedieneim &naamissiay); KR teyhole impet hemenyainon mAbhe start ATG

Sequence of t AERANGNA L PRuG IR i Rat I Aot R (hperigh 1388

(SEQ I'D NO: 6) ,bdffé%fslahﬂé?)gPCEr@M&ggra@c Bfh B RGh)NHE '@h}t&ﬁé}?{hgnﬁﬁgyef‘ce

encodi ng a variable |ight chain of an anti body o e’ present invention.
9 15 August 206gbdsiapeoces)] SDOSRAUE @Godiatn dpizeyitsulfite poivaervianiide €840 vanabl e
regi ons and a hunman, t enp] %ﬁn(sequences. The ami no acid sequences of the

munne ant i - CDABSIFORROMERISE siza FYABTIRn shagmaiograpsy ks SBRCd(sherpiraé hioody

honol ogous hu il d.J:] e T ' . U£S] , t he
doimi T1on of BLEE (& GbTFaERERA] TN (NEnbHIRRA IS8, VERLAIRE TR 78
et al., ( 599khpinSegiableaesion), Vi (ahdbody vy oiiann ohdicrbionnt er est {5th Ed).
Washi ngton DC: United ates, Departnent of Heal th. and Human Services:
Kbt CECA et al K uokBa0 SRRt P SRR HBRe ZRinbUY Bhives
sequence are | rifpesit syyepionishimesialantipasy . 2490 hes Aperweenesies with digsAmerican
characterized iTypelRulttrNDOIRRLOT biallatassas S BN 10-2208T Y. SAA omBLFkeBdiani t989an
vari ants op | malg P endE AcPSesi MuirheRaTCC DORRY L nIUIE oA tnddting oo
Fab and_ scRbot NEEARESPY BITALR B e IPPE BE PRGFR BHAT R REPILES
Chineric (fill debeni denastigd with theodmeticgrofepe GuigreeSpllegtion| of Wanassespdi
squares), Hu I1301288206t blsed drhamebe@)y 199%dand given the Accession Number ATCC
203629.

A nucleic acid encoding a preferred light chain of a humanized antibody of
25 the present invention (humanized antibody F4) has been deposited with the
American Type Culture Collection of Manassas, VA 20110-2209, U.S.A. on 5
February 1999 and given the Accession Number ATCC 203628. A nucleic acid
encoding an additional preferred light chain of a humanized antibody of the present
invention (humanized antibody L3.17) has been deposited with the American type
30  Culture Collection of Manassas, VA 20110-2209, U.S.A. on 5 February 1999 and
given the Accession Number ATCC 203774. A nucleic acid encoding a preferred
heavy chain of a humanized antibody of the present invention (F4 and L3.17) has
been deposited with the American Type Culture Collection of Manassas, VA
20110-2209, U.S.A. on 5 February 1999 and given the Accession Number ATCC

35  203631.



15 an irrelevant (filled squares) Fab were rel eased fromthe periplasmc
space of 15 ml bacterial cultures and serial diiutions were incubated with
CD40-1g antigen imobilized on mcrotiter plates. Antibody bindi ng was
guantitated as described below. Figure 17 denonstrates how anti body
affinity correlates with the inhibiti of 20 sol ubl e- gpg% o]
CD40-1g. The ligand for the CD40 rece?’?or gp39, was cag urlgda'psq 203
mcrotiter plate. Subsequently, varying amounts of purified chi rrerl c
(filled circles), H [1- g ensuares Hu |11 -2B8 f|IIedtr|angIes)
Hu [111112B 12 (ope ErdFEerétES) ef F@F’e\Y&H’t‘e et Wt e STmFabiGer
co-i ncubat ed o

CD40-1g to gp\évgh\t/i\%‘gesggée? |c%qg§gd4 t%gmbntd esdg?{;{)‘gé gg\ ow.pglg—l?oﬁ\?ecpcg?? (gahg{/\%s t he
quantitation oformarposes 6f Bavenu®rdcedwsi These deposis trevzovided mbich. as Theventdncabl e
regi ons of the st active anti-CD40 variants fromthe framework

optim zation | FOL:&‘QF"}/OM‘III I R a8 ARd #IE SR AhRdmpisseR Bt &k ASOBIRE TEBtTeHuRderi ddn
l'ibrary Hu LI S

framover k 11 brSry PourTs on oRatr s ol AR hkER RO A0 4% BhosiBd ceq on
t he total nunberatgfalayas ivel as dxiathins amdetsea;uamk ofthd pedyiRplidareavaiet therdbyasiyg
positions. Thirty-four 10 15 August 2002 claones fromthe Hu | Library and

fourteen cl one¥PRATES BTN by refergcs pyd rfreﬁen%@h&%ﬁeéﬁevqnéaﬁnnﬁgor%wr Wweh
d f |
| ndi cat es t he a5kt dPeedihelh; Aichned HEPEE e Fidto kg (B8} Cul ' 1°

random y sel ectmaepammmaenﬂataauhedu&aers@mdq&me;rebpgrama I nvention The
present inventors have devel oped chineric and humani zed anti - human CD40

anti bodi es !®ith i mnﬁb@ﬁ%fprfégsrmﬁenpblépmit%@l whgdier supre ohipfrenarchaein

ant i bodi es hav vV t herapeutic. The present

i nventors have%}ﬁ gp r%‘éﬁgg %)e%g Qﬁé 9%1(5%}?; mat ched anti -nmouse CD40 mAb
(closely matched to the anti hurran CD40 mAb) which is useful to study the
effects of anti -CD40 mAb therap in a nunber of nouse nodels of inmmune and
i nfl ammat ory diByted fescrimips ppptawgiesant i - CD40 anti bodi es is conplicated by
the fact that CD40| ent .si. . n |bo stht bind to
this antigen can be chf%‘frggc#‘ %8‘%@3@&°8§f§%‘33’m‘1‘eﬁ@1{%‘% ‘:H’%n CcD40
signaling as welpha@malyde ability to block the CD40/gp39 int er action.
Applicants' anti-human CD40 mAb, which bl ocks the CD40/gp39 interaction,
was sel ected from arFigueensasdicpatiebutbiningrthé piD4e studyprotaém. Bayd dfody,

| abel ed 2.220, was chineri.zed an unman Chi.mer | i b conprise
2 ot eha n’ AATacT gt OGRS MN AR iz i RPCaRt bR, ght
chain vari abl e j;£0408 wahdetarfles dndMarzNA] ﬂsﬁé&ﬂ%l?nhﬁﬂﬂé fBated Wih B8BWEr&hai n
is conprised of a heavy chain variable region and a heavy chain constant

regi on. Chi nmer inpt amdlcbwtdﬁlas@mdl agigmalaireaigd withddiObrveré narstudied popidtiiaesiland

constant regions fr her eci or..ex | e, nouse var abI e, regions
joined to Hinan con?tnﬁ Se’QWB amf%gé& aﬂt‘lboﬂn%pghseﬁﬁtpgmaées & 397 and
4,816, S67) . EaghoRk tﬁé‘&%sdlts&ﬂtanﬂ?ﬁé ibr\lﬁﬂ'a?aﬁLSRB@ghﬁEbdﬁe\éL)Elgiﬁéj%@ﬁM tgd chain
vari able region (VH) consists o framewor k" regions interrupted by t hree

hyper varr abl e regilred apalysie for igGrpli&RBC antitiodiedet er mi ni ng regi ons” or
"CDRs". "Humani zed" anti bodie onprise a odr human f

regi ons combi ned w tﬁ ‘#’P‘B?ﬁ 1007 Wg‘b%g ’é‘tvapprl?rlﬁﬁ%‘f’b%{fsgﬁwﬁ See,

e.g., US Pat EHUI%?SEQQDJN@G ahd FIGRORE SRR t%géuuenée%tmey &faid PgiaBleesent

i nvention are 30 hunahi zed ant | bo I es which conprise derived fromthe
muri ne varizbl eegioaiafshi220dh beld (SEQIBINO:2). The underlmed sequences in Figure 4a and

4b are the inserted signal sequences of the human antibody with the closest homology

which had been used as humanization template.
Figure 5 shows the results of in vitro assays testing chimeric and humanized
antibody of the present invention. Figure 5a shows the binding of chi220 and h220v3
30 to hCD40-mG2b in an ELISA based assay. Figure 5b shows the inhibition of sgp39-

mediated costimulation of human B cells with anti-human CD40 mAbs.



1 1 15 August 2002 The nost straightforward approach to humani zi ng an

anti body consists of grafting the CORs fromthe donor mAb onto a human
framework (Jones, P.T., et al., ( 1986) Nature 321 :522-525). However,
certain framework residues support CDR structure, and contact antigen
grafting munne CDRs onto human franmewgrk tenpl ates may gdimd n bi ndi ng
activity of the resulting humanized ﬁ%b (Foote, J., et g‘?%&%ﬂ%%@\] Mol .
Bi ol . 224:487-499). Assessing the potential contribution of specific
framework residues to antibody affinity poses two problens. First, for a
particular mAb it | | Efq pL.edi b ranewor k. resi dues serve a
critical role in rrg?gﬁlgéaﬁ%%gé {hﬁz&gf |ﬁ§iﬁ§c\é¥%§8§%%ﬁ ??r%,:é?t El.g“ eé@os ars ?“Sr

f ramewor k posidsilenfointasnidys fiat received 80, WoR 10O engdied EX1L20MEI @B &b shewdupan
tenplate it is difficult to predict whether the amno acid derived fromthe
mari ne par ent r§lts femimemieys Hiepreseizedpl (o yineg/ie shidgPe active mab.
Consequently,. anti | zat] 7 s that rely exclusive on
structural predict ?g%s[e Z?ﬁ%@%%fﬁ%@é&?ﬁm %’s%rllgl(%PreaZratSL%‘?ﬁ%?‘&i ns a
description OfesaltgfoeIrabniesyt ko ehteiwByi MEBIorNYO $he/RE ERIY2d. SFibhat7badeegses
the difficulty of maintaining antibody bindi ng activity foll owi ng

hunani zat i on FRBYDomypogkeys atsgcs:l,veqég%)l mg/kgichi220Chem 271: 22611-22618) .

Potentially inport Jhat differ between.the rent mAb
and the human terrp?gu_éé gr%e _cggllré é’crtqg?‘?‘gggm!go%yée%q%&?‘é‘pﬁ%ﬁesp "s‘ﬂfﬁtgﬁ “Zi ng
and expr essi NeheaeQNRIfAALIPEE @ 19N AdHOOY Al dnbibadiés.t Piplre Bl ShedkdulR @8 S bl €
conbi nati ons of parent and 20 human tenplate am no acids at the framework

positions in quadwtis & igVantidAY4 antibedies/i ng the optimal framework structure
are identified by screepi apd su uently, optiml framework structures)
are deterdned by DI rggﬁﬁg‘ﬁ’épﬁg"“t’w&tﬁwy TSGR TG ¢ r"eg%ﬁﬂ“ﬂfe
clones reveal %e%édlk“cﬁ'anﬁlzgig?mgﬂ ARSKEHORBLO AL ﬁggw §b%h%@z§th%49§u%§§lf°” of
a particular am no acid. nverSely, the expressiofi of a 25 nmarine or human
am no aci d at asalysibfarlgGfangriehHraktipeBes i on at an equi val ent frequency in
the active clones is conBi ﬁtent with a l %z i nportant function faor that
particul ar franmeworR8PELPENOHS 2 s9rmRansgn AL g APYRY of ahtbodh 7B -G lrand A5l rEdhiy
that preserves,t Melel AGbdad thdboffe h&kE@rent mAb is rapidly identified
based on functclJ odr?g’r&hi nél?%s. BO(WTh%,OpI‘eOCGSSGS' of antibody humani zati on and
affinity maturatioFigure 10fshews therdber regbniseo tlinkibitet ofintipsdy fegmake (0 SREI96) ,
supra; Yelton, D._E.,L et al., ( 1995)~J. 12 15 August 2002 | mrunol .

15: 1994- 2004; "M 751-G2Bt al ., (1998) Proc. Natl. Acad. Sct USA 95: 60376042;

B , M, l ., . i : 18- . . D,
o (1002 o7 B ol ERAAD AowStesstBhippfend R lelty by Malchgpatatt .
descri bed bel ehainiegivh pf @ chimaiei aneibodyesfshopresant inveationr i ne mAb 2. 220

di splaying affinities equivalent to or better than the chineric Fab were
generat ed. Appl i cafti8UgH P REAHAeT R pucksimarid FRGUBBRA O AN EXRICHHIBIEHOT FISRIGOf on

is referr t i " Chl : \ : Lo ouse
a0 o 2 ¢ SR p Bl et oIS ARRLY oPWRIRRIGHEE. 20} bt S
anti bodi es of ATE (MicteRides il 006 1002 end6ding eHeatdreMect of theinveftedisigndf4¢quandt

"L3.17". t o Two different isotype variants of ﬁener ated. These

7E 1
two variants of fheima GibodF s 1T boldx Bive KPWIFS(ING T tpbgibl AHSERIDNOon of
the mol ecul e in gt sy CRAQ;MPYLREARYCILD RIEEHINIEALIRAEL 5o ol e and

i nfl anmat ory Seases. g ge%eratl on o use
criteria used dh@inSH RGntiBO@y Yhthe Predditehediémie properties of chi 220, the
generation of the isotype variants of the mAb 15 and their in vwo activity

in nouse m¥del s of Fignierle prpvidesenegleic atid seqiense faran expression vestargrrablagft h

bot h chi 220 and_its. pare mur i pe mAb .2. 220 i n nkeys, .as wel l..as, st udi es
wth 7€ 1 1n meEsnR IR eh of felminfantedy o Rp i ek i piy THR v

| MUNOSUPPr eSSAYE (AEEBStRles 2005 W0b7), BRoling IHSHLE N&t T eEinskPied signBiede@Yencd he
studi es described herein were perfornmed using standard technol ogy known by

t hose skill ed ¢fth@bumhe antthodyl 13 is boidaNucleatges HS5tthroughtl BEHEGELS I A6 heen
shown to suppress .a hunor i ne . response i n nonkeys, Likew )

i sotype vari an‘!”é‘eHF‘CQ’ E’I%@él%%f'&ﬂéﬂag‘ﬁﬁ‘%ﬁﬁﬂﬂé@cm dngs v W&ﬁcﬁiﬁ%é@gx

I MMUNOSUPPEES SIS AGbbaY b¥tHedré &hioff Preclinical nodels of human

di sease. Taken toget hle)r},’ thesrbé feil?tﬁ inglg I ndicate that 2s chi 220, F4 and
L3.17 are useful for clinical application in the treatnent of autoimune
di seases and transpl antation. The foll owi ng exanples are for illustrative

purposes only and do not |imt the scope of Applicants invention, which is
defined only by the clains.




13 15 August 2002 Exanple 1 Selection of Minne Anti-Human CD40 Anti body A.
Isolation and In ~irro Characterization A panel of nonocl onal anti bodies
was gener at ed agai nst hunman CD40 using 5 standard hybri dona technol ogy with
human CD40 fusion protein as the i munogen. Antibodi es were screened for

bi nding to CD40 using both a CD40' celd line and fusion ﬁrRtgi%s.o says of
gp39 binding to CD40 and functional assays of stinul atia R 140 g% 0 were
used to characterize cloned antibodies. Selected antibodies were then

characterized for_crossreactivity with primate cells to assess the
swtability of theFigyreaht $hoydian alipypen O& mugng antirC D48 vaspblairesansgpdel s. 1.

| nruni zat i ony, [ S I8 g i donmas
produci ng ant@%‘uﬁaﬁl%é@mnﬁg {rﬁ%%runwl%zaakﬁggaée%{;%%gééleg?}gﬁgg?‘ﬁ%’rglr?gbfplr

| ynphocyt es et ke ch@in vasabletdgidng webe weed ko tlenh fiy disalotooBAL Bimambamlidsi ng as the

i mmunogen a reconbi n%gt fusion t 5 protein consisti ng of the extracellul ar
domai n of huffgHeres30 T peBwAPIBE H&esfusgand brgetniorpBC B& v HRergRd hwerdr i n~

| g&2b anti bogy.. %{@% re L USE QN nitially

i muni zed sugéclsﬁégneogg y g%(K\%@j %ﬁ%ﬁ%(?ﬁgﬁﬁe@%ﬁf%ﬁ%t}é@?gf of 200 ul) of
30 ug hCD40- nfibnélogicainipteadse( Sk Bdy dvashathitoryBat UnitéeS@atts Midpart@entsitm | arl y
boosted on day 21 with hCD40-m=&b in _20 inconplete Freund's adjuvant and

then given abfplfnindflemey Seyices:kabat Eab i shilofl SdAN. Biolp¢hemt 353v8ABuS
injecti f ‘ - i ) I zat f US| 40- 2
St arty peff ittt e de ot BTVR ERLB0 900 BT o r or

Freund' s adj pysitiéns dBamstetized iMMbie)tcrabihabdaMRpRssidh Ghads, a4 napiebd4dtivdnt h t he

final pre-fusion boost on day 58. 25 Three days follow ng final booster
i nj ecti ond, PEeMFeytes fromthe spleen and |ynph nodes were harvested and

Tethoda (Keamsy oF dyels Shoind M RO IR o PU IR CRl CRi VAR RN o ¢
1985) 81: 223iR@bbilized hmasgéap@taabea@-éi@égsaﬂmméﬁl@mﬁcmoefag_%ﬁ&iEéﬂ?cit nto ten

96-wel |l cell culture plates at a plating density of approximately 30
170, 000 t ot aivamasits Gofymach p{ibe dihjarige wergedhiaracterizetl. hirmega ¢fillicmzles), H8dr eeni ng

and C oni ng say fo used to identify ith ecificity
for native hlﬁgﬁgﬁﬂfémr W@JW@ @8%?‘}’!‘&?&%?@“ l}lr%ﬁaﬁie%i"}gig\)né%
initiallysschranaeydn®(fildaggharddidabiwerd R1dasaikrd® 1R feRpPisRESidab 8515 mi
EBV-transformed human B cell line (1 A2-2C) in 5 an ELI SA-based fornmat.
Each super natasterislasitttee and sestabdilytionawek inShatedvath €Dridg afiggenr eacti vity i
with a purified, reconbinant. fusion protein consisting.of the extracellular
domai n of  hulGAOBHIZES PRI Pl ATYROC PIBOIRE VoL AUAHIAEH AS SRR Lan | 96
1 antibody, hgad0-19, and a simlarly constructed irrel evant human | fusion
protein, LeuB-hlg (Hollenbaugh, et al., EMBO .T. ( 1992) 11:4313-4321 ). to
Reactivity w th t fegdreddelemansiratesthomtamtibady affinity coronlatps withithg inkibuijphed wi t h

native cBto hBsoR Eee ip SB8%Has !B PRERTY oLl Hiskit B3 Vit oper

for the desi rgghyamlihaGRIRLININBSSEREqSRRICIaYing SmbRITBbehlfledthasdrict he

interaction of CD40 and its I'i gand, gp39.§Thus, as the next stept 5in
anti body sel d6tledcircled)] HCIUOWA3dopdr ssjuams), En [Ie2B8 (Silled tnatgies), STwliAly e

d for their abili i nhi bi bi nding of the sol upl e,
acombi nant AR EPETHI A 588 LA BT AL "SE SO B HERR 1 2o
hCD40- I g i . 1B, - onid i
nter acti on WY e SHISQRIETT P LR’ HiAlR oEEM T 3o e

whi ch weliss conriesdribed beloev. hi ghest titer of inhibiting antibody. zo From
this analysis, ten_ of the nost strongly igtgi biting master. wells were

sel ected for cl oniFiguredi8shpwg thsrauapialatome I“P%ﬁ%mﬁ?ﬁ"?%dﬁs}d‘éeéé? #VAg cell s

was acconpl i j : §.P4 %]h el I were
first "mni cls\tc}gigﬂfsng?e g%&%&?%&%@ﬁ@??’yos%‘%a%ele s?we Fﬁﬁgﬁog whi ch the
hi ghest ti t erfegmew ¥ QpsipaLition dibrary Mucll (o ahd Aomwiaé framesofldH@RIR3y cl oned by a
limting dilution nmethod. 3. Further Characterization . _
optimization library Hu II (B) were sequenced to identify the amino acids at
30  framework library positions. Each unique variant was categorized based on the total

number of murine residues retained at the 8 framework library positions. Thirty-four



Six assay formats were used to further characterize the antibodies. These
were inhibition of sgp39 binding to human B cells, inhibition of B cell
proliferation induced by sgp39 plus anti-1gM inhibition of in vitro

anti body synthesis by B cells 30 induced by activated T cells, direct
costimulation of Bcells with anti-lg costinul ati on of B, cel h5h
anti-lgMin the presence of crass-IlinkFng anti-kappa ig %38'75\%}52@@&2002
| i ght chain antibody, and costinulation of B cells with anti-lIgMin the
presence of a second anti-CD40 mAb, &8-~. This mAb was known to possess

strong costinulatory actiyity and to_ inconpletely bl ock CD40l gp39
i nteraction. Ictloq?ésfy%gﬁ ﬁ%i%%@ﬂa'fdoﬁouﬁ cs §aMghe FodELbrary Wery of t hese

assays. This VA i f 1.6 ), 2.36
(aca), 2. 174 AR ahid § hoReARhaRionaRa an AinlP8D i Bechltivel): 2
the mAbs. | n ofe siidémknmditatecik kequenandisthButfounnexpediedcedh ahicgaal Ranbensr e

i ncubated with 2 or 20 pgim of various anti-CD40 mAbs foll owed by a second
i ncubati on i n BRATYEECEOI2ERME super nat ant  cont ai ni ng nCDB- gp39 f usi on
protein (sgp39). Bound sgp39 was 1 o detected by further incubation of the
cells with a FITC | abel ed anti-nmCD8 mAb and analysis of the cells on a
FACScan. Per ced¢tailethDédctipaon vathedavetubat ed by di vi di ng nean fl uorescence of
sanpl es incubated with antibody by the nmean fluorescence of sanples without
antibody in the firShe PiSsambiRvieBery avgdewelaped chismesicend humarizedipwsi-lumaach of
these four mAbs - (=2 t inhi Riting.the bjpadi.ng of
sgp39 fusion prlg}tﬁg?rﬁ 0 aﬁlﬁﬁ%&%éﬁl%wﬁe@ ré@(‘eg?ees'sgun ax%ré%m?régg% of CD4O0,

al though in t hati®ass bhveloblvidus appli&itdhi ¥ed thedab@hicC TRE PRsEMtin@tdRé hartidody
was required for conplete blockade. Simlar data were obtai ned usi ng human

tonsillar B cedavglopThestosglytraatpkadeantamansedIlad mib (sloselyumetchehtl thaamay s.

Sop39. redi at e AT GLAT AR PR oy 1R b fonGe FREE &f wure 046 B harapein
significantly jpithBéddTindiRe MyRAUEimRine find BB ARFd9 Mskgeabeivgownkmﬂ

cell -dependent B cell antibody synthesis assay. Three of the four

ant i bodi es shoasdCDAflianabodibs Isicompticatedby thmfidcatimt 8Dd6lid a potentisigraling on i n

t he presence of antj-|I 2.220 was nore consistent-in its 25 ability
to induce vveakm_B%&#emfa‘g/'ltb(?yégg@f g\ﬂdtt%‘W’ftﬁef‘ fien %ed‘ii’i“’tgloﬁﬁe%asﬁ o’éﬁleiag}l’&bpa
l'ight chai ps an{d potliate CI84D diSnaHn@ 28 well¥s e BilAPd blm&@%lﬁ)/%%QQQte%h&ﬁd
significant costinulatory activity, while the activity of otfier three

anti bodi es was not apphcangs] anfithenmoED4fiimabowlichbidckd the (FDAB2EH39 im@sac8dmWN
to be differenti al I%/ QEUI ated when it %s p%i red in conbination wth each
of the four neWHfRlfcteDIPMARFXtengiXG Panels aniCRAQ mdbse g apybodys fabelefnanced
G28-5 costi mul 8bbgNydiiheASedarAdfinfiifred. 3nitienD” ieb Eomprisk® iight SISt
2002 Fol | owi ng se ’ec%l on based on g\%ﬁ%ﬁat ?%H?éi{zlﬁ ﬁﬁ%ggler nor{l/%x'rl%eaasglg}gens, t he
four anti - CD40amdpbeamyrobainu tieHeght ebeamismehpirised ¢ freelight shdih siridbild segfonrandia vrvo
eval uation_tn pon-human primate studies. Two key points of analysis were
the rel ati¢® pgs@rfévl%qﬂng'&ehresw, Bﬁegﬁi‘%"k\a& ‘BF?%B‘???dBfé_@F?‘@' R @rgpleessi on
of rn vrtro, T, &eld afePRay r&haiﬁ cofist %ntﬁe%ﬂﬁ.' ﬁ%dﬁmm?és%on@'ﬁs%afbwnd
that all four s crossreacted wth cynhonol gus nmacaque (MacCaca

fascrcul arrs) Bgi@islfsom 2né6parid add 23fkstdm wepionsiftdim Mogies speriesdfdrexample, 2. 174
and 1.66. Lower apparent binding of mAbs 2.174 and |.66 was not due to
their parti cul House¥anabiaregians doined to luprapsensiantaegionsynt3ee cpro Unnatents

denonstrat ed bi,ndi I I a I . . A . A -S and
2.118). These r4 @E@g aﬁzc{)g'\’fxsgré gs%ﬁﬁ J%on °§6{§€1‘§%%?‘H§9 %%%’I%glé’%?m ﬁnﬁ%ﬁl B
cetis wher @s eachaiffvatiftsie BNIon EHPEsHsist U frameRaritgony ifttmgted byhlreabi [ ity

of the four mAbs to suppress antibody synthesis by nonkey B cells was found
to paral | el th&ypgvatiahje regiqgisicgllieds complemensarity detaariainggegions 105 “PhRsst udi es

wer e perfornmed.n _non- £l nates. usl t he.munne anti n 0 mAbs to
assess the suit maﬂﬁgg%g’n qs%ngggréth%fiﬁﬁuw ‘%%P%ex%@ée nt "and to
sel ect the apprepbirisvigNCDREGYorh @/dohs thb&se of £ @hARABbbull. r(Skd, etdhel.8n Vi vo
cl earance and acute toxicity of the four selected anti-CD40 nmAbs were

conpar ed. Thesd®atens 6)586,10k) &Engempassed withucthe sappe afthe porserignventies agnd 2. 220,

Lhe. i nhi bi tTon PapirEd ARG, FEE FoRRES: DR SRMRIRAHE e oA aka Rt o

toxicity. disclosed herein.




Primate Efficacy Study wth 2.36 and 2. 220 Based upon previous findings,
mAbs 2.36 and 2.220 were evaluated for their ability to suppress a

T- dependent anti body response followi ng intravenous 25 adm nistration to
cynonol gus nonkeys. This study was divided into three phases (Figure 2). In
Phase I, four groups consisting of ong1_or two mal e and H§DA&§H§H ?%02
cynonol gus nonkeys each were i mruni zed i ntravenously on day W Sheep
red blood cells (SRBCs), and then treated with 20 ngl kg of mAb 2.36, 2.220,
1.106 (19G 1 nurine_anti-human gp39, positive control), or L6 (Ig&a nurine
anti - human 3o t unorlhgmasyetmaighiéeramard apprasoh fodiumaniringansantibo@y censgtsmf | gM and

lgG tisters to t S i nogen,. serum |l evels of .test and control

articles, the gﬁ%}gg%ﬁ‘?e%%gl%ﬁfr?[% gpormmigd Or%i? hfg’aﬂgﬁﬂ’sefm%gﬁn%sohtﬁoalt alarticle

anti bodi es, sg198w)iNERHRCR GRO!52B).| BY©bRr, cBRiih PAREFbrkHegiated s%g{smgtﬁ counts,
00

and the frequencies of various subpg&ul ations of peripheral
| ynphocyt es weteciies erdiiondert aniggprgasfng munad CORstohte owman fpdmewatkt est

ticles had ¢l d. the aninmals. ' ized with SR BCs d
anti gen. keyndrBoaes mavair Rt By Bt sen ok ¥ rollube nefanire i Gaser
i munol ogi cal Jt et g .anew)anidl Mok eYeEsi-bid)i h¥seling (it pRRSBANEA ribution of

i mmunosuppression. In phase 111, selected animals were rei munized to
determine if tshecifinfraimgivork eeidpesiosatibeiytaffiiSRROsestwiolppobiemes pustsforeecover ed

foll owi ng an addi tional, chal.l.enge with SRBCs.and tp assess the secondary
ant i body respc?r?géw:'% PRyt ﬂ’fg%gm% & %&sfﬁaé?ff%‘?rﬁéﬁ”fuﬁs§%9\ﬂfﬂ%ﬁa?”iﬁ

2. 220 si gni fi GaARAMaRHYHE 2ERA AR sPEITIERY SBEUHPRA Yrafn2 i i :
(Figure 3). mnke§samuiry§ treat gd vvith 20yrrg/ ké] of eria{nhergpn%lt?o?ligg?@ﬁfg,r
2.36 or 2.1220 tetwéndbepireaypdbnd $he amanIemhbiekicy diffieuletol predini wiedhanitieh SRBC
on Day | of Phase I,. Il .agéj [ 1] Fiugure 3a stl%ws the results of serum

sanpl es that viERIBO Arid|dgHued fram the mubiAe parepsethedhumentemplatesvillyigld a@nose shows
the results of t AR I, =

ant i bodi es. Daatcgeéygbziggrﬂ esgi\‘eeté’hgéan?ﬁg@ygeone?éﬁgn %@Rhgﬁa?&yﬁgﬁg&d&ow or
each group (n=3ruvoturdl)predid¢tiong@eknqraiwds gudcesfitnse was i nhi bi ted 85% and 98%

for IgMand 1gG respectively. Foll ovm'gq_r;g clearance of mAb 2,220 in serumto
bel ow det ect abl e | el RFIOr2s GoRtRinsRfesIHRIOR @47 gencsa gahled v eneReNme siratee¥t i | |

i nhi bited 79% 9 lﬁgdc xﬁang 1 . TRA% - t he
negative cgsgt r@?pardggeg%%'gée ?ngm%a e t4I : ﬁilrngﬁ\?‘\gggéc}éﬁ%%%{lg gst gg%l ‘gm ositive
control, mAb InikRfzatioh lRoduke M.d., st dlQPoses didlaClerarR7il gy 12861 R)Nse to

SRBCs was observed, The tertiary response to SRBCs was not i nhibited,
i ndi cating t hatotgaigplly important fraaevork Fesiushibaldiftar betvess B PSRl BAD apd thenot

z5 i mmunol ogi ¢ ol e L (e {r?ig.gg b : j mary
and secondary @rﬁ%m {gmﬁgégrﬁodﬁéllg?é%%%é?ts? g tﬁ@%&gﬁﬁgﬁgﬁggg&ﬁ a[(;"ﬁ was
reversi bl e. Anidtabifatbrigladn€itlody librazy (6t cvatathsallipobsisik doltbinatiomsheparehl addecause

there was no significant inhibition seen in phase |I of the study. Mean peak
ser um concé&ht r BMEhEMplte amEnorsidsatthy framngweris pesitions ik aResEpn g Y2BANIZ o wer e

744 and 405 |i g, : : i yel s mAb 2. 36
1 g 15 August %@ﬁylégé%%@gﬁ?éo%ﬁ%?%@g%ﬂ%ﬁ% 3{ eggﬁg@%%\eéﬁg%?gﬁ\ﬁgaﬁgvel s by day
15, mAb 2. 220 ditdedi@htie| @rimadl fitatlewdaysidRiur®o)tdie dibrmninedSily BINA 2qdditinger e

i rmunogeni c. There were no drug-related clinical observations, changes in
body wei ~ht or Typisaily; seANeABNE GriItiple agnvecslenes Fysalp Aritieabhframeygrk pasitoss thef | g

| evel s tn any aninal.. The 5. qnl rLugl . findi 0, :

transi ent 707 EPITR U, hateSia8 o heAHl BuPbERic s 2n BPn IR SRR, |
W th mAbs 25 36 niide ér Reflan h@SiPLid % lbrarpdia@iedidrk SdsitlnCa lah eqhivalesy mal

| evel s occurred within 2-3 weeks post-treatnent. |In sunmary, mAb 2. 220

significantly $epwneysethetactivasiohtsodgonsistgndwith atless SRpagand fgncposéordhdd not .

Al t hough mAb 2,220 j d I d i gen- i fi .
oS uppr ess PACueY THEwpE BT ol s HPRGIes Nasionc 8 HELOMME 2 220
was sel ected f gfes&%; BRbistENE hARIB YF thPediR A Kis ERAEK 3ddndifie@badedioner i ¢

Ant i body chi 220 15 To addresS i munogenicity of the marine anti-human mAb
2. 220, reconbi famtioharbmeding whi ch variabl e regions are fused to human

constant regions wer enerated and c ared. for .in.vitro efficac The two
appr oaches 3as§ad wer ﬁ‘@g’ﬁ%‘i’:&?qsﬁg %&%y%%ﬂﬁz?t_l:o“aﬁ?flia@‘%bﬁ Tﬁ%mtlgpﬁfen%ﬁef he

unal tered mari ?»%ﬁ%ﬁﬁé@i?'a‘%s&é‘a's@%(}z&keg (1998RRIF2IVERSITD. iED ethi. q199BLI ne
hypervari abl e regions (CDRs} are grafted on




20 human framework sequences wthin the variable regions. Chineric

anti bodies retain the antigen binding properties of parent antibody, but
may have a greater |ikelihood of being i munogenic. Humani zed anti bodi es
are less likely to be inmunogenic, but nutations introduced in the
humani zati on can affect antigen bindipg. A Constructio I héyH O
Characterization of Chineric and Hunaﬂgzed 25 Antibodie25$§ngiF%%%iVH
regions fromthe anti-CD40 mAb 2. 220 were obtai ned by PCR cDNA was
generated from RNA isol ated fromthe hybridoma expressing the 2.220 mAb

[ | gd I, f.iz@. .Gx, ifl {3 ' ' he VH
or VL. regi onsyREELdeE ORS00 WANEC B 5 PR P EIN B s e BT Rged

stranded cDNAsD423Badd)®1.varal.al1be7y @ iencher 22t ens -a0sd4: MeRs b PERI Usi ng as
a sense priner an oligonucieotide containing a pol K-C sequence,

conpl i ment ar y{1P32hhEigsotkers 264i 1000 GAE0 ). Using arsodilieissratgaynieserbeddgloset  of

[ [ Sao i.ned h | i
bact or ol vech B Pl RGBT MRS Rl &l o

cl ones were thei begeubachd chiyneticdReXyde gtRediédle sequenci ng. Two i ndependent
experinments were perfornmed, beginning at the RNA stage and the sequences
obt ai ned were the Applignts’ qumganen 4) anhibodynef thopresat mtviestiamisirbisdyd t he

i abl i ¥ l.i.fi.ed, by R i i th i ntrod d
Sequence encotfIRET Ao C1aal ACBUTA S 5Fy AR AR AT DO oMo ot
closely mat chigtfageir a2 2 1S€ QPNESts AunSARE ahﬂﬁ(ﬂ@%ﬁbé‘dles-r@teché'g%éﬂti ned

portions of the |light chain variable sequence 10 (Figure 4a) and the heavy
chai n vari abl mverspmeme eef¢ridgahereih)s ‘Fliagd4L.217he | nserted signal sequences
of the human anti bad i.th the cl osest | o to rine 2.220.. These PCR
products Were inse?\”ééi\ﬁ‘ifeﬁ?’g ‘Saot}@éec‘f%‘ranE?c?Ef}E?h‘fe%g% cﬂ@%ﬁ‘écbb"rr}?@tst e
constant regi ?@?a&fusgﬁiﬂﬁrbxﬁﬁmﬂﬂ%ﬂ{e ﬁfemgdnisﬁo%e%{ &IEARLAES44 | ght
Fesi st ance. gemd thasps isfprekenig nexiats aiiande ambinlbinamtorpissbsest aht ¢ | | nos
resi stance ge erapy i mige nerdats afiimarele orgdisehses! e lines
expressing the protein. Protein for initial characterization was producec'E
% transi en]t éﬁf%ﬁgi%wq@&n‘i‘_@i%;gw @ﬁ%fhe&ﬂéf‘dqjafﬂfrcbpoie@chow Woieht i ca’;) i on.

an exanpl e %P C - y
cotransfecti ng1 a%lt—% B@ﬁb‘%ﬁ sdfvvlgt‘h'o’slrehggrglgétrg’gﬂ)enxoprt eeslgl&gﬁe %%Ea[ngsreés}%%?&f%e )
heavy andibi ghid theirahsiva actdfitytihendise meodels odfirimaneltiseaadretdied preghtedopy

nunber el ectroporation nmethod was used to pronote co-integratiaon. (See,
U S. Patent 4hensi. fgpdies with bethchidOrndits parsat mugne meypad- 220 WepenkeysRed i nt o

the pD 17 and j 0] i el v, are

dori ved from PO o SUCTF Sl mEL YiBne 4P ety 4 ¢nabRIAbFERRER, T
features (Fi gunmuh@upplessive adens, asDWIt bardicassaltia naee getai beloom TreliNaeswas 25
replaced with the mari ne di hydrofol ate reductase (DHFR) gene under control
of the enhancépicebed kyyaio Wire perfemedaysing standardytachnplogy knewa by\es skidgd BHFR' ;
not e t hat 2gnl ¥hetJ}F pronoter was weakened, not the DHFR enzyne - the
enhancer| €ss pronbter still contains the SV40 origin of replication, so
these vectors can besufiRdry, Appliedsd @Rtib4d Hava Bednahbivars Juppréss athiiénogsine of
interest is expressed fromthe CW pronpter, and 30 the poly adenyl ation
signal is frofnawae KRSPERFE lgmkw*drlmrée,gwyﬁeqom}vanh@segwﬁg@lvmtwésette
for the gene of .inter is.flanked by transcription ter.mnatio 0 15
August 2002 s@aiianues CHaomAbsTEY, Showta iBFlpdsse 80 FhaBRe o s e
(4) the vect Orpe iRt PinBddI¥Bf Klirfihr MiSéask SThkenGbicier StheR MAingsiiAdieste thapne 3’
to the pronoter for cloning the jene of interest, and one 5' to the

pronot er f2sr b6y F4 ambln?. &7 awruspful dor dinickl zppditaoniio the tgatm¢m)oft he

anp~cillin resistance gene and, Col El origin for plasm d propagation mE.
col a. 5 The h&MiAMENKe fsws%frwsﬁg?&‘ogsed were genomic constructs, with

the following modi fabhQis ekarhples bftefof AfisHEIVEGRANRRESSL] @hd EBBoBAMYhehai N
signal peptide, variable region and CH 1 domain were contiguous (i.e.,
cont ai ned no iscopeoofSApplzants {iB)kntion, which is defined only by the claims.




t he codi ng sequences for the light chain signal peptide and variable region
were contiguous. 10 15 O her expression vectors known by those skilled in
the art, and capable o f expressing a chinenc anti body of the present
invention, are contenplated by the present invention. A nucleic acid
sequence useful in an expression vect capabl e of expregsi J&eYY chain
of a chineric antibody of the presentPénvention i's shomﬁgﬁﬁﬂgfgure 13; a
nucl ei ¢ acid sequence useful in an expression vector capable of expressing
a light chain of a chineric anti body ofEiﬂﬁp@resent invention is shown in
Figure 14. The conplete am no acid sequence og t he heavy and |ight chains
of the 20 25 30 chimeric aftledivdyfVheire2@0i-HumandDadi Agitolle vari abl e and
constant regions, is as fokigys {the bold am no acids indicate variable

heavy and vari4@bl e 1spigHPY and{eKiro&lgrasteszaiiRince (SEQ I D NO: 3) Q QLVQSGPE

LKKPGETVRI | NTHSGVP KCRE V_VKDYEP

VSWNSGALTS QT cmwmﬁ&aggﬁ' “<é@’#%%f ‘%ﬁ@@%“%%‘f’?ﬁ% using

L TVL HQDW. N sPQREH JRRER, tRido i NEMHSb 1 oBY BDGHTR CDYRKLTWRIS® &K as th gen,
SCKASGYAFTTTGVAWQEMPGKGL KV\Z'(B\/\BOSE\I;TS_AI\I'I'AYL SNL KI\}EE'?ATYFC?/RSeéT&%XK?TKGDSV
FPLAPSSKST SGGTARL s s it/ srrrmisy el ing VRRS B R P KeCHRT RITCPPCPAPEL
L GGPSVFLFPP250 GKEYKCKVSNKAL PARI EKT] SKAKGQP
RE350TCL VKGR YR R R ORI A e o NP B RISt P8 52
Li ght Chai n SetiusigheCTHRERedeRs®iotharibteRl Vb IBREPATIhbAYT FSIRRYE d-BERAS/LS

ASHSI SG PS RFSGSGSGSD FTLSI NSVEP GTKLEI KRTV AAPSVFI FPP SDEQLKSGTA
DYLH aYQQKS HESPReRarpoteripd fonaopsgreachy GHSIPAImEE ce9tosass thRNEvabbRE ALUEVKY

150 21 15 Au VIEQDSKD STYSLSSTLT LSKADYEKHK
VYACEVT 200%@%&@%#%%@?%%@9‘5?%0‘# frani zed forms of 220 were
generated. This progess mmbNesidndFusdgnti fi cat~on of nurine and human

germ i ne sequences with the closest honology to the VH and VL domains. The
murcne germ i ne seqiiwedegionserere pedeormed to gerarate Wybridomap prwsivaing @ns-homasonat i ¢

mut ati ons t hat e i sen during the process of affinity maturation. The
human sequencegg\%élné&{’% _Iﬁ%@“ﬁgs E"eﬂﬁﬁg ee‘”%‘ﬂ’_erlgapmé’feé%eﬁ‘ﬁ”% g
known or suspeghRek bRl RfhaldWALBAThick AsinB&s RienMiihogReLictbfibin¥ntdi ok €P! aced
in the human sequences for both VH and VL. The structures of these

sequences Wwer eptotem comriiting bf thei extyacediubar tieimpinactféutnha Ghr4otfesed torttethingee

cl osest honol ogy,.for i1ch a crystal. structure has heen ved. Plasm ds
encodi ng t he hgﬁ&rﬁ"?e#ﬁ g?rﬁﬁ’n%Z%“ﬂgﬁﬁ?%@f@?%&@ﬁ%ﬂf@%} ed nut agenesi s
and used to generat oAfkjocRAdY1, e tho@RWRNMhiLSNPIHERSAN JuboiafdeRsGat b3 10
vitro assays were perforned with the chinmeric and ~ 5 hurmani zed” anti bodi es

of the present siteswetit aremuiaiod (ot of 280 ab) ef 3@ pg bCP40imGTh guroaplete Fregud’'e ~a
shows the results of bi ndi ass testing the bindj of chi,220 and
122003 1o heoaBlES: (The SRl e Bl S2SuE)on 01 T swik RERADIEREI| at es
wer e coat egy Wi H&oﬂ%?@ﬁé@ﬁ@’s%'u@mﬁ%&%rg%énoi‘tzﬁflp Oru8igh ThrduBizBo% &P&ayz

hrs. Wells were bl ocked wth Specinmen D luent (CGenhetic Systens), and

ant i bodi es wer 87 ag detchvahoBlnjetton ofdiOamss efth(dwicmaiZbat PBRSs ImfFuhizewnsgora | hr

i ncubation, wells washed, .and the presence_of the antihody detected
USi g per oxi el CHTBEY PETSFAEEP AR ARDORY (KFEOVES | 5 a
humani zed for mofe;ty r%%&mdggéggﬁgn@rﬁo&s&?i@ﬁ%a%n%e@m 1530 MElbs and

error bars represent the stan evi at1on.
with the final pre-fusion boost on day 58.

25 Three days following final booster injections, leukocytes from the spleen and
lymph nodes were harvested and fused at a 3:1 ratio with X63-Ag8.653 mouse
myeloma cells using standard methods (Kearney et al., J. Immunol. (1979) 123:1548-
50; Lane, J. Immunol. (1985) 81:223-28). Cell suspensions from each fusion were
seeded into ten 96-well cell culture plates at a plating density of approximately

30 170,000 total cells (pre-fusion) per well.



Figure Sb shows the results of an assay testing the inhibition of sgp3925
nmedi ated costinmulation of human B cells with anti-human CD40 mAbs. Resti ng
human tonsillar B cells (SO OO0 well) were incubated with sgp39 fusion
protein, 20 pg/m rabbit anti-human | gM coated i munobeads and the

i ndi cated concentrations of the anti- 0 mAbs or nediu | | in 96
well plates. 72 hrs after initiation cultures, all we %h%sﬁ?%% sed
with 1 uC/well ['"Hthym dine and the 30 cells cultured for an additi onal
18 hrs. Cells were then harvested and incorporated ['H]thym di ne neasured
in a scintillation 2countsecr seni 22 J& Al\ugust 2002 Based upon the results of
rn vrtro assays (Figures & éﬂ%aangb,o? H&t show both the chimeric and

humani zed anti body Bié aghy ¥hdrshests dsddl Aicaney mABE Rith@fedias) for fhayrul ation)
the chineric anti body was chosen for further study. Exanple ™3 5 Eff cacy of
chi 220 A Chi riaian, Q. Golpeulsirpgpperdtants fFimial acells Stetediyntiably Nomebnadefor their

Pri mates Chi 220. val keys for_its.abiljity.t
Cuppress pri maPi S RS Red Ay AR P R e g ced 150 bidd 36k Bendent
antigens. kn QREEISISUIYase@FsHHRAE PichfsOmARRKERShABESed mm_rmszwsw gep

erythrocytes (SRBCs) 1 o and given a secondary inmunization of ovalbumn
(OV A) i nmedi dbeteactviiyowith @ pnefied, véqogibinask figlom frottmaveneing dfaheis dose of

ith hi 220 at 1 40, 100 / ile ph t ffered I
(PES) as & corfeimaraletiigloriin o sialhedh Ehe Rinke SR ag R doramsiobaunc.
response agai Naim 31364 a%ﬁod%ﬁ?%@b\'&kégggatn AllmliB £ EordRsGed RGNS gtrating

d
efficacy of chi 220 n primates. e-dependent transient ~ epl €ti on of
peri pheral bl dasioB peattins LeveishighiEleiiomdugin eakl, ENIBOHe(1082PP043 1343 H). nonkeys,

with the tine to re,coveéy al. so bei ng &o e dependent. At the two hi qhest
doses, tralfsi dhtachyityWiblheiommer and gof ea?‘ﬁﬁi Hemprotes sPtRled withishs eelbor

peri pheral bl : I ASY g N . sin
serum | gM | evgﬁgdl\-ﬁé(raglabgssdelﬁ%gﬁans 'gﬁ\é&%g o-(gr%ﬁ%b%rdglgg%cedp %)Eg%l‘b‘%gé]?%@ggr um

| evel s of |9gG approxgrhatePp20masiereséllst he i nduction of inmmunol ogi cal tol erance
and reversibility of imunosuppressive activity, all nonkeys were i nmrmuni zed
with OVA, SRBCs, anét kgydurssienaiqeeperiydonie desiregirati-GlMbompdras thxeampcinteday

149, when seru Is J. Kk r e | o vel s
pel | eved t o beSREEDSISH: B iRERcldh o Uoieind R il A48, BLE S BHE. 2
bl ood B celd s imashtibedysedatiohOalPCDA0 secdir hmaster el shbernatahis warBasse@spairse at
the | owest dose | evel was ggnerally conparable to the primary anti-SRBC

ant i body r espoti€l abiity trinkiwk the bindmgalae solgiereqombinaat gwring 6ARB-heBHbNse to

reated at t neti neaeete B P bR RBRTR IRy KDL AR ERL

dependence of Tﬁ&@éﬁﬂﬁ%@ﬁfpﬁﬁ?@ﬂliﬁ% tBisGRtetacon leRlsGbdeqiient ¥ tREEAH thd sihe Was
perfornmed in which additional nonkeys (four/group) were inmmunized wth
SRBCs, and t hefprgiatrestabiishyhichoels contatnigd fronighesttiter efrinhibging apgbady. August

2002 ng/ k BS. ..Suboptimal i i.on...of th i bod t
SRECs . watS obEER UEF SRTBT Rua Pagarore Nt PP ey BEi Hei sl ERRIRe ol ©
bl ood B cells yRsaifgvi dent m nonkeys that received 1.0 ng/kg chi 220 by Day

8, reversing by Day 29. At 0.1 ng/kg, a decrease in the mean nunber and
percent age of peri pKioning bf bedpBopuite antbxlysiseretingctlls ias accompdishedbing et

out side the normal histofi ranges for perce B.cells. Historigal limts
nave not been 6P EHeEh e Farors BTt FE Bt RISl BB cel | .
Transi ent m ni gahsiHAN02ERFwEN aRES WRIER tR hi PhRPGteled CEDUORPEERRE SmaRcond d
decreases in ex vivo T cell proliferation were observed I n nonkeys
25 well was formally cloned by a limiting dilution method.
3. Further Characterization
Six assay formats were used to further characterize the antibodies. These were
inhibition of sgp39 binding to human B cells, inhibition of B cell proliferation
induced by sgp39 plus anti-IgM, inhibition of in vitro antibody synthesis by B cells

30 induced by activated T cells, direct costimulation of B cells with anti-IgM,

costimulation of B cells with anti-IgM in the presence of cross-linking anti-kappa



that received 1 ng/kg chi220. Finally, there was no evidence of conpl enent
to activation or drug-related changes in the serumlevels of IL-6 or TNFa.
Ex vrvo T cell activation, conplenent activation, and serum cytokine |evels
were not assessed in nmonkeys treated with 10, 40, or 100 ng/ kg chi 220. In
both studies, serumsanples were exarggned follow ng chigg k Rig ation
for circulating levels,of test article, and to assess anti y formation 15
agai nst the test article. Pharmacokinetic analysis indicated that the nean
peak serum concentration (Cmax) of chi 220 did not increase in a manner
proportional tight feaiparibadycandiresimulatien of celisiygtihant1gM frethe presenice 262 becane
prol onged as t ) Nl C L NGS [ ound to be

i mrunogeni c V\hgeggorgpdarﬁrxl%n(?g?%?le@’ gﬁgs.'\iﬁﬁih%(r% ﬁ%qﬁ‘%f I?gg' bﬁ%&g@’f@n ating

concent r at i onscogtimukatct) apdityl anditd urpP@Rtely blagk COA0R209 Gatractibns UPRHz @8 t he
anti body response directed against it. 1. Experinental Protocol In the
initial study REHESDIOEAOHBHIEEN PEPISTRON Hir8Y ROHRES/ASWEr e assi gned to four
groups consi sting : . ) e
Trmni zod 38 daye prt b e e 3508 sHEBG AT B oo laa I L MALEL 1
OVA (S 25 nyl k174 (fg@hylardd 02200(1#@2a)S Tksts Warelay tolchaddcterize fHea Abs\elh@ne

i mmuni zed with SRBCs (1.7 m kg of a 10% suspension, iv) and given a
secondary i mmUAPEETERACHfs fropa theshumpniBycel] ling Igag.uwgmg ipybatgd Wl arReimat el y

prior to receiyd [N W) ¢ us_do f either chi220 at 10,
40, or 100 ng/ ?(fg&gf) st é{:l@h;%Igg‘gbsgﬁséﬁg‘gg‘g%fg%ﬁc.%n%{’%&%gmﬂrbfm‘gﬁe&k&éﬁ861 erum
|l evel s of chi efatin{ @dotAhinh YO RYS Biuision lpYotk LG9 PPERRSEN D Wwayvel s 30
(~10 p.g/ m} 2%% the | evels ?)f per-i@gheral tg)l ood B cerl S hadg?eturned to

predose | elfe| sdaterted by faribapayuliahen pbiikeglds wish @ FIHelabieled @antiimED Db BRBCs,

and KLH (10 24.15 ust, 200 ani gal . _i.m. . .The purpase . of the KLH
i nmuni zati on vﬁ?lxsbs Qﬁgﬁ%lﬁé’fl a&ﬁ@‘?%ﬂkg?%éﬂé%?%f‘év aESal Olﬁ'ﬁfi%ér‘ii“fl fine
response to a peeRNhdE&Rned dambRs MEubite®val aMibdiyWY tRRead Nudtbdehicel T
denonstrate a better dose response with respect to i mmunosuppressi on and

peri pheral bl osgnmescwithowy @plikadyon thecfirsl intubation (Fogikeys in a second st udy
(two/ sex/ group) were ijmunized wi.th ,_and then given a single dose of
61 ther ohi 290" At 0. K5 POV b TigeiEy  Srerisnaiess T stAlem Rty Cpmpiely

Hermat ol ogi ¢al  RAIRIRS @k Dirkiich SR Risin RbeRdo LHIRRARY IR 1HRRARWIfLIABE Wer e
nonitored at selected tinme points during both studies. Serum chem'stry

par anet ers wer eveisof Co4@dalthougb kg caseted €. 17d cerelasyelyhighi@hncentratiof ofig/ kg
chi 220, but were.not nonitor at the 0O nd_1 ny/ dose, | evel s. because
0. i U 6l at eEHOR MASSIHBIEE eFOmARGE DlaPkitfe SHRTA L gUTE SoHE ATEE L | on.
serum | evel s of,haMonkiliGh B!@fs. Ade 6ith 42P MRAIRITERASWoSHnciibAaPESRSS FRb 1t
cacy, specific IgMand I gG anti body formation agai'nst the SRBC and OVA

i mmunogens was wie sigrwn thetieash nAle wapgatio pr campdetslyriionkssgpif-gwdiagdobt ai ned
jus=prior tzg I %Qx?u gtponao urrll{a%ttérixasglia?% %rﬁg‘ &Ec%lr(xli,y ea%ggiggeli%fc}n?t{y'i 1%16tg EhleC ' gM

production of IgG and IgM in an in vitro T cell-dependent B cell antibody synthesis

assay.
Three of the four antibodies showed limited ability to costimulate B cell

proliferation in the presence of anti-IgM. MAb 2.220 was more consistent in its

25  ability to induce weak costimulatory activity. With the addition of an anti-kappa light
chain antibody, used to cross-link the anti-CD40 mAbs, 2.36 gained significant
costimulatory activity, while the activity of other three antibodies was not affected.
The costimulatory ability of G28-5 was shown to be differentially modulated when it
was paired in combination with each of the four new anti-CD40 mAbs. MAbs 1.66

30  and especially 2.174 enhanced G28-5 costimulation, whereas 2.220 and 2.36

suppressed it.



and 1gG anti body formation against the test article for nonkeys that

recei ved chi 220 was determ ned prior to test article adm nistration on Day
1, and weekly thereafter. Geonetric nmean titers were used when conpari ng
ant i body responses between groups. In addition, total henolytic conplenent
activity (CHso) and C4d fragnment 20 |gyels were neasure and
IL-6 levels were determned in m)nkeyﬁé/t hat received 0@551]@1%9%%2 chi 220
at selected tine points follow ng chi 220 adm ni stration. Ex vivo peripheral
blood T cell activation was al so assessed followi ng stinulation with
concanaval in A in pBkeHS sEREGIVHAG On dvadlifiods OHUAEhnGRWARAPs RRDBYS ¢ and
31 to assess the effects of chi220 on T cell responsiveness to a mtogen.
25 Finally, ahihti-@b#i0euabsweree bhereoxeshiredifbythtiosuicdbility €@l in hvgrsalaitidnaxi city,
body wei ghts recorded weekly, . and_food consunption nonitored daily. Mnkeys
were i nmuni zed°%W Pwag%@%%‘#leﬁ- ol YRKBY RAIRG of aralyyieWere thorelasiye Pefendod ny/ kg

chi 220 (Fi gur ) . I i i L . r.um
expresse 0 astubode sgethees.r ltovasdam ti t yac [AVE Ier

for each group (n=2 00 ny/ kg group beyond Day 15] or 4), where EPT is
equi val ent to“’t"’f('@qcé%aﬁflffgg”rmé‘l’m”sﬂgcﬂl@?- AerfLand 2 %%%bquﬁéwg‘rhé’aﬂ@é?"lélt}’ ution
f ith - [ I

of serum with g 2PROIAA%E lwdiakeh %&gg%sggﬁbg 7994 RE 1 BB AL RLBLE 1o

background. 2. Results a. Antl - nt sponse en adm ni stered

to nonkeys at thel, patficularisdtypesQasmhdrgsorgiu-R2RhybateChac s @inonsthaéant i al |y
suppressing the primary anti body response a?ai nst SRBCs. On the peak day of
the control pondng/ cyghramprabinmer? daandddillesntRss aay! 189). These repukin

primary | ang i - i e re d approxinmately 92-94%
in the rm(r;\1 eyg‘; e%erggg ggg%}\ntt‘% ﬁ'&%t,)sreg%? Q@?\hdh % %?’ Sgwcﬁs{lgﬁﬁcg‘,&é%en%gﬁd to
controls (Fi gudemohdjatedideengirablbitieing .| T adility oBRBGoahABS By supS&BPaiBody d

not becone positive through Day 85 at the 10, 40 or 100 ng/ kg dose |evels.
On the peak déyntb%l%lmerr@@qg@)ralceb?wmfoynqi o anial terbditute binddy r esponse (Day
15), the nean primary 1gG anti-SRBC anti body response was suppressed 98%
99% and 85% i n nonkeys that received 10, 40, and 100 ng/ kg, respectively,
conpared to cqntrol/s il Okdrecté@ation 5 Hi gher overal |l predose anti-SRBC
antibody titers in the 100 ngl kg group may have accounted for the apparent

| ack of dose- dependevn studies mesaprsioamsd ornoncwenal primatesiksangsthe maamedntii t h 10

or 100 ng/ kg chi 22 i t nount r.i (ar G ant i, SRBC anti body response
hr ough By - aema v mNRs P BrectsBe HRENY of ebEBHb & EriaB ARG B 20

had a del ayed BehHRAYo bAEt13RE AR ALAHBBEF fdrFurtip HeveAsbr & "PRL 2Rk € 100  he
control response in magnitude), which becane positive by Day 36 and peaked

on Day 51. On dBayantd@nd adutetoxidity afehaifout saledted oiti-CHAQ BAUsavkré adrhparedel ow
putatively i nosuppr essi ve |Levels (~10 pg/m) d the levels o

peri pheral bl o0& @I‘ﬁ ‘é’eq'?éﬁe‘i@tﬁf_ieﬁ%&’"t %‘tl_gg@aﬁééaﬁn 9@\9‘&-@% a&WFTCéL%‘ﬁgtfdt he
monkeys wege 1 iUl #adnitlyShsmed d ﬂ?es@@fﬁ@a&%inﬁﬁ?gﬁﬁbiﬁén @P&H@Qﬁtﬁé&?&%ﬁ&'

nonkeys nounted a strong-secondary 1gG anti’body response to S nkeys
treated with 10 arffiydémendént2R0geroamit aedtepoxiniy.y | gM and | gG anti body responses

to SRBCs that were gener cQ rapl] e to the primary anti body response in
t he control nonkey .“’Pﬁkﬁgfé%/‘?cytﬁqp\é‘%’amt{‘g@éﬁ“ﬁ@szﬁgnse to SRBCs was still
partially suppress Qg 2 Iadhi thei
suppressed at the %%%%;)Egp olsdemlf#ggler%ﬁﬁf‘%ﬁgggﬁﬁ?g\ogﬁo“ﬁ e%ﬂ{aﬁéeg%e el\/rvit

40 ng/ kg chi 224bilithad sigptessrasT-depeidyntrmtibddycreyponke followiig/inratdnbady r esponses

26 15 August 2002 . . . . .
25  administration to cynomolgus monkeys. This study was divided into three phases

(Figure 2). In Phase I, four groups consisting of one or two male and two female
cynomolgus monkeys each were immunized intravenously on day 1 with sheep red
blood cells (SRBCs), and then treated with 20 mg/kg of mAb 2.36, 2.220, 1.106
(IgG1 murine anti-human gp39, positive control), or L6 (IgG2a murine anti-human
30  tumor antigen, negative control) on days 1, 3, and 5. IgM and IgG titers to the SRBC

immunogen, serum levels of test and control articles, the presence of anti-test and



to SRBCs devel oped IgMand | ~G anti-SRBC anti body titers characteristic of
a secondary anti body response, the anti-SRBC anti body responses in the two
ot her nonkeys in that group and the remammy nonkeys treated with 100 ngi kg

chi 220 was still approxi mately 90% suppressed corrpared to the mean primary
anti-SRBC 5 anti body response of the ntrol nonkeys. § I
i munosuppressi on of the anti body resﬁ nse to SRBCs was 0290%| OW ng

adm nistration of 0.1 or 1.0 ngl kg chi 220 (Fi gures 6b and 7b) Wil e all of
t he chi 220-treat ed nonkeys nmounted a positive I gM anti body response to the
SRBC antigen, the overall nmean peak I gM anti-SRBC anti body response was 10
suppr essed appoaxdhatieleyntigidicsy sdriva imominegisbitlirclaves, patipieral bigyddeuiaki220
control .response. No suppression of the |IgM

conpared to the rreanrgg E"

anti - SRBC ant i9548%- 3 ‘SB SRUSRSLSS Sh XAy uaPRPRiBHRRSA PERRherddIaNdt h 0. 1 my/ kg
chi 220. The 'ﬂﬂﬁbé S n the
contr ol nonkgeg?l ggéy[%n%%gﬁaggpﬁ@{ihe msi@y@%?%ﬁtogﬁgél‘:a?\c}g tgﬁ}fle}ﬁdd

ng/ kg chi 220. deeedlthe arﬁdnelsmmmmaﬂnzd:cg@thSRBI(ITsIanéBlBEE:othhtbgHﬂykdyﬁS]aonse was
suppressed 56% and 42%| n rthagllﬁonke S treat ed with 0.1 and 1.

chi 220, respediTRRE hFMosyanL | JRsErsith eSRé‘é?“é’ﬁtoifHBﬂly“?@%‘ﬁb‘ﬁ%’éraﬁ%kfé’dhén

Day 15 in the t and
on Day B in { RS reey e Ty as iR GHprh T piiss I Bl il e
Ant i body Respaﬁmﬁﬁzwm«kya'mmxéthiadmttallﬁEtﬁfp@ﬁsﬁhﬂtlmmeﬁ@bﬁivdé@@n@f 10,
40, or 100 ng/ kg chi 220 on Day 1, In addition all nonkeys were inmunized
with OVA on Ddgeovesss fotlowatﬁoﬁnl@éltlos&#ﬁbﬁ SREPESRRE 2angda agseaihe srcondany
(Figure 8a) or nti OVA anti bodi es. Data are expressed as

t he geonetric andelg%%}r?sﬁb%\/ 5§0| nt titer (EPT) for each group (n=2 [ 100
ngl kg groum beyond M¢xﬁ£imm wh} penfbrated (&Ehisy taeM2b 2RO Mgdigedntlyo t he

reci procal of the greatest dilution of serumw th an absorbance of greater

than two ti mesSUPREESIRESRE PR BWERGY BsRARse RRBES EFIEW3énM°PJ§@Sa‘IW¢ body
oo 1997, Behed Wiy B RELE LSO 6 H811 8ol B33 0Bk T OARDKYS) | 2t

received 10, 4 rhary and™seco

anti body respogiies MohReyRivedhe Mnmaﬁizad)t;vﬁhislf@@&ﬂbby’ﬂh loy PH&aN, 13end 1. adikure
nonkeys (Figure 8). Mnkeys schedul ed"'to receive chi 220 on Day 1 ha

greater anti- dmsmmtb@wults Qféﬁsmt semplerohiteyere amalyzed foolght aiti-3RBGD. 27 15

A t 2002. On t oV, tion.
ATUof e CronkBiSdiS e JauPrr B Tous ahtsriadmp R sl e Y SR n 7
days foll ow ngarﬁhsktaenﬁmo@e@tneda aFDEMpesSe R dh Sc feARdRI0SIBE it Gofui kg

chi 220 had anti body titers characteristic of a ftertiary anti body response,
wher eas rmnkeyGaC!SgtﬂP@a(tneaov\ﬂlh ei ther 40 or 100 ng/ kg chi 220 devel oped

anti body titers th nor e aracter.i. bdy
response. c. Anti-K IlFBt?l |’:’t)rg'a%/r:"I‘-YQJ;I B%es"‘éasl\}gfﬂkgvog%@? C?g%ﬁtq Iél\/g [}gol
intravenous doggp&tivédly. Félowitg cléHarte of KAFENPEPH eiinb@below Héteasisle Idv@l@; al |
nonkeys were | mmuni zed with KLH on gaBé 149. 1o Serum sanpl es were anal yzed

for | gM ( FR@ur thedwak sgcondasy (¢spgugedo Gerwds-stiltlinhibited TR0l anb 36 %Déerd gt and
expressed as t eonetric nmean anti-KLH endpoint titer PT r_each
orbup (o2 {10BGrPRECGeLt SOBBgsAd Hayreaafve PRl retaobSnEBe L (TR Bay en
to the recipr Oe&trﬁtottﬁég%@@&%troﬂlmtqos qtmﬁ%témavgtrt)ﬁlg &0 t:h%ag of
greater than two tinmes the nmean plate background. On 149, after the
serum | evel s ofespéris220 SRBC sfveds| abserved. o'qumttary mequnsc ta SMGswapmtesbbv@

I I --10 d.t l. s, of | bl ood B | had t d
o pr adose | ey idieanE Ba: i 6 igingee Dol el Bramtndtamestan R 1 1 (10
o/ ani mel . 35 ) miho BRI ersRUN WAL thitini AR L 4 adB pliR@EYarkies ponses

to KLH, dem)nstratlng that the ability to respond to a new anti gen was not
conpr om sed 20 s¢dendary end)KLHd respensersuggesing thit tHestmuudshppressmndvatmevergelst
Article Antibody. Response Ser | es d follow n chi 220

admi ni strati onW%ﬁ@Pﬁﬁ%w%Me B9 ’\‘-,‘{Pgll @F ?ﬁ%ﬁca‘éf’ﬁﬂ?eé?g MY to
assess anti bod cle. The nmean peak serum
concentration é‘t‘g{“)rm{#ﬂ eglgté%%%eegsfﬁfg{eh nutes 25 follow ng the

adm ni stration of 1Mm¢b@knqhkgcaﬂoa&&nmmj os¢urilpimmediatelyafienthe last dose

adm ni stration of the 100 ny/ k(% dose, c?gues of chi 2 vvere 429,
and 2343 113§/ mWere 74handdiiesg/a tf?féaf\éﬂz»&??ﬁ“ 364651386?"61303&’5‘5{3&@
respectively. There was, however, considerable variation in the Cmax of

i ndi vi dual nonkeys in the 40 and 100 ngl kg groups. The mean serumhalf life
of chi 220 was estimated to be 30 approximately 114, 173 and 315 hours in

nonkeys treated with 10, 40, or 100 ngl kg chi 220, respectively. 28 15
August 2002



Mean Crmax val ues, occurring three mnutes follow ng chi 220 adm ni strati on,
were 1.77 and 33 ~g/m for 0.1 and 1 ng/ kg doses, respectively No gender
related differences in the serumlevels of chi 220 were observed w thin each
dose |l evel. Mean AUC', ~ values were 15.i and 847 ug.h/m, for 0.1 and 1

ng/ kg doses, respectively. 5 Taken t ther, the studi qgﬁﬁ taggeat the
half Iife of chi220 becones prol ongeglggz;s the dose adm gfss?‘ere %izs

i ncreased. Furthernore, it appears that the Crmax of chi 220 increases in a
manner di sproportionate to the dose increnment. Although the IgManti-test

o 100 gy kg hesgo e o Shim R n@B% eck e RIS, 2 BT R e O

response was QinGidaezd. i BothheABDNBEYAd L0 webCigin@@gdfic.mol kg chi 220. The
mean 1gG anti-test article antibody response in the nonkeys that received
10 ng/ kg chi 220 becdsEe Bersino dieg-siated glimoal ohpssy aionpeshanges In basbkweightar t he
mean group ser n ti af. chi 220 d fallen | ow 10 ug/ m , d
peaked on Mysﬁ%gﬁﬁggﬁégﬁtorgng&% T i%gmﬁg) ytqrtsgrtmb@qi‘?\,{v%‘ffny%Pllénal‘ the
appear ance sof JnfjGimBirkhaie@SindaddsiobkdvedivelRedingend Modind 430, ARHRYSmithat were
treated with 10 ng/ kg chi 220 al so coincided with the first detectable

i ncreases i n BeEEniagaiefReripheg] B sallnyitdaphstd Inands 2300 eespestivelyaReqeesyr ed

Day 149), the t eji ve 0.0r 100 / kg chi 220 had still not
Emu%t ed 231 posiqtfirg\zgegﬂg)ré(?fl%%%)} lérv%gspogﬁg%eéxggﬁwél g 3’?‘??%’39, ISHREUgh t he group
nmean chi 220 serum IIﬁ\seﬂnﬁlawgz,rxﬁAb@lzqwsl@xi@a_aﬂ(lyﬁsuﬁyesgamhéznt(&lﬁy_H@ApkgsegsOUD) or

Day 92 {100 ng/ kg 20 group). Chi 220 was i nmmunogeni ¢ when adm ni stered at
0.1 or 1 nyl kgSRBGSs ad 26 flslmotnwvitheygh middt2.2 A iedwed agrelhegedantigar-spkcrig/ kg
chi 220 had weakl ositive IgManti-test article antibody responses by Day
15 duri ng. Khe YRR SPRSRRo Yoo drv Rt hive oot Lot NS AmAG e OH®220 had
significant |ofRplifof RethePldvepfennt | body responses by Day 25 22, peaking
at a geonetric nmean endpoint titer of 16,618. Overall, the geonetric nean
lgG anti-test article anti body response was not positive in the nonkeys
that received 0.1 ng/kg chi 220, and only one npnkey that received O ng/kg
chi 220 had a weakly positive 1gG anti -téﬁ'ma}eﬁ cl e anti body response,

peaki ng at an endpoint titer gf, S Anubody) &§3Jovel y, these data
suggest that chi 220 is capable o 0 | nmunosuppressi ng an anti body response
against itself at sEsaddresvieinunokegeiendfthe rhaine apthomamais 3220 1t gl nl .

29 15 August 2002 Exanple 4. Generation of Humani zed Anti-CD40 Anti bodies F4
and L3.17 A vaieembigantfafmydswiigh Xariatie ragiong are fysaddo huwan Garstant 5igiqnse
humani zation o r P f ut the
Compl ex 1 hat'e i derats e el a A YEAn IR HREASS THE NG, BbRiEdet BiEhert
potential | y i nyaleyaidniofiakkhimkrivgansibbdyy,icoptaihing the ahsiterddraurind warablerenonss.

Rat her than predicting the optinal framewrk based on npdeling, the

anti body | i br afRf Bpaizedfodas vy Wiyl myeng RyprevaRable regiens (GPReYaroaraged gt i ve

f ramewor k nf ! i cefhl hat.i - -

Mit agenesi & apirig faBeyRSRUuAREE SRR rliIEIcBltRe ORI apfiBticn Bain,
many variants gedntié sigding@répertves®d patent aitivody [HuoaRg bavd Lyteateelikdlihodhvks)
J.D., et al., g,19_92) J. Biol. Chem 267:16007- 160_10&. Codon- based

nut agenesi s peReing Mmyaoganits t Humaniged atiboflies ayeiless liknkytto bp Amunegante bihe

contri bution of Lfi.c i s, and .t hus, i re.effici.ent than random
mut agenesi s ap[rﬂugaglgoﬁ%&uolgg?éde@gﬁ%b%?gg#brn cﬂ%ﬁ%ﬁgn%;&@@%ﬁg not be used to
synt hesi ze t he AconbiCaaétaickiah ahd #EWRY Khrbdtédsaties o €Gindri2@ald PRingaNizelDr eover ,

random nut agenesi s creates |larger nore diverse |ibraries and unfortunately,
the maj ori 2§ ofAntihedies ons do not enhance the binding activity of the mAb.

Consequently, | arget.n er f clones st b re i f ctive
variants. 20 A st ra:rgﬁyr? 2l mé‘ﬁf‘agfamgt_ﬁf’ 3’&?'?9?14% 'ﬂgggggéﬁveﬁggt%{nggpgol at e
human mAbs fromcR. RIIRIR whsSiehétedi IR RN A oftddPorh iR hybHA6RE Sxpresdindthes a
rodent mAb as a tenplate (Jespers, L. S., et al., ( 1994) Biol Technolo

12: 899-903). RE&220trb using anilgGi speafic gui Gedipeefie anti-smse primgr ishebjan thesyHay
technol ogi es was_described in.which a chjneric EdJ fragnent used

select a L chai® f&ﬁﬁ°&$4¢?ﬂ‘&?%¥-aﬁt%ﬂ%%§5mﬂ ekfo eéﬁéﬁ“ﬁga%a?‘ie%gﬁﬁa{?‘?%d
murine CDR3( RagRNvarifble rédiot were (HedWpifiedby P8 bisind\e@4lsens€ primer an

oligonucleotide containing a poly-C sequence, complimentary to the poly-G tail, and a



USA 95: 89| 0-8915). Subsequently, the nost active L chain was used to sel ect
an H chain froma human H chain library containing the nurine HCDR3. The
mAbs i sol ated by these approaches are entirely human (Jespers, supra) or
nostly human (Rader, supra), but the large antibody diversity introduced at
each step of the 30 processes necessijates the use of afgiqi h&hment
nmet hods. 30 15 August 2002 The foll gﬁng materi al s angé#g#ﬂ%ﬁgﬂa%%e
utilized to generate the hunmani zed anti-CD40 anti bodies F4 and L3.17 of the

present invengjon. : i f i - CDA0 Based on .t he sequence
of anti-CD40 ‘tr‘réﬁﬁﬁée‘%%g%%b’g@%% apﬁg?’%r‘%"%‘{*? JuAinet 48 ﬁ‘&gé“%ﬂ%‘g‘&f"n% VH and
VL (69-75 baskstdral Vemgtudingwestactaynitbemiciuded anbe ngﬂilrhi:xfsi uitijleelonad warel e H
and L domai ns were synthesized secsl)ﬁarately by combi ni ng 25 pnol of each of

t he over | appi Hign tqugased by slidqogrucigotide FFayCTONR. YoV independertSkpetiragiée) in a
50 pl PCR ' i sting. of f: tur | t 94C for 20 ,
onnbal i ng ot e RgBRRSl Beb Rl Be RXGA S8eing B IR S diaed it ni g at

10 72C fors 30ssm@¢c. Subsequently, the annealing tenperature was increased to

55C for 25 cycles. A reverse priner and a biotinylated forward priner were
used to further anp® ieserae pchimgmciipian p{ihe entifpdpdhe vamabde 2@@npWeRCR r eacti on

using the sa Falelg ro t ified by agarose gel

el ectr ophor ersTlg rg,gﬁ%%e t r%%lt&glp g(ﬁm éﬁsdt%%%ég%ug?{/?éﬁqélam%emf%ﬁ%%ﬁ%@?leoti de

ki nase (Boehr idagerdce Mty tinith abiBodyefoand Refost 210sA1¢ whadedle M2bh s&%ﬂéﬁ"&t avidin
magneti c beads (Boehringer Mannheim) in 5 mMTris-Cl, pH 7.5, 0.5 mM EDTA,

1 M NaCl, andsitovaswFizwed. Zbeupderimedpagtions of §€ highhehdie satiablessequamashed and

\oceor 542 DAL e B O BB Gl BRABIA S gl 0 15
modi fied ML3I a%ﬁm s¥Qehds dfifid RinesmPBody<with He cBdsest hokdRLy Y8 firRES 238, 95,
pp. 39-43, Cold Spring Harbor Laboratory, Cold Spring Halybor, NY), termed M

131 X 104CS, bi{hé¢sgGRIprduito werminsayted ento veRosadataitihg dequentes @hcadir(g th996) J.
Biol. Chem 27|:22611- 226%%; Kupkei, T ﬁ %1_‘1985) Proc. Natl. Acid. Sci. USA
82: 488492) usFARAThES\ANS of BUYRN £#APg SR QE MEBH Hde Brrrraie completrdielt ovhea¥¥s of

the uridinyl atggy \ vell 2 Ml R tors fiSo Mntdindd 1afef b4 L
repl aci ng cystgalgrrlfe egt’:i‘aatl es 25 ator? heQ enrg lof :bﬁg&&%%pdgwgﬁeég%l:{%%g% g%t
regi ons wiith gergeneratidend aaplificanomeststalle bbesaapreadimgithe praeibHPBEeiaddd s and

titered onto a .l of XL-1 Blue. 2. nstruction of Conbinatori al

Fr amewor k and ”F'r'a\gg%i“ﬂ‘m vlr_qslylroacﬁ‘cgé:gy Sgnsignt exBesiondtam CAS qela fallpded
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ol i gonucl eot i des enrgiiengmplega thimeEvantbode pralusingicell lie ktagpehekatadlsy @bl e
donai ns of the human tenBI ate and the nurine anti-CD40 CDRs as defined by
Kabat et al. (RaHegungCHO D@44 ¢glls with sepaypteyexpygssiinvestors for ghedcay vy andlight

| munol ogi,gal ifeRic Bthibody VaR hE Al o Bl f gyt ment
of Health 2gnd cbﬂ&rﬁ%ﬁgéf\‘}ﬁeg; ka%gf , S E &g o&ngﬁ?fe?&irgé% ‘?’] Bg@t ol .
Chent. 252: 660&s @bddh pasrhetesyrihiegmtiard(SeBdSnPataitel, 986,288 UThectiJaldsavy
encodi ng both the murine and the human ammo acids at seven V H
and light chains were cloned into the pD17 and pD16 expression vectors, respectively.
Both vectors are derived from the InVitrogen plasmid pcDNA3, and contain the
following features (Figure 12): (1) the neomycin resistance gene from pcDNA3 was
25  replaced with the murine dihydrofolate reductase (DHFR) gene under control of the
enhancerless SV40 promoter (also referred to as the "weakened DHFR"; note that
only the promoter was weakened, not the DHFR enzyme - the enhancerless promoter
still contains the SV40 origin of replication, so these vectors can be used in transient
COS transfections); (2) the gene of interest is expressed from the CMV promoter, and
30 the poly adenylation signal is from the bovine growth hormone gene; (3) the

expression cassette for the gene of interest is flanked by transcription termination



and one VK framework position were synthesized (Figure 15,
with asterisk).
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expressing a light chain of a chimeric antibody of the present invention is shown in

The complete amino acid sequence of the heavy and light chains of the

chimeric antibody (“chi220"), including the variable and constant regions, is as

follows (the bold amino acids indicate variable heavy and variable light):

Heavy Chain Sequence (SEQ ID NO:3)

LKEKPGETVRI
VEDFKGRFAF
YWGQGTLVTV
VSWNSGALTS
PSNTKVDKKV
TPEVTCVVVD
LTVLHQDWLN
DELTKNQVSL
LYSKLTVDKS

SCKASGYAFT
SLETSANTAY
SAASTKGPSV
GVHTFPAVLQ
EPKSCDKTHT
VSHEDPEVKF
GKEYKCKVSN
TCLVKGFYPS
RWQQGNVFSC

Light Chain Sequence (SEQ ID NO:4)

variants (Watkins
addi tion, the"HY
15
Figure 14.
20
QIQLVQSGPE
INTHSGVPKY
NGNYDLAYFA
25 VKDYFPEPVT
QTYICNVNHK
KPKDTLMISR
YNSTYRVVSV
PQUVYTLPPSR
30 PVLDSDGSFF
GK
35

DIVLTQSPAT LSVTPGDRVS LSCRASQSIS
ASHSISGIPS RFSGSGSGSD FTLSINSVEP
GTKLEIKRTV AAPSVFIFPP SDEQLKSGTA

TTGMQWVQEM
LQISNLKNED
FPLAPSSKST

SSGLYSLSSV
CPPCPAPELL
NWYVDGVEVH
KALPAPIEKT
DIAVEWESNG
SVMHEALHNH

DYLHWYQQKS
EDVGIYYCQH
SVVCLLNNFY

PGKGLKWIGW 50
TATYFCVRSG 100
SGGTAALGCL 150

VIVPSSSLGT 200
GGPSVFLFPP 250
NAKTKPREEQ 300
ISKAKGQPRE 350
QPENNYKTTP 400
YTQKSLSLSP 450

452

HESPRLLIKY
GHSFPWTFGG
PREAKVQWKV

50
100
150



clones identified by capture lift screening. Briefly, mcrotiter plates
were coated with io 5 pg/m goat anti-human kappa (Sout hern Bi ot echnol ogy)
and bl ocked with 3% BSA in PBS. Next, SO pl Fab fromthe Escherichia toll
cul ture supernatant or fromthe cell lysate, was incubated with the plate 1
h at 25C, the plate was washed three i nes with PBS copgta % Tween
20, and 0.1 pglm CD40-1g in PBS cont lin| ng 1 BSA for Iﬁfl’ A%Q%(&’#%e pl at e
was washed three tinmes with PBS containing 0.1 15 Tween 20 and goat

anti - nouse | g&b-al kal i ne phosphat ase conjugate diluted 3000 fold in PBS
cont ai ni ng 1% BSALOSGNSU dESVTRIDIKh STY AHE TLIH €. qRADVE KHKS WSt HI® e@o
times with PBSLE8SRAVEKBFNMQREEQA % Tween 20 and was devel oped as descrihead in
the art (Watkins (1997), supra). 20 4. DNA Sequenci ng Singl e-stranded DNA
was isolated and the H and L chain variable region genes of the humani zed

anti bodi es of the pgagpMhukmvedt foffs YEIR HaeYeNsRed bhil Pﬁ‘ocfalstlﬁmsssqné
di deoxynucl eotide term nation nmethod (PerKkin- EI nmer, Fos CA). The

nucl ei ¢ acid (@E@lﬂl@tlm0?I)luamamirhuwnagﬁﬂuh{l@ﬁ@¢®es\l®n$)heséepeetrlmajcbg% t he

variabl e 1ight rranlz antibody F4 is as follows: GAA

TTG ACA CAG TCF cr@x ‘Ef:gL ETMUPRS BrEing Seguqnces ”Kefluﬁjdéoed‘?ﬂ‘@ L‘kg LS
14 CCA GGG GAAloe%n@@@samcqr@aJ&@tﬂmamm@Q@u hEPRAGTo 8RR P G E R A
TLSCRASQS 28 ATT AGC GAT TAC TTA CAT TGG ACCAACAG CCT GG&C

CAG 125 | S D maturagopy Yhehgmpn seq@e@eam%th@tﬁse@@s:tmmtemi CERDITCRAT TAC
GCA TCC CAC TCC ATC TCT 168 5 .August PRLLJ YYAS S
56 GGC ATC CCASSEAFICREROHHET il&?e‘gﬁf g@@%““ﬁ‘%ﬁ@@e‘%&%&?@‘é%m‘%e?‘a |1Al“5
TTC ACT CTG A T 1 %g@gﬁ]@% GGG
TRES AT@ A%ezl&naﬁ sequ-En@I-for b%-{h V’Ppaﬁﬁqr L. Qhé/ st}{lcl/ur& g C_s'?y%&e

then modeled usmg as a template the protem w1th the closest homology for which a
crystal structure has been solved. Plasmids encoding the humanized forms were
generated using PCR directed mutagenesis and used to generate antibody by transient
expression from COS cells. In virro assays were performed with the chimeric and

15 humanized antibodies of the present invention, and results are depicted in Figure 5.
Figure 5a shows the results of a binding assay testing the binding of chi220 and
h220v3 to hCD40-mG2b in an ELISA based assay. Wells of Immulon-2 plates were -
coated with hCD40-mG2b at a concentration of 10 ng/ml in PBS for 2 hrs. Wells
were blocked with Specimen Diluent (Genetic Systems), and antibodies were added at

20  the indicated concentrations. Following a lhr incubation, wells were washed, and the
presence of the antibody detected using peroxidase-conjugated goat anti-human IgG
antibody. H220v3 is a humanized form of mAb 2.220. Values are the average of
duplicate wells and error bars represent the standard deviation.

Figure 5b shows the results of an assay testing the inhibition of sgp39-

25  mediated costimulation of human B cells with anti-human CD40 mAbs. Resting
human tonsillar B cells (50,000/well) were incubated with sgp39 fusion protein, 20
pg/mi rabbit anti-human IgM coated immunobeads and the indicated concentrations
of the anti-CD40 mAbs or medium only control in 96 well plates. 72 hrs after
initiation of cultures, all wells were pulsed with 1 uCi/well ["H]thymidine and the

30 cells cultured for an additional 18 hrs. Cells were then harvested and incorporated

[*H]thymidine measured in a scintillation counter.



LCACHATTI S GGAGCCT EP TCT TTT S F AAAK S GAAE CCT P G GAT D TGG W
T D70 TTT GCA 252 F A 84 ACC TTC 294 T F 98 321 la7 15 The nucleic acid
(SEQ ID N0O:9) and amino acid (SEQ I D NGO 10) sequence of the variabl e heavy
chai-n of humani zed anti bodies F4 and L3.17 is as foll ows:

CAGGT GCAGCTGGTGCAATCTGGGTCTGAGT TGAA 42 QVQLVQSGSELKKP1420 CAGTGA
AGGTTTCCTGCAAGGCTTCT GGATACGCC84GASV%§%SFGYA2 8TTCACT Acéléd% MGGGT GC
GACAGGCCCCTGGAL26 FTTTGVIQWRQAPGA

225CAAGGCCT TGAGT GGATGGGAT GGAT CAACACCCACAGCGCEGL68QELEWMGW NT' i SG56 GTCCCAAAG

TATGTCGAGGACTTCAAAGGACGGTTTGTCTTC21030VPKYVEDFKGRFVF70TCCTTGGACACCTCTGTCAGC
ACGGCATAT CTGCAGAT CABassd2som eveTudglofisgiiro assays (Figures 5a and 5b, that show both

435AGCCTAAA CACT ATT. 94SL VYY,

T CTGOCAT GO A TEACCE AR AP PP A R ER N DO A AT D356 Besetiacon
CCCTGGT CACCGT CRGRTIaASHRRRE ERY S1RATRPas e &l or ASIner {#FQ | D NO 11) and

am noacid (SEQ I D NO: 12) sequence 45 of the variable light chain of

humani zed anti body L3.17 is as follows: Example3

GAAATTGTGTTGACACAGT CTCCAGCCACCCTGTCTTIGICT42El V] B@PATLSLSMCCAGGGGAAAGAGCC
ACCCTCTCCTGCAGGGCCAGTCAGAGT 8450 PGERATL SERA 34 15 August 2002 ATT
AGC GAT TAC TTA CAT ChGGTARABAR SAGANS ST EARGFAGdy A8 NonBuRanphmbteV Y Q Q
KPGQ42 5 GCT CCC AGG CTC CTC ATC TAT TAC GCA"' TCC'CAC TCC ATC TCT 168 '
L1 Y Y A SCHXR0wS e§aluget AT oBCAEOaoiEHE 16 @s ABTitGeGupkEEssGGG TCT
GAC 210.G | P RFESGS .SGTD?OlO'Ii.TCélCFCTCACCA AGC
GAG CCRTIEAR ¥RTeHapimess! muge spspongesqo) I gelliepengept antiganssi TAT

SQGZ gﬂn%d%x}iﬂaf%} rhdnkeyFreRGnnhikizedWithlhedp Srythréeytdsifsfelsy Y
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10 and given a secondary immunization of ovalbumin (OVA) immediately prior to
receiving a single intravenous bolus dose of either chi220 at 10, 40, or 100 mg/kg or
sterile phosphate buffered saline (PBS) as a control. Substantial suppression of the
primary humoral immune response against SRBCs was observed at all three dose
levels, demonstrating efficacy of chi220 in primates. A dose-&ependent transient

15 depletion of peripheral blood B cells was observed in all of the chi220-treated
monkeys, with the time to recovery also being dose dependent. At the two highest
doses, transient mild decreases in the group mean absolute numbers of peripheral
blood T cells were observed. Transient minimal decreases in serum IgM levels were
observed, with no drug related changes in serum levels of IgG or IgA.

20 To assess the induction of immunological tolerance and reversibility of
immunosuppressive activity, all monkeys were immunized with OVA, SRBCs, and a
neoantigen, keyhole limpet hemocyanin (KLH) on day 149, when serum levels of
¢chi220 in the 100 mg/kg group were below levels believed to be immunosuppressive
{~10 pg/ml) and the numbers of peripheral blood B cells had returned to predose

25  levels. The anti-SRBC response at the lowest dose level was generally comparable to
the primary anti-SRBC antibody response in the control monkeys. However, the
antibody response to SRBCs was still partially or substantially suppressed in the
monkeys treated at the two higher dose levels.

To further explore the dose dependence of immunosuppression and B cell

30 depletion, a second study was performed in which additional monkeys (four/group)

were immunized with SRBCs, and then given a single dose of chi220 at 0.1 or 1.0



GGA GGG GGG ACC AAG GTG GAA ATT AAA 321 GGG T KV E I K107 5. Expression
and Purification of Fab Certain Fabs were cloned into an expression vector
under the control of the arabinose-regul ated BAD pronoter. In addition, a
six-histidine tag was fused to the carboxyl-term nus of the H chain
tapermt purification with nickel-cheLating resins. 25 rifi was
quantitated as described (Watkins ( 1997), supra). 6. Cﬁgr’%%@g{l gg@lzon
Assays Inmulon Il mcrotiter plates were coated with 0.1 pg/m CD40-1g in
PBS for 16 h at 4C and were bl ocked with 3% BSA in PBS. The plates were

washed three 3agkgoEPBSN SEESptia) iibiiinog:p relsi%brmeranmd@m@!sgm t6 sSkeased
fromperiplasmc space was diluted serially three-fold in PBS containing i %

BSA and i ncubat¥@Pbsfved arhotihfiesedevelyy Mederse dematiereefirenphsyal tlops Brelisevasas
washed four ti it o en, 2 d__bi ndi f ,anti body
was det ected béﬁfeﬁéwﬁ]blg?iﬁggs V&IAQP ﬁ@‘égéfg'gg?é’ g%\g?rvgﬁélk%%ﬁgg a ef?%tr llgﬁggp a&é"ghat ase
conj ugate di | ukeal] 20K, fadlecteidt iPBR o edi rinitied @nd pde ddiedB périheral bloall B25 C.
The plate was washed four times with PBS containing 0.1% Tween 20 and was
devel oped col deilpmdes peasryeg. pipajues were nog 9uisidedgneyinal tnstopiealrangsefoyar i ant s

for inhibitio { indi ng. | laon, 1Ll _mc ter at.es were coated
wih 21 cglm Pt BERNE RIloRBinl TTHEd0: boend BRAMSH U bR o™
expresses the p&ﬁhd@mﬂb&i BdaRs. ptahssntWhintndl dR6Reksed N Ferivhél KBS T@pBl ai ni ng
40 0. 05% Tween 20, and were blocked with 3."0 BSA in PBS. The pl ate was

washed 35 15wshpnsandxode desseasesyintey voRS egddhpraliferatpnov@6obstwsd m 20onkeyd was
i ncubated with,cell .cultur j ntai ni ng _saturatin evels of sgp39 for
2 h at 25C Uni %‘Jﬁ%ﬁ“éeg‘fp{a@ga%g@&& ?gqag@, @ﬁﬁqf'ﬁé]opﬁvé‘%eém%&gsw&vé’é%ﬁt two tines
with PBS cont aichivitbrbrlRds-faeen -ridgedN@%he sefdmUbve® ofitiLd érg@gid’.a%‘i #04 Thahs

diluted serially 3-fold in PBS was added followed by 5 2 of 4 pg/m
CD40- human | g douvEBS, cdhpleplent astivamome andsarmatcgtbkiheHewtls @&€nanasasegdenwas hed

three tines with PBS contai.ning,0.05% Tween 2 Bound CD40-1g was detected
following a 1 W°Wﬁﬁ§??&ﬁ‘@tl%2§&%§§h”g‘éﬁd}i?%\%' )2 anti-human |1gG

Fcyspeci fic horser agiisiih BRARX IsIR/RE [RTTa)-1 XY $ ifl L 10, 000-fol d
in PBS. The plate was Washeld ’fsour ?ﬁt{a‘s wa%hxéé%géoﬂ%ln an* 2(?.105% Tween 20
and bi ndi ng wasdniaisthator for airadating levelsef testcalitly, dngd to assedsahiitgiyvibtniatibnng/ m

o- phenyl enedi am ne di hydrochl ari de and 0. 003%. hydr ogen peroxide in 50 mM
citric acitf, 1%1%%&%%&}6- &hagnaeﬂlf@eﬁl@amlmlr\%?eééb fhicdnead Asgk saqem

addi tion of H2SO4 .t @nft Eﬂ%‘? tdi@hbon . 8PhPap&e at
490 nm was det‘é%r}lmgnteé. n{EH@%) - I%rgocpe gﬁaf%é?egnﬁggéég?ﬂ%ﬁ%ﬁ%%ﬁstants for

t he i nteracti oinclenieneand @i thednif-life e f ahi2P0 BEXdhepaoloapddsaswisr dosd edramisteredl by
surface plasnon resonance (Bl Acoxe). CD40-1g fusion protein was | bilized
to a (1-ethyl - %2} SCrRaak Hiized wespﬁ%aﬁg} i be i BURAEERIC eﬁ;?e?‘%-ﬁ?f&‘? ?k@o W9fd N
hydroxysucci ni g dnaet AVt thing B5Rlentillidchs HEVOY0 4O bitad 4t citho@lanl 0
~tglm CD40-Ig'iT|bn 1 A sggﬁtﬂlngacetcgﬁe,&SH 4. CD%.%-I’g V\%g imml%k}Mlzi zed at a
| ow densi t g0 ( ~suppdesRthe dntibpderespinse divected agpirok itFabs during the di ssoci ati on
phase. To obtain association rate constants (kon), the binding rate at six
di fferent Fab conceht r at ESREIRENRYiEFBOFPlom 25- 600 nM in PBS was det er ni ned
at a flow rate of

In the initial study mentioned above, cynomolgus monkeys were assigned to
four groups consisting of two males and two females each. All monkeys were
immunized 28 days prior to chi220 or control article administration with OVA (5

25  mg/kg, im and 10 mg/kg, s¢). On Day 1, all monkeys were immunized with SRBCs
(1.7 ml/kg of a 10% suspension, iv) and given a secondary immunization of OVA (5
mg/kg, im and 10 mg/kg, sc) immediately prior to receiving a single intravenous bolus
dose of either chi220 at 10, 40, or 100 mg/kg or sterile PBS as a control. On Day 149,
after the serum levels of chi220 had fallen below putatively immunosuppressive levels

30 (~10 pg/ml) and the levels of peripheral blood B cells had returned to predose levels
1n all groups, the monkeys were immunized with OVA, SRBCs, and KLH (10



20 pl/mn. D ssociation rate constants (koff) were the average of six
measur enents 25 obtai ned by anal yzing the dissociation phase. Sensorgrans
were anal yzed with the Bl Aevaluation 3.0 program Kd was cal culated from Kd
= koff~' kon. Residual Fab was renoved after each neasurenent by prol onged
di ssoci ation. The results of kinetics %nalysis for the B%pRnized &ﬁbibodies
F4 and L3.17 conpared to a chineric F4F are shown i n TabPeAYIHET 6002 36 15
August 2002 Table 1 C one | D#kon i.Koff ~KdConment Chi menc

Fab8. 43E+S2. 6SE- 33. 14 ri h-1Prepared by~papam cl eavageof chi menci ~ 220

| gGF4! 2. 00E16 j=1 77E-4~ 0.24 rtM ~Hunani zedL3.17 j 3. 17E-63. 28E-40. 10

ri (M ~ Humani Zeagmalyiranilhagrreesieithe Ks.Himraunzationerasap shvay thahide nar i ne
ants-CD40 m ' | O u es re ed to identify
fhe most honolSBek Refe STBLORo b ATEABN e ReASURT RONT RS {RERungridled

resi dues wer e wadfohigamti cal to human germine VH7 (7-4.1 ) and 3H4
sequences while the L chain was 7S% i dentical to the correspondi ng human
getrriline VKIII (U8)orégrdo JRaoBE@iFchRAIST dose reppansstwigh respest 14 and L chai n

vari abl e sequ i h Fi : si.dues S defined by Kabat
ot ar. (Kanar Hegosprtedtth fhaue g teod s Bl SRS padfilertfmpptits

i unol ogi cal se¢drRlrsegdy ((wbReFdoupywaslimifinpad Reih SIBEEInSiRh s RARMITENT
of Health and Human Services; Kabat, E. A, et al., ( 1977) J.” Biol. Chem
252: 6609- 6616)dos¢ ef eithes chi2d8 @t @h@r Wdrmeg/sg of BBS ds A comtralloe Dryntol ogy anal ysi s.
Fr amewor k resi[&iuest é}hatldi ffeF ed laet weﬁn lt heoéglari pe mAb .and .t he hunman

tenpl at es wer & ASERLSIE! PHATGISH,HY R PRI YBIPhee it S HpPRIIAUANS YEEuence
anal ysi's, ant iheiorédPRSsefcidd (e p@%E Akih@BotR fsnidfdeR eHins Phed¥isiRy ;Ldr@éta@_
nunber of main chain conformations termed canonical structures (Chothia) C
et al., ( D987yerd mavbtoredBinghonke96thatrected 1 0CHOL dri 190 nip/kg ehi220, but Yert 980)

Nat ure 342:877-883). . Motreaver, certain residues critical for determning
the main chai H“%‘BH%’S‘? Atthe O 14 LR q'&&ﬁiggmée nedmeiralatsd findwds YeXot hi a

( 1987), 20 s . i ) ' Kk tHdes o
f marine anti - S@Fge%?%gi%ntr ?? %g%jlnt ??g?(([ao?’b?eé@ g%@‘?ﬂ%&%%’@%fﬁ@%@%m
am no aci ds atwert measitetic lo assmoafficady, pesificilghbant g dhtibbéy fdramibnlagaings n

framewor ks of the_human tenplates were identical to the correspondi nlg
mari ne resi dudge SRBC and OV A immunogens was determined on the appropriate serum samples

15  obtained just prior to immunogen administration and weekly thereafter. Specific [gM -
and IgG antibody formation against the test article for monkeys that received chi220
was determined prior to test article administration on Day 1, and weekly thereafter.
Geometric mean titers were used when comparing antibody responses between
groups. In addition, total hemolytic complement activity (CH,,) and C4d fragment

20 levels were measured, and TNF-a and IL-6 levels were determined in monkeys that
received 0.1 or 1 mg/kg chi220 at selected time points following chi220
administration. Ex vivo peripheral blood T cell activation was also assessed following
stimulation with concanavalin A in monkeys receiving 0.1 and 1 mg/kg chi220 on
Days 17 and 31 to assess the effects of chi220 on T cell responsiveness to a mitogen.

25  Finally, all monkeys were observed daily for clinical signs of toxicity, body weights
recorded weekly, and food consumption monitored daily.

Monkeys were immunized with SRBC prior to receiving vehicle or 10, 40, or
100 mg/kg chi220 (Figure 6a) or 0.1 or 1 mg/kg chi220 (Figure 6b) on Day 1. Serum
samples were analyzed for IgM anti-SRBC antibodies by ELISA. Data are expressed

30 as the geometric mean anti-SRBC antibody end-point titer (EPT) for each group (n=2

{100 mg/kg group beyond Day 15] or 4), where EPT is equivalent to the reciprocal of



Sur f ace-exposed marine am no acids not normally found in human anti bodi es
25 are likely to contribute to the i munogenicity of the humani zed mAb
(Padlan, E. A { 1991 ) Mol. Immunol. 28:489-498). Therefore, framework
residues differing 37 15 August 2002 between marine anti-CD40 and the
thurnam tenpl ates were anal yzed and ba?%d on sol vent expoggmg‘,lg\ggggdyzedi cted
0 be buried or located on the surface of the antibody (Padlan ( 1991 ),
supra). Sol vent -exposed franework residues distal to the CDRs were not
expected to contribute to antigen binding significantly and thus, with the
5 exception of tHevgredtest ilimor efsetime®ita hit ab@rganchangestet Bard K GAES @S BRAFI Ng
human amo acid to decrease potential inmunogenicity. H chain residues 28
and 46 were pr BHfCPasHSO¥be sol vent exposed. However, H28 is |ocated within
the HCDRL region as,defiped, Ry Chothia et al., supra, and potentially
interacts with the antigen. 1n addition, the lysine at H46 in the marine
mAb i s somewhat unusual and siAgwitSRB@MOtpody Regpohideer ent from the glutamc
acid of the human tenpl ate. Therefore, the nmunne and human residues at H28

and HA6 wer® expr esSGrP Hmppgtcessip monkeys 104 40opat Y eikguini22D was effective

terisks). Th i ' - ' : dicted to b
rostly but i ed i (EFRbTA bt Al B8 BT REe] REPONE e SREIGICR 6F 1, o
CDRs; (2) pot eptiladaytsT thScdriol pﬁmartyhgwmpsmse PGy Trespansd®a @3,\(11'% mean

interface; (3) relatedness of the differing amno acids; and (4) predicted
i nportance i n RoE@RaiaM gnESREB(c antipody response Was seprinsssSt apprixiateyt 92aP4% in

(Studnicka, G M £ .al. 19 oteip- Eng. 7:805-814).. The [arity of
L chain franewt)k}elg_hali%?efy%Ir"é%‘%%é"'_“l%ﬁ)obgé’iare‘g 1@%_&%&:@%& %or?%%%gtt&foﬁﬁ&%gg‘&'&%ds
at positions ceapi TS @bupiean 488 bt SRBTSarflibo8¢ tdsporisB MRd R Hedomd RBitive
conformation of the 20 . However, L49 is located adjacent to LCDR2,
potential |y cotiraegisDands eHhddhAatlor 08 mgke Hesedevelso @mthepeakedayrafshedue, and

be i | ved in ,det 1. ni . ] ti L . F t.h
T somsy o, maph PR 1ats Ak SRR bR Bb Slte st ETrGE iceh pRBSBUAG 1 ¢ he
combi natori al  fhanReREE Kntliﬂc;arv%%oﬁ@v@dérsﬁpﬁé?se@%‘%f b69) andAR9) m%n%l?@s {hggsi e

mari ne H chain sequence and the human tenplate was nore 25 co
H9 is a prolineedervedH®, Arand é 0bnide/kgh rdspedtivelyh comparedewpoatras (Rigtrai7as an

unrel ated seri esi due. Positio may al so pl role in nodul ating
the conforrat i g’ﬁg%‘ffr %Vﬁ@ﬁaﬁé%aﬁanﬂ-ﬁﬁg}% Wé%@’é?%&‘@?%@%“@gﬁﬁ%ﬁt"@% hgve
library site (Bt&Htmtedler tRSbeirkmtisk of HdSe-H&ISRILH: nﬁngaﬁ(gggs&e;,csg] .

. { / ri‘ll,
residues that differed between nmarine anti-CD40 and-t aln tenpl ate
were at franewmdnkepsiredtehwitB30 of d0Bee/kghi220dliddot vimmit apriematy lCdi- mAb
cont ai ned gl ut auy and glutam c,acid _at H38 and H39, specti vel whi |l e
The. hunan ©enpriC adtiod rErom el &5 Hsiherer i abihe Tonse inkisarntn
Resi due H38 i S 4giinpkehiB2bad @ dbBGed Ry 150%nGbdtABIHRse BERET e change i's
non- conserved, andgﬁggpr essi gn of g‘?ut anme %t %lhi s sl tpg %en nmur i ric'e Abs is
sonmewhat ureasudtomfrableas the, cogtreltrespoasesinimiagnifuda)f which de¢amegpositive by Day 36
non- cor, servat we di ffererﬁe %or buried amno acids, H39 is a potential VK
contact resi dueNd@FRKeGIMBR 25 acid is somewhat unusual in nurine mAbs.
Residue HA8 is In cl@§sea0n2%! dHel thelserubfIeRels 80 ehir B nd SrallePsti&l piialifeipe 2
high risk site (St udn?cl?g (1 9964) ,essupra; IElar nsl, L. eta arﬁq:', ($%5§539Pr0t.
Sci . 4: 306- 310)intnnatosyysiressiviedéve)s (600 ganly ahd the\lkvetboofperiphefdibdood® téllsrhadi ne
and human resi dues were expressed at H38, 39, 48, and 91 (Figure 15, .

asterisks). i0 resmsd topreaAgss levelsdn all grouRs the mppkeys Weroramutizsd aecond time

CDRs graft i u nlgﬁhl:@gsdﬁ-u i f esi due
on the L c%i nmgﬁt(ljggg\?e}h%g g%Ar’EBr?tzosli ues on%r&gd ﬁgtgﬁ‘zﬁsﬁgd\/@\rsglgg;ned
potential |y i npatibady rdspénse®é SRBICS] Mprkbgs weiddavitly 1 @ ngfipechind0.mldtedf t hese

sites were characterized by synthesizing a conbinatorial library, that
expressed all mrggarmls%m%@ Aibedy wspanses tRB(es Bialdvera generallyl GospaEablfsto

found at these resi.dues, . I ver si L Seqld r d Hu I,
was 28 or 256 vtéF Pants H@%ﬁ%%%tpglléﬁcgme C‘Sf)gt)r?ﬁel%gr:lﬁe%'m%{rwg%g‘f%% ﬁ"gtg{eo[agxpr essed
anti - CD40 ant i begyorlsé by SRBES was still partially suppressed at the 40 mg/kg dose level and

30 substantially suppressed at the 100 mg/kg dose level. Although two monkeys treated

(@)

with 40 mg/kg chi220 that had previously mounted weak primary antibody responses



Li brary Library Positions Size* Screenedfi Hu I Framework 256 2.4 x |03 Hu
Il framework, HCDR3 1.1 x 105 2.0 x 106 Hu Ill framework, HCDR3, LCDR3 3.1
x 10~ 5.5 x 105 20 *Nunber of uni que cl ones based on DNA sequence.
Thirty-two colons are ~~ed to encode all 20 am no acids at each CDR

position. , tThe Hu | library was scrggned by ELI SA usi i, Qoslt
5 18 A

expressed in small-scale 25 bacterial “Cul tures (Watkins supra). The
Hu Il and Hu I'll libraries were plated on XL-1 Blue/agar |awns at 105

pl aques per 100-nm di sh and were screened by capture |ift (Watkins (1998),
supra). The Hu | library was expressed in small-scale (< 1 m) bacteri al

cul tures, 30 tm$RBCedenedortcdtlghbandfigGaintirSREG smiboldy owers hlearpaerigncasai ¢ space
were captured in 39 15 August 2002 mcrotiter plate, and the binding
activity of tREORAATY BBRAY & “é%r‘r‘i‘fa‘}“é‘dﬁo&é@t‘@%?‘yﬁ?PE@?%A“{WWi%@ef( 1997),

supra). Altho il 1 3 I 31 £ .5 Lpbbd
conpar abl e totﬁﬂ;‘g%&’ é??{ghtrt%%@?nd?%ggﬁpﬁn%?@E%B%V%F%%%gww?g%k&?ﬁgws
maj ority of Hatill agproxemtedy PBUNupeesed chmpared ot the endah anmaneath8RBIA
anti-CD40 Fab. ﬁgproxi mat eLg 6%@?f rngndorﬂy selected Hu | variants

di spl ayed Bi n&i’ﬁ%‘?f JESPONYS YLNE B! HIONEEHSo t he chimeric Fab (data not
shown). The identi fi i : j - ant 1 f VI
conparable to the ?H? t!rnls)'?[g 1%@%@?gﬁgﬁg€@ﬁ¥ﬂ{d&@ﬁ r?i?\eéjhlgér;l[togérﬁp%%%ggsl on t hat
the nost cri t iobsdrvddr faltewimglkadiesistatis of) leori NG hgderchiZR( (Fegweedl aait i al
library. to Active clones were characterized further by trtratron on

i mobi i zed anYhitfeall ofdBafhi2 AP wigates manierimeynss 3 pasittre Tely antihody vesponsa (e
ith enh d b ALY j t 0 t
wrth enhanced g {RRCLKyaEOEOEIH fentl AR I SRAC UIRAATERAE cRO0PL 0T

the titratipon sppprtist@aproguiatel} 66%0neke Rbfidlyefeatsd with!1l @g/keichRR2 SpmphRid

sequenci ng of 34 of the nost active clones led to the 15 identification of
24 uni que fr ateiiSrReaRDERE AR Fesporste NCHRPEFHTHeT the EsvhantingRBE antbasy

k
id dat t sh L d H cont act I i tl
hreract it h EREE N Srpet T meRRs Uy bR Clbadron it e @o i 11 i o
of antibodi es gtiWREC aREBIY redonSOpbakédon DEY 1 %in the 60&9&3&0:@%& an@Bh Day
Struct. Biol. 3:113-118; Padlan, E. A ( 1994) M. Immunol. 20 31:169-2|7).

In addition, tis thomookeyathasmeesived ODRSdaNY mgdpRMi2%0e Qierdl, Mhamdar peajsdg® by

certain franmewor. idues. To identify the mpst aclj,ye antibody, codon
based mut ajon ol 4ROyt e Ws sbpresed g8 i 420k n HEmorRaL: SHES. 3013)
was used to SwikE3iak8 19 hmEARUBIRO! tedfRril iRl ThO e URP A ERIBCOATRILRkY EVer Yy
position in HCDR3, one at a tine, resulting in the expression of all20

ami no aci ds atrespmnbe EBRed es Ddyd 5 iR thefaoholohonjemsiandsnonkhys erested exdthnometkge
than a single amyo acid alteration. Th 00l. 0 | i gonucl.eoti des encodi ng
the HCDR3 i br%’%\v\é‘lﬂc‘?ﬁ QEHE\MIF ‘I‘?fé‘eéﬁﬁ??’éﬁ?iﬁfgo-&“?%@%g‘&‘hz@ti des encodi ng
the conbinatorial fyamewprkpnd Qlifdely RE¥gonie0 generate a framewor k/ HCDR3

l'ibrary. The diversity of this library, termed Hu Il, was 1.1 x 105 (Table
2, above).20A |i br ar}ohkays wWepRadmasstergd tinadiayerdus dosk of 110 #@ror Hadmeg’kg 30

wer o uSed Lo VRPN b bR eI kP EEORN P G2 BRRCDY Pnys Fnae

arge 40 15 SHoust AR BHPRES o arklARPIR T CPERR D Tat (PR @bt ed [0

a library with a conplexity o nbi ni ng
mut ati ons i n LOMR3amibddies. BaiaRie ekgrbssedes the gaemetrik nidahaatiyOV Aendpaisdtitethe
potential diversity of humani zed anti-CD40 vanants_from 256 to greater 5

than 10~. | n offddn ferrash geanp (nré G ras/gglgrqqpmem@a%ﬂeorér)fwrg e

modi Ti ed pES'iqugquivalent to the reciprocal of the greatest dilution of serum with an absorbance of

greater than two times the mean plate background.

Specific IgM and 1gG antibody formation against OVA was monitored weekly
during the study in monkeys that received 10, 40, or 100 mg/kg chi220. The primary
and secondary anti-OV A antibody responses were highly variable and generally weak

30 in all monkeys (Figure 8). Monkeys scheduled to receive chi220 on Day 1 had greater

anti-OVA antibody titers than monkeys in the control group.



lift assay, ternmed capture lift, was used (Watkins ( 1998), .supra).
Briefly, phageinfected bacteria were plated on solid agar | aws and
subsequently, were overlaid with nitrocellulose filters that had been
coated with a Fab-specific reagent. Follow ng the capture of nearly uniform
gquantities of phage-expressed Fab th ilters were pro i ng/ m
CD40-1g fusion protein. Because the 1?%7Ifters wer e probeﬁ%@gm%dg)e% at a
concentration substantially below the Kd of the Fab, only variants

di spl ayi ng enhanced affinity were detectable. Miltiple clones displaying
hi gher affinities wen®ayddftihf medikésl Wwowngivgn b inetisagr@eaiingmofizandf6AUarfi ant s
fromHu I Land >105 vyariants c;romt e _Hu .él library using 82-mmfilters
cont ai ni ng 105G ANERYSINBERted pesitiye leG i O‘JZYF’SPPB“Bé%Q}é% vithig hdaysi gh phage

density on thedibhifl SallBfs [dobGoPhafils X@{rﬁg@ Cieiteq AR B gflkgtahi?.%é ower

density, and screened again. Subsequenf?f}, ari an?s produ € nost
i ntense coi or i hetanhbodyi Gead charactehisticaft tertary arftibodys sdyowe, whéredstri@ikeys

characteri.zed b | SA. . xpected, the majority of clones identified by
capture Iif} sE%/aégE\_“ﬁ@AC'é@%ﬁ %éﬁ@%&@z%%elph@_ BHPREY HESTFABL WoF {11948 | on
of the variant &a%lérﬁﬁpgfﬁ%&%Hd@a%gykﬁslpbg&m' fied multiple clones

displaying affinities greater than nmeric and humani zed Fab (Figure
16, conpare open squar esAati<KILH [Antidody Respghses with circles). The

framewor k/ CDR nmut atjons that conferred enhanced affinity were identified by
DNA sequenci ng. Uni M@Bkex8\erp pdminasieres an byarenons dogsrad 10géhtor P@metke 10/ 13

Hu Il variants I i th.the Hu. Ll an I 4 vari ants
25 cont ai ned 19@%% léaey' ?é%%%d’%gﬁoﬁggs ‘g%’a IW%H&M‘WPBPS%Y IZ‘E'
sunmari zedi¢ n Jedinsamphs!veste analyzed For IBNOUE Eurd 98or T30 (Bighre SH)Hlii@ngous

optim zation of framework and CDR residues identifies higher affinity
vanant s. Mari nantioegispyBafa are prpiespedpothe Seemstie ssan apiR ardpoms titsh R R

o) 26, e, aoo Rl e v UM b g 5, SPAERR R 0120
48HCDR3, 101p~Ke@fi{aldnt ko Wil@lhf%’é&tb@ﬁﬁmmsﬁﬁﬁ“ﬁm anMBEdBAnce bf munne

framework residues that differ from nost honol ogous hunman gennl i ne
sequence basedgsateridian twve itiores diie MERsplae brekemoundt al ., supra. The number of

par ent hesed A I of OPHHES: 145k alfrhd S dish it shipgD Bed TR Belhu Faset "
the humani zed yRmShERPpRERYE RG@E@dlﬂi‘g/ﬁ\i)rﬁdhh&l@?élg?fﬂ_lxj@’éra? BRol @d&&%g@_

positions using the nunbering system of Kabat e . The affinities o
bact eri al | y- expaternsdtd nradererevelsialallgmelips cthe atonieysiveare smfnupized BitaKIACH of

the lib i . teni th hi i . |
Fesonance. neas TEATERRS D ALrETRr o RS A ARG LR B P at s
of purified FalKL\&-&,Td@mbHMingitEﬁ@h@‘?ﬂylt&resﬁ*ﬂcﬂ@ fal ewdtiige WAL nbadnpromised

di ssociation constant Kd = 3.14 nMand, consistent with the screening
results, mapny ¢Figute®)vari ants displayed higher affinities. Two of the best

clones, F4 and L3.17, had Kd of 0.24 nMand 0.10 n respectiyel Table 1
). The inproved afffniti Ss_ntsrr EWFSS %ﬁf‘?si e Ny sStmléﬁélaé’Bﬂy R%?ﬂ%“@ethe
resul t of slower di Qi girhges &é%%’iaﬁﬁae&*ﬂ&lcﬁﬁﬁgegé%é iAol deterhiin

simlar for all of the variants (ranging from 03.2x 106 M 1 s'el )
Final ly, the vaircdating ldivelpbatestagticnhad temsess Antihody fovmationeghiad thotest hei r

ability 25 to bl ock fhe bindi of 39 ligand tao the. 0 receptor.. The
Tariants sl | i AR« ERF TR BERAF: GRCCAE A e DA DR g
| ol 1§ 20459033k HEedminfudRSEHCRAGIBNh REBRAE ahBl 1RO BliakRE W 1 he
affinity of thegﬁgcg@sg igure 17). For exarrp%/ggl {t;%e nost potsent I nAi bitor of
| i gand bi ndi ng atdmiftédddioh@fithes1 (mptkaidesan Gvasx valuésafichi2B8,wenk B2%) 2423, aall so
the variant with the highest affinity for CD40(Fi8ure ] .

2343 pg/ml in the monkeys treafed with 10, 40, or 100 mg/kg chi220, respectively.

There was, however, considerable variation in the Cmax of individual monkeys in the

40 and 100 mg/kg groups. The mean serum half-life of chi220 was estimated to be

30 approximately 114, 173 and 315 hours in monkeys treated with 10, 40, or 100 mg/kg

chi220, respectively.



42 15 August 2002 17). Variant 2B8 displayed ~17-fold higher affinity for
CD40 than did the chinmeric Fab and inhibited Iigand binding ~7-fold nore
effectively. Exanple 5 Mouse Moddel System Applicants al so devel oped and
tested in vivo a rat anti-nunne CD40 mAb designated 7E 1-&b and its

predecessor, 7E 1-G 1. The generation f this antibody er.f din
order to explore the potential of ant?gcmo therapy in ﬂﬁ‘ég%d%?@?of
aut oi mi une, inflammatory and transpl ant di sease. The primary objective to

of the nouse nodel systemwas to generate an anti-marine counterpart that

m m cked 2.220's conpl ete and potent bl ockade of ?p39/ CD40 interaction
whi | e possessing 13925 YRGS BT HiFe tyinutgs fpllowing qhi220radvrinistration,

standard expegpjpental, fdbs I [ nd racterizatjon of
Anti - Mari ne CDA0 Nbnocl ong?ﬁn@?ggcﬁ gsﬁ?g/gg g@%’-r%?’f&évr?& §eNEspre af‘ed

| muni zat i on, diffeséreas antte Sramaevels bt 2 20wére bBSLVEA Wialh 4B dod€ 1w Qean

i nmunogl obul i sionﬁgrotein consisting of the extracellular region of

mouse CD40 fu it SRRV RiCge a‘@-ﬁz“dlf&a*_‘/@l{foﬂ%hﬂﬂﬁé Mg kgdosonsespEgGRY.
ant i body ( SCDIkH BhetteSuSERIL QLI F BBtk Bl LoBl S R0 LEN S 1o

via footpad inocul ation. Three oW ng

| eukocyt es fr dmdoseadinmisnirad)id iyiomehsed0 Faghavaioee, iuppshrnhth&&3n AT fP3o Mouse
nyeloma cells to create rat Xx nmouse heterohybridomas. Wells contal ning

ant i body specHCFe@s¢Sop aipanngedispiopertionale tohealoselmateifened for reactivity with
the origi nal nCD40- i n.by ELLSA and for reactivity with a CD40
posi tive nouse B 2@“@%?#%2%%%‘%%&%““&? FrAPQIAE RS BHpImahgigbseRyn the() |

Super nat ant s wehReysham re@stead o ab, srhooai/ks EMa3® alsiiaitah Lagi f
nCD40-m g to sol ubl e, reconbi nant rrCDBa!%ré ne gp§95[kflﬂusi otnltggfag{ﬁe@ﬁ,aﬁ%%w,

t he mari né® eq@ntinpd¥AespensestasIThsenep irothic meandkys thavektaeivedfl Otrhe/k gosi22oT Nt
i nhi bitor mas ls,. e .clon alimting djlutjon nethod. 30
Fol | owi ng cl o}ﬂll%%l%% ﬁﬂté'%g?ﬁf{eaﬁgﬁ}@%?@sf)&#18?’}?5%5%41% reqsivedrl8 mg/kg

super nat ant s agid2@yédahi aeida 3191 : t he
ability of the anti-Ch4 ® 43 15 ugGSa?ﬁxgg%nzattﬂ%\bﬁrge?%Qﬁ%ﬁ?%@&%ﬁ%ﬁﬁ?&ﬁm

i nteraction :)ﬁ%ﬁﬁgpﬁrmng}fzgimt&admm techoov u@pg/a:jle::)mﬁp&ﬁkddhﬁi I:Dz;}&t%mnh%ﬁ_[ %’
propertles. nni |to.ry ropert S I nmeasur e t e, apnl |_ty tQI_n | It
the binding of gﬁaﬁéﬁ‘ct%gaﬂéﬁﬁr-‘éﬁ’%&? Eg'eé?%ﬁ?éﬁémofbé&wd@M%mboﬁwﬁne
art. Stimykat gembHepeitat §RroBLRed TR 1O g%ﬁg/%ﬁim di Idc'fb%c'i{eao»ﬁih #h'e%?%t’

honot ypi ¢ adhesi on a”of WEH - 231 ce e pro eratil of "spl'enic B
cells in the petestebleénayéasthin Buctll howdbera fisllcaving dérdddons iBYQhe ILEE&HURESUIEAOWN

inthe art. Fr m%s results, three mAbs (~ A3, 7E 1-G| and 8E 1 ) were
det er ni ned t o(ﬁ@' t&Fi"@ﬂFYn\a‘h&h‘FF@ﬁM“@@mm chi220badyjtilknatexgyated 2t o
gp39/ CDIO_ bl 0pkdtife afithoi? Yabofile AR AR Qfitondf teVdrbils méam SHARFLLAD OF 7EL

as the Lead Anti-Marine n vivo st mce were al hed at

i denti fyi ng whivels vodre bhlewbl oyt dlyrday ST (40ugikg group pottDay@RAQOAekgTDSt
potently suppressed specific antibody responses to a T-dependent anti gen.
Suppr essi 6k of™URE | gG anti body response to SRBCs in mice with anti-marine

CD40 mAb was st udi . Y e i iz [V.with |
108 SBce and cocuip A s ndde X o i T8 a7 B o TRBRE 2 Ffveh f
mAbs 5A3, 7Elnfdnkeys thbtlrecoieedoeittet 0)lsor 10h@UPShIRDO0 Bhdwkakly Yodivarphg adi-fsce
were treated with MR gham;ter anti-marine gp39, positive control, 250 ug),

{ € g
6E9 (rat anti ARisHaantipedprespensss by Layddtdusing the swdy. JhreRd, fow roenkeys treated

| uat ed for J: j - iters:h SA. on. d 7. 14 21 . Th
Fooults i ndi cagi BFe iR thd ooty T Bt BRCERYE sl eponfieondily at
the tinme of anp)gARing:t &ladmerigamyindShiB ter 5745, 6181 CebralB theSgtowuico be a

nore effective suppressor of the 1gG anti-SRBC response conpared to mAbs
SA3 or 8E1, amfandsGiantriest sfticleantihody gesponseiveasinotipbsitiveiin ¢R400msklys fhlat mar i ne

ot fector T unciRSHIeRiTay mer et ane Sy e emice e eeeivyd G ks eRP LT

2.220 anti - husieallifbsiiVe 16G- #ti-tebtitidi® Entlbdd§ rédpbns@Spéaking Gl &N Endbdir? WHEN
of 2430 on Day 22. Collectively, these data suggest that chi220 is capable of

30  immunosuppressing an antibody response against itself at serum levels of greater than

approximately 10 pg/ml.



g3 at conplenent fixation and Fc receptor interaction} and the profile of
specific anti body suppression in vivo for 7E 1 was not as conplete as that
seen with the 2.220 mAb in primtes. Thus, an antibody having 7E 1
specificity but with a rat isotype nore like human 1gd@ in its effector

capabilities was sought. To this end, natural 3o isot 1 riant
24 1B 0?

of 7E1, froman Igd to an |1 gQ&b, wa enerated by the ection
technique (Hale et al., J. Inmunol. Methods ( 1987) 103( 1 ):59-67).
Briefly, 44 15 August 2002 an anti-CD40 mAb of the I gQ&b isotype was
identified by ELI SA anong supernatants of 96 well plates that had been
seeded at 1000 cells/well with the original 7E 1 hybridoma. Subsequent
rounds of plating and identification of "IWE“posi nve wells at seeding

densities of 200 and @2@&339“ ﬁﬁ]{b’%)ﬂ%d AI]I?—'C#I?A’UE p%dfe@?éég(gﬂgﬁjof cloning 5

by limting dilution I'ed to the Irsolation of a clona Swi'tch vari ant

of 7E 1, 7E 1&b. T7&vinds2bf msthads Rgivr imathe a’ hatcheey asddaot thehumbmza@e of as
denonstrated by three sets of data. First, N-terni nal sequencing of the
heavy chai i sHBGRY PHUAUTBRRFFAAPPEERES Dike Brovere Hesil Bt the complexity gt arsss ani no

aci d residues. R ;hb' ;§ ' . YR clific. +t he
vari abl e heavyfmc?ﬁgklwr}qr&%&s%g%n ?f]lﬁ 1&13;?%# eegggﬁég%?l?ﬁag%ﬁbgﬁ)’%éﬁoémgﬁ%e
from cDNA obt alimédsies dira raietdigtccéss. JRdthet then ptedidtif@ibe optitflalTedmdwisdk Bidaer

unrel ated anti bodi es, Lastly, assessnent of binding activity of purified
lots of the tvi# meddingnthegpfifadydibrary appropgindescribey Hetowapermits SlEntif¢atign af

anti-kappa tr i essentially identicaftitrati.on curves. 15
B. In Vivo St ?&Iﬁg% hﬁgﬁﬁiwbg&%%ﬁ%%sﬁaé &nér(’)?cr Q%iur?eéouféfg% PR Ant i body
Response Madel Mibtabenehis\ipsroactitaabasled @ seRcti6r hetiids BériGRE dndiykiy/éMBardySi NY

SRBC s as the T 20 cell dependent antigen. Goups of three to five aninals
wer e i muni zedvananigiang ngmeschamwd neomatiyratonitirgeesy @eriewed ip Mirks Jttheetaht | body

7TE 1-G 1 or 7 5 ot 2! f conpound on. da S
indicated in E‘é%%})fb"% CA#["?'E}r?éﬁisﬂée){'ép%%))'g%ﬂgﬁﬁiﬁasggw&@eﬁ%msa"%f}gi &'Ieve
control for ingBhe@SdRRIFEBaYes Bfaf Sifractdide tRECHMLBRSf SRENRGeAduds hh@! evant
mAb and no mAb controls, respectively. Mce were evaluated for 25 anti-SRBC

titers by ELI Shusns ogysefficienuthamrindgm rmitagsnesie pprycahes Hanexaapledrared

di lution of_ serum yield an val ue =0.3 in the ELI.SA. hown in

i gure 1 O 7ePneBERAE ao Bt mieaad s totutintoraiiaieyol THARES wher e
the 7E | -G | giseribiibelciv. Matedwer riiiofm REBROMRR drikiel 148RGRIR AlveRLbERRS
Mouse Model 7E1- &b was examined in a T cell dependent primary i nmune
response 30 noatel unfeitmmptelRBIE: msjorineotmuiagions do fidt-cGRincevtts timbngattivity whtheous
doses to det er{In%rL(i he Iog&}sét effective se. BALBIc

injected IV wi ngggic &rger niEnbegs of (larss migE §e scrégngg to(iggx?t?fy\g?tl{v%
variants.

20 A strategy termed “guided selection” has been used to i1solate human mAbs
from a phage display library in a two-step process that uses a rodent mAb as a
template (Jespers, L. S., et al., (1994) Bio/Technology 12:899-903). Recently, a
variation of guided selection using phage display technologies was described in which
a chimeric Fd fragment was used to select a L chain from a library containing human

25 L chains with grafted murine CDR3 (Rader, C., et al., (1998) Proc. Natl. Acad. Scu.
USA 95:8910-8915). Subsequently, the most active L chain was used to select an H
chain from a human H chain library containing the murine HCDR3. The mAbs
isolated by these approaches are entirely human (Jespers, supra) or mostly human
(Rader, supra), but the large antibody diversity introduced at each step of the

30  processes necessitates the use of affinity enrichment methods.



and treated wth a single tn~ectton of 71r 1-&b at the indicated doses or
Nl Rf ~ a:~t~ munne p39) or PBS adm nistered at the sane tinme as the antigen
on day 0 Jhown in Figure 11 is the 1gG anti-SRBC response on days , 16 and
28." Val ues reported are the ELIS A absorbance value at a serumdilution of
1; SO. Error bars indicate standard viation. As sho ! I QL , a
single treatnent with 7E1- &b at 25 gﬁﬂmuse (1.?S ngmg% ﬁé‘??‘b‘%?@??é% t he

| gG i mmune response by 87% on Day 16 and conpl ete suppressi on was obt ai ned
with 50 or 100 ug doses at Day 16. At Day 23, SO ~gl nbuse suppressed the

| gG response by 89% and 100 ugi nouse suppressed io conpletely. Note that

| vI Rl was used as Bhepéé\ioﬁl%m&@ﬁﬁlﬁép sthofpivsreod g wsssneratedhe hursemegst i mal

dose of 100 UplIEBa8 andoodiElr &R LM TOAKELRLY iR cffdd agen- | nduced Arthntis

(CIA) i~iouse st an d experi nment muri ne nodel for rheumatoid
arthritis, the coll.agenCafstiuetdncetiClaniche ahti-CDuodel (ClA), was used to
determ ne the effect of 7E1-G2b on prevention of arthntis. DBA/1J nale mce
(6-8 weeks) were iRpedadhapsayese! agi-6IDOmenremabi2i22§enetanping | (Cl1) in

Com e 5 U0 A1 QRS Yootk Rk R AR IE D (R b

at 250 ~g~' dose was a ays's ing

control groupyyasd MeRtaHa¥eHaRBS 10l & efATR ,95&&%&9!&1;;1&;;) golmtﬁ\,l\ljng%@ m ce

t
were boosted wth CII in inconplete Freund' s atyjquvant on e were
observed dai | pmblosf qaalvofthelovengppanechlgobpdedtidesivith R0 DA poiymessal e of 0-3

ith 3 equal o0 naxi m 1 and erythema.  Pa re also neasured with

\(,:Vlal i per sqgai I _traqqgghgﬂpﬁfsﬁgp P@%W@“f@ﬁiﬁ’?‘f‘é@ﬂ/\%ﬁ ?:Y\(g%f\?’gdie%}”@%rﬁ‘agf“l%ér{obf vv![ he

score of eachche%g, Mnehalifg bi SPChr | fabfp Ogatedzadtsm'mirpxnd& D& Qhdb spunber
c reporte I

of animal in each group.” The 25 val ues are the nedi an rangé of the
groups. Ard hr 72°%Csfod 80 ekopSmistqueatiy, the arrealing retmperfurawaginctsasddno5seC farce,

was conpl et el é}i nhi bited by therapy with 7E1- &b as shown in Table 4 bel ow
M ce treated w E¥FiGE A reysFensimer apdp pitiaylated feevasd pamseyere used WUYAhI0 days.

Nedi an' ( Range) TRt BH! Ehe SARHH BT REa FO6 LSER A g 18 PRy )
score Paw neashé produdts Gerépbrifiedbylagirdze gelfiectiophoredis teled@0utéEland?b 0/5 0 0

0 07~ PBS :;ontrol 4%i 30 (27 - 32) 3.5 (3 - 4j G114 (01 10-0 11 ~I As
denonstrat ed BerspRorviaied by TR pelynucieesidetiiuasp (RBehnnssriViannhesn andevesothent

i duyl at . ' i ty of di ~Th
resent i iontTaRe e ARGLORE hafhet? SR BoNTnd VAN ip SuffTRECLT®

descri bed aboyg M 1015 addiEDDAA MONACE b 05% BWédnQ0d6H 5 mubatastol maes whi ch
have substantially no effect on CD.~O bi nding. Conservative substitutions

typi cal | y i ncbeatls wete washesk andithe san-biptinylated,minys aeand DNA veasehiied bwi t h
simlar characteristic Ok 1y Stadodd 0 within the f i roups:
valine, glyci HEs @H%‘l’vﬁgo ﬁ;ﬁ\élr# %Zﬁ aé%é_ Ik',‘tni:gr T? R ghﬁ‘ee&c?i éf&[{;@h‘%%%
aspartic aci dgyhétizud if a3Rddlfie@BN3AINectdd [(KMH A, KRN, (16D5 ERMHcHRS
| ysi ne, arginine, and phenyl al ani ne, tyrosine.
20 95, pp. 39-43, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY), termed
M131X104CS, by hybridization mutagenesis (Rosok, M. J., et al., (1996) J. Biol.
Chem. 271:22611-22618; Kunkel, T.A. (1985) Proc. Natl. Acad. Sci. USA 82:488-
492) using the VH and V| oligonucleotides in 3-fold molar excess of the uridinylated
vector template. The M131X104 vector was modified by replacing cysteine residues

25  at the end of the kappa and y1 constant regions with serine. The reaction was

electroporated into DH10B cells and titered onto a lawn of XL-1 Blue.

2. Construction of Combinatorial Framework and Framework/CDR3
Libraries.
30 The combinatorial framework library (Hu I) was synthesized by the same

method used to construct the chimeric anti-CD40, with modifications. Overlapping



I n one aspect, the present invention is directed to producing the chineric
and/ or humani zed anti bodi es as descri bed above by expressing reconbi nant
DNA segnents encoding the nmurine |ight variable chain and heavy variabl e
chain (or ~ 5 portions thereof), attached to DNA segnents encodi ng the
human constant regions. Exenplary sequences desi gne‘d5 iAI’lljggx%{:% ce with
the present invention code for the p \/pepti de chai ns conpri’sing a or a
portion of the light chain variable region as shown in SEQID NO 1 or its
deposited ATCC clone, and/or all or a portion of the heavy chain variable
regi on as shoyhgdniiciobidsentodifs de FranichoridlRRRYs bethe ATSH €V aBle &fndhsSEr
enconpassed within the present invention are the disclosed heavy and |ight
chai n vari abl tefhagiasiemplait and tthe/munpe NinEPAO KRR yradefnedier Kalfat effdie

i rmunol ogi cal C t ent ctional formof_the protein or her eof
is also ref er{%ﬁ’aﬁrog?%éreg?lﬁ?L%Jlig'eﬂeﬁﬁ?/%@éwvn%ﬂ%‘inW‘ ?qgé‘i?ll E‘t?fsﬁfeg‘ﬁtﬁﬁ’

bi ol ogi cal |y &dshim@rddadi OfiddRER9Departrflert BEHRAIGSARIH FRSESertckd: Rlapgi cal |y
active portion thereo f conprises a portion 25 of said Iight or heavy chain

whi ch, wheh i Bdor palat &I7) hiliolafhemt 330THP9-661 6) Werpeymthesizetlh®egerterdbody t o
bind to hunman 0., Specificall nconpasse ithin the present inyvention
are nucl eic a8ﬁg°4n§‘§lc?8§ﬁ C ﬁﬁ%g?tﬁéhei %Bn%?q%égn b“‘ﬂ%‘h’\‘ff}meﬁé'i R abiryen Ne

vari able ligh j iﬁaﬂ i j | r anpl e,
nucl eoti des | %%(g&t?éh?g‘qu 12‘3%@%%9%89{“5&?@6%&3@%{4953/g%gi*‘%gf“ 35?& e“‘;31 g‘
preferred nuchgégskyci d sequence encoding a variable 47 15 August 2002
heavy chain of an anti body of the present invention; nucleotides 1065

t hrough 1388 (SEQ I'be Nem@vodd’/HEDR A @1uld) gnddvantkovak/pIGHRYEEDRIUHUEIR aci d

sequence encodjng a variahle |jght chain qf ,an anti body of the present
Coaant | on [0 SebbRBef E RtheSzd Fneenns Meiion ok domPUtorAl FBMERRE: o

- arjahle |igh i f 5 h i zed. ant i bodi < th
resent i nventpine BB R TS SRR Frolhe sl o e B S S |
et o b RS G SRECR B raSRERSIFANY BBl Pl R

SEQ I D NO: 9 amdigdmi2itdid¥®edcbdiMeCDRE AN (DR 3 ®ere\ediBnddns nfuthtea sfdaldTeri c

and/ or humani zed anti bodi es that bind. to human CD40 and that 10 conprise
pol ypept i des (IRR residuesng sceamtyinghiesizedbyrisitiodecing NON(GHF) at hach poliven gaibst ant i al

sequence identity.t he_vari abl.e, )i gh heavy chaj n. e

di scl osed lggrélﬁc\é‘gfgirh{h§$‘ég}ksgﬁ‘r§l 3{"?% ahﬁ?%e} Jg?’@'ﬁ‘é’?ﬂ?a\@v”?ﬁ?g@ﬂg) Islr(?iﬁ o
exanmpl e, chi MRikgappitid HRHnASIeSRIEE EhGdd the brhfiBivofkirdly a8 noflibfkey mxhE bi t s
at | east about 85% sequence identity, nore preferably at |east about 90%
sequence i dentGI?Rs werecnombines Witle2 epmbl ¢f the olignmuirleotides shendingasatatedquence
identity, and pref.erably .at |east about, 98% sequence | i w th the
| Tant chai o &3 BE Safciprior Yacn SRS Bepibegls ZRNER GrlfHCREs e o
the present inwgyRson. Mre particularly, chinmeric antibodies conprising a
variable light chain region that exhibits at |east about 85% sequence
identity, 26ore preferably at |east about 90% sequence identity, even nore
preferably at |east, abo 20.95% sequence identity, and nost preferably at

| east about 98% sequenc TEReE ¢ x‘?’ﬁ'ﬁ“‘@?‘:‘r"b%‘%% light chain region as
shown in SEQ I D NO-fneaq@ [1ednd ¢ BELBARES Werk Mhiflall&r&aePBy @ mddifedPIRpR M
invention. Also within the scope of the present” invention are humani zed
ant i bodi es comappicecingnewh ingthe avhwimed expiwe lift(Aatisrh T 0D+, st 2lt, (19983 dn@lbout 85%

sequence identjity, rLe ferably at.|east about % sequence ideptity,
even nore 25 ’8%/%”%@15@ 5?25??“%0&1‘“‘5%@8‘8% éeﬁ%égl' ﬁ iefs coated v lﬁ’o%"[ay
preferabl y,sat Jn@afimA00bba, H6KEE WHENCS BSIE Rhd WerdMpblied fa6anl dgiplaehai n regi on
as shown in SEQ I D NO: 8 andl or SEQ I D NO: 12. Additionally, chineric

ant i bodi es conqunianing the pregeynfetted baatertal tawn: Hattheimhiabsareenaphdgeaetre plotsdt 85%
sequence identity, nore preferably at |east about 90% 30 sequence identity,
even nore pref anab iphaget/1 00aman platso it fteg 5o captie ntrhagerexpressed avth§D4Q0/gnant

preferably at | gast,. 3hout,, 92 A.SBRTI45 H9RELARS M CHIE RSFHEs SBikfhd® O

1% BSA. The filters were rinsed four times with PBS containing 0.1% Tween 20 and

30  were incubated with goat anti-mouse IgG2p-alkaline phosphatase conjugate (Southern



4g 15 August 2002 shown in SEQ ID NO:3 are included within the scope of the
present invention. Mre particularly, chinmeric antibodies conprising a

vari abl e heavy chain region that exhibits at |east about 8~% seque: ~ce
identity, nore preferably at |east about 90% sequence identity, even nore
preferably at | east about 95% sequen identity, and at

| east about 98% sequence identity w tc‘)% t he vanabl e hegely% éﬁlgi%%??e@g!%n as
shown in SEQ ID NO:2 are also included within the scope of the present

i nvention. Additionally, humanized anti bodi es conprising a vanabl e heavy

chai n region_that, exhibits t 85% se ce_identit nor e
preferably ab'9Esuology, G{I"tﬁgt‘;"/g@ggﬁ‘iﬁ’calgggﬂ‘é‘ﬁﬁwnﬁ ]q}Jé@gﬁ\ %ﬂg%ﬂéﬁ%’%rl}#&ﬂ y at

| east about 9SG SR foLHEAES fith PBREIRHin®D §9LTRBLY Rind st about 98%
sequence identity with the vanabl e heavy chain"region as shown tn SEQ ID
NO 10 are al slovdlopddudeidsanibet( Watkies (382 esiphalt Mo ipslesandividnylesidriean. The DNA

segnents ryptcally further conprise an expression control DNA sequence
oper abi y | i nipesittve plafeescitrmlrd ipitie} sdueamawire edtked reiatdy aclodiendersey(rdifées, ~ 5

i ncl udi ng_natural]Vy-assocjated or heterologous pronoter regions.
Preferably, tpﬁ%geéL%)r"@%PlS%ic?g 0% S°§‘°ee&ﬁ‘gh¥ ﬁmelapBré’aghkar yotic pronoter
systens in vectorsméemab&&naﬁatbﬁmmmpmaagﬁ_rgrscrteéﬁaafe‘ﬁ&ltﬁmg;xemwexﬁxgg ¢ host
cells, but control sequences for prokaryotic hosts may al so be used. Once

t he vect or habe tapshassessmeniafsientlatine offunticapd thoprariants (Wagkins, t H2., btadt i s

mai nt ai ned u condif.igns suj e for high | 20 expression of the
nucl eoti de sggﬁ{gﬁéézgggﬁ%&e@s‘?ﬁééﬁ%)d,I“taﬂ%m(‘?gltpfea'ﬁﬁuw&ﬁﬂs P FRATEET%n of

t he vari abl e .4 L Lnink i AR jat act
anti body. b i eg Lea oy SERKE Rl ning, e o P el LRIl il e,
Beychok, 18., 5"l goatfantismmrandlapri(SonthSyrBivesthadlogy)cand didckedwis S% BEX.
(1979)). Single _chain anti b%gl es y.al so be produced by joining nucleic
acid sequencéddF §§C(§I_{thﬁgsrb_tﬂe? @%{@@CWCﬁwwl@rwm{anwrf@mtlwcph DNA
ot 9 2 P MRE Rl Weublilt e hE QALY QL 5500 B Do HEL WA 1B O e A7

ot her microbes, Such as yeast, nay be used {0 e€Xxpress an anti ody of the

present i nventittoPBS lconailiing 0.0% Twedi 20, and gANigsaBCDAMIER PBS contsiging 106! |
culture may al so be used to express and produce the anti bodies of the

present i nverBB$4for FurbtY 6t iThegdate wapigstisd thiea figes adth BRY sonsaniae Quiber of

have beant devaTess and dofE A ARALIECH, DARRE b AR AchisANdL 3080 10
G5 cel | 1ineg)q i corftiinthe 19V BYAL wZO0RBE frl15h at4EE0 egﬁlte! whd WERed 2nd

hybndonmas. )expression vectors for these cells can 1 nclude expression
control sequehrzesimesueith BBS aoptaming @ i %0Fwesnl 2nadrwasaiedelopics slascyibpd dbcessi ng
information sites,_such i bosoe binding sites, RNA splice sites,

poi yadenyl at i‘Bﬁa’é‘i(Wéélfm%&(s?gh’éﬁ‘%’e}\pti onal term nator sequences, all known
in the art. The vectors containing the DNA segnents of interest (e.g., the
heavy and/or |ight chain encodi ng sequences and expressi on contr ol
sequences0o can be 4.r ansDdiA Beljuending t he host cel |l by wel | - known net hods,

whi ch vary depending on th e of celluylar host. For exanple, calcium

chl oride transf ectgxgglq-graggﬁéﬁmwawlﬁeaanﬁgpe B apd Lrobain ¥ nglélF [L%Mher eas

cal ci um phosp LR I i -nlg\;g?{- f er

cel | ul ar host%.q1 Efg{é@?%e. g., © Errl][?;é)? %,O?Q%r pg%%e?lpx ‘ecﬁ“(%?%%g’r‘]‘{egé’ﬁ/&@

Labor at ory Maflubikscen(diebxynudiagiddasmtinatidnansthod G&2Rih-Elfder, FosrepCraSeM). t he

whol e anti bodies, their dinmers, individual |ight and heavwhai ns, or _other
I .

i mmunogl obul i n f or kB¢ BRcleiR @cig(EEQHP NRvdnd amincasid REQ I NQ:ELsequense Af ng t o
standard proc LR I i 7 ate precipitation,
15 affi ni Dy co uwﬁaﬁgblk@gﬁﬂ%ﬁgﬁh%%éﬁaagﬁg% Sg%r}‘eog{&%bhoresi s and the

| i ke. SubstanthAal AyTpore TMEUAGg! GhGl TOT cfratdceast @UGt ACISTTFOMOTGendRty
are preferred, EandI98 Wo 9%% off noRe hénog@®nei By affe nmbst Preférrell, fof
phar maceuti cal uses. The anti bodies of the present invention will typically
find use in tEEAt CRG SRR P&y GREdPECeFTENAILSr TECC GG FES ATd CAlsHbder 82
Typi cal dP8eas@ st &t esEsui Rabl & 20T or Liredt ne®t i Bl ude gSaft Qver Sus RKst

di sease and transpl ant rejection, and autoi mmune di seases C%%CEG%SC &p‘izlé
P

; TTo AGC IGG TAC CAA CAG AAA
di abet es, psoPﬂIgs 2 ﬁ%’rtlT@Ce Sl% Y 0 Q K G Q 42

35 GCT CCC AGG CTC CTC ATC TAT TAC GCA TCC CAC TCC ATC TCT 168



rheumatoid arthritis, system c |upus erythematosus, and nyesthenia gravis.
The anti bodi es and pharnaceuti cal conpositions of the present invention are
particularly useful for parenteral administration, i.e., subcutaneously,
intranuscularly 25 or intravenously. The pharmaceutical conpositions for

parenteral admnistration wll como conprise a sol ug of .t nti body
di ssolved in an acceptable carrier., ef erably an aquei)%glf%stx'égfofA

vari ety of aqueous carriers can be used, all well known in the art, e.g.,
wat er) buffered water, saline, glycine and the like. These solutions are
sterile and génerd |y Rred of Ipartli cuFat e Ymat Ber. SThe8e pBarn@iceusi caté 30
conpositions nmay be sterilized by conventional well known sterilization

t echni ques. ﬁ%f AP SR its ARY EonaTh GRvaPfrac 866 EaT Q}Gﬁcé@bt%q?eﬂo

auxi | i aryPsubﬁ anées &F B0 B AtfgustS 2062 réqui Fed fo afpr o% mebe 70
physi ol ogrcal,.co r|n ents

toxicity adj Crr % %11 &%&ff‘%ﬁgx Cu%%ﬁ g%@n%rg ég %g% 2§%d| um
chl onde, pot aSSI um chl'onde, ca CI um chl ori"de. “sodi'um Fac

al bum n, et c.grhhey ”ﬂ%@'l‘dl" cfQﬂ\tIa' Q:A%”tl'é%o celr %E@ REES?“& 294

i nventiongcanpbe adm R stefed d or I_pro yI acti g ang/ or pt hegapegti Cp 8
treatnents. In therapeutic application, conpositions are adm n| stered to a
patient alreafy dd evdapda @ @hcswe,Amnm amount sufficient tozgure
or at least pamtid@ly arrest tihe di sease and iKks conplications. An agpunt
adequate to acconplish this is defined as a "therapeutically effective
dose". Amunts ef fEetduckid anid (SHGIDIHNO:9) arld aﬂxﬁﬁeaddl(@mlbhmﬁopseq&éfﬁéiofy of
t he di sease state and the general state of the patient's own i Mmune system

and can be deheyiHBRIndAVy eﬂﬁn%kh&rhﬁﬂzed%hbsdlém aﬂdwwm'f@wsc

appl i cations, conp05|t|ons containing anti bodi es of the present invention
are adm ni ster t t r,IeCaldy el%e nhagce
the patient’ s eS| (’if@ ﬂ? Cﬂ dc? fgej’le é‘L‘GS ),_1 é%ﬁtp’%c; g%ﬁun%gl S
defined to be 15 a pr phy actlca y effective dose” IS use the

preci se ajfounig; aget “r@'ﬁp@f@ M&Qrbﬁleré@ti"%‘tm %@1‘ %c%f d@ﬁa'ﬂA'& dpg general
level of imunity.pA psefeyredgprophyl@cti€ use i s forgthe preventi onaf
transplant rejection, e.g., kidney transplant red ectton. Although the
present i nVentTomndRadeeacTesss | bed GAG ST iRt aida mpovacofc@o cea 126
illustration and exanpfe fDr perpases @f charivy and underrsstaredi n@g, | @2w |t
be apparert that certain changes and nodifications may be practiced within
t he scope of QMk‘aﬁbdﬁHEdG%$aT@@ ATG GGA TGG ATC AAC ACC CAC AGC GGG 168

Q L B W M G W I N T H S G 56

GTC CCA AAG TAT GTC GAG GAC TTC AAA GGA CGG TTT GTC TTC 210
30 \Y P K Y v E D F K G R F v F 70

TCC TTG GAC ACC TCT GTC AGC ACG GCA TAT CTG CAG ATC AGC 252
S L D T S v S T A Y L Q I s 84

35 AGC CTA AAG GCT GAG GAC ACT GCC GTG TAT TAC TGT GCG AGA 254
5 L K A E D T A v Y )4 C A R o8

TCT GGC AAT GGG AAC TAT GAC CTG GCA TAC TTT AAG TAT TGG 336

S G N G N Y D L A Y F K Y W 112
40

GGC CAG GGA ACC CTG GTC ACC GTC TCC TCA 366
G Q G T L v T \Y% S S 122

The nucleic acid (SEQ ID NO:11) and amino acid (SEQ ID NO:12) sequence
45  of the variable light chain of humanized antibody L.3.17 is as follows:

GAA ATT GTG TTG ACA CAG TCT CCA GCC ACC CTG TCT TTG TCT 42
E I \' L T Q S P A T L S L S 14

CCA GGG GAA AGA GCC ACC CTC TCC TGC AGG GCC AGT CAG AGT 84
50 P G B R A T L S c R A S Q S 28



51 15 August 2002 W Caim 1. A light chain variable region conposing all
or a biologically active portion of an am no acid sequence as shown in SEQ
ID NO1 (Figure 4a). 2. A heavy chain variable region conposing all or a
biologically actwe portion 5 of an amm aci d sequence as shown in SEQ I D

NO ? (F~gure 4b). 3. A chineric antib‘ﬁ y whi ch bi nds to“ﬁ w
conprising a light chain and a heavy ain, said light conpr|5|ng t he

light chain variable region of claim . 4. A chtneric antibody which binds
to human CD40 conprising a light chain and 10 a heavy chain, said heavy
chain conprising the heavy chain variable region of claim2. 5. The
chinmeric anti body of claim3 wherein said heavy chain conprises the heavy
chai n vari ablA&T @goErdt THQITRR.CAL TCE MATedAE &AG Bady OMITi GBCbCAGS1Ee
human CD40, cdnpriSsind a ¥ ghtL chdln ahd & he&y €hai K, s& d Gi gh® chégn
conprisin active partian of an ammp acid sequence as

all or a bi ol ogi cal
shown in %E C%: Tﬁga cH NP0y §‘|Cﬁ7g Caf1 T6F éTﬁl epggiéél ly
active porti orf*o aC|ld sequence ds skownSin §EQ D NG

FSI R %%63&0 B sldp mglegdds seuenas ety g@@ﬁpeggjng
a nucl eotj,de sequence encodl ng the heavy chainm vari abl’e regl on of “cl ai

9. AN expressien AClrc CRIPIAGH @ Mlcﬁ'AC % %c%emn%fé 07 %g!?@ $521
An expression wectr gonprg sing a gucl#i c jaci ¢ seguenge ofy clgim 5

A humani zed anti body conprising a portion of the light chain variable
regi on of claTr TATLZrARA TRITETACZ eTh BtGd ashec crampriagi gt T ticen Tat tbbe
heavy chaisn vari abif e regi gh ofQclatm 26 13 A Pharmaceuti eal conpesi t ken
conprising the chimeric antibody of claimb5. 30 14. A pharnaceuti cal
conposi tion c&Fpréds A MRCC AARIETC Brad by AHA cl ai m 6. 52 15 Augoagt
2002 15. A chi%ends antG body whfch Bi ndg t ol hurfan CD40 conprising a |il§ht
chain

5. Expression and Purification of Fab

Certain Fabs were cloned into an expression vector under the control of the
arabinose-regulated BAD promoter. In addition, a six-histidine tag was fused to the
carboxyl-terminus of the H chain ta_permit purification with nickel-chelating resins.

25  Purified Fab was quantitated as described (Watkins (1997), supra).

6. Characterization Assays
Immulon II microtiter plates were coated with 0.1 pg/ml CD40-Ig in PBS for
16 h at 4°C and were blocked with 3% BSA in PBS. The plates were washed three
30 times in PBS containing 0.1% Tween 20 and Fab released from periplasmic space was
diluted serially three-fold in PBS containing 1% BSA and incubated with the plate 2 h
at 25°C. Subsequently, the plate was washed four times with PBS containing 0.1%
Tween 20 and binding of antibody was detected by incubating with goat anti-human
kappa-alkaline phosphatase conjugate diluted 2000-fold in PBS containing 1% BSA
35 for 1 hat 25° C. The plate was washed four times with PBS containing 0.1% Tween
20 and was developed colorimetrically (Watkins (1997), supra).
To test the variants for inhibition of ligand binding, Immulon II microtiter
plates were coated with 2 pg/ml anti-murine CD8 to capture sgp39 fusion protein
which expresses the CD8 domain. The plates were rinsed once with PBS containing

40  0.05% Tween 20, and were blocked with 3% BSA in PBS. The plate was washed



vari abl e region and a heavy cnam vari abl e regi on, wherein said |light chain
vari abl e region conprises an am no acid sequence having at | east 90%
sequence identity to the light chain variable region of claiml1l. 51 b. A
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variants were determined by surface plasmon resonance (BlAcore). CD40-Ig fusion
protein was immobilized to a (1-ethyl-3-[3-dimethylaminopropyl]-carbodiimide
hydrochloride) and N-hydroxysuccinimide-activated sensor chip CMS5 by injecting 8
20 plof 10 pg/ml CD40-Ig in 10 mM sodium acetate, pH 4. CD40-1g was immobilized
at a low density (~150 RU) to prevent rebinding of Fabs during the dissociation phase.
To obtain association rate constants (kon), the binding rate at six different Fab
concentrations ranging from 25-600 nM in PBS was determined at a flow rate of
20 u/min. Dissociation rate constants (koff) were the average of six measurements
25  obtained by analyzing the dissociation phase. Sensorgrams were analyzed with the
BlAevaluation 3.0 program. Ky was calculated from K4 = kofkon. Residual Fab
was removed after each measurement by prolonged dissociation.
The results of kinetics analysis for the humanized antibodies F4 and L3.17

compared to a chimeric Fab are shown in Table 1 below:
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amino acid to decrease potential immunogenicity. H chain residues 28 and 46 were
predicted to be solvent exposed. However, H28 is located within the HCDR1 region
as defined by Chothia et al., supra, and potentially interacts with the antigen. In
addition, the lysine at H46 in the murine mAb is somewhat unusual and significantly

10 different from the glutamic acid of the human template. Therefore, the munne and
human residues at H28 and H46 were expressed in the combinatorial library (Figure
15, asterisks).

The remaining differing framework residues, all predicted to be mostly buried

within the antibody, were evaluated for: (1) proximity to CDRs; (2) potential to

15  contact the opposite domain in the VK-VY interface; (3) relatedness of the differing
amino acids; and (4) predicted importance in modulating CDR activity as defined by
Studnicka et al. (Studnicka, G. M,, et al. (1994) Protein -Eng, 7:805-814). The
majority of L chain framework differences in buried residues were related amino acids
at positions considered not likely to be directly involved in the conformation of the

20 CDR. However, L49 is located adjacent to LCDR2, potentially contacts the VH
domain, is unrelated to the human residue, and may be involved in determining the
conformation of LCDR2. For these reasons, the murine and hurnan amino acids at
149 were both expressed in the combinatorial framework library (Figure 15, asterisk).

Analysis of the murine H chain sequence and the human template was more

25  complex. Residue H9 is a proline in the murine mAb while the human template
contains an unrelated serine residue. Position H9 may also play a role in modulating
the conformation of the CDR and thus, was selected as a combinatorial library site
(Figure 15, asterisks). The remaining buried framework residues that differed
between murine anti-CD40 and the H chain template were at framework positions 38,

30 39, 48, and 91. Murine anti-CD40 mAb contained glutamine and glutamic acid at

H38 and H39, respectively, while the human template contained arginine and
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difference for buried amino acids, H39 is a potential VK contact residue, and glutamic
5 acid is somewhat unusual in murine mAbs. Residue H48 is in close proximity to

HCDR2 and H91 is predicted to be a high risk site (Studnicka (1994), supra; Harns,

L. et al.,, (1995) Prot. Sci. 4:306-310) that potentially contacts the VK domain. Thus,

both murine and human residues were expressed at H38, 39, 48, and 91 (Figure 15,

asterisks).

10 In summary, the framework library consisted of murine CDRs grafted into the
human templates. In addition, one framework residue on the L chain and seven
framework residues on the H chain were deemed potentially important for
maintaining the activity of the mAb. All of these sites were characterized by
synthesizing a combinatorial library that expressed all possible combinations of the

15  murine and human amino acids found at these residues. The total diversity of this

library, termed Hu I, was 28 or 256 variants (Table 2 below).

Table 2: Summary of phage-expressed anti-CD40 antibody libraries.

Library Library Positions Size* Screenedt
Hul Framework 256 2.4x103
Hull framework, HCDR3 1.1x10°5  2.0x106
Hu III framework, HCDR3, LCDR3 3.1x107  55x103

20

*Number of unique clones based on DNA sequence. Thirty-two codons are used to
encode all 20 amino acids at each CDR position.

TThe Hu I library was screened by ELISA using antibodies expressed in small-scale
25  bacterial cultures (Watkins (1997), supra). The Hu II and Hu III libraries were plated

on XL-1 Blue/agar lawns at 105 plaques per 100-mm dish and were screened by
capture lift (Watkins (1998), supra).

The Hu I library was expressed in small-scale (<1 ml) bacterial cultures,

30 uniform quantities of Fab released from the periplasmic space were captured in a
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affinities comparable to, or better than, the chimeric Fab were identified, the majority

of Hu I clones screened were less active than the chimeric anti-CD40 Fab.

5 Approximately 6% of randomly selected Hu I variants displayed binding activities

comparable to the chimeric Fab (data not shown). The identification of multiple Hu I

variants with activity comparable to the chimeric CD40 is consistent with the

interpretation that the most critical framework residues were included in the

combinatorial library.

10 Active clones were characterized further by titration on immobilized antigen,
confirming the identification of multiple variants with enhanced affinity. For
example, clone 19C11 binds the CD40 receptor with higher affinity than the chimeric
Fab, as demonstrated by the shift in the titration profile (Figure 16, open circles vs.
filled circles). DNA sequencing of 34 of the most active clones led to the

15 identification of 24 unique framework combinations, each containing 2-6 murine
framework residues (data not shown).

LCDR3 and HCDR3 contact antigen directly, interact with the other CDRs,
and often affect the affinity and specificity of antibodies significantly (Wilson, LA, et
al., (1993) Curr. Opin. Struct. Biol. 3:113-118; Padlan, E.A. (1994) Mol. Immunol.

20  31:169-217). In addition, the conformation of LCDR3 and HCDR?3 are determined in
part by certain framework residues. To identify the most active antibody, codon-
based mutagenesis (Glaser, S. M., et al., (1992) J. Immunol. 149:3903-3913) was used
to synthesize oligonucleotides that introduce mutations at every position in HCDR3,
one at a time, resulting in the expression of all 20 amino acids at each CDR residue.

25  Each oligonucieotide encoded no more than a single amino acid alteration. The pool
of oligonucieotides encoding the HCDR3 library was mixed with the overlapping

oligonucleotides encoding the combinatorial framework and other CDRs to generate a

framework/HCDR3 library. The diversity of this library, termed Hu II, was 1.1 x 105
(Table 2, above). A library for LCDR3 was synthesized in a similar manner.

30  Oligonucleotides encoding the LCDR3, HCDR3, and the combinatorial framework
were used to create a framework/HCDR3/LCDR3 iibrary, termed Hu IIl. The large
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number of framework/CDR3 combinations resulted in a library with a complexity of
3.1 x 107 (Table 2, above).
Combining mutations in LCDR3 and/or HCDR3 with the framework library

increased the potential diversity of humanized anti-CD40 vanants from 256 to greater

5 than 107. In order to screen these larger libraries more efficiently a modified plaque
lift assay, termed capture lift, was used (Watkins (1998), supra). Briefly, phage-
infected bacteria were plated on solid agar lawns and subsequently, were overlaid with
nitrocellulose filters that had been coated with a Fab-specific reagent. Following the
capture of nearly uniform quantities of phage-expressed Fab the filters were probed

10  with 5 ng/ml CD40-Ig fusion protein. Because the filters were probed with antigen at
a concentration substantially below {he Kd of the Fab, only variants displaying

enhanced affinity were detectable. Multiple clones displaying higher affinities were
identified following the screening of >100 variants from Hu ILand >105 variants from

the Hu III library using 82-mm filters containing =107 variants per filter (Table 2).

15 Because of the high phage density on the filters, positive plaques were picked,
replated at a lower density, and screened again. Subsequently, the variants producing
the most intense colorimetric signal in the capture lift assay were further characterized
by ELISA. As expected, the majority of clones identified by capture lift screening
bound CD40 better than the chimeric Fab. Titration of the variants on immobilized

20 CDA40-Ig identified multiple clones displaying affinities greater than the chimeric and
humanized Fab (Figure 16, compare open squares and filled triangles with circles).

The framework/CDR mutations that conferred enhanced affinity were
identified by DNA sequencing. Unique variable region sequences were identified in
10/13 Hu II variants and 3/4 Hu I1I variants. Both the Hu II and Hu III vaniants

25  contained 1-5 murine framework residues and 0-2 CDR3 mutations, as summarized in
Table 3 below.
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5  *Number of munne framework residues that differ from the most homologous human
germline sequence based on definition of CDRs of Kabat et al., supra. The number of
murine framework residues differing from the human template is indicated in
parentheses. All of the framework differences between the murine mAb and the
humanized versions are located on the H chain (H) at the indicated positions using the

10  numbering system of Kabat et al.

The affinities of bacterially-expressed chimeric Fab and select variants from
each of the libraries were characterized more thoroughly using surface plasmon
resonance measurements to determine the association and dissociation rates of

15  purified Fab with immobilized CD40-Ig. Chimeric anti-CD40 had a dissociation

constant K7 = 3.14 nM and, consistent with the screening results, many of the variants

displayed higher affinities. Two of the best clones, F4 and L3.17, had Kd of 0.24 nM
and 0.10 nM, respectively (Table 1). The improved affinities of the anti-CD40

variants were predominantly the result of slower dissociation rates as the association

20  rates were very similar for all of the variants (ranging from 0.9 to 3.2 x 106 M-1s-1).
Finally, the variants displaying enhanced affinity were tested for their ability
to block the binding of gp39 ligand to the CD40 receptor. The variants all inhibited
the binding of soluble CD40-Ig fusion protein to immobilized gp39 antigen in a dose-
dependent manner that correlated with the affinity of the Fabs (Figure 17). For
25  example, the most potent inhibitor of ligand binding to CD40-Ig fusion protein was
variant 2B8, which was also the variant with the highest affinity for CD40 (Figure
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Example 5
5 Mouse Model System
Applicants also developed and tested 1n vivo a rat anti-murine CD40 mAb
designated 7E1-G2b and its predecessor, 7E1-G1. The generation of this antibody
was performed in order to explore the potential of anti-CD40 therapy in murine
models of autoimmune, inflammatory and transplant disease. The primary objective
10 of the mouse model system was to generate an anti-murine counterpart that mimicked

2.220’s complete and potent blockade of gp39/CD40 interaction while possessing
weak costimulatory activity, and test it in vivo in standard experimental disease

models.

A, Isolation and Characterization of Anti-Murine CD40 Monoclonal Antibodies
15 7E1-G1 and 7E1-G2b
1. Immunization, Fusion and Characterization -
A recombinant murine CD40 immunoglobulin fusion protein consisting of the
extracellular region of mouse CD40 fused to the hinge, CH2 and CH3 domains of a
mouse IgG2a antibody (mCD40-mig) was used to immunize an 8 week old female
20 Lewis rat via footpad inoculation. Three days following the last immunization,
leukocytes from the draining lymph nodes were fused with X63-Ag8.653 mouse
myeloma cells to create rat x mouse heterohybridomas. Wells containing antibody
specific for native mouse CD40 were identified for reactivity with the original
mCD40-mlg immunogen by ELISA, and for reactivity with a CD40 positive mouse B
25  cell lymphoma cell line (WEHI-231, ATCC CRL-1702). Supematants were then
tested for the ability to inhibit the binding of mCD40-mig to soluble, recombinant
mCD8-murine gp39 fusion protein, mgp39, the murine equivalent of sgp39.
Approximately twelve of the most potent inhibitor master wells were cloned by a
limiting dilution method.
30 Following cloning, functional assays were performed with culture supernatants

and purified antibody in order to more accurately assess the ability of the anti-CD40
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15 murine CD40 mAbs 5A3, 7E1-G1 or 8El. As controls, groups of similarly
immunized mice were treated with MR1 (hamster anti-murine gp39, positive control,
250 ug), 6E9 (rat anti-human gp39, negative control, 1 r.ng) or PBS. Mice were
evaluated for IgG anti-SRBC titers by ELISA on days 7, 14, 21 and 35. The results
indicated that when administered as a single dose of antibody at the time of antigen
20  challenge with SRBCs, mAb 7E1-G1 was shown to be a more effective suppressor of
the IgG anti-SRBC response compared to mAbs 5A3 or 8E1, and was therefore
selected as the lead anti-CD40 mAb for murine studies.
3. Isotype Switch Variant of mAb 7E1-G1
7E1-G1 did not possess effector function characteristics comparable to that of
25 the chimeric 2.220 anti-human CD40 mAb (i.e., rat IgGl1 is not as efficient as human
IgG1 at complement fixation and Fc receptor interaction) and the profile of specific
antibody suppression in vivo for 7E1 was not as complete as that seen with the 2.220
mADb in primates. Thus, an antibody having 7E1 specificity but with a rat isotype
more like human IgGl in its effector capabilities was sought. To this end, a natural
30  isotype switch variant of 7E1, from an IgG1 to an IgG2b, was generated by the sib-
selection technique (Hale et al., J. Immunol. Methods (1987) 103(1):59-67). Briefly,
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MR served as a positive control for immunosuppressive effect. MAb 6E9 and PBS
served as irrelevant mAb and no mAb controls, respectively. Mice were evaluated for
25 anti-SRBC titers by ELISA on days 7, 14 and 21. Titer represents the calculated
dilution of serum to yield an OD value =0.3 in the ELISA. As shown in Figure 10,
7E1-G2b suppressed the IgG response to SRBCs at doses where the 7E1-G1 did not.
2. 7E1-G2b Dose Response in T-dependent Antigen Mouse Model
7E1-G2b was examined in a T cell dependent primary immune response

30  model using SRBC as the antigen. 7E1-G2b was tested at various doses to determine

the lowest effective dose. BALB/c mice (n=5) were injected IV with 1 x 10° SRBCs
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the substltuuon of one amino ac1d for another with similar characteristics, e.g

2.
substitutions within the following groups: valine, glycine; glycine, alanine; valine,

10 isoleucine, leucine; aspartic acid, glutamic acid; asparagine, glutamine; serne,
threonine; lysine, arginine, and phenylalanine, tyrosine.

In one aspect, the present invention is directed to producing the chimeric
and/or humanized antibodies as described above by expressing recombinant DNA
segments encoding the murine light variable chain and heavy variable chain (or

15  portions thereof), attached to DNA segments encoding the human constant regions.
Exemplary DNA sequences designed in accordance with the present invention code
for the polypeptide chains comprising all or a portion of the light chain variable region
as shown in SEQ ID NO:1 or its deposited ATCC clone, and/or all or a portion of the
heavy chain variable region as shown in SEQ ID NO:2 or its deposited ATCC clone.

20 Also encompassed within the present invention are the disclosed heavy and
light chain variable regions and active or functional parts thereof. The
immunologically competent or functional form of the protein or part thereof is also
referred to herein as a “light/heavy chain variable region or biologically active portion
thereof”. In the present case, a biologically active portion thereof comprises a portion

25  of said light or heavy chain which, when incorporated into an antibody, still permuts
the antibody to bind to human CDA40.

Specifically encompassed within the present invention are nucleic acid

sequences encoding the variable heavy chain and the variable light chain of an
antibody of the present invention. For example, nucleotides 1057 through 1422 (SEQ

30 ID NO:5) of Figure 13 provide a preferred nucleic acid sequence encoding a variable
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heavy chain of an antibody of the present invention; nucleotides 1065 through 1388
(SEQ ID NO:6) of Figure 14 provide a preferred nucleic acid sequence encoding a
vanable light chain of an antibody of the present invention. SEQ ID NO:7 and SEQ
ID NO:11 show preferred nucleic acid sequences encoding variable light chains of
5  humanized antibodies of the present invention; SEQ ID NO:9 shows a preferred
nucleic acid sequence encoding a variable heavy chain of a humanized antibody of the
present invention. Plasmids comprising the polynucleotides shown in SEQ ID NO.7,
SEQ ID NO:9 and SEQ ID NO:11 have been deposited with the ATCC.
Chimeric and/or humanized antibodies that bind to human CD40 and that

10  comprise polypeptides that are substantially homologous to, or that show substantial
sequence identity to, the variable light and heavy chain sequences disclosed herein are
also contemplated by the present invention. For example, chimeric antibodies
comprising a light chain region that exhibits at least about 85% sequence identity,
more preferably at least about 90% sequence identity, even more preferably at least

15 about 95% sequence identity, and most preferably at least about 98% sequence
identity with the light chain region as shown in SEQ ID NO:4 are included within the
scope of the present invention. More particularly, chimeric antibodies comprising a
variable light chain region that exhibits at least about 85% sequence identity, more
preferably at least about 90% sequence identity, even more preferably at least about

20 95% sequence identity, and most preferably at least about 98% sequence identity with
the variable light chain region as shown in SEQ ID NO:1 are also included within the
scope of the present invention. Also within the scope of the present invention are
humanized antibodies comprising a light chain region that exhibits at least about 85%
sequence identity, more preferably at least about 90% sequence identity, even more

25  preferably at least about 95% sequence identity, and most preferably at least about
98% sequence identity with the light chain region as shown in SEQ ID NO:8 and/or
SEQID NO:12.

Additionally, chimeric antibodies comprising a heavy chain region that

exhibits at least about 85% sequence identity, more preferably at least about 90%

30  sequence identity, even more preferably at least about 95% sequence identity, and

raost preferably at least about 98% sequence identity with the heavy chain region as
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region that exhibits at least about % sequence 1dentity, more preferably at least

about 90% sequence identity, even more preferably at least about 95% sequence

10 identity, and most preferably at least about 98% sequence identity with the vanable
heavy chain region as shown in SEQ ID NO:10 are also included within the scope of
the present invention.

The DNA segments typically further comprise an expression control DNA

sequence operably linked to the chimeric or humanized antibody coding sequences,

15 including naturally-associated or heterologous promoter regions. Preferably, the
expression control sequences will be eukaryotic promoter systems in vectors capable
of transforming or transfecting eukaryotic host cells, but control sequences for
prokaryotic hosts may also be used. Once the vector has been incorporated into an
appropriate host, the host is maintained under conditions suitable for high level

20  expression of the nucleotide sequences and, as desired, the collection and purification
of the variable light chain, heavy chain, light/heavy chain dimers or intact antibody,
binding fragments or other immunoglobulin form may follow. (See, Beychok, S.,
“Cells of Immunoglobulin Synthesis™, Academic Press, N.Y. (1979)). Single chain
antibodies may also be produced by joining nucleic acid sequences encoding the VL

25  and VH regions disclosed herein with DNA encoding a polypeptide linker.

Prokaryotic hosts, such as E. coli, and other microbes, such as yeast, may be

used to express an antibody of the present invention. In addition to microorganisms,
mammalian tissue cell culture may also be used to express and produce the antibodies
of the present invention. Eukaryotic cells may be preferred, because a number of

30  suitable host cell lines capable of secreting intact immunoglobulins have been

developed in the art, and include the CHO cell lines, various COS cell lines, Hel.a
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include expression control sequences, such as a promoter or enhancer, and necessary
processing information sites, such as ribosome binding sites, RNA splice sites,
polyadenylation sites, and transcriptional terminator sequences, all known in the art.

5 The vectors containing the DNA segments of interest (e.g., the heavy and/or
light chain encoding sequences and expression control sequences) can be transferred
into the host cell by well-known methods, which vary depending on the type of
cellular host. For example, calcium chloride transfection is commonly utilized for
prokaryotic cells, whereas calcium phosphate treatment or electroporation may be

10 used for other cellular hosts. (See, e.g., Maniatss, et al., “Molecular Cloning: A
Laboratory Manual”, Cold Spring Harbor Press (1982)).

Once expressed, the whole antibodies, their dimers, individual light and heavy
chains, or other immunoglobulin forms of the present invention, can be purified
according to standard procedures in the art, including ammonium sulfate precipitation,

15 affinity columns, column chromatogtaphy, gel electrophoresis and the like.
Substantially pure immunoglobulins of at least 90 to 95% homogeneity are preferred,
and 98 to 99% or more homogeneity are most preferred, for pharmaceutical uses.

The antibodies of the present invention will typically find use in treating
antibody mediated and/or T cell mediated disorders. Typical disease states suitable

20  for treatment include graft versus host disease and transplant rejection, and
autoimmune diseases such as Type I diabetes, psoriasis, multiple sclerosis,
rheumatoid arthritis, systemic lupus erythematosus, and myesthenia gravis.

The antibodies and pharmaceutical compositions of the present invention are
particularly useful for parenteral administration, i.e.. subcutaneously, intramuscularly

25  orintravenously. The pharmaceutical compositions for parenteral administration will
commonly comprise a solution of the antibody dissolved in an acceptable carrier,
preferably an aqueous carrier. A variety of aqueous carriers can be used, all well
known in the art, e.g., water, buffered water, saline, glycine and the like. These
solutions are sterile and generally free of particulate matter. These pharmaceutical

30  compositions may be sterilized by conventional well known sterilization techniques.

The compositions may contain pharmaceutically acceptable auxiliary substances as
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The compositions containing antibodies of the present invention can be

5 administered for prophylactic and/or therapeutic treatments. In therapeutic
application, compositions are administered to a patient already suffering from a
disease, in an amount sufficient to cure or at least partially arrest the disease and 1ts
complications. An amount adequate to accomplish this is defined as a
“therapeutically effective dose”. Amounts effective for this use will depend upon the

10 severity of the disease state and the general state of the patient’s own immune system,
and can be determined by one skilled in the art.

In prophylactic applications, compositions containing antibodies of the present
invention are administered to a patient not already in the disease state to enhance the
patient’s resistance (suppress an immune response). Such an amount is defined to be

15  a‘“prophylactically effective dose”. In this use, the precise amounts again depend
upon the patient’s state of health and general level of immunity. A preferred
prophylactic use is for the prevention of transplant rejection, e.g., kidney transplant
rejection.

Although the present invention has been described in some detail by way of

20  illustration and example for purposes of clarity and understanding, it will be apparent
that certain changes and modifications may be practiced within the scope of the

appended claims.
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claim 2.

5. The chimenic anubody of claim 3 wherein said heavy chain comprises the
heavy chain variable region of claim 2.
6. A chimeric antibody which binds to human CD40, comprising a light chain
15 and a heavy chain, said light chain comprising all or a biologically active
portion of an amino acid sequence as shown in SEQ ID NO:4 and said heavy

chain comprising all or a biologically active portion of an amino acid sequence

as shown in SEQ ID NO:3.
7. A nucleic acid molecule comprising a nucleotide sequence encoding the light
20 chain variable region of ciaim 1.
8. A nucleic acid molecuie comprising a nucleotide sequence encoding the heavy

chain variable region of claim 2.

9. An expression vector comprising a nucleic acid sequence of claim 7.
10. An expression vector comprising a nucleic acid sequence of clamm 8.
25 11 A humanized antibody comprising a portion of the light chain variable region
of claim 1.

12. A humanized antibody comprising a portion of the heavy chain variable region
of claim 2.
13. A pharmaceutical composition comprising the chimeric antibody of claim 5.

30 14, A pharmaceutical composition comprising the chimeric antibody of claim 6.
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shown in SEQ ID NO:6.

19.  The nucleic acid molecule of claim 8 comprising the nucleotide sequence as
15 shown in SEQ ID NO:5. -

20.  The chimeric antibody of cla—im 6 comprising a light chain amino acid
sequence as shown in SEQ ID NO:4 and a heavy chain amino acid sequence as
shown in SEQ ID NQO:3.

21.  The humanized antibody of claim 11 comprising a light chain variable region

20 as shown in SEQ ID NO:8.

(8]
(39

The humanized antibody of claim 11 comprising a heavy chain vanable region
as shown in SEQ ID NO:10.
23.  The humanized antibody of claim 12 comprnising a light chain variable region
as shown in SEQ ID NO:8. )
25 24,  The humanized antibody of claim 12 comprising a heavy chain vanable region
as shown in SEQ ID NO:10.
25.  The humanized antibody of claim 11 comprising a light chain variable region
as shown in SEQ ID NO:8 and a heavy chain variable region as shown in SEQ
ID NO:10.
30 26. The humanized antibody of claim 11 comprising a light chain variable region

as shown in SEQ ID NO:12.
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The humanized antibody of claim 26 comprising a heavy chain varnable region
as shown in SEQ ID NO: 110.

The humanized antibody of claim 11 compnsing a light chain vanable region
as shown 1n SEQ ID NO:12 and a heavy chain variable region as shown n
SEQ ID NO:10.

A pharmaceutical composition comprising a humamzed antibody of claim 25.

A pharmaceutical composition compnsing a humanized antibody of claim 28



