Anti-CD3 Anti bodi es and Met hods of Use Thereof HELD OF THE | NVENTI ON 5Thi s
invention relates generally to fully human anti-CD3 anti bodies as well as
to methods for use thereof. BACKGROUND OF THE | NVENTI ON 10The body's i nmune
system serves as a defense against a variety of conditions, including,
e.g., injury, infection and neoplasia, and is nediated by two separate but
interrel ated systens, the cellular and hunoral imune systens. Generally
speaki ng, the hunoral systemis nediated by sol uble products, terned

anti bodi es or i MmunoghatixdhIAntinddiednniMethbleofdisel Tieyedfo conbi ne with and
neutralize products recognized by the system 15 as being foreign to the
body. In contrast, the cellular imune systeminvolves the nobilization of
certain cells, ternmed T-cel IFUDROFSEHE ENVENDIOR Y of therapeutic roles.
The i mune system of both hunmans and ani mal s include two principal classes
of |ynphocytes: the thynus derived cells (T cells), and the bone marrow
derived cells §BisGRlehfdn rel¥ids\ by A, IRARE A6t ODBAntBRlidshy WeB agted
circulate between the tissues, 20 |ynphatics, and the bl oodstream T cells
exhi bi t i mmailmsks deiveathergpbci ficity and are directly involved in

cel |l -medi ated i mmune responses (such as graft rejection). T cells act
against or in response to a variety of foreign structures (antigens). In
many instances these for BAGKGROUPBOKETH EQNon host cells as a
result of infection. However, foreign antigens can also cone fromthe host
havi ng been altered by neoplasia or 25 infection. A though T cells do not
t hemsdloves sec(Tht body'stimnouie epsten breyesas @ defsuss|apgingt ayaiiety gt ¢apditigns, i body

secretion.by t.he secand cl.a : re vari ous
subsets of™ “‘%%’Ieé’ R R %:ﬁén %%dn%%wg%gﬁnﬁlﬁm @%ﬁﬁ%‘ﬁ%@bﬁet erm nants
found on tifieirelareékystany thacelbylarasd hembrabisnrhunesyitomal Genstally spegkinadhd or ei gn
antigen rgﬁ%%g@%is?e% issrﬁ)erzﬁats %Ss%iu%leogro&c&?&hﬁed ﬁ]ﬁﬁgdigssor%ﬁn&g%ﬂuﬁns,ar e

killer/su

which have the ability to combine with and neutralize products recognized by the system

15  asbeing foreign to the body. In contrast, the cellular immune system involves the
mobilization of certain cells, termed T-cells that serve a variety of therapeutic roles.

The immune system of both humans and animals include two principal classes of
lymphocytes: the thymus derived cells (T cells), and the bone marrow derived cells (B
cells). Mature T cells emerge from the thymus and circulate between the tissues,

20  lymphatics, and the bloodstream. T cells exhibit immunological specificity and are
directly involved in cell-mediated immune responses (such as graft rejection). T cells act
against or in response to a variety of foreign structures (antigens). In many instances
these foreign antigens are expressed on host cells as a result of infection. However,
foreign antigens can also come ﬁ'bm the host having been altered by neoplasia or

25 infection. Although T cells do not themselves secrete antibodies, they are usually
required for antibody secretion by the second class of lymphocytes, B cells.

There are various subsets of T cells, which are generally defined by antigenic
determinants found on their cell surfaces, as well as functional activity and foreign
antigen recognition. Some sﬁbsets of T cells, such as CD8" cells, are killer/suppressor

30  cells that play a regulating function in the immune system, while others, such as CDh4"

cells, serve to promote inflammatory and humoral responses.



30 cells that play a regulating function in the i mune system while

ot hers, such as CD4+ cells, serve to pronote inflammtory and hunora
responses. Human peripheral T |ynphocytes can be stinulated to
undergo mitosis by a variety of agents including foreign antigens,

nmonocl onal anti bodies and | ectins such as phytohemaygl utinin and
concanaval in A Al though activation presumably occurs by binding of the
mtogens to specific sites on cell nenbranes, the nature of these
receptors, 5 apgmhhpérphsRCDaymphvcts @ate simulard té sndergo nicnjlgtael v

el uci dated. Induction of proliferation is nly ?ge.indi?afion f T cel

acti vat i onvarey REsgepis incRudine A grantigens, menosional papotiss a9d etips gk pns i n the

basal or %ﬁ?&,ﬁé}ﬂ%y?fuﬁhﬁaﬁa cdiignfalid A. iAGbudectitgios pestcmibiyptakitie production
xlc ce

and cyt ot oxl ¢ activity. T cell activation itg a coLrH%I ex phenonenon t hat
depends orbinding qf sl miteashs foGReic Ateg on Gell epbragss, the patue pf theserepentrsy | es

expresged aﬂ&‘u#ei}%éfﬁaﬁl?sﬁpgfdaﬂviioﬁﬁh hot@RIpIRlI) Bbeidkied. Byadher the
antigen-specitic T ce receptor (TcR) 'is .conBosed of .a disulfide-Iinked
het er odi ngroliferatitreis nilygne ndicetiemef] T selldicyationy Piyr indicatiens of actviatiemane

gl ycopr ot gj ains, .. al - OluaiPR.apd delta (y and
6), non- c&?ﬁ?eéq]nafsla{}er%téc’snggl}h%f% g%s%&fr E&g&%tgr?}c&qg(e‘?ﬁg}l, 1IBO\lllv nol ecul ar wei ght

i nvari ant lpnptickinegproductionemt yydesicpetiactvitys CD3 (once 15 referred to as T3).
The TcR al pha gnd,,bet a.chains determ n i i Gl k CD3
structures repﬁnﬁgﬁfw E%Iélg33??9%?%%93{%%3?{%@%@% ﬁgﬂeltp%g{ncll Eigrll;rl\}g}aeel enent s
of actiigvatviaféty of eiiibdusfatehélealesdxpypssed bi thdiresgomting TeellpdRubdtiphaFaret a ( TcR

aft) to its ligapd. There bat h con t reaqi f.. protein
chai ns of e#@RPl%a‘HaaR}%%F%&ﬂC@?fe‘gﬁ?‘dﬁ%eP%ﬁ%@ B 8%?%?5°§§)dfsg‘g§‘\e§1‘n%§%hi ¢ TcR
vari abl e nReksINgerdaintditing thasabmilgdistibiedd] tegmil tlembrat ighcoprefeandhhing,i ti es.
Unli ke anti bodi es that recognize V\/Hol e ‘S‘r &gﬁl | er ‘H?agrrents Oﬁfi foreign

prot ei ns #éphagpd Ban € and{d), arganpAse 481 ((aRd Sk PE-GIRIPREN PSPOLE ]W'tgépti des of
the anti g&RumoViok lbw ks ieclisr »pél\i/%ﬁ@ﬁuaﬁﬁnﬂpmihg c6ambANdes Enald B1CD3 (once

hi stoconpati bility conplex (MHC) nol ecul es. These MHC proteins represent

anot hel hirgﬁﬂ?dmsfﬁbrphi c set of 25 nol ecul es randomy di spersed

throughout the §pggh J}g&m Afalds igfehiifle Hiiadh bpecitRitie BBe DS tripartite
interaction of the Tc gn fanei grsl' pepti%li c%gnt}i*aen bound &o the major VHC

prot ei ns. STSUNIVARPrapmt EEsIoRRAERERdss that are the gapsducing elemprRia pt 18K ovi des
fully h at - hodk i fi ' LS bre CD3.
e T e

Exenpl ary nocl ona es In e 281, 27 ) 0 5 and 15C3
descri bed Hotlr einstantAkgiensd thiegdyopprotdie chainsed ToRzdndyaristloregions an ant i body

t hat bjnhds, to the.sa i .The
antib es(p%llP’ngpZ’és 8tt i@@? érgglgfjg?‘r‘éﬁf@%m erzgl?%ﬁnﬁg%gg%?‘;cgﬁ% ies. The
huCD3 ant i digihyt dpasificities. dinlike natitoflies that feodgnizsiwigiccdramalierdragsentsof t he
anti body binds to CD3 itive +). cel i (CD3-)
el I 5; ¢ naofeesisit o B R 10 b1 Bpof Rl Bl sl Rl i e
‘ antigen, which must be presented in the context of major histocompatibility complex
(MHC) molecules. These MHC proteins represent another highly polymorphic set of

25 molecules randomly dispersed throughout the species. Thus, activation usually requires

the tripartite interaction of the TcR and foreign peptidic antigen bound to the major MHC

proteins.



10 which involves alteration (e.g., decrease) of the cell surface
expression level or activity of CD3 or the T cell receptor (TcR); the huCD3
anti body inhibits binding of the murine anti-hunman OKT3 nonocl onal anti body
to 'T-1ynphocytes; or the huCD3 anti body binds an epitope of CD3 that

whol ly or partially includes the am no acid sequence EM33 TQIPYKVSI SGT ( SEQ
I D NO 21). The huCD3 anti bodies of the invention 15 conpete with the nurine
anti-CD3 anti body OKT3 for binding to CD3, and exposure to the huCD3

anti body renoves or nmasks W&Fﬁﬁﬂlwwbgffecti ng cell surface
expression of CD2, CD4 or CD8 The masking of CD3 and/or TcR results in the
| oss or reduction of T-ce activa t ol mune

di seases where ilams R 8npr|9v1de fuhgHPm%(/Q{nsg%clkﬁolgg%?%&ﬁ%o%élﬂcaﬁ | ati on of
CD3 resul Bxedtdd @a@gmmmmn@mﬁmm)mr mﬁxbddne:eudclﬁd&:ﬁﬂll,aﬁﬁwmwn e.g.,
for a period of

suppr essi & ’fsr%‘fleﬁcé"‘bB‘gEngev \rﬁﬁ’léﬁv lf‘?grh%f‘acisc °§§llr$‘?%§dgllsan %%@Utbr ?22'5?32

agent, e. ginds foth¢ QBRUpitspe as 28F11, ATHS QSFI@OIMMB[ qht amtihodieess to the
redistribution and elimnatjon, of the g_@ rece@}or conpl ex on the

surface ofespectizgly refgred to heremnyislypfo3, artibo %rQE CDR aptibodydasonest o cel |
surface eﬁ@&@éﬁh@ﬁu%m?%& Hhtbrstied: thatidady Hiﬁﬂstt@em%bhtwé(mrgeﬂshat t he

anount or function of TcR is reduced. Mdul ati on_ of_the | evel of cell

surface ekprmetSD3megativa(EP3) eglispthe braD3 antihody indueesantigsaicmsiylafions co3 on
t he c Cng %«Ll’l%cth'ﬁﬁ)ﬂz S 5 aftdtn (9 Q ﬁécré@g) df Sheidell %{u%c efprSssionl@dGaLvith T anmount

Xpressed [ asma menbrane of the cell i's reduced,
for exarrpCéB dgthm@km@ﬁptozml?dnthehu agibody sbiRbigg of ietaineof 30 t he

cell with_th | with
the hucos ShfrasiTR T AinBteHe aAlpRly REHLAG ey BEE R B bnEod DR 0 of
the nuri nenamtqpehﬂﬁﬁﬂ ﬂ@(WBOﬂH)‘Pmﬂ@HaImCéWﬁ thegyinoncy spauspephocyt e i s defi ned
as a decr t m a conpl ex
wi th CD3 W@ﬁi&fﬂﬁ(surh ac(gngm}hﬁ’zwﬁmﬁg%%%‘@%iﬁg%%xzﬁtg F%%gy contains a
heavy 16 haicompete iith lthe tarrieragti+S atibedy %Tafﬁbydeﬂzéﬂ@%ﬁndsz@summ 2, 6,
10 or 22 hain va i E‘gjﬁ% ce of SEQ
I D NCS: 4%1% %%ﬁgofyr%@%& b?%%er%dm{fﬁg%{@%%ea yeg al nQCDRs
i ncl ude amrxpassiom DR, €Pdwe0D8. The masidng GOD3 ergr TWBUesully i tB8Mss 9% or nor e
e R R B e e Py | S50, ©
SYGVE (SEQ:dnlBonEa 'B3sl] adnhm&KNYnﬁ)&#K@u aﬁE@Of G)N@seusm a@rByigeDP ( SEQ | D
N035 IGRKQDYADSVK SEQ n with three
?‘?’ t EFE?H?%N&?F%% ﬁ&%?aﬁ’ rn%%e c?feag% gedfiJ p‘g‘éﬂ}ﬁp 3{%% 97% 98%

99% or norcemb&emwatﬁaie tfaﬁsﬁlt&eﬁpnmﬂﬂmeimsemed‘whﬂmﬂshg agraditipnaionsi st i ng of
the am no .acid se uence of RASQSVSSYLA (SEQ I D NG 30); DASNRAT (SEQ I D 15
NO: 31) ; SFERABTTH b TS PRRSQSVSSSYLA (SEQ | D NO 36); GASSRAT
(SEQ I D 1' 40 31)];1 GSSPIDN (EERQtd thd rNataa)t;onmaalﬁammf(t@mps-m NO: 39) ;

YASSLQS (SEQ | D NO YYSTLT A | D. NO 42) ;
WASQG SSYICA (@E@’Wﬁffrﬂiﬁxﬂ) %@W@@%ﬂ 3&§§ ﬂéﬂ@gl €0 113

NO. 46)y5 ang cENaYEExbresSidbr 40tNG dithe Tdl0en ﬂi&tcblh)tsdyeabt thﬁishe?zﬁncﬁaBor A
huCD3 anti body of the i nvention exhltivgs alt |.e st1 ugo or rmreér e., two or
more, t hr dencgen phthe TeR i redysed nifodulation of the ley ok cellquptacs expression oy on” of
nore, ei 9%#1{ y STRTSS is RleRR tRyt tiE¥Runt STTY orhe een SIrRAYEsT faictisRbIDY{s t he

foll owi ng characteristics: the anti body contains a, variable hegvy chain
regi on (VHjtesdongiagdyppd. aTha araguntfeD3 pf the TcR expressed at the plasma membrane

of the cell is reduced, for example, by internalization of CD3 or the TcR upon contact of
30  the cell with the huCD3 antibody. Alternatively, upon contact of a cell with the huCD3
antibody, CD3 or the TcR is masked.



25 getnline gene sequence, or a nucleic acid sequence that is honol ogous to
t he human DP50 VH germ i ne gene sequence; the antibody contains a variable
| i ght chain region (VL) encoded by a human L6 VL germnline gene sequence, or
a nucleic acid sequence honol ogous to the human L6 VL germline gene
sequence; the antibody contains a VL encoded by a human L4/ 18a VL gennline
gene sequence, or a nucleic acid sequence 30 honol ogous to the human L4/1
8a VL germnline gene sequence; the antibody includes a VH CDRL region

conpri si ng t heraiWin tBEbiddine d0Op arriXEdi-Heha ORTH@onE)Ional heibodytoiabody
i ncludes a VH CDR2 region conprising,t e_am'fno acj d %;:Icel’uenﬁed ggSVKG (SEQ ID
NO 59); t Adympboayisds detped agedeckeagqin itjty of B megims O RAYARi no aci d
sequence W@g@@gﬁlﬁﬁ XQ el 6ERe bP: ND@flocytehe anti body includes a VH
CDR3 regi (lgn conpri si ng _?ﬁﬁe amno acid se_quench{))((:Ay?El GY%chXDF, XE (SEQ I D

NO 61); the 5 ArdmCB3dptibesiylcontains g beayychrn vadahiohaving it #89Ra%E he ani no aci d

sequence GIG ) NG r gﬁfEh' hle BRAMEEAS BmfadHFDL  ( SEQ
I D NO 83) ;Se%%@égﬁpgo%ﬁ%é)ﬁc%’agg&t%emgE;ﬁno agﬁﬁg%ﬂgfjence VIVSS (SEQ | D

NO 64) at sequensidfiSER DSOS 4 8C16-20 o 35a26. tRyefersbl eekfasnchahePBsn t he
position i.s.in a variable reg] F hD2bsd, Ogfol) - bEGbRN, the

ant i body i‘?F&‘f‘%&g§“’frf?ea05in§|eﬂ%&g%lageas§e%(ﬁé’%2?%(P L)\ﬂ/?8 SS (/SE%&P% NO 65) at a
position tdmticdla s&nicatentiettd Fom@BRIoneginsisting Wi EEME GEQBENGZN is in a

vari abl e reqi - i.0al I '@g,'mﬁtﬁl @EQ 4qcl udes t he
am no aci y&%@%%@@%@?@%ﬁﬁ’@ ) at a po ??ﬁ?ﬁé hat is

g— : er mona:SY:@dtﬁEEBQﬁBQf@M);W?EﬁKﬁWmSVKﬁISM NO@4yar i abl et r\(/avﬁi Fln
-termnal _to the regiqn; ) 0 or
oar t1 ol 1y FHOVNRGDR GBI 3 ATRNAEK oD RGTRARIERG o2 o

NO 67) ; angq bkgnthhinkagthicd DRt ifclodet atandno oid sdyeerive atipast BdesP2%, an ani no
acid resi dutoa at position 234, 235, 265, or 29? ofr. %ormén%'gllgo is.here_of, and

wher ei nt 5% 87 %28, §9%y Moks ifemicpl tg ashaupneesefecio BOMMe proun CoRISERE" s oi d

ant It Eody io?tﬁee.ﬂﬂﬁcf?%i@&qﬁfiﬁgag PditSQS‘tﬁ/‘SBELAE(ISEQS_B 00:30); DASNRAT (SEQ at E cel |
in the presence of an antibo 0 on in the
heavy aiwaﬂ);&%&‘wl’%(ﬁm 5‘3)5385@@3{’555%@?5%%@ hs t her eof .

The numberd AgsIRAT (4150 S X043 DDOQYGISPITI(SED IENO:3RIASQGHIALS(SHED of the
EU i ndex (see Kabat et P

L, " il ical | " US Dept .
of Hoal t h NOPANSASSAN GES PG ety SHORSE M NG 1 BASSERS (8¢ noq.
5,624, 821 @Ngizﬁ%ﬁﬁé&sé%%ﬁﬂm:m); QORSNVPW THEEQIID NOas): por at ed in

ety

its entir ref erence. 25In sone aspects, u ant i.body cont ai ns
an am no JRASSHER EBEQOW N@H’é);rﬁ}ﬁ&QW\’@%i(ﬁEé@%E@ﬁ& ﬁ W‘i}@dﬁﬁm&ﬁ'he

mut at i reggllts in an antibody that has an altered effector function. An
effector finiction of an antibody is altered by altering, Le., enhancing or

reduci ng, the a%heGP3 gntidpdy eicheinvensionyxhibits atdeast oo BTN G PR Y such as an
Fe 1 eCepl of, Q1 b GO by GORPARSHmorBiPbi st evarbraidg@igt o unct i on of
an anti body, 1 5 ) bre

] I'S possi o0 control various aspects of the inmne
response, 1mowg, NineeHTATS: tAYONOSLRNCE H5 IREF) vaﬁwé@?w&%&aﬁ&wgﬂeﬂ& 'f‘ﬁe i mmune
system oL gXhlBinarfTHL Aldy9Endif Mlloh (s Ehodllecltd iy OFSaty,f S capabl e
of reducing cytokine release froma T-cell. For exanple, the mitation is in
the he2sy ghmline gdne anjunaseaar achuckeisi adideseqi@ace thais homglogeys 1ot hymat: o rhi nat i ons
t hereof. P, abl¥g. the nutatiog.r 1)14 L2 v 18 bl Apgnat ei ther
position 2 ﬁg&ggg‘? B85t @%,;‘é%?}‘eaagg u@}ﬁat e resi duelij% _posi Fii%on 235, or a
conbi nat i o(Vy) encoded by a human L6 V, germline gene sequence, or a nucleic acid sequence

homologous to the human L6 Vi germline gene sequence; the antibody contains a Vi
encoded by a human L4/18a V), germline gene sequence, or a nucleic acid sequence
30  homologous to the human L4/18a V| germline gene sequence; the antibody includes a Vy

CDR1 region comprising the amino acid sequence YGMH (SEQ ID NO:58); the



5 thereof. The term"cytolcine" refers to all human cytol ci nes known within
the art that bind extracellular receptors expressed on the cell surface and
t hereby nodul ate cell function, including but not limted to IL-2,

| FN- ganma, TNF-a, IL-5, IL-6, LL-9, IL-10, and IL-13. The rel ease of
cytokines can lead to a toxic condition known as cytoki ne release 10
syndrone (CRS), a common clinical conplication that occurs, with the
use of an anti-T cell antibody such as ATG (anti-thynocyte obulln) and
OKT3 (a nuntidy anhides HVaEPRIDSgian corbprise thermigo ggik mﬂ@eﬂ:&s\g‘iﬁ(@f@ erized by

t he exces I e..of Id (oF=Y300 nto the
Ci rcuI(atl E‘h\&%l’ﬁg %ﬁ b d ?I}séiu;a >3 ng:gﬁ} %? gﬁgp?%g;@_taneouggg?deh?@ngl of the
ant i bodi eW,@x{MDQYt}QBSWG @EQEID HOE @)y, thd antthedylibcladasiadbdgPRANd t he Fc

Recept ors and/ or conpl enent re tors f the

ant i body) TREPTARBFSE FlI"?m“L’(h%ci‘ “%I’@f" ?‘ggf’éxz(‘:?ﬁfﬁ% {:ﬁa[ﬁﬁg‘&gﬁgase

ﬁyt Olt Ch ne%m‘iﬂlﬁ&ﬂ[nﬂdyﬁvua:mwﬂe@lﬁheomﬁﬁdnmﬁa?mtn%amdsmm characteri Zeﬂ Fly
ypot ensi on rexia_and or 0 e chills,
nausea, v&MRG W}[ﬁ@@é@ﬁ 92) %ﬁ?%ﬁﬁ@QSWW§QM?%§ﬁody of the
I nventi on&9pd aﬂx@%m%%y%ldae&&emalﬁlﬂatdcmrb‘éqﬁehaetvwswmm Nh)&@m);ata:hal n
constant regi on nedi ated rel ease of one aor nore cytol.cine( fgn Vi vo.

The full yphumﬂi@ﬁcéﬁwl%&?%C@R%Iﬁé‘oil’mf?ﬁ@ﬁp?ﬂﬁ?‘ua@‘aYW xampl e, a

L234 L235 b'[@'}e hn; hankibod: ﬁilﬁﬁ%stlfelhﬁihdéb?d ¥dreki ne rel ease
upon expos%‘ﬁ?%%rﬁﬁéﬁhuc%g ant i od IS Si yﬁl ficantl ¥ reduced or _elimnated

(see 40g. GTLNAN$S(SEQED NOM®S) amoaé@e thapis &-sanisa) tp HREPR Wherdihe | 234
L235 4 Amgl 3%?5%11 liﬂntahrﬁnﬁ(fe Ie h@teﬁﬁﬁnsﬂg ﬂ%%ﬁ%@émﬁ%é Ragdhe ﬁm@fud&she

invention'r ces or m na es ¢ cine rel easé when the huCD3 anti bodi es
are ex pos@hb a:mnhthwhd’éﬁRﬁgLVW\@lSé&EQtfﬁéq%@a@lt popgtionbatis Ged bel ow

e nt ai n 33k PRI A o ShERR ok ARG Vaabl EREIOCAMIRLRal B sl 0N 11 cant

reductlon n cy ase Is y conparing t rel ease of
cyt oki nes (IIpRihregwpuhcl amgibbdy binds anpbapathat whsdly ohparfizily 1acindesheapgne > A234

E235 t atiagn i Y on
ORI R e S e Sk N L
descri bed dnﬁhw in ﬂteIheavymhamtat angminp aclﬁ gesidue aegqsr@nn R2AbI2388065f w29 mnpl e,

238 23 e Ry 08 0T SuARRT o PR 28R

Al ternati V& iS enco a nuclelc ac
i ncl udes Mealmanmdyslsrrm@ed ammxrtplaaﬂ to tpkelcase of tmakli@ﬁ Gomai 'ﬂ-°¢1b1@|thﬁje with a

gernmine nucleic aC| erm I tdue” is
meant t he PREENSi% I}"’%@\aﬁ & P?fé%fdnataul?‘é tﬂ%’ %g% uhr%é‘%? %%51% é&?ﬁulqne gene
encodizng &3a,0335;}mtora97 uardnaﬁxlmonsammmﬁ Theanmbéring ogéxwéiea\rysclmhe DNA found in

a germcell (i.e., . ell d n jhe sperm. A
"gernline rﬁ%‘é‘%ﬁ‘ ﬁﬁsﬁ“g‘?d&cﬁ%lsgi F ﬁg Pt'-fag‘f %ﬁ%an atee(%lgﬁ ?;Otéllg 1J(1:ul ar DNA t hat
has Immunological Interest”, US Dept. of Health & Human Scrvwes (1983)), as shown, e.g.,

in U.S. Patent Nos. 5,624,821 and 5,648,260, the contents of which are hereby

incorporated in its entirety by reference.

25 In some aspects, the huCD3 antibody contains an amino acid mutation. The
mutation: is in the constant region. The mutation results in an antibody that has an altered
effector function. An effector function of an antibody is altered by altering, i.e.,
enhancing or reducing, the affinity of the antibody for an effector molecule such as an Fe
receptor or a complement component. By altering an effector function of an antibody, it

30 is possible to control various aspects of the immune response, e.g., enhancing or

suppressing various reactions of the immune system. For example, the mutation results



occurred in a germcell or the zygote at the single-cell stage, and when
transmtted to 10 offspring, such a nutation is incorporated in every cel

of the body. A germine nmutation is in contrast to a somatic nutation which
is acquired in a single body cell. In sone cases, nucleotides in a
gertnline DNA sequence encoding for a variable region are nutated (Le., a
somatic nutation) and replaced with a different nucleotide. Thus, the

anti bodi es of the invention include one or nore nutations that replace a

nucl ei ¢ ag £h akibbdylthatti\paise Bfteﬂ@clﬁgk@k@dnﬁh relehsd ffofsa Tueell. Earexhinple, ant i body
genes include, for exa F

Acces nunb [ EMBL/ GenBanl c/
DDBJ: L066UBymutaipn(ininihe ?aﬁhchﬁ& linqsg ﬁ%‘a@?#vm OF BEITX01668) and
L4/ 1 8a C(Dé&ﬁﬁi L8 HRHER EPrefebbYy), W&&Bﬁ%ﬁdt@% al# M8 due ol Bigheheavy chain

of a hu ant| ody is derived from a germline V (variable) 20 gene such
as, for epesitne234 B, BFSG 29dr ¢4 ghitagyaln Eesidpp at posision 235, Q€ 2 gombiBatighi no aci d

sequenges yf plort . IR Ocy @RI HiErs PRIP Il dyfiinel Rovi\eah fhe aki1facBitRl o1 © acid

and ani no aC| sequenc tgattcatgg 25 tgtgtggcat ctggtggagt
gcgt ct ggaexigggiilgyagptog gamgirden tiocclisudyeand ﬁletﬂ%y rr@gulptew@g:%mws
o Choimip R AR ARY o hL8! SR AR, 38690909, RS IEN 20, IR BaPa0
1-13.
The release of cytokines can lead to a toxic condition known as cytokine release
10  syndrome (CRS), a common clinical complication that occurs, e.g., with the use of an
anti-T cell antibody such as ATG (anti-thymocyte globulin) and OKT3 (a murine anti-
human CD3 anﬁbody). This syndrome is characterized by the excessive release of
cytokines such as TNF, IFN-gamma and IL-2 into the circulation. The CRS occurs as a
result of the simultaneous biiding of the antibodies to CD3 (via the variable region of the
15 antibody) and the Fc Receptors and/or complement receptors (via the constant region of
the antibody) on other cells, thereby activating the T cells to release cytokines that
produce a systemic inflammatory response characterized by hypotension, pyrexia and
rigors. Symptoms of the CRS include fever, chills, nausea, vomiting, hypotension, and
dyspnea. Thus, the huCD3 antibody of the invention contains one or more mutations that
20  prevent heavy chain constant region-mediated release of one or more cytokine(s) in vivo.

The fully human CD3 antibodies of the invention include, for example, a L?* L2
> AP £ mutation in the Fe region, such that cytokine release upon exposure to the
huCD3 antibody is significantly reduced or eliminated (see e.g., Figures 11A, 11B). As
described below in Example 4, the L7 L? > AP* E® mutation in the Fc region of the

25 huCD3 antibodies of the invention reduces or eliminates cytokine release when the
huCD3 antibodies are exposed to human leukocytes, whereas the mutations described
below maintain significant cytokine release capacity. For example, a significant
reduction in cytokine release is defined by comparing the release of cytokines upon

exposure to the huCD3 antibody having a L L*** > A®* E?** mutation in the Fc region

30 to level of cytokine release upon exposure to another anti-CD3 antibody having one or



GGGWQPGRS
t at at ggt at
ctgtttgcag

FTI SRDNSKN agactgagtg cggtgtcctt cgtggtccag tagctatggc
ct ccagagac cacggctgtg LRLSCAASGF TLYLQWSLR tgagtgaaca
cctgggaggt atgcactggg gatggaagta aattccaaga t a t tactgtg

TESSYGVHW/
at aaat act a
t ccaggcaag

10

15

20

25

30

35

AEDTAVYYCA
acacgctgta cgagagacac
t gcagactcc tctgcaaatg ag (SEQ I D

t gagt gagaa gt gtccagtg ccctgagact tccgccaggc
aaactggatt tcaggtgcag ctcctgtgca

more of the mutations described below. Other mutations in the Fc region include, for
example, L34 125 > A4 AT 125 > B2 N > AY7 and D¥° > A5,

Alternatively, the huCD3 antibody is encoded by a nucleic acid that includes one

or more mutations that replace a nucleic acid residue with a germline nucleic acid

residue. By “germline nucleic acid residue” is meant the nucleic acid residue that

naturally occurs in a germline gene encoding a constant or variable region. “Germline

gene” is the DNA found in a germ cell (i.e., a cell destined to become an egg or in the

sperm). A “germline mutation” refers to a heritable change in a particutar DNA that has

occurred in a germ cell or the zygote at the single-cell stage, and when transmitted to

offspring, such a mutation is incorporated in every cell of the body. A germline mutation

is in contrast to a somatic mutation which is acquired in a single body cell. In some

cases, nucleotides in a germline DNA sequence encoding for a variable region are

mutated (i.e., a somatic mutation) and replaced with a different nucleotide. Thus, the

antibodies of the invention include one or more mutations that replace a nucieic acid with

the germline nucleic acid residue. Germline antibody genes include, for example, DP50
(Accession number: IMGT/EMBL/GenBank/ DDBJ:L06618), L6 {Accession number:
IMGT/EMBL/GenBank/DDBJ:X01668) and L.4/18a (Accession number:
EMBL/GenBank/DDBJ: Z00006).
The heavy chain of a huCD3 antibody is derived from a germ line V (variable)

gene such as, for example, the DP50 germline gene. The nucleic acid and amino acid

sequences for the DP50 germline gene include, for example, the nucleic acid and amino

acid sequences shown below:

tgattcatgg
tgtgtggcat
ctggtggagt
gogtetggat
gggctggagt
gtgaagggcc
aacagcctga
NO: 68)

VQCQVQLVES
KYYADSVKGR

agaaatagag
tttctgataa

ctgggggagy
tcaccttcag

gggtggcagt
gattcaccat
gagccgagga

GGGVVQPGRS
FTISRDNSKN

agactgagtg
cggtgtectt
cgtggtcecag
tagctatgge
tatatggtat
cteocagagac
cacggctgtg

LRIL.SCAASGF
TLYLQMNSLR

tgagtgaaca
ctgtttgcag
cctgggaggt
atgcactggy
gatggaagta
aattccaaga
tattactgtg

TFSSYGMHWV
AEDTAVYYCA

tgagtgagaa
gtgtccagtyg
ceetgagact
tccgocagge
ataaatacta
acacgetgta
cgagagacac

RQAPGKGLEW

aaactggatt
tcaggtgcag
ctectgtgea
tcecaggeaag
tgcagactce
tctgcaaatg
ag (SEQ ID

VAVIWYDGSN

R {SEQ ID NO: 69)



The huCD3 anti bodi es of the invention include a variable heavy chain (W
regi on encoded by a human DP50 VI{ gernline gene sequence. A DP50 VH

gernl i ne gene sequence is shown, e.g., in SEQID NO 48 in Figure 5. The
huCD3 anti bodi es of the invention include a VH region that is encoded by a
nucl ei c acid sequence that is at |east 5 80% honol ogous to the DP50 VH
germ i ne gene sequence. Preferably, the nucleic acid sequence is at |east
90% 95% 96% 97% honol ogous to the DP50 VH germnline gene sequence, and

nor e pref er abl yhe BiCHEaRboSIBY6S AOKvaMTA inelds vatatilbeaDPBihingV i esgidn ne gene
sequence. The VH region_of the huCD3 anti bo%l%djdz) ghy eastl. 80% honol ogous to
the ami no eaeqdgd Bpa dEmenDEP0 ¥y gerpline geng; sgauey §-B Y BERIHSES/H gent | i ne

gene Sequgg%ﬁncéiﬁ)sﬁ’oﬂﬁi grah] Y0 IHNCUS REFigeE §. TROMNTDRaribodlkt dfegd on of the
huCD3 anti y is at [east 90% 95% 96% 97% honpl ogous to the amino acid

sequence dnceotieninplpde ;¥ uprmon e igencadedhy agBislsicscil seatsace Talds Adeast
Do e 5&3‘@&0&& hs B86 DBIVNBBNRGRLS defucnbe mORHANShaRaGRaRDY t he

DP50 Vi I ne ‘gene sequence. CD3 "anti bodi es of the invention al so
i ncl ude a sequeneedb et leasyPR%CI545,196%0/PT% hemelogpesio SrddRfddVibgermlipggean L6 or

L4/ 18a VL germl.ine | ence is
shomn.  o. doatefie SRR SRS Fanlom SR e T D e T e
gene sequesaesdgsershoTing Vi cagiceved thel mCDB3raniEugyliDatNis680% homplggaue torthe

Al ternativel, the huCD3.antj bodi es incl regi feod coded by
a nucleic %f{%lacé‘gffﬂgﬂ’(?g Ofﬁlﬁyﬂirgglgﬁ ech%e&b‘&éﬁg? Rgl%fﬁ glgﬁ%c%%%esfélﬁg(?&t he L6 or
L4/ 1 8m ViPrafesablyi the afirivcacseqenueaitd, repioafof flehiu@D3tantbadyad aileastfPd sequence
is at least 90% 95% 96% 97% honbl ogous to eit L4/ 1 8a VL
gerni i ne ggesr‘(ggégé’qu/l‘/l%g?dgﬁﬁusﬁﬁ%b@ Bt %r‘%%qumgf nﬁ%ggaqsw]‘ggé?sgg o honol ogous
to either lihzet sdafiénke Sd Yiorg e fdribig apieas 98%098% bemolbpmis W theegi on of the

huCD3 anti body is at | east %.honbl ogous to the am no acid sequence of the
VL regi on IR éﬁd&yttﬁ%{jgg%%“ﬁm?‘ggﬁt}cf’e%m?ﬁ; gernl i ne gene 25 sequence.

Preferably, thenaki0D3agitbdieaoms aeenfondisoringiden wiiabladightwhia (é)t i body i s
at least 90% 95% 96% . 97%.h | 090 to the am no acid.,sequ encoded
by eitHer negan pgroged W_Y4?}1‘B%P‘\}L6O‘g§'r42§%ia§§ By eESHT A ,ce'a%&‘u ggﬁﬁef erably,
at | east 98%nifd%nb SeHRbReesSholve, 4 §SinSBQENNO: B ia il ynéi hitsan t he L6 or
L4/1 8a VL germine gene sequence. .30The hu angg@aﬁm gf 1‘}%&{6’ ir]inventi on
have, for leAHifYiegerplng geae FAUERNILTONE: RRFHEPIG 1y BERER® 4r e
derived frQmhifelyPRe neehT it dick ficlud¥ avR regiod thet iCBRbded 801 mlenf acki CD3

anti bodi es of the’invention have at | east theLscor}_tAin%gq}ls amino acid

sequence Yearencsthel is pf Ingst S%ﬁpmologous to either the 16 or L germiine gene
20  sequence. Preferably, the nucleic acid sequence is at least 96%, 95%, 96%, 97%

homologous to either the L6 or L4/18a Vi germline gene sequence, and more preferably,
at least 98%, 99% homologous to either the L6 or L4/18a Vi germline gene sequence.
The Vy region of the huCD3 antibody is at least 80% homologous to the amino acid
sequence of the Vi region encoded by either the L6 or L4/18a V| germline gene

25  sequence. Preferably, the amino acid sequence of Vi region of the huCD3 antibody is at
least 90%, 95%, 96%, 97% homologous to the amino acid sequence encoded by either
the L6 or L4/18a V. germline gene sequence, and more preferably, at least 98%, 99%
homologous to the sequence encoded by either the L6 or L4/18a Vi, germline gene
sequence.

30 The huCD?3 antibodies of the invention have, for example, partially conserved

amino acid sequences that are derived from the DP50 germline. For example, the CDR1



The CDR2 of the huCD3 anti bodies includes, e.g., at |east the contiguous
am no aci d sequence DSVKG (SEQ ID NG 59) . For exanple, the CDR2 region

i ncludes the 5 contiguous am no acid sequence | WXl GX2X3X4X5YX6DSVKG ( SEQ
| D NO 60), where XlI, X2, X3, X4, X5 and X6 represent any am no acid. For
exanmple, Xi, X2, X3 and X4 are hydrophi lic am no acids. In some huCD3

anti bodies of the invention, Xl is asparagine or aspartate, X2 is arginine
or serine, X3 is lysine or asparagine, X4 is lysine or glutamne, X5 is
aspar t at eregampahagDB entivodiey bDthE eventitmdhave atXéist the vaitigneusamind &id ne. For 10

exanpl e, the VII | udes an am no acid sequence selected from
the gr oups%ﬁ?FQ‘f(?%%#Sﬂ)m&i@YADSVKG (SEQ I D NG 69), MAr YDGSKKNYADSVKG
(SEQ . NO: 70) , YhoWMDRDKIKY HRSVK entiboffes inolukiés, £.%), atleakt \Hewmwammsvm (SEQ

ID NO 72). The CDR3 region of h |bod|esc in, for
| east theaqéswchélﬁéﬂ‘gﬁ EE?CD% 3@55’%’1 ‘t‘%&%‘f’l D NO. 61)

where XA, anfhd acig ?&E.céw ERLXA0X 'ﬂXkIDS’VHGI(SEQED N©88), huCD3
ant i bodi es o%gugiﬁ i nvaentl (c)ln and XE aresneut ral am no_acids, XD is an

aromatic &hﬁm}(na&,é(a,féﬁé%@ﬁ %EPEQSPP%EY pring 2pidy FELHGmPIe: XiriteeXs®@ld. For
exanpl e, ﬁpﬂloéﬁﬂl@ GmiHo Aldd! HLAR huéﬁ3'a§t1l§&ﬁi&%ﬂféem%tx@f? )(3'1@”' ne, Xe is

aspar agi ne or tophan, XD is tryptophan or histidine, lor XE is 20
prol i ne orspaegiierveaspRtate,Sedfpigmine ds SerEoRA: wé@lwrlamarw@sxeistlworhe

conti guous, m No A Y NAEEER. g,%tgp NRR2) a@kink Nercont i guous
anm no aci & énégé %@%%E%% ?@8 NSE s %ﬁe h‘lIJICD3 rant| bodi es
i ncl ude a ekampiewnr ¥y CDREgegion (nﬁlitdv_s)antahmo withseghense sélectabrom theerarpsequence
W/RQAPGKGLEW/ Rp djﬂf f the 25 invention include
a fr ammfﬂns?té‘%g%'i EE%%W% corﬁlg’f n h@s’a no aci d sequence
RFTI SRONSHWVBGIKKSDRABEVEG(SEQ IDSRQ 70 VIR DGFKKSOMDINBISEQ TP bodi es
i ncl ude t nt i S (SEQI1) NO 64) at a
position Eﬁ%{?ﬂ 9"%&%@6 eg onN\ép/ﬁ' exanpl e, the anti body
contains the cohé aneueglmﬂ‘lmcml atitib@iipsentein(or vAMGHe, eBE@L IR NO 65) at a 30
positiqgn that is C-terninal g%g(ﬁ u% t{bodi es
i ncl ude t KEPHEYAYS aé'ﬂﬁ‘ﬁg f‘ﬁqﬁﬁmgg{"gg B, fgﬁ%@%?@ I %g{) %OD'  66) at a
posi tion tfakp] d Nert@edthialy ahiind dvéd. GhisBme beCiDh antiﬂméleao@hellmmtmasl due in
SEQ I D NO_66 1,5, shown l;f’ﬁ‘b‘ §[Ie§ in the.V se uence the, 28F11 huCD3
ant) body (GeRS REBreLaTing AQHD Fp it RIRRIAR TR dID Tet B R * i n
anot her agR@Rphobid@nind¥ad! Forexmnpie] Xigh gheiread gludmine 88t is fgeonpre@vent i ng or
methionine, Xc is asparagine or tryptophan, Xp is tryptophan or histidine, and/or Xg is
20 proiine or leucine. For example, the CDR3 region includes either the contiguous amino
acid sequence GTGYNWTFDP (SEQ ID NO:62) or the contiguous amino acid sequence
QMGYWHFDL (SEQ ID NO: 63).
The huCD3 antibodies include a framework 2 region (FRW2) that contains the
amino acid sequence WVRQAPGKGLEWYV (SEQ 1D NO:73). huCD3 antibodies of the
25  invention include a framework 3 region (FRW?3) that contains the amino acid sequence
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCA (SEQ ID NO:74).
Some huCD3 antibodies include the contiguous amino acid sequence VIVSS
(SEQ ID NO:64) at a position that is C-terminal to CDR3 region. For example, the
antibody contains the contiguous amino acid sequence GTLVTVSS (SEQ ID NO:65) at a
30 position that is C-terminal to the CDR3 region. Other huCD3 antibodies include the
contiguous amino acid sequence WGRGTLVTVSS (SEQ ID NO: 66) at a position that is



5 alleviating a synptom of an i mune-rel ated di sorder by adm nistering an
huCD3 anti body to a subject. Optionally, the subject is further

adm nistered with a second agent such as, but not limted to,
anti-inflammatory conmpounds or itnnunosuppressive conpounds. For exanpl e,
subjects with Type | diabetes or Latent Autohrunune Di abetes in the Adult
(LADA), are also adm nistered a second agent, such as, for exanple, GP-1
10 or a beta cell resting conpound (L e. , a conpound that reduces or

gt her i se dl i3 wlo R giofl] RS BginhliBriai iREEQIDINUKS IANBRE, Bpener s) .
Sui t abl e conpounds 1 nclude; but are not limted to nethotrexate,

cycl ospor exandplé,iimthedti seguentesforthe A§1d huels|aptibady(FEQ AP NG manddhon) |

tacrolimu rticost. i tahicns, interferon beta, Rem cade
(1 nflixi %%5%%%‘1?@4%%&%&?@-6 ind Hunira (Adal i mumab). 15The subject is
suf fering fronTmmother gpe thpmyention pravides nsfiodgofdrealingrreyentigar ed di sor der,

such as, fgr .exanple, an autoi mi i I -4 0f | y di sorder.
I'n anogheraﬁﬁ’éﬁgjéta,sy?lhtém} \?8#?‘“‘6‘%"“%?%%4 %gogﬁ%é? ﬁ%@{sh]g(t) nggm ni g? ering the
huCD3 ant iahéisy @ a fubfect. MOgivhaldy) tHeaubjestibfuether adminstered witharseoogd agatt or  af t er
organ or tissue transplantatj.o For. exanple,, the hu nt.j body of the

i nvent i on St a5st nptdt ‘Feaé?’ aB?"'%&‘W%WﬁPH’B%‘]mé%H i ﬁp %Ssr“é%n or tissue

t r anspl antgihihds. BirEkarkiSGRbjedts @hth Qypd HEaidRA\Y NatEntrAwgeirenube Diateteser i es of
representations of the nucleotjde sequence and am.no ﬁCi d 2 %ﬁ%ulgnces for
the vari ab® teAdyR(LARA) 25 Hlsqdenipisistrg asegang agentsuehas, 101 8RBl oty 28F11.
Fi gur q¢ Aoflﬁaa%alfeml RlpBRid @8, § BSRIHaE RPRAGEEr sthawirmitdbitlse regi on of
the heavy chain, and Figure 1B represents the amno acid sequence encoded
by the nudhsubn relesse sephes petasiEnahanAeloPEITE: 1A, wherein the CDRs are

hi ghl'i ghted wi gl Rax&mpofhdhdudeCol GRI ok BrktbeiohahdRikhideysRepoginge encodi ng

the variable region of 'the |light chain, and 30 Figure 1D represents the
ani no_aci dinskidinerforexamplsexFlosporhaiorramiBen) dacrebinie ARUCRBNAS SRURS: gure 1C,
wherein the GRS, &&M%g %ﬁ&im%)pﬁﬁﬁﬁ-(ﬁmﬂc?t} anl Gifrad Adslinh@hdtys of

representations of the nucleotide sequence and amino acid sequences for the
vari aldise | i ght Thasubjest issbffesingefeopy oy is gredispossd ta ¢ryelRpiopan HRPIKIEHed3F10, with

Figur e 2A & SPeP SAA dsfde bXMugit) Gh BRbinRRRANENCR of RIS BRowal | abl e T egi on
of the heavy chain, Figure 2B representing the am no acid sequence encoded
by the nucl eot lmlsnobhes aspaesribe inyiutign frevidssguatieods of admigigieanp thehipPdsent i ng t he
nucl eoti d . ' T ; 18Pk of } hghd chain, and

Fi gure 2D%Pé%o(ryﬁ:'—{lg)g?Pt%i“E‘gﬁﬁﬁﬁgrlet%glnsl1i1 ga C|°g$gg&g{eg%%e‘encpge%ﬁgy t he nucl eoti de
sequence siaoyparitatioki forexadple, the huCD3 antibody of the invention is used to treat or

20 prevent rejection after organ or tissue transplantation.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a series of representations of the nucleotide sequence and amino acid
25  sequences for the variable light and variable heavy regions of the huCD3 antibody 28F11.
Figure 1A depicts the nucleotide sequence encoding the vari_able region of the heavy
chain, and Figure 1B represents the amino acid sequence encoded by the nucleotide
sequence shown in Figure 1A, wherein the CDRs are highlighted with boxes. Figure 1C
depicts the nucleotide sequence encoding the variable region of the light chain, and
30 Figure 1D represents the amino acid sequence encoded by the nucleotide sequence shown

in Figure 1C, wherein the CDRs are indicated by boxes.

10



Figure 3 is series of representations of the nucl eotide sequence and am no
aci d sequences for the variable |light and vari abl e heavy regi ons of the
huCD3 anti body 27H5. 10 Figure 3A represents the nucl eoti de sequence
encodi ng the variabl e region of the heavy chain; Figure 3B represents the
am no aci d sequence encoded by the nucl eoti de sequence shown in Figure 3A
Figure 3C represents the five nucl eoti de sequences encodi ng the vari abl e
region of the light chain for the 27H5 clone; Figure 3D represents the five
am no acid segFigme@ds smeoofrdpiesentatiensnfdhenicledbdswairapcay ashivwwerid n Fi gur e

3C, and Figure 3 5 is.an.alighmen f fiv i Chai t he

cl one 27I—B%“96??8?gi‘ %Pea"ﬁ“%@?lé tg'g@t'ﬂagllc%e%%% égst&rt%éw gb%@é@lé@?@

r epr esent it FR@RSEA Y@resaitingGhamictbolide dehadnce edcuding the vanitdere@ionnf thee KEY row
represents a conservative nutatiop: and adperi od eS%c}d .Q hge PiE\{.drow

repr esent §°%Y§BW’CF6$P§%?@£?W?FE“%§§§% FBRO 2 §EEE 5‘5 PSSP YIS

repr esgnt aiduents sRéwit ferige bR OFibEe 26aeprenatngihe nadkidiide 2ueare dncdingences f or
the variable |ight and varjabl e heavy regions of ,thﬁ huCD3 anti body 15C3,
wi th Fi guthe wrahlepmeoashthelight thaingnd ngbfg%‘aﬁféh%t BABBGAAY t he variabl e

region of RAYed BRinE nublbalidk RedtRndcRRE®A BbiERG 2the ami no acid sequence
encoded bf}&{&ﬁ%&nucl eo??demslequence shown in Figure 4A, Figure 4C

representing tFiguedds prish ebrepreeniatignesfcbe nusirobas gueme Ak#miaprdd r egi on of
the |ight ag Bhdds i‘o%hé%atﬁé@t%?@@ﬁiabmaﬂ Riofs SRhRATEPiRBEN) 715, t he two

am no aci equences encod t he nucl eot'de sequences shown in Figure
AC. Filur Eighré 3A eapreatritgihrpneledtidpisequenny cnprdingthe wsjableresion ofthahedvy egi ons of
the 15C3, 27H5. (3 A AR BohcB SnddBd byAfie hitSeos 8QugiREN! | ne
sequence, C%%%ﬁ%ﬂngagggp}éﬁ@gvy ] Oi n%‘éﬁdg)%of s%qgenc)g;ﬁeand thgaﬁﬁmﬁn heavy

j 0i ni ng 2 shaquiafigre TALFIODR3C0epresgnts e favenucleotideseeuindes eneodinig thequence.

(var al o g Pl TR ehBb'hdjfle iifs s SR Rl SAL s 8 abil6 0%
as the L6 agdrsequenes segdehinethe ndediiderasqukagsp showsi in FisyreSG eadiBigye 3End t he
huren 20Re G o SR TR ol B 21, BhEph I ek och
the 15C3 (mwalastadl @abeled KEY) represents a conserved amino acid in that column; a colon (3)
in the KEY row represents a conservative mutation; and a period (.) in the KEY row
represents a semiconservative mutation. '
Figure 4 is a is series of representations of the nucleotide sequence and amino
20 acid sequences for the variable light and variable heavy regions of the huCD3 antibody
15C3, with Figure 4A representing the nucleotide sequence encoding the variable region
of the heavy chain, Figure 4B representing the amino acid sequence encoded by the
nucleotide sequence shown in Figure 4A, Figure 4C representing the two nucleotide
sequences encoding the variable region of the light chain for the 15C3 clone, and Figure
25 4D representing the two amino acid sequences encoded by the nucleotide sequences
shown in Figure 4C.
| Figure 5 is an alignment depicting the variable heavy chain regions of the 15C3,
27H5 and 28F 11 huCD3 antibodies as well as the DP-50 germline sequence, the human
heavy joining 5-02 sequence, and the human heavy joining 2 sequence. The CDR

30 regions are indicated for each sequence.

11



l'ight chain 2, Le., "VL2") and 27H5 VL2 huCD3 anti bodies, as well as the
L4/ 1 8a gernline sequence, the human kappa joi ning 4 sequence and the human
kappa joining 5 sequence. The CDR regions are indicated for each sequence.
Figure 8 is an alignment depicting the Vis.11 variable regions of the 27115
VL1 10 huCD3 anti body and DPK22, as well as human kappa joining 5 sequence.
The CDR regions are indicated for each sequence. Figure 9A is a graph
depicting anti body binding to CO3 nol ecul es at the surface ofJurkat cells

using a vari et ¥.0f Ao hk alifadeandeplRads 8 VN ehiyblawggioheofARF-ISIC3 27H5VLL,
27H5VL2, 15C3VLI and 15 L2 hu anti bodi es of the inyention. Figure 9B
is a 15 gl(emiblddightshiing, ie1s ") andy2851 1 Bulla} angibgdigs. a3 Wek aipsLént i bodi es,

i ncl udi ng _the. 2 2 iRo 4 deafranée Indiihe nimGESMpga fiaGB1 ant i bodi es
of the in&%ﬁ?ﬂgér%%%%wi %E‘lﬁgﬂln%mtcﬁé%}{h mééof t he murine adr?t%ia-CDB ant i body
OKT3 to Ch&yuensi Mhe EDReteions & indicated doriegctnseguagh depi cting the antigenic

nodul ati on of d TCR fromth rf i . od T
cells By a var @Vaf;‘fs A @F&gaeghctlpgglgi@?aﬁ%é% |ﬂs§&ﬁhée 2%!@%‘4&;&8 27H5VL1,
27THOVL2,  Yiafdi¥hih 220, DA Yhad TWHGDBL BintdDfotitibsdied, ad well asthehdildn. Fi gure 9D
is a graph depicting the effect of .a variety anti.- ant i bodi.es. including
e 28711 B GEOTos; T Diatan FRPSARAInE A Goopetes s U st RIPRROIFES of ¢ he

i nventi on,gepande: @I‘ﬁEb[ﬁ(ﬁ%ioﬂ@ﬁ:@ﬁﬂdiﬁ&ted%}gdaéﬁsehﬁeﬂc& an illustration depicting
the binding pattern of t

t [ 1e fully human 25 nonpocl onal ?Bi[?l %@Fll on a
peptide array Hisurafid applignmentdépinting thecY el wawhletemonsot thed si | on
chain. i bPKD2 SBWefiSs Rim&H BpPSiotemt $idqiehcthend eprl  of
cytokillge rtheasag%ogg%&%Qgggu’re teo wﬁ{“ﬁ-t%gg ]£8F1 hlfllCD3 -anti body (28F11W),
a nut at ed r@8ékshrhindiosted forichedhdgquencd.ng a L234 L235 4 A234 A235 nutation

(28F1 1 AR, a”df%gﬁﬁb%%@g%}gﬁ%%ﬂ% BRI R RIRRf RS 4 A234

E235 nutation Spicts”the |eve - al pha rel ease
upon exposifiekitaeldieie avarictyod s CD3ratiRidigs iacladipg the?8ELL 2fH&VLbvel  of

interfero e. I : T S igRvent i on
provi des Wﬁﬁuﬁﬁ%%@@ﬁ%ﬁfﬁq I gggésggé%ﬁgeﬂgégi ﬁig%m(%%?}ggpsi | on
chai n (5CD3g3ph dEpietiagihi: bitliyas aamdety e§ €D entybordish.dneleding G A8Fdin i s huCD3
ant i bodi es,. 00 11 SAviATPEVIA andl1sESOES nlidS aBBEOF L ANBRiR ALY PEPL i des

in mature

inhibit the binding of the murine anti-CD3 antibody OKT3 to CD3 positive cells. Figure
9C is a graph depicting the antigenic modulation of CD3 and TCR from the surface of
human peripheral blood T celis by a variety of anti-CD3 antibodies, including the 28F11,

20 27H5VL1,27H5VL2, 15C3VLI and 15C3VL2 huCD3 antibodies of the invention.
Figure 9D is a graph depicting the effect of a variety anti-CD3 antibodies, including the
28F11, 27H5VL1, 27H5VL2, 15C3VL1 and 15C3VL2 huCD3 antibodies of the
invention, on T-cell proliferation.

Figure 10 is an illustration depicting the binding pattern of the fully human

25  monoclonal antibody 28F11 on a peptide array derived from the amino acid sequence of
the CD3 epsilon chain.

Figure 11 is a series of graphs depicting the level of cytokine release upon
exposure to wild-type 28F11 huCD3 antibody (28F11WT), a mutated 28F11 huCD3
antibody having a L%* L¥% > A% AP mutation (28F11AA), and a mutated 28F11

30  huCD3 antibody having a L?** L** > A”* ™ mutation (28F11AE). Figure 11A
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| ynphocytes that are non-coval ently associated with one another and with
the T-cell 10 receptor. The CD3 conpl ex includes the gamma, delta, epsilon,
zeta, and eta chains (also referred to as subunits). Non-human nonocl onal
anti bodi es have been devel oped agai nst sonme of these chains, as exenplified
by the nurine anti bodies OKT3, SP34, UCHT1 or 64.1. (See e.g., June, a al,
. I'mmunol. 136:3945-3952 (1986); Yang, a at, J. |mmunol.
137:1097-1100(1986); and Hayward, a aL, |mmunol. 64:87-92 (1988)). 15The

huCD3 ant iy Qﬁ]gﬂsﬁ'?elgﬁemm%@ﬂél%emh%x RS B sDMtibOIRY hetd FigurkWIB| | nes of

transgenic m m ce and the KML1" m ce (Medarex, Princeton
NJ). The kleﬁﬁ?@tlmievdboﬂ!m@sfemﬁl&ah@alrﬁl9§ﬁ{| on have one or nore of t he

foll owi ng characteristics: the huCD3 anti body binds to CD3 positive (CD3+)
cells but not CD3 negative (CD3-) cells; the huCD3 anti body induces

anti geni c nodul ati on which | PETAIEEDPDESCREPEONNs of the cell surface
expression levels of CD3 and the T cell receptor (TcR); or the huCD3

anti body i nhi bits_hi n aftbh FaRe onal anti body
to T-1ynphocyt CPHRE #Q%Bg%é’%{w%éggmés o% t"lhélmlﬂlrali\%gnt| oﬁlecorrpgﬂtce with the
nuri ne antapaiGETNdpshatichaidTR3ED rThoiandhadips e rGPectivalydeferpdotheesin s t he huCD3
anti body renpves or masks CD3 and/or TcR without affecting cell surface
expr essi ougP3 299“@92‘3 CD4 or CD8. The nasking of CD3 and/or TcR results in

the | oss or re@lﬂlkﬁﬂoﬁﬁleﬂ_ oﬂﬁléasﬁwelW@ibrmﬂbompﬁmdanh ok Bs of the
invention bind to a CD3 that |aII i nclu m no acid

gg Qr r#l Sth E

resi dues RyBpRgsyEs thabife pon-peyaisglly pSaratasVHR oh; HFBE‘@S"% Rane CD3
e]PS' L%Bglw&ato& %cm %Il;lﬂ@ie'tnc})da@s t%l@@dﬁhﬁ,ﬁ‘d%ﬂ&!%ﬂﬁﬁhf zetal) endoota mmegachb sEquence
o] e hurman epsilon subunit I's showy nBan
Accessi on rifstred togs sehmits)4 NonAwgps grpnogignay 6‘6“""%%[3"6@)%3%?@3

AAHA9847. Eﬁ&% of Emihﬁmstag%xé}h\%d% Hchpehhehhiishdica OI03, 8P34, @mlrt&t whol |y
or partially |nc udes t'he am no aC|d se uence éﬁﬁw %)TEY% %— (SEQID
NO 67). /ﬁ*ﬂie)(é’?ﬁpﬂ&r{rmﬁfm Jnﬁ@fé\‘}}oéﬂéﬁ B3} 80kt 2ng; HPY- epi t ope
is the 28K QMW g)gsag{dl aﬂpg@[nmﬁuﬂaj%m&igl(lgsﬁ)) body includes a

heavy chal n varl a regl on D NO 2) encoded_ by
15 The huCD3 antlbodles of the mvennon were produced by immunizing two lines

of transgenic mice, the HuMab™ mice and the KM™ mice (Medarex, Princeton NJ).
The huCD3 antibodies of the invention have one or more of the following
characteristics: the huCD3 antibody binds to CD3 positive (CD3+) cells but not CD3
negative (CD3-) cells; the huCD3 antibody induces antigenic moduiation which involves
20 alterations of the cell surface expression levels of CD3 and the T cell receptor (TcR); or
the huCD3 antibody inhibits binding of the murine anti-human OKT3 monoclonal
antibody to T-lymphocytes. The huCD?3 antibodies of the invention compete with the
murine anti-CD3 antibody OKT3 for binding to CD3, and exposure to the huCD3
antibody removes or masks CD3 and/or TcR without affecting cell surface expression of
25 CD2, CD4 or CD8. The masking of CD3 and/or TcR results in the loss or reduction of T-
cell activation.
The huCD3 antibodies of the invention bind to a CD3 that wholly or partially
includes the amino acid residues from position 27 to position 43 of the processed human
CD3 epsilon subunit (i.e., without the leader sequence). The amino acid sequence of the

30  human CD3 epsilon subunit is shown, for example, in GenBank Accession Nos.
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the nucleic acid sequence shown below in SEQ NO 1, and a light chain
variable region (SEQ I D NO 4) encoded by the nucleic acid sequence shown in
SEQ ID NO 3 (Figures 1A-1D). The am no aci ds enconpassing the
conplenmentarity determ ning regions (CDR) 10 as defined by Chothia et al.
1989, E. A. Kabat et al., 1991 are highlighted with boxes bel ow (see al so
Figures 1B and ID and Figures 5 and 6). (See Chothia, C et alL, Nature
342:877-883 (1989) Kabat, EA, et alL, Sequences of Protein of inmmunol ogical
| nterest, PE:JB 7?@@%%2 BESC 0427988 dalbl ABOSHOBlITERG SREMBlIEES, US
Gover nment " Pr |ng The heavy chain CDRs of the 28E11

ant i body Itl&vlmcnﬁmnﬁmidlymdngcw WME@@OIEW%@EQIP@?SN@ pipo acid

VI VWDGSI CKNYVDSV! ). The light
chain mewn%ﬁg%ﬁ@?ﬁ@%g have E ; | Eo@mﬁﬁggéelqugl%%g RAS@VS%YLA
(SEQ | D Neica@dloh¥hahiRedy (haEindddo NGs &ﬁyoparsdhmismmé%@ﬂjlm 32). 20

>28F11 VI | nucl eoti de, sequenc LD
CAGET CEAGEROA R SR O S R BRSO R R spooded by

CTCCTGT GC&%QE%TS SHoAGHEIGETIA BEQUNTIOACTERGTEOIEHAGEable
ee AGTTATAT AT T CGAA
B TROAES Y11 CRSICA AP R AP O3
GTATCT @Aﬁﬁ GAGAGCCGAGGACACGGCT GT GT ATTACT GT GCGAGAC
AAATGGCCT. GGCACTT T CTCTGGEEECCGT GGCAS &)1 VH am no
aci d sequence: Tpgg@np chplﬁj;nogy‘np%mg the comp ementanty etcrrmmng reglons

it el O

nucl eot i déckeqiernie Figee) B md\id ary) Figures 5 and 6) atirre

GAAATTGT Gl GEdJ&aEss dlégndal interest,
CCTCTCCT%&W@ GI'TAGCAGCTA TAGCCTGGTACCAACAGAAAC 35

. ; PEGOXPEEReAL Printing
Office (1991)). The heavy chain CDRs of the 28F11 antibody have the following

15  sequences: GYGMH (SEQ ID NO:27) VIWYDGSKKYYVDSVKG (SEQ ID NO:28)
and QMGYWHFDL (SEQ ID NO:29). The light chain CDRs of the 28F11 antibody
have the following sequences: RASQSVSSYLA (SEQ ID NO:30) DASNRAT (SEQ ID
NO:31) and QQRSNWPPLT (SEQ ID NO:32). '

20 >28F1ll VH nucleotide sequence: (SEQ ID NO: 1) |
CAGGTGCAGCTGGTGGAGTCCGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTGAGACT
CTCCTGTGCAGCGTCTGGATTCAAGTTCAGTGGCTATGGCATGCACTGGGTCCGCCAGG
CTCCAGGCAAGGGGCTGGAGTGGGTGGCAGTTATATGGTATGATGGAAGTAAGAAATAC
TATGTAGACTCCGTGAAGGGCCGCTTCACCATCTCCAGAGACAATTCCAAGAACACGCT

25 GTATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCGAGAC
AAATGGGCTACTGGCACTTCGATCTCTGGGGCCGTGGCACCCTGGTCACTGTCTCCTCA

>28F11 VH amino acid sequence: (SEQ ID NO: 2)
30 QVOLVESGGGVVQPGRSLRLSCAASGFKFSGYGMEWVROAPGKGLEWVAVIWYDGSKKY]
FTISRDNSKNTLYLQMNSLRAEDTAVYYCAR GRGTLVTVSS
>28F11 VL nucleotide sequence: (SEQ ID NO: 3) .
GAAATTGTGTTGACACAGTCTCCAGCCACCCTGTCTITGTCTCCAGGGGAAAGAGCCAC
COTCTCCTGCAGGGCCAGTCAGAGTGTTAGCAGCTACTTAGCCTGGTACCAACAGARAC
35 CTGECCAGGCTCCCAGGCTCCTCATCTATGATGCATCCAACAGGGCCACTGGCATCCCA
GCCAGGTTCAGTGGCAGTGGETCTGGGACAGACTTCACTCTCACCATCAGCAGCCTAGA
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GCCAGGT TCAGT GGCAGT GGGT CTGGGACAGACT TCACT CTCACCAT CAGCAGCCTAGA
GCCTGAAGATTTTGCAGTTTATTACTGT CAGCAGCGTAGCAACTGGECCTCCGCTCACTT
TCGGCGGAGGGACCAAGGTGGAGATCAAA 5 >28F11 VL amino acid sequence: (SEQ I D NO
4) El VLTQSPATLSLSPGERATLSCI RASQSVSSYLAWNQKPGQAPRLLI YPASNRATA P
ARFSGSGSGTOFTLTI SSLEPEDFAVYYCOQRSNWPPL1FGGGTKVEI K 10The 23F10 anti body

I ncl udes a heavy chain variable region (SEQ ID NO 6) encoded by the nucleic
aci d sequence shown below in SEQ ID NO 5, and a light chain variable region
(SEQ | D NGk-BycRAEoeeerdivclrie ARuaLeh TeRmi b CHaREenRe TSHOMITAATTBEQrTD NO 7.

The ani noaghEsceRsMmasSRachifT&dR as defined by Chothia et al. 1989,
E.A 15 Kabat et al., 1991 are highlighted with boxes bel ow. (see also

Figures 213, 2D). The heavy chain CDRs of the 23E10 antibody have the
followsng g Sam%GXE;%SEqué&é\D 2500) \tlnv\ﬁaesu §3KYYVDSVKG (SEQ I D

NG 28) " an %g dxreiaprh, COR RATE 23F10
ant i body

(SEQ ID 1 Ferdse

sequence: (SEQ ID NGO 5)

CAGGTGCAGCTGGT :
crocTad GCAMW@E%%%%% TS
ct m%%mméﬂmmﬁwmmmma@z chain
TATGTAGACTCCGTGAA TCACCATCTOCAGA TT GAACACCET GE0 ID
GTATCTGCARATRBMNeAer CTEARARNG Pl caegded k P PRCET R ER®

k§§§k D NG 30) "DASNRAT
>23F10 VII| nucl eoti de

AAAT GGEGECT Afel-68CCACT TCGAT CT CT GEEECCGT GGCACCCTGGTCACTGICTCCTCA 30 >23F10 VH
anm no aci seqguence;

SEQ ID NO_ 6
QVQL VOSGGGVW QS ERsrang eoldseye ( 3 Wﬁ@%ﬁ&?‘i"éﬁ%ﬁ‘?mﬁ? E.A.
11/ VDYKGREELIREINTSOIT b WM%EWEDO FEREERETYSS BE >23F10 VL

nucl eoti de sequence: (SE

WTTG@WM@MMW&MM&%‘R&é&%@M (SEQ

NO:29). The light chain CDRs of the 23F10 antibody have the following sequences:
RASQSVSSYLA (SEQ ID NO:30) DASNRAT (SEQ ID NO:31) and QQRSNWPPLT
20 (SEQID NO:32).

>23F10 VH nucleotide sequence: (SEQ ID NO: 5)
CAGGTGCAGCTGGTGCAGTCCGGGGGAGGCGTGGTCCAGTCTGGGAGGTCCCTGAGACT
25 CTCCTGTGCAGCGTCTGGATTCAAGTTCAGTGGCTATGGCATGCACTGGGTCCGCCAGG
CTCCAGGCAAGGGGCTGGAGTGGGTGGCAGTTATATGGTATGATGGAAGTAAGAAATAC
TATGTAGACTCCGTGAAGGGCCGCTTCACCATCTCCAGAGACAATTCCAAGAACACGCT
GTATCTGCAAATGAACAGCCTGAGAGGCGAGGACACGGCTGTGTATTACTGTGCGAGAC
AAATGGGCTACTGGCACTTCGATCTCTGGGGCCGTGGCACCCTGGTCACTGTCTCCTCA

30
»23F10 VH amino acid sequence: (SEQ ID NO: 6)
OVOLVQSGGEGVVQSGRSLRLSCAASGFKF S[GYGMHWVROAPGKGLEWVAVILRYDGS
[FVDSVKGRFTISRDNSKNTLYLOMNSLRGEDTAVYYCARQMGYWHFDLIWGRGTLVTVSS
35

>23F10 VI: nucleotide sequence:; (SEQ ID NO: 7)
GAAATTGTGTTGACACAGTCTCCAGCCACCCTGTCTTITGTCTCCAGGGGAAAGAGCCAC
CCTCTCCTGCAGGGCCAGTCAGAGTGTTAGCAGCTACTTAGCCTGGTACCAACAGAAAC
40 CTGGCCAGGCTCCCAGGCTCCTCATCTATGATGCATCCAACAGGGCCACTGGCATCCCA
GCCAGGTTCAGTGGCAGTGGGTCTGGGACAGACTTCACTCTCACCATCAGCAGCCTAGA

15



40 CTGGCCAGGCTCCCAGGCTCCTCATCTATGATGCATCCAACAGGGECCACTGGECATCCCA

GCCAGGT TCAGT GGCAGT GGGTCTGGGACAGACTTCACTCTCACCATCAGCAGCCTAGA  GCC TGAAGATT T
TGCAGTTTAT TACTGI CAGCAGCGTAGCAACTGECCTCCGC T CAC T T
TCGGCGGAGGGACCAAGGTGGAGATCAAA 5 >23F10 VL amino acid sequence: (SEQ ID NO
8) E | VLTQSPATLSLS PGERATLS C1RAS QSVSSYLAI WQKPGQAPRLL | 11DA SNRATI G |
P ARF S GSGSGTD F T LT |~ S SLE PEDFAVYYCOQRSNW P PLTI FGGGTKVE | K The 27H5
anti body i ncludes a heavy chain variable region (SEQ ID NO 10) 10 encoded
by the nuglgireaehersastugneaasiavrcherorntceIBEQARDTNGCOTCarTardTTght chai n

vari abl e megi-ehciehbestehddreentiecaanno aci d sequences shown bel ow i n SEQ
I D NOS: 16-20 and encoded by the nucleic acid sequences shown in SEQ I D NO

11-15. As described herein in Exanple -2, a single clonal hybridoma derived
fromthe I;t%@rwmweam HeGReR88: PLOsyICED md:t ispl e | i ght chains for a
singl e he %'.PRTL M..! FeRti ARV O ‘L.‘.(.‘u- @I@Lbﬁg@@ produced

is tested (%r Dok g T kN anmpl e 2.
The ami no “&¢| gs encorrpa55| n -o by Chothia et al. 1989,

E. A Kabat et | so Fi
A abat ot ah ool éwggw b A
NG '32?“’”9?%‘%%‘@?@%3“8“%&%@%‘8&5?% TN S

an |
anti body HWageb! ?W@W&F]fgfﬁﬁ%@mé}é"qﬂﬁ‘éﬂ% agds eé%@%@%x%ﬁ%ﬁ@@ia GASSRAT
(212 aompm e it SN s
and 25 WASIOS @Mﬁeleﬁé‘wlwé%geggﬂgw offi "“tﬁ fé“%sg%ﬁg@c"e& (SEQ I D
NO. 9) CA peer -

e hraplaigh »
CTCCTGTGCAGCGTCTGGATT TCAGAAGCTAT TGCA GG 30,
ammmmmﬁﬂ?é@eﬁm‘égﬁﬁt

TAT&A@CMW%ATCT CCAGAGACAATTCCAAGAACACGCT
GTATCTGCAAAT GAACAGCCT GAGA GGACACGGCI TTACT
' E%%%@Z?I% VH am no

aci d sequegngai et(aiSEIQQI L }Rﬂhgﬁl@ﬁ with boxes below. (see also Figures 3B, 3D, 5, and 7-

8). The heavy chain CDRs of the 27HS5 antibody have the following sequences: SYGMH

20 (SEQ ID NO:33) IWYDGSKKNYADSVKG (SEQ ID NO:34) and GTGYNWFDP
(SEQ ID NO:35). The light chain CDRs of the 27HS5 antibody have the following
sequences: RASQSVSSSYLA (SEQ ID NO:36); GASSRAT (SEQ ID NO:37);
QQYGSSPIT (SEQ ID NO:38); RASQGISSALA (SEQ ID NO:39); YASSLQS (SEQ ID
NO:40); QQYYSTLT (SEQ ID NO:41); DASSLGS (SEQ ID NO:42); and

25 WASQGISSYLA (SEQ ID NO:43).

>27H5 VH nucleotide sequence: (SEQ ID NO: 9)
CAGGTGCAGCTGGTGEAGTCCGGGEGAGGCETGGTCCAGCCTGGGAGGTCCCTGAGACT
CTCCTGTGCAGCGTCTGGATTCACCTTCAGAAGCTATGGCATGCACTGGGTCCGCCAGE

30 CTCCAGGCAAGGGGCTGGAGTGGGTGGCAATTATATGGTATGATGGAAGTAARAARAAC
TATGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACACGCT
GTATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCGAGAG
GAACTGGGTACAACTGGTTCGACCCCTGGEGCCAGGGAACCCTGGTCACCGTCTCCTCA
>27H5 VH amino acid sequence: (SEQ ID NO: 10)

35  QVOLVESGGGVVQPGRSLRLSCAASGFTFRESYGMAWVRQAPGKGLEWVAI TWYDGSKKN

[YADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARGTGYNWFDRWGOGTLVIVSS

16



35 QVQLVESGGGVVQPGRSLRLSCAASGFTFRI SYGVHWRQAPGKGLEW/AI | | WYDGSKEN
f r ADSVI CONTI SRDNSKNTL YL OVNSL RAEDTAVYYCAROTGYNWFDPOGQGTLVTVSS  >27115 VL1
nucl eoti de sequence: (SEQ ID NO 11)
GAAATTGT GTTGACACAGT CTCCACGCACCCTOTCTTTGT CTCCAGGGGAAAGAGCCAC
CCTCTCCT GCAGGGCCAGT CAGAGT GT TAGCAGCAGCTACT TAGCCTGGTACCAGCAGA
AACCT GGCCAGGCT CCCAGGCTCCTCATCTATGGT GCAT CCAGCAGGGCCACTGGCATC 5
CCAGACAGGT TCAGT GGCAGT GGGT CTGGGACAGACT TCACT CTCACCATCAGCAGACT
GGACCCT GARCKHET Vet ATrairaatiater GrRERerAET ATRES ABCTOACEEATCACCT
TCGGCCAAGGAAGATGACT CERCHIARA CrACSERECTRACT TRRIICESC RHECERMBAREAQ SEQ | D
NO 12) GATATICTEATBACETRSICROASATCETEECHRSIIAATEACTACEATCARSERBAC
MTMUTGMGG@GM@WWW@W%@TC

: 7 FECCHGCAGACT
TCAAGEWTCAEEEExmﬁmEE%aTﬂTﬁE3Q3g3ﬁrTAGmE?CH@QﬂﬁﬁﬂmgﬁsaﬁéﬁﬁﬁﬁﬁﬁﬁﬂgﬁcCT
GCCTGAAGATICTERGCAAGETATAPEEG TGASBAGEAR T ATAGT ACCCTCACT TTCGGCG
GAGGGACCAAGGTGGAGATCAAA >27115 VL3 nucl eoti de sequence: (SEQ ID NGO 13) 20

GACATCGTGATGACCCAGTCT CCTCCCTGTCTGCA GA GTCAC
CATCA% g %"ﬁx : EA
CAGGGAAGERCRTAREEA ECAEATRY ¥ e AGICAC
TCAAGGTTCARSACABPEERATCTRAS IAALSAFTTER AGAAAC
GOCTGAAGA FRERERRACT T AT RS ARACTFRTTATH cca
GAGGGACCARSBASEAGARMBAERCAGTRGANGLPSHACEERT ; 14)
GACAT@éAG@I@!@éé&é?@TWW&?@%%ﬁ
CATCACT T GRS ESA AR R e A AN GT TAT T TAGCCT GGTATCAGCAAAAAC
CAGCAAAAGCCCCTAAGCTCTTCATCTATTATGCATCCAGT TTGCAAAGT GGGGTCCCA
TCAAGGTT ?ér EACACT CE A G REAGGAGCCT GCA
¥éﬂ5&§£§? FEOT AT AT AR EERGRERAGTCAC
GTCAGGGCATTAGCAGTGCTTTAGCCTGGTATCAGCAGAAAC

CAGGGAAAGCTCCTAAGCTCCTGATCTATGATGCCTCCAGTTTGGGAAGTGGGEGTCCCA

TCARGGTTCAGCGECAGTGGATCTCGGACAGATTTCACTCTCACCATCAGCAGCCTGCA

GCCTGRAGATTTTGCAACTTATTACTGTCAACACGTATTATAGTACCCTCACTTTCGGCG
25 GAGGGACCAAGGTGGAGATCAAA

>27H5 VL4 nucleotide sequence: (SEQ ID NO: 14)
GACATCCAGATCGACCCAGTCTCCATTCTCCCTGTCTGCATCTGTAGGAGACAGAGTCAC
30 CATCACTTGCTGGGCCAGTCAGGGCATTAGCAGTTATTTAGCCTGGTATCAGCAARAAC
CAGCAAAAGCCCCTAAGCTCTTCATCTATTATGCATCCAGTITGCAARAGTGGGGTCCCA
TCAAGGTTCAGCGGCAGTECGATCTGGGACCGGATTACACTCTCACCATCAGCAGCCTGCA
GCOCTGRAGATTTTGCAACTTATTACTGTCARCAGTATTATAGTACCCTCACTTTCGGCG

GAGGGACCAAGGTGGAGATCAARA
35

»27HS VL5 nucleotide sequence: (SEQ ID NO: 15)
GACATCGAGATGACCCAGTCTCCATTCTCCCTGTCIGCATCTGTAGGAGACAGAGTCAC
CATCACTTGCTCGGCCACTCAGGEGCATTAGCAGT TATTTAGCCTGGTATCAGCAAAARLC

40 CAGCAAAAGCCCCTAAGCTCTTCATCTATTATGCATCCAGTTTGCAAAGTGGGGTCCCA
TCRAAGGTTCAGCGGCAGTGEATCTGGGACGCATTACACTCTCACCATCAGCAGCCTGCA
GCCTGAAGATTTTGCAACTTATTACTGTCAACAGTATTATAGTACCCTCACTTTCGGCG
GCAGGGACCAAGGTGGAGATCAAA

45 »27#H5 VL1 amino acid sequence: (SEQ ID NO: 16)
EIVLTQSPRTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIYGASSRATGI
PDRFSGSGSGTDFTLTISRLDPEDFAVYYCOOYGSSPITIFGQGTRLEIK
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35 >27115 VL5 nucl eoti de sequence: (SEQ ID NO 15)
GACATCGAGATGACCCAGTCTCCATTCTCCCTGTCTGCATCTGTAGGAGACAGAGT CAC
CATCACTTGCTGGGECCAGT CAGGGCATTAGCAGT TATTTAGCCTGGTATCAGCAAAAAC 40
CAGCAAAAGCCCCTAAGCTCTTCATCTATTATGCATCCAGT TTGCAAAGTGEGGTCecA

TCAAGGT TCAGCGGCAGT GGATCTGGGACGGATTACACT CTCACCATCAGCAGCCTOCA
GCCTGAAGATTTTGCAACTTATTACTGTCAACAGTATTATAGTACCCTCACTTTCGGECG
GAGGGACCAAGGTGGAGATCAAA 45 >27115 VL1 amino acid sequence: (SEQ ID NO 16)
El VLTOSPRTLSLSPGERATLSO MSQSVSSSYLAWYQOKPGQAPRLLI t ASSRATI G
PDRFSGSGSGROEEL 7.2 RhihPibFRAAY GagveBSeE T SIENGIRIMNE:K17327H5 VL2 ami no acid

sequence: dﬁﬁ@@b@sH@AQ\?aDRVTIT SQGISS QOKPGKAPKLLIY[YASSLOSGVP
DI LM QSPSPryaaaoybl #1 At S SaOphl 1BHEEP SRFSGSGSGIDYTLTI
SSLQPERFATYYcl OQYYSTLI | FGGGTKVEI K 5 > am no acid sequence: (SEQ ID

NO 18) DI VMIQS P SSLSASVGEDRVT | Tt ASQE S SALAIWYQOKPGKAP KLL |
Yl DASSLGSIQVRsSHES GRi kS ;@'H'Qe'&ugngeSL@E@% e @@YYSTLTFGEGTKVEI K 10
d 133

>27115 VL PGKAPKLLI ATEY
BT

DI QVITQSPF
SRFSGSESGT 15

=27H5 VL4 amino acid sequence: {(SEQ ID NO: 18)
DIQMTQSPFSLSASVGDRVTITCWASQGISSYLAWYQOKPAKAPKLFIY[YASSLOSGVP
SRFSGSGSGTDYTLTISSLOPEDFATYYCQQYYSTLT GTKVEIK

15
>27HS VLS amino acid sequence: (SEQ ID NO: 20)
DIEMTQSPFSLSASVGDRVTITCWASQGISSYLAWYQOQKPAKAPKLFT VP
SRFSGSGSGTDYTLTISSLOPEDFATYYCQQYYSTLTFGGGTKVEIK

20

The 15C3 antibody includes a heavy chain variable region (SEQ ID NO:22}
encoded by the nucleic acid sequence shown below in SEQ ID NO:21, and a light chain
variable region selected from the amino acid sequences shown below in SEQ ID NOS:
25-26 and encoded by the nucleic acid sequences shown in SEQ ID NO:23-24. As

25  described herein in Example 2, a single clonal hybridoma derived from the HuMAb®
transgenic mice can produce multiple light chains for a single heavy chain. Each
combination of heavy and light chains produced is tested for optimat functioning, as
described herein in Example 2.

The amino acids encompassing the CDR as defined by Chothia et al. 1989, E.A.

30 Kabat et al., 1991 are highlighted with boxes below. (see also Figures 4B, 4D, and 5-7).
The heavy chain CDRs of the 15C3 antibody have the following sequences: SYGMH
(SEQ ID NO:33) AIWYNGRKQDYADSVKG (SEQ ID NO:44) and GTGYNWFDP
(SEQ ID NO:35). The light chain CDRs of the 15C3 antibody have the following
sequences: RASQSVSSYLA (SEQ ID NO:30); DASNRAT (SEQ ID NO:31);

35 QQRSNWPWT (SEQ ID NO:45); RASQGISSALA (SEQ ID NO:39); DASSLES (SEQ
ID NO:46); QQFNSYPIT (SEQ ID NO:47).

18



>27115 VL5 am no acid sequence: (SEQ I D NO 20)

DI EMTQSPFSLSASVCGDRVTI Tt ASQGE SSYLAPYQKPAKAPKLFI Y1 YASSLQSI GVP
SRFSGSGSGTDYTLTI SSLOPEDFATYYOQQYYSTLTFI GGGTKVEI K 20 The 15C3 anti body
i ncl udes a heavy chain variable region (SEQ ID NO 22) encoded by the

nucl eic acid sequence shown below in SEQ I D NGO 21, and a light chain

vari abl e region selected fromthe am no acid sequences shown bel ow i n SEQ
| D NOS: 25-26 and encoded by the nucleic acid sequences shown in SEQ ID
NO 23- 24. AscaSvileatsi e diesRigiehBe EXoomt a? Noa 2iahgl e cl onal hybri doma
derived fromdraeaboMOradi@nagenceatbcercerTqraudacecnuttetesAdagitt chai ns
for a singlecheawyrehatdredmaaitacereneticrraiciraacyaandetTaitcaing ns
produced igrdagketabetc@RidimcacrethertAtATE AR GEhRca vt @it Exanpl e
2. The sanifHaRGGHsreReREDASHIcteAThesCBRrercarionedalrycChntineneical . 1989,
E.A 30 KebgircehcaharelfSkdienbhabbcatétchadddrdromasthetemodsirs al so

Fi gures 413, AHccRREaRTTdaTTIR B RY cabaEAsddiRT cefratitend S6ECpRitd0dy have
the foll owm ng sequences: SYGVH (SEQ JD NO 33) Al WNGRKQDYADSVKG (SEQ I D

NG 44) and GITGYNWFDP (SEQ I D NO 35). The light chain CDRs of the 15C3

antib 3t Lﬂiﬁgvg&gi %Qggs (WQ/S@YLQZ() SEQ I D NO 30); DASNRAT
(SEQ | s S5 Qur P NG _ ‘  39) ;
DASSLES ( 5 = tide
sequence:
CAGGT GCAGCT GGT GCAGT CT GEGGGAGGOGT GGT CCAGCCCGEGAGGT COCT GAGACT
CTCCTGLGTA! IT .'I'[EAGTAGCTAT. 3 %i:GCCAGG
CTCCA 1! coc oA sRsccac
TATGCAGA XL 1 ( GARAC
GTATCT ¢ {
GAACTGGGT o : a5 b C3 VH
am no _aci & ‘ ; < .
QUQLV - PR BRI R RER D ¢
| YADSVORFH CTROTGYNWFDPWEQGTLVTVSS 15 >15C3 Vi
nucl eoti de sequence: (SEQ ID NO 23)
GAAATTGTGIT, CT CCCTGTCTIT (3 GCCAC
CC&C;:%T N ; §§ f:(; AGTCAC
CT _ T
SOCAGTTT - T AT T A GCCT AGAAAC

§ IR AEARA] —

TCAAGGTTCAGCEGCAGTGGATCTGGEGACAGATTTCACTCTCACCATCAGCAGCCTGCA
GCCTGAAGATTTTGCAACTTATTACTGTCAACAGTTTAATAGTTACCCTATCACCTTCG
30 GCCAAGGGACACGACTGGAGATTAAA

>15C3 VL1 amino acid sequence: (SEQ ID NO: 25)
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATIGIP
35 ARFSGSGSGTDFTLTISSLEPEDFAVYYCORSNWPWTFGQGTKVEIK

»15C3 VL2 amino acid sequence: (SEQ ID NO: 26)
AIQLTQSPSSLSASVGDRVTITCRASQGISSALAWYQQOKPGKAPKLLIYDASSLESGVE
40 SRFSGSGSGTDFTLTISSLOPEDFATYYCQQFNSYPITFGQGTRLEIK

huCD3 antibodies of the invention also include antibodies that include a heavy
chain variable amino acid sequence that is at least 90%, 92%, 95%, 97% 98%, 99% or
more identical the amino acid sequence of SEQ ID NO:2, 6, 10 or 22 and/or a light chain
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20 GCCTGAAGATTTTGCAGITTATTACTGICAGCAGCGTAGCAACTGECCGTGGACGTTCG
GCCAAGGGACCAAGGTGGAAATCAAA >15C3 VL2 nucl eotide sequence: (SEQ ID NO 24)
25 GCCATCCAGITGACCCAGICTCCATCCTCCCTGICTGCATCTGTATGAGACAGAGTCAC
CATCACTTGCCGGGCAAGT CAGGGCATTAGCAGT GCTTTAGCCTGGTATCAGCAGAAAC
CAGGGAAAGCTCCTAAGCTCCTGATCTATGATGCCTCCAGT TTGGAAAGT GEGGT CCCA

TCAAGGT TCAGCGGCAGT GGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCA
GCCTGAAGATTTTGCAACTTATTACTGTCAACAGT TTAATAGT TACCCTATCACCTTCG 30
GCCAAGGCAGARAME TR0 AT TAAR at teast B3 93441 931979, F8%, HI%EH € Rlendoaitik | D NO
25) El VLTQSPATLSLSPGERATL SORASQSVSSYL AWYQKPGQAPRLLI YPASNRATO P 35
ARFSGSGSGROFY Aot rnrppiANky Ep WrReBri&El K >15C3 VL2 amino acid
sequence: ( SEQA{dr¥iel ﬁ@ﬁe monoclonal antibody is an antibody that binds to the same

Al QLTQSPSSL SASVGEDRVTI IgGKAPKLLI | DASSLESI GVP 40
SRFSGSGSGEDHaneTs SEF PEDEA 10 @N@?Pl Tl FGQGTRLEI K huCD3 anti bodi es of
the i ngention vari abl e
am o 5ot sequiiastBRMIRERIG RIS sh REilOF LEuR0 IR ROTL I 0 v e

i denti cal théypreseni muention shadldguethc encohinGHigptian: ¢mron] Bundegtesd bythogmofl or a

l'i ght chai Ny var l e a i v % 97% 98%
99% or m)roé Ilﬂg?a etaFTe %%1&%0&511%? g&g@ﬁgh%du%ﬁﬁ & §%%'/€tﬁ%€gf%: %ﬁl{% 16- 20 or
25- 26. shall ﬁdctuée platalitied and pidral temrsahzilbnelhdeme sllngldyr iGenamallant | body t hat

binds to the sq F11,..2 23F10 {or Ss ot herw se

defined, SEPEHAt F‘tf’feég{élﬁfﬁﬁf’é‘é%ﬁfcglgfl vty ?'Fgguﬁc PP ceH @S%‘ﬁw Luf‘f‘l t he present
i nventigon rdladularbivlepyt & prsteiniang sligd ok pamwhemm&)a:liemxsmydad aytonitbatiyn t hose of

ordi nary il the a Fur.t her, nless ot h se_regquired by context,

si ngul ar t‘gﬁ‘iﬁ?e %fP‘F‘aferfE!‘i’sﬁ%e WP F‘B’%m%'?'}?ﬂ“ Aty %ﬁ‘dgﬁall i ncl ude the
singul ar. ianRfuad drh’useﬂ@&ﬁf&@@dnﬂﬁmeﬂl\lﬂ, bhgomdemtme@pzﬁth@ist aftispietdalturand

techni ques of , cell gtlei?@ue cuLtU{l .. 10 ecul ar biol ogy, and protein
and ol i go- _ang trapsformation (ed-i RSP AR Y, HgoTeqtignl, V’BF%F?%W’ cribed herein
are those Mﬁhhat{ﬁﬂ@wﬂm%m hd atsedingito hiagufastirer Sipacidadtidnt @@hni ques are
used for reconbi nant i gonucl eoti de, synthesis, and tissue culture and

transflor WE{OPE‘PPDE)éaCﬁomP@F%‘Prt%%T At as dpseribed et Thmipreeping [ges g ctions

and puri figadeafds 48 GhitkANgRrBifedRREd @i g RSt aitiot A Ng:tlidds AR Khewt Mty ' S
speci fications or as 15 comonly acconp Ilsheg in the rt or, asabcgescrl bed
e

herei n. Trst desdernpdin kaug geteral sad prrceeiiieelmeey ﬁté’lr%ﬁ"f r f or med
accor di Ng d;QusLAurstichOi e FTBIROGPEci NBItHon KBEMY. lShntﬂe&akaem. MMutecatr descri bed in

oS G R MBS b, &S Bl S
20  Spring Harbor, N.Y. (1989)). The nomenclatures utilized in connection with, and the
laboratory procedures and techniques of] analytical chemistry, synthetic organic
chemistry, and medicinal and pharmaceutical chemistry described herein are those well
known and commonly used in the art. Standard techniques are used for chemical
syntheses, chemical analyses, pharmaceutical preparation, formulation, and delivery, and
25  treatment of patients.
As utilized in accordance with the present disclosure, the following terms, unless
otherwise indicated, shall be understood to have the following meanings:
As used herein, the term "antibody" refers to immunoglobulin molecules and
immunologically active portions of immunoglobulin (Ig) molecules, i.e., molecules that
30 contain an antigen binding site that specifically binds (immunoreacts with) an antigen.

Such antibodies include, but are not limited to, polyclonal, monoclonal, chimeric, single
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di scussed throughout the present specification. See e.g., Sanbrook et al.
Mol ecul ar O oning: A Laboratory Manual (2d ed., Cold Spring Harbor
Laboratory Press, Cold 20 Spring Harbor, N. Y. (1989)). The nonencl atures
utilized in connection with, and the | aboratory procedures and techni ques
of , analytical chem stry, synthetic organic chem stry, and nedicinal and
phar maceuti cal chem stry described herein are those well known and commonly
used in the art. Standard techniques are used for cheni cal syntheses,
chem cal npdhyBE T AT HRGephemRsland e Ba eajression liboryruBatspedificaipdind@| | very,
and 25treat pent of gaﬁ’lgﬁpts. Af'fsl}ﬁig)tél i zed jn accordance with the
present diof CIPBRHCERACts FhY 151mesity thyt thegniibody peacls with PR QrmQre antigqfic ot od, shal |
be under stgeRfnihtefBe ddRed Q{tigeﬂ\&mmﬂairws?.e., bind) wﬁ&oﬁS@tlﬁ@FtﬁieE‘, t he
term "anti body" refers to i nununoalo_gbul i n_nol ecul es and i mmunol ogi cal |l y

(

active port Pigdsataruchdepss aBgIKis A0 () yyh plbsrdobpeRtides:e | npl ecul es that 30

contai g an ant ifgepsRi AAbEHY srhbifiral Bat is RO ol Gpkive Piehitier( IRAUMRARGACT S
wi th) an antigen. Such antibodies include, but are not Ilimted to,

pol ycl onalis coneneesd of e ideptifahpairsof palypepitide chaing; ¢ach paiphavingpne Jhghtt( abl 2
ragment s é%@gﬂ%m ffi3hd o RERSS LAl Hg@ﬁ@by?e @@. REShihb @&}aﬁ% rfi6h of0"

"i munor e s nmeant "th e antib reacts with one or nore
ant i geni c edat ehaimiincwdes a gérigbleregion of subHiG tgd A0 ardorgdaunaprsidspametily(i . e. |

i th ot ner=BengsRF YBRRFAERGE P EoRL el Bl A Bl 0

conprilSe aohstdnt sopiom. prinmcily responsibierfor effeconfumstich. dfumandightidhains eml pai r s - of

pol ypeptide chajn eac i § +haviing o " ) I and one
"heavy" cﬁgqsﬂgﬁcgﬁiﬁ{’pqﬁg }%"%déﬂ&%‘c & i{ilirgnal 6%1 %géarﬁegg%’)&%%ir%?%unﬁo each chain
i ncl udels aitfiial ablhaaofq:?ilmnanﬁqﬁneme ahﬁﬂoc;y:s_ishlﬁae_ﬁigm,rlg]gam tanchIgBdsl y
primarily responsihble.for antjigen yecogniti.qgn. e carboxy-ter.m nal portion
b each creprogEn futia B SR hEFY b SRa gt st e st PR S8R aRIFRSY o1

ef fector foyrRCT! Rpion bt 12 githore bminvsachis ewith the hedviyetlainalsk aphdingad | anbda

l'ight chaing. Heavy,chains are, classified a el t a , pha, or
epot| i - A resbi GrooH 30 BT BB 8o% < Ry i gy b 2
respect i vel PaulyWt Rhn2hd ghRavnPrbe AN Y. ¢180Y)S The teicbRiregibdsafastt const ant
regions are joined by a ''r. region of about 12 or nore am no acids, with
t he heavy llﬁhgbﬁvﬁa?ﬂy?al‘rcff’mf}}?ﬁgﬁb%%“lﬂ?ngrsétﬁi on of about 10 nore anino

aci ds. See genqhaledmy, "mohstlishabaitidbdy" NIMAB) @ Jnohiclonal fiffidully coflposifian”, 2nd ed.

Raven Press, N.Y. (1989)). The variable,regjons of each |jght/heavy chain
pair for m"’tsﬁé""ﬂéﬁf‘?"béﬁ SQ%H?H‘I‘S"“Q?P ?“tgb"dymgf?ﬂgest‘gﬂtmmﬁ'ﬁr?& Bfial anti body"
(MAD) 29 "rhE18GEd: eptiles BNAxitiBOEY mERENE SorisisARE of AmidiRAighihaRi géne prodRts to a
popul ati on of anti body mol ecul es, t hat cant ai &Fonl one 20 nol ecul ar speci es

of anti bodd Aenigeeheavy shadn satepEPayrt. dn parigeen §ﬁ‘flg‘€¥’|‘§1“f’|“%[élﬁ@“‘b‘?’6‘§uct and a

gni que heguyordT@DRsPENRe RMbASHISHal antiBodPdrb ideticAl in A11Be MORPIEBTMAr i Ty
etermnin
p%pulation. MAbs contain an antigen binding site capable of immunoreacting with a

particular epitope of the antigen characterized by a unique binding affinity for it.

25 In general, antibody molecules obtained from humans relate to any of the classes
IgG, 1gM, IgA, IgE and IgD, which differ from one another by the nature of the heavy
chain present in the molecule. Certain classes have subclasses as well, such as IgG,,
IgG,, and others. Furthermore, in humans, the light chain may be a kappa chain ora
fambda chain.

30 The terin "antigen-binding site," or "binding portion" refers to the part of the

immunoglobulin molecule that participates in antigen binding. The antigen binding site is
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regi ons (CDRs) of the nonoclonal antibody are-identical in all the

nol ecul es of the popul ati on. MAbs contain an antigen binding site capable
of immunoreacting with a particular epitope of the antigen characterized by
a unique binding affinity for it. 25In general, antibody nol ecul es obtai ned
fromhumans relate to any of the classes 1gG I1gM I1gA |IgE and 1gD, which
differ fr.omone another by the nature of the heavy chain present in the

nol ecul e Certai n classes have subcl asses as well, such as 1gd, 1902, and
ot hers. nore, in hugan ‘,nfe% chain or a
| ambda ch g?éffﬁ‘éﬂc‘[a&fdrﬁes"% %fthE |ehhglgf Vaglgl’?gp ggﬁ? @fdt hﬁg&g%rt i on"

refers to ('t}tre afdtight L") J:tmnsrmhm@lgghib ldiwergenmue@bwlﬂmﬂle Yaregious githes in

anti gen bi nding. .The a ndi, SI . 11 o aci d residues
of the I\I—th@?‘ﬁ’i‘ﬂli‘glhgb‘eﬁh?“&fjlr%e ‘“{)}") ‘&% “e"é? ‘eﬁﬁ'elé)h%g\g‘i} %{{}3 fd 1ight ("L")
chains. Thﬁ&@c&isehbdfﬂmm@rsgemesmb\eh af1tisanvdwtoit regiohe” & "FBg!. Ghss, tfe t he heavy

and light chains, referred tq as tyariabl e regions,” are interposed
bet weeR mipren 'Eﬁ?ﬁﬁfPVé‘éimFlnaﬁR‘Fﬁﬁq“QP‘i%'?’g‘F%s“ lyarg’g“ eif‘r‘é%?’% regi ons," or
"FRS™.  Thiygsec yﬁ&&ﬁb@% 8 it gbue. BeindntRgy emtaslodnech are
natural I y ound be ween c%]

adj acent to, hypervariable regio
i t nnunogl dlwet hypsryaniablp regians pbaljetishain E'I“%fhel“% IIVHF‘E%“%FJQW’%W%BQW egi ons
of a lighty, %ﬂ%&s%@e&r@ﬁﬁaﬁ%ﬂﬁfmw&%%&slﬁﬂﬂ5956% 9fori dQANgenchai n are
di sposed relatlve 10 each other in three di mensional ace-to torman
ant i gen- bibiuflimgpusfacd. ibem@h@bmﬁmgbﬁa%llﬁﬁﬁ%e@@#%@éh? colipeesiadgt ary to
the three- d' ' BRURAShIEREIHESE cadl 6F thdWeal PERE
hyper ri &bl fgé%@&%@%"é“ %’?gég%@ﬁgﬂﬂ% li%’r‘ﬁleavygjandbl | ghteachal ns g?% referred to
as "conpl d@nd:lamsta;errdﬁ:tredmasl"ﬁgnplegﬁrﬁﬁ@y‘detﬁfmmwﬂﬂsﬁﬁ’é "GRBs.gnhiENnt  of
amno acids.to e c §afni PRshaef | Cabat
Sequences B g’EP%}g I'ns g?l nﬂrcr’lqj"ﬁ% ogl ca q‘?%‘%gﬁdgé%em(n%}?? onal t{qn%\gtltlf?es of
Heal t h, Be{-telqemdea ofWiloteifd 88 mraumdlopBeilinjeresh {Natiqnal Apstituggsed klealth, Bethesdg; of |
196: 901-917 ( As
used herei d dﬁ%@“&rl%ﬂgm ?8%%’"“ | nc#Jdlggf%E\(g' %?ggtog??? @gt%é’g %ﬁﬁg)r?tetcapabl e of
speci fisc bundatnxgsuﬁrsas}ssm(rtﬂ&@gl obulin, an scFv, or a T-cell receptor. The
term "epitope Qt e : i ¢ binding
to an inununogl“i)srﬂf?ﬁyﬁ epi%g dﬁ&ﬁ&@ ?P%ﬁﬁqxg@%é}n%}a&rﬁ%gﬁggbﬁsua ly
consi st ofspechﬂabmaingyo ﬂnitnrmmoglobtilm;en wvgmm'bpﬁbscmornﬁhetmh éepitope’h as

am no acids .0 ar Si chal ps
di mensi ondpely ‘?5 Hlfoé mn g“ﬁ%ﬂ‘%‘&"’t“g‘ﬁaﬁ’ 31%]? g ggp%gllﬁcxl’mllaﬁi\é% sp ec"(dfo%lOHﬁ rgcfr 5
characteri &lllre&ptoAnEﬁﬁi;ﬁcbméyrmnsms asuglly corsizeof dhlemwlallg/aduwcn surfane ant i gen when

tp ,hgf g Ir X0 ?;:glrgttxé%gg ?ecal%s SUCE as amm% NleE) G egu%ara s%eychgng‘g% utsLMyqlqge nost

specific three dimensional structural characteristics, as well as specific charge

characteristics. An antibody is said to specifically bind an antigen when the dissociation
constant is < 1 uM; preferably < 100 nM and most preferably < 10 nM.
As used herein, the terms “im:ﬁunological binding," and "immunological binding

25  properties” refer to the non-covalent interactions of the type which occur between an

immunoglobulin molecule and an antigen for which the immunoglobulin is specific. The

strength, or affinity of immunological binding interactions can be expressed in terms of

the dissociation constant (Kg) of the interaction, wherein a smaller Kq represents a greater

affinity. Immunological binding properties of selected polypeptides are quantified using
30  methods well known in the art. One such method entails measuring the rates of antigen-

binding site/antigen complex formation and dissociation, wherein those rates depend on
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As used herein, the ternms "imunol ogi cal binding," and "inmunol ogi cal

bi ndi ng 25 properties” refer to the non-coval ent interactions of the type
whi ch occur between an i nununogl obulin nol ecul e and an antigen for which

t he i mmunogl obulin is specific. The strength, or affinity of inmunol ogi cal
bi nding interactions can be expressed in terns of the dissociation constant
(KO of the interaction, wherein a smaller Kd represents a greater affinity.
| mmunol ogi cal binding properties of selected pol ypeptides are quantified

using 30 gRIBAHmIRIk o{(ﬂﬂg\%‘m 1Bx %Q‘ﬁle?sr the aFifty DU EHR iINBLERA, SlatbmsgigEaSUr i Ng

the rates of ant 1 gen- bi ndi ng e/ anti gen _conpl ex formatlon and
di ssoci at pmmewwh%muaﬂlmmen@ttb%r%‘ﬂé’ﬁﬂl drectiqmiellwsolnhs santetes of the

compl ex PRCLAGHS Y B AE 04 Pl odbeaht el VL ETRGHl iline B cRRB o hopar amet e s

t hat equalc?y nce the ra e I'n directions us, ooth t ‘on rate
const ant " c@eatnaiohdand thé dctush tatesof assoeintion gk dispociation b@edb?@@rerﬁﬁieléﬁby

i scochat PAAIRBoER P PLE Koy BR0AEfhs Rl f Bl e of 1

enabl es t heinignedlid ajublan tef disbtiapar @reaeis. (S, geekraﬂjedl)atvms ef 1i(920), and is

equal to the dissqciatiqn ant K..d. en ies et al.
(1990) Anrivgpal Igév%%?‘% 391%822%)9 809&; ﬁﬁﬁr %{%5 Sp\rée%ent i nvention
is said tg e%ﬁ?cﬁllféblﬁ&kd A/CbeéﬁtchﬁvmeﬁE% dﬁﬂilﬂ:ﬁmﬁb‘xﬂm &:haarﬁqm)lzs L v bi ndi ng
const ant preferably 5 100 n nore prefera 5 10 nM and
nost pref @reitrh@ly510@;®M W@UG%@\{Y"I‘)W EMm%PFFéq%‘ﬂY&O%?MZFQ_E% lsuch as

radi ol,j,gand, bi nd Lﬁgquq&sfg%ﬁs %h%%{o%?@ﬁﬂﬁgﬁ %Hnl&ﬂﬁ SBsRidvd @d 1 n the

art. RS e art recogni I'S possi bI eto
det er m ne thost skibed ingiedoe experi mentation, if a human nonocl onal anti body

has 11 SaTe RGBS A U B Y A ning
whet her t hmduiemxpmm@ﬁz&menf 8 htunen tnahaeckonaf mmmrmwamgsmcmM i gen
o VPP b e BRSBTS DB oA ) ot o5 i o

hunan non i nvent gcrease in
bi ndi ng bﬁBFMoﬂMﬁH]\bﬁmwlmngWhahmtlmﬁlvymcrfpre\hretsiﬂmlettﬂr flom bindientotahe t wo

On0C] On )y i Sncplidhd 1k fhe ik Bl Roci oy Bhefbe yﬁélq%zﬁ&é@%&gm@wﬁggpghe

speci fi ci tayhuéian mdﬂu:ﬁtaﬁhi amtibody ofihk xmmudmoabjshom bie deareaserin tomdingbyt the

pre-incubtethehma nocl tlb of, th |nvet| he CD3
anti gen pgﬁ ﬁfg %?F’H%\Rﬁ}’ Bﬁ Fl“"F%‘f’r‘?o&‘ﬁ%FW‘” ¢ mopesiora mnggdl%gelﬁdg’dd t he

hunman nDnQﬁéﬁﬂx% | oradléseBdylated) ep@aﬁ@s‘tmﬂﬂ-@aﬁ&iﬁtmnmwﬁeﬂtchehmn monocl onal

anti body bein sted | hi bi t ts abi | antigen
pol ypeSt yl d’é"mg nﬁﬁétﬂ?ﬂﬁl%;ﬁsﬁ?ﬁ ﬁ%ﬂ&PPﬁi\%‘ﬁﬂﬂ IB?)W Bg‘fdé' of Eh& m‘%:l)éorhl bi '? ed
then, in ahio grikRlbdiODE huinhn Adfcdidial afibedy efthé invaition maththe CD3 antigen

- polypeptide with which it is normally reactive, and then add the human monoclonal

antibody being tested to determine if the human monoclonal antibody being tested is

inhibited in its ability to bind the CD3 antigen polypeptide. If the human monocclonal
25  antibody being tested is inhibited then, in all likelihood, it has the same, or functionally

equivalent, epitopic specificity as the monoclonal antibody of the invention.

Various procedures known within the art are used for the production of the
monoclonal antibodies directed against a protein such as a CD3 protein, or against
derivatives, fragments, analogs homologs or orthologs thereof. (See, e.g., Antibodies: A

30 Laboratory Manual, Harlow E, and Lane D, 1988, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY, incorporated herein by reference). Fully human antibodies are
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equi val ent, epitopic specificity as the nonocl onal antibody of the

i nventi on. Various procedures known within the art are used for the
production of the nonoclonal antibodies directed against a protein such as
a CD3 protein, or against derivatives, fragnents, anal ogs honol ogs or
orthol ogs thereof (See, e.g., Antibodies: A 30 Laboratory Manual, Harlow E,
and Lane D, 1988, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY, incorporated herein by reference). Fully human anti bodies are anti body
nol ecul es _i f nd the
heavy chalnpbwﬂb(ﬁ P%gnﬁp&b%gﬁg ar?@EmgﬁgE?hﬁﬁggﬁagﬁggbdgﬁ?ﬁﬁgﬁt|bodles
are ter nec&ha;hunﬂndlaglthle E5Rsearise fiom Htinwllgynﬂsu ﬁmh antibpdefiretermedetheiman  Hurman
nonocl onal ntprdle [ SR s r.ocedur es
descri bed 2BEPHES; r?rlié‘g?lrp\leg} %mﬁes’ rmno ona nog%??%g%%segggen be al so

pr epar ed Quqﬂﬁﬂn@rm&mqmaumﬁgﬁmpqmemm&hbammmhhﬂ@wm@Ekmmybt|Emnmntechnlque
(see Kazbor

.. 1983 | T th E V h
t echni due “PQS‘OB]PB%GE%I’O%W no r?ﬂ?’?fg%gﬁ’fmggnag ueue%(])if: eumal{g rcisﬁjo 1985
| n: MONOCIHGhikont YE¢HRRIE @Se HNEbcEANﬁE,R 9FHERARG! TAH@M R2); lehd the BBVC .

77-96). Human nonocl onal ant| bodi es nay _ be. ut e oduced by
usi ng humdiybriégpmateehnigygiaproduse hpgen mopgclogal am’%@%‘ (dﬁgra(g‘ge’%gglr qgﬁg]& Sci USA
80: 2026- 333Rc1okaRAntibanEs Qﬁﬂtﬂﬂcﬁuﬂ‘@m Qﬁhﬂﬁ Wik, ﬂlmE@@IH-%)Barr Virus in
vitro (see Cole, et al., 1985 In E 5)5 5? AND. CANCER THERAPY,

Al an R LiHwnanmenoclopy ant-pbpd%)maybe UtﬁIZQHtﬂP%BTaV HEY PRI wel | - known
techn'ﬁue%ygﬁal&ﬁhs%&e@oié &'atiywﬂar%sMQma@smmmgo P026-2030) e BY protein G

whi ch provide primarily t G fraction 15 of inpmune serum Subsequent ly,

or al t er ndtansfeinying hmars%@@lulsrw BpstainyBarr Wiug i1 vigo {358 Colsr gl 1985
| munog| O%bﬁ&;&)ﬁﬂgﬁkm%ﬁﬂnﬁ@m@ﬂ?rﬁéﬁwqﬂhm B9 ndPROPI- bd)zed on a

columm to puri e 1 mmune specific antlboy ylmmnoaffmty
chr omat ographyArmhvdwa%@purdiﬁdéﬂwemﬁﬂglt@bwﬂﬂﬁss‘!cba%ji‘fgﬁ%bésed for exanple,

E’KI IDad\éY Iph Oé %ﬂil]? ﬁ%g sl%tt'\i)lﬁh or ?l'b%dl @%Chgﬂom ég]l[l)ﬁli%%lé E%G frﬁ\:ﬁmn i s

desiralfl e d:fm'rmmm feyurn.hSubsenuiehid pr @ifemaneely,rrb@mm@ﬁ aphigen wb@%lpé&lp t%etef fect or
~function, S r@g@@gﬂ% R (ﬂanel}__&?) ﬂfeie%?%qu%o%ﬁm&h&l ﬁsﬁlﬁm&v in

treating i ases exanpl e,” cystel ne residue(s) can be
i ntroduc eqmm the ummuﬁq:speegc antibotnby imoypunmeffmy nlgrommraphm Purificatignfafde bond

For mat| on bt bRl Bu591Ocnd B8 MOURALILEG) 6. ABALVILE BB RapRhamhpan have

i mproved inter Ization capa or incr errent medi at ed
cel | kill iTig Swivatistint. thi;addpkmefﬂ’deHbl déI Ny IMAPUMM@Q@){HPE 95? (See

Car on S | nununol .
148: 8- 2922*%?5@%3%%?%?? r}ﬁtbfl v%]oa%%g%e aé]vfgl d‘91 &%}begenaﬁlﬁeer ed t hat
has dual Hoadtivg s taethasa)e.t. hme effgchhmﬁes e?‘tham@ddlcmm@lr&lmdny-s is and ADCC
capabilitie See St venson pg”l 219- 230
(1989)) . S6Taied Rgorgi o) R S‘S‘Pe EFSQH{‘—@ %?’g ?‘{t‘ii’ggé"égand dore
f r agment s, thedehghlDwitginterdhuindisubiiteibondi foematidn is e s fefzico. thmﬁntahmeﬂuodl es and
heteroconj u ggoc?y tgllljsqg[g?ler%&a canolgave irhproved internalization capability and/or increased
25  complement-mediated cell killing and antibody-dependent cellular cytotoxicity (ADCC).
(See Caron et al., J. Exp Med., 176: 1191-1195 (1992) and Shopes, J. Immunotl., 148:
2918-2922 (1992)). Alternatively, an antibody can be engineered that has dual Fc

regions and can thereby have enhanced complement lysis and ADCC capabilities. (See
Stevenson et al., Anti-Cancer Drug Design, 3: 219-230 (1989)).

30 The invention also includes Fy, Fap, Farr and Fpyz huCD3 fragments, single chain
huCD3 antibodies, bispecific huCD3 antibodies and heteroconjugate huCD3 antibodies.
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Bi specific anti bodi es are anti bodi es that have binding specificities for at
| east two different antigens. In the present case, one of the binding
specificities is for CD3. The second binding target is any other antigen,
and advantageously is a cell-surface protein or receptor or receptor
subunit. 5Methods for making bispecific antibodies are known in the art.
Traditionally, the reconbi nant production of bispecific antibodies is based
on the co-expression of two inarnunogl obulin heavy-chain/light-chain pairs,
where the two heavy.chai [y inb lebdclficR s o and

Cuel | o, Natur e,glsgf%fzi%@lp g@é‘%%@%??k@%gﬂggﬁgﬁgﬁnéf ] g?ilrcg_%dgdr\dnagﬁ%?‘?onent of

i mrunog! oldifférent Asiepeys. dndhed prefant coseapmsof thefeinding suseifigbignis faCRH[ U onas)

AT E T MEET N e

only one ructur purification of the
correct mpbgetat 6r reGepttd watiuhit. acconpl i shed by affinity chromatography steps.

Simlar procedures are disclosed.in WD.93/ 08829, . i . 1993, and
in Tradnecker &fethpds ,f°rlgﬁgt5g?.‘s}’“i%? %@gﬁhﬁ%@‘éﬁ?‘i@b’f@‘l’jﬁmﬁ %Bé%ng?i abl e
donai ns Wigbdanibintieddcton bi bishesific siiboiies i babelon(tantad-bpdysiamdi gen conbi ni ng
sites) can be fused to i munogl ohulin,co staﬁt dojrai n sequences. The fusion
pr ef er abl ymngmvxlﬂwllarhe?‘iﬁﬁbﬁ’&al%' afr‘rPaFfé’a‘{’}i‘f-r?: 510 DB PO ¥ rai n,

compr I Si ggltiﬁ*érﬁﬂt%ﬁéﬁﬁcﬁl% MBlktetnad Tualgs Nafrk) 309587-$393(1983)). Bocausd 6f thes

preferred to

ave the first heavy-chain cqnstant regi CH 1) contai ning
the site neuslogsaspqrtopeyf OW@Q&IPb‘HWé}eﬁvmgigﬁbgﬂné’sﬁ%f’ g’?‘?‘\'gdé?imf east one of
the fugl ons .akes IaQtehhf phiRiALETE @iFerehtiniBendslbalds, Jfuiiens and, i f
desi rle@, [{ﬁ%a I nunhﬁgg’fggtﬂﬁ n light chain, are i ng?gitﬁed into separate

expr essi ormnlyeatedws the gorech bispesificrstraguiee dhe gurifinaionoldhs comsemplgale 18y gani sm
For furthep ' eﬂﬁfh?ﬁﬁﬁ | bt SRSy steps. SOt EBuREE fre diselos@xanpl e,
Suresh et uz‘;’]‘ﬁﬁtﬁ%étnﬁglgfé Il Enzy);m)l 0 %?@%2??:32 ?) 1586 ._.25According to

anot her appMo@OB/088% putthshed; 13 Ny oand in Traupeckerfit ak fEMBOHet wveen a pair of
ant i body , | be engi neered to nmaxim ze the percentage of

het er odi ne@ﬁé%\%ﬁisgﬁg g?gl)f ecovered fromreconbinant cell culture. The

pref errsed i nt erAngibedscempble demains with therdegiradbinding spet{ficitits r egi on of an

ant i body c tant d [ O3 [ 4193 1o ARSI EIdHRILIE csidRhi dodHNe acid side
chai ns fro(%‘ntfﬁ??gyfﬁ?%g?g@gmg@%%%‘% 1rst an?i body _g30 ﬁnfequl e are repl aced
wi th | ar geseqasndes. dhaifusion(peeferably j wish aeingnunoglpbtlépbeaty-chadyesediat or y
“caviti es"do(r)r];airll,%gnqlgt!isqgé at VastHalllof e MR ECHS, Al ©H3Fe 6nsS 168 piidtedls) are

created

have the first heavy-chain constant region (CH1) containing the site necessary for

20  light-chain binding present in at least one of the fusions. DNAs encoding the
immunoglobulin heavy-chain fusions and, if desired, the immunoglobulin Light chain, are
inserted into separate expression vectors, and are co-transfected into a suitable host
organism. For further details of generating bispecific antibodies see, for example, Suresh
et al., Methods in Enzymology, 121:210 (1986).

25 _ According to another approach described in WO 96/27011, the interface between
a pair of antibody molecules can be engincered to maximize the percentage of
heterodimers which are recovered from recombinant cell culture. The preferred interface
comprises at least a part of the CH3 region of an antibody constant domain. In this
method, one or more small amino acid side chains from the interface of the first antibody

30 molecule are replaced with larger side chains. (e.g. tyrosine or tryptophan).

Compensatory “cavities” of identical or similar size to the large side chain(s) are created
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on the interface of the second anti body nol ecul e by replacing | arge am no
acid side chains with snmaller ones (e.g. alanine or threonine). This

provi des a nmechanismfor increasing the yield of the heterodi mer over other
unwant ed end-products such as honodi ners. 5Bispecific antibodies can be
prepared as full length antibodies or antibody fragnents (e.g. F(ab')2

bi specific antibodi es). Techniques for generating bispecific antibodies
from anti body fragments have been described in the literature. For exanple,

bi speci fi L i B ARERRHRAME } et alnintkagEsiddr ennan et
al ., Sci e?\%g&ﬂ%&g&fﬁg% descrli_ bg a pr chggzlge efglgi n int act1 ant i bodi es
are pr ot echains with bryalier eues delg. 1alpning of Eweonincd. His provides 2 psghasispstor These

fragment s ot e peducsdy ot NERREREB0E Mer bhGatld HlBkoolBLEGsNY agent

sodi um ar SERTPEELE XYabi 11 ze vi ci nal 1ols and prevent internol ecul ar
di sul fi de hbawdimeron. The Fab' fragnents generated are then converted to

t hi oni trobenzoate (INB). derivati f il jvatives is

t hen réconyertgbspf’%g? ﬁﬁ‘_bﬁ‘iﬁs gatnrllg{%;fe?%?a@%gg@éféﬁﬁﬁpﬂlﬂqgﬁggﬁd&? hyl ami ne and
o & he B T (et B £ i pduses Can be.
used as a@éﬁ?%h‘?scﬁmt ﬂ’é“’@‘g‘l g@?@%ﬁrﬁ%‘ﬁﬁf&ﬁ?c@ﬂ %%%qgrﬁﬁeﬁ?soggyﬁfp &

e cal |y e G e L1 | o At Dl £, Shal aby. ot al -t 3. Bx
chemically couple o form bi specific antibodies. al aby. . . p.
Vod 50 12851 F1oBahOpuUSpraRalE et Bt SRIRERLE BRI SHsT Tk ze

bi speqigf I Go, dEHekDORNL TS Rébmets T hedeHa@mea Gk rbdided fn'thgprestncy\aizhs difidslat el y
secreted fromE. coli and subjected to di re@,ﬁg chem cal .coupling in vitro
to form t remplexime@sent sodivm Eewe to stehilize,vispal ditials apdimreygpl RIS neg was

able to_bifidyfed Hithdidn OV FIP ERERIROpdnbfacclRAB @0Btoand normal human T
cells, as we as trigger the lytic activity of human cytotoxic 25

| ynphocyt ébioaitrebenzeath (i mabies-t@%?ﬁfl%‘?ﬂ’e‘t’rw MRS 18 Behni ques for

meki ng anc}e&ﬁx@%r@éd't@?ne%ﬁ@ﬁfﬂl iaS( Fed@MdnRAtY mé ARSI Smidk ARTH nYixdd iR an o
reconbi nant cell culture have al so been described. For exanple, bhispecific
ant i boidi e seqnimalarzawnntyd thbatkal Fak'r B demivatiye tofopp Hiedispreilie aptibpdyp Thg - 5.

| munol . ' i 428 ad Sidhis TS (Bé RRLivORRhsYIRSLbK oM t he Fos
and Jun p#ﬁ%ﬁ@%@@%@?g@%@%ﬂ% thg ab' porti onswof t wo dilffer ent

ant i bodi esngymefene fusi on. The anti body honodi ners were reduced at the

hinge region t oy [ 4T P ROFEEEnRAE Al G i LaPIHNFEGIRE. coli and
chemically coupled to form bispecific antibodies. Shalaby et al., J. Exp. Med.

20  175:217-225 (1992) describe the production of a fully humanized bispecific antibody
F(ab’); molecule. Each Fab’ fragment was separately secreted from E. coli and subjected
to directed chemical coupling in vitro to form the bispecific antibody. - The bispecific
antibody thus formed was able to bind to cells overexpressing the ErbB2 receptor and
normal human T cells, as well as trigger the lytic activity of human cytotoxic

25 lymphocytes against human breast tumor targets.

Various techniques for making and isolating bispecific antibody fragments
directly from recombinant cell culture have also been described. For example, bispecific
antibodies have been produced using leucine zippers. Kostelny et al., J. Immunol.
148(5):1547-1553 (1992). The leucine zipper peptides from the Fos and Jun proteins

30  were linked to the Fab’ portions of two different antibodies by gene fusion. The antibody

 homodimers were reduced at the hinge region to form monomers and then re-oxidized to
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formthe anti body heterociinmers. This nethod can also be utilized for the
production of anti body honodi mers. The "di abody"” technol ogy descri bed by
Hol linger et al., Proc. Natl. Acad. Sci. USA 90: 6444-6448 (1993) has

provi ded an alternative mechani smfor making bispecific antibody fragnents.
The fragnents conprise a heavy-chain variable 5 domain (VH) connected to a
| i ght-chain variable domain (VL) by a linker which is too short to all ow
pairi ng between the two domai ns on the sanme chain. Accordingly, the VH and
VL domai ngoréf thoaithdpidtacdinttse Thismabbod an pkb be wilided firdhcpogictorof ary VL and

VI| domai ns _of not er f 1 e for antigensbi nding sites.
Mot her st PRYERSGY %?’BP THERi ﬁggn&g??él& PCEIE“ 2%?’ g@“?‘?”é@eﬂ%% g‘g P& use of

si ngl e- Ch@taﬂ K¥ad( §vasﬂ©o@umwshas93ahmrbﬁm aneyhteimbiivt. méShnisntfatber etal .,
J. I'mmunol . 152:5368 (1994) tibodies with re than t val enci es

are cont emykinedispesis m&?&%ﬁ%gmﬂtnfsr s’rﬁﬁcﬁiag‘i“&“t%l?ﬂ“i‘%ﬁ? VLS ared. Tun
et al.5 J do}n'amvgpémmée% 169 1ighOhin variable dofRER [Py % liak&mﬁuai fitdo anti bodi es

can bi nd to two ferent epitopes, at |east one of which originates in the
protein aﬁhmrgmﬂe?vp@ﬁ@gbmihéﬁwoM@%ﬁ%@?éﬂn}ﬁd‘éﬁ éﬁf"i’rd’é‘ﬁ]tﬂg‘é NHc 15 arm

of an inunyn 'dQB}ﬁhwfd}i@'q%“m &a?@ﬂr&&t&mﬁ?ﬁe%&ﬂeﬁ&@ymﬂﬂﬂﬂw binds to a

triggering nolfecul'e on ukocyte such as a T-cell receptor nolecule (e.g.
CD2, CD3, d@m@ﬁs obamofbig) fragmenkdherelydpraing tyoantigerebipting siyes. é@eﬁeras FcyRl

( CD64) Sg]f {?CI[I)I%%IF B8y Rhibday t%meﬁ?s Qhea\ﬁe B&ﬁ@&%ﬁﬂ gsp{,)ar def ense

mechani smsS pressi ng art cu ar ant eci f
ant i badi eslimeanhad 4w Hsen mpe:ﬂedt cSedlﬁrebftreta}lt, étmtmohgéliﬁ%ﬁ&(bf?%ﬂ) ceI |'s V\/m ch

SXPr eSS 2 Part ekl sl 860 163 SR GRRARRE Fhr BB, 0°N- DI ndli ng

arm and an ar a cytotoxic agen ara de chel ator,
such as E@igBEfic ERibbdieDGh/he pmpaﬂT}KuttAhdt, Elidmnbmgbé&'f 60 @d°aht i body of

i nterest binds_the ei n.ant.i I nds
ti ssue factor lgﬁg’f 2 F%’Ci% ﬁntaaggltefécae{'ﬁﬁdbtgg‘g rén?gﬁ@ge{?\n&tl%?ﬁ&{e%g scope of
the prese nirmémtg’tiatdam thzi:rdﬂahant(geo of thg aiventiont Mldtﬁmae'selwaa apthaptigse® of two

r opodda 1k RL R SRR ol EHf fare PR St Wlca BRI £, PETN
4, 676, 980)trig git&lecﬁléeahlmfkbcﬂé suich ¥s aﬁ‘f@ﬁtmpto(Mﬁle&ﬂé&(g’Sw,Z D892/ 200373;

EP 03089) ont Ia ed.t invitro
usi ng 59 b RS Esphioror 07D AR Rt 8R, Kl iRl
LSXSLYLQ?ed usf%ﬂm?dl u?{?geaélﬁﬂarﬂabnﬁ C‘J':rlﬁsmSt ﬂﬁgﬁnﬁsmgm Pﬁl oet her
bond. Exarﬁ?ﬂ&gaf) tgeR-t ’lﬁl’eé?‘f?e"é'g‘gﬁ{] chF‘{S? ﬁ?gsegﬁ%&lﬁeﬁgém?tﬂ’gf ﬁ%fgts %i not hi ol ate
and neighy kefls WRkE 8 H&)}ﬁlﬁcﬁhﬂﬁit@elﬂﬂﬂleké‘lmwibﬂﬁds%em ankigen-indinpl e, in U S.
Patent No. 4,676,9 The invention al so gertal mug%oﬁoconj ugat es

conpri si nGEAng AR P‘Bbﬁ?‘%ﬁﬁf%@&k’t%tﬂxlc&g%{“&/ B 1d§§EeH?tors s a toxin

(e.g., an BYRYBBIDEEA, DOPA! drVEETAOXARotRr bispedifiearitibbdy dfumgebt bigs @t , or-
animal origin, or fragrrents thergg E ar . a.radi o ac(tﬂ?e i sot ope
protein antigen described herein an er bmds tissue factor

Heteroconjugate antibodies are also within the scope of the present invention.
25 Heteroconjugate antibodies are composed of two covalently joined antibodies. Such
| antibodies have, for example, been proposed to target immune system cells to unwanted
cells (U.S. Patent No. 4,676,980), and for treatment of HIV infection (WO 91/00360;
WO 92/200373; EP 03089). It is contemplated that the antibodies can be prepared in
vitro using known methods in synthetic protein chemistry, including those involving
30 crosslinking agents. For example, immunotoxins can be constructed using a disulfide

exchange reaction or by forming a thioether bond. Examples of suitable reagents for this
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(i.e., a radi oconjugate). Enzymatically active toxins and fragnments
t hereof that can be used include diphtheria A chain, nonbinding active
fragnents of diphtheria toxin, exotoxin A chain (from Pseudononas

aerugi nosa), ricin A chain, abrin A chain, nodeccin A chain, 10

al pha-sarcin, Aleurites fordii proteins, dianthin proteins, Phytol aca
anericana proteins (PAK PAPIL and PAP-S), nonordica charantia inhibitor,
curcin, crotin, sapaonaria officinalis inhibitor, gelonin, mtogellin,
restrictocin M pYeYet:] iety of

r adi onucl P‘gggseé?cgu‘%val ?19{3?,%’ fe ﬂ‘gi@;ﬁ%a%?ﬁogtghgl?{ radi g%?%f’ﬁbglgi@g

ant i bodi egor ckaeapiplie®l.S. li’aﬂeutléo 21(27519801311 1311 n, 90Y, and 186Re.

15Conj ugat es t.he nt| bod c megdeptsd Ng a variety
of bifinicti onil"i'e ‘BY B ASeB rf)alullsﬂcé 1%%@%({%@]@%&%%6{@8&& ibbdy

N- succi ni H&nlijﬂéatea'té chtwommgdntsmmp twin . o et cpzYTBRIOAL)Y acitivetomax dii ol ane (1 T),

bi functl onal der] va es of doest e C ] dat e HCL),
activeSes @*@a(ﬂ!&ﬂ‘l 3 HPE% x}ﬁlrawﬁg@éen 4}“?&)%%? %?I%Cts“?e?léoﬁ

glutareld ka/qpf)idm ﬁga@) do conpounds (such as bis (p-azi dobenzoyl) 20
hexanedi am ne) bi s-.di azoni urn, derjyatives

bi s- ( p- di azoni BrevERsEAlY)ackYeHoriEs Rl TaEmrals ﬂ‘%?#@l%ﬁ”é‘rpgtué%d ingyds, as tol yene

2,6-diiso ROndbiaRpldcN R frdgdhtsted mwdﬁa émdm Aghain
1,5-difl u%@ﬁ%ﬁ@)\ h%j irobengggne) For e;arrplﬁ)g ari ghunot oxin can be

prepar ed 4fon@sexpherpsiagrupineERIcinA chpin, abgaiAtham, ;ege ecc 4% 987) .
carbony 14| ahekesl, ARulel g@&%&mn&amﬁw&ngm?gm ghaidand moRins

triarninep aacetic aci IS an_exe chel ati ng agent for

conj ugat i GRABE PARH) mﬂlfdtpeﬁ}, FTH@OF@CQ tharagfie F“Bt?é‘?‘ 0(‘1’3@9‘3%‘9&?1??%?@)
Those of %&d 5 YotfHtdot, lseloRtint ‘?to%élﬁn,%s'h#ct&c?rp B oAS cinl@HonFcingd@ene/ar i ety of

possi bl e I'es can 'be coup he resul tant antibodies or to other
nol ecul es tadotheaenes.nhontisty nf ra@@ﬂ(l@@és arp gyailaRlg fpn the produgtipnght e Vacci nes”

Contri but| o S to i Egﬂ;ﬂe duaereRp ey Wy, My LQuu¥geand R E. LeW| S,
ib:flr mﬁﬁ’ g%‘ (]]&989 B i

Jr (eds), ?coglru ess, ), the entire contents of which are
i ncor p&r at ed haoemgatmpfnm‘mlbn@e@ndcmmqasgnﬁ%eaewﬁmgﬁs‘ﬁéﬁmﬁ any chemi cal

ot her i drgreipaneipfigobsihe i RSk RReaRmane @ BRIRILY 00 o nel ude
many c h e mpﬁ?@honﬁﬁﬂﬂaﬂl’s irainofhislaner(EF)abifmctenahiatyativss ﬁﬂlrmgoesm(pwhw bi ndi ng,
B S T R A o e M
di rect cor(d.ﬁm&aglumﬂeldefhyée}; Iss-lango somipouotia(snch 8§rb18tiy -agidebana@dy por at i on of
exter naI relxgn lag'une), bis-diazonium derivatives (such as

bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as tolyene

2,6-diisocyanate), and bis-active fluorine compounds (such as

1,5-difluoro-2,4-dinitrobenzene). For example, a ricin immunqtoxin can be prepared as

described in Vitetta et al., Science 238: 1098 (1987). Carbon-14-labeled

25  1-isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX-DTPA) is an
exemplary chelating agent for conjugation of radionucleotide to the antibody. (See
WQ094/11026).
Those of ordinary skill in the art will recognize that a large variety of possible
moieties can be coupled to the resultant antibodies or to other molecules of the invention.

30 (See, for example, "Conjugate Vaccines”, Contributions to Microbiology and
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nol ecul es. Many bival ent or polyvalent |inking agents are useful in
coupling protein 10 nol ecul es, such as the anti bodies of the present
invention, to other nolecul es. For exanple, representative coupling agents
can include organi c conmpounds such as thioesters, carbodiiinides,

succi nim de esters, diisocyanates, glutaral dehyde, di azobenzenes and
hexanmet hyl ene diam nes. This listing is not intended to be exhaustive of

t he various classes of coupling agents known in the art but, rather, is

exenpl ar y pfhuhidSeyl P. MOCRsEAATOIE. LOWR) Jr (@ls 0aipksPreésSRew Kok, ¢nes)) ¢hd-i ndst r om
Jour. Inunun. 133:1335-2549 (1984); Jansen et al., |nmunol ogi cal Revi ews

62: 185- 216nt{re owugnts efyehich araincgroerated hereindy referquce)sg: 1098 (1987). Preferred

| inkers are deggg '1&@%&&;&;&21&11&&3 teHéBical (SR Bon Ml witbtAmhEwdRamal cri shnan,
S. et al., Cancer Res. 44:201-208 (1984) describing use of MBS

(M mal ei nindédsales spylongasihel prsibpdyiansi the pheraneiety setyin tiwiigespeeliye aglivitiespat ent  No.
20 5, 030, 1 i hj zida. derivative
coupl eg téﬂ%&x@%ﬁ%@;ﬁ%gﬁ%&%ﬁ%&ﬁ% I goglg’pf?fﬁé%ﬁe%girl% glrﬁatnlg’cul arly

pr ef er r ed affinitk bindirignintencibatiof coofid@te Mindingand-campBxatiomeThpprefrired - pr opyl )

carbodii mde. hydrochl orjde; (i] T TR . : .

succi ni mnhvﬁg%é%éf’%‘ﬁ% cp‘éﬁ%lﬁafnr?ell\gﬁ‘f%ﬁ%ﬁ?}g@fﬁfsparc %“3‘9‘?“%'.*‘ %rht}yo lr-ert:tol uene

(Pi er ce Chemendation ofExisting 2l Bd@s;or by thie)incSRioratios w€ externatibalidging

[ 3-(2-pyridyldjthio) .25 propi onam dolhexanoate (Pigerce em  Co., Cat
#216510) ; ‘?F)‘feét}ﬁ"é’-"ﬂﬁ‘@ﬁﬁﬁ’@%”&ﬁlg‘ &G Eﬁl“g%d“e’“ E8uphihg Bhoterh

[ 3- ( 24Dy inth¥dctiet, Rueh asphigitiboditsifade] préextinoaition, (Pokexnoltiviem Fe€o. Cat .
#2165-G ; and (V) squo-NHSéé%;Q%ﬂfox.saléo-succininiq§: Pi erce Chem Co.,
Cat. #245 FEHMRIGAFRIGSEEUYS GURERE 267 S0 AR B TR B 58V cont ai n
C_OWEOS_G][‘]E $hibddfks, E&H@iiﬁﬁiﬁés%@&lhhﬁ&é ésitelm_ﬂﬁ&cyagﬁtets,@aaﬂallﬂaWdﬂgl ]Eo coajsugat es

Wi t i ffering physio-chem cgl propertjes. For. exa .. Sul fo- esters
of al kyl GieeReRgenss andl hexamesiylencidianbines. This s is BOtNPERE F LR FHY S rmt | o

car boxyl apege viNisREERE o£UpRATUgRE!s khdWEindh@drebilt Sathess & exbinplaiyiddithes ul f 0- NHS
esters. Further, the |inker SMPT containzgg stericall hhﬁ@ﬁﬁ%ﬂagiS“'fide
bond, land MOsHcaHPeR eRliRgAEeRs. (jee ienend Lindgfram-Jpys ”(”%)/“n PSP P8’ i nkages,
are in geppygal; Jadses et 5! Bitheholdiidal REAEHs d2: 18520 6% 1 I32paHE Vitkineerdisul fi de

| inkage is cleaved in vitro, resulting in l%ﬁ%'c nj.ugat e a%avallable.

Sul T o- NHSSciercaaB0RH(1987). Papfermrinkes Hadeseioanin he JoBEaRedm de

coupl i NGS gy aNH GhElRen&R Db d‘ﬂ.ﬁ@m{csm&. £652010608 (18N debeabing AseGIMBRICE | ON

with sulfo-NHS, forns esters that are nore resistant to hydrolysis than the

car bodi mi @-walgimidehgnzaykbihvdroxypuspigimide ester). fgealse Apm - Halegt Npe g
gg'Nx” gl €GlG38] 0, HschiBR UIEEEHialbgehkidd acBB PRy dPazRR] dAWEIVE Bbilpl 18En genomi c,

, or synthetl c origin or sone conbination thereof, which by virtue of
its 10 or japtibpdy by way of apeligepertide Hipkar Rprtiylarly praferred tipkers fncludei HERCwi t h al |
or a portiPRygf.3.4a- ?Ae)(lﬂ&’eﬁ.‘niﬁ-} Catbullinglle bfRochicHRbAGIFSMPEINUC] eot i de” i
found in rggt y?ez?sgz IS O ergbdlggl)l i nked t%_)taltﬁgiol,ynuiﬁ;goti_dé which it is not
| i nked t o sigsinimidytaxycashonyBylphmethybalphac@pridyhdifue)dewene(PisseeChsm. 4 | ar ger
SEQUENCE. g Cat. (21558G); (iii) SPDP (succinimidyl-6 [3-(2-pyridyldithio)

25  propionamidojhexanoate (Pierce Chem. Co., Cat #21651G); (iv} Sulfo-LC-SPDP

(sulfosuccinimidyl 6 [3-(2-pyridyldithio)-propianamide] hexanoate (Pierce Chem. Co.

Cat. #2165-G); and (v) sulfo-NHS (N-hydroxysulfo-succinimide: Pierce Chem. Co., Cat.
#24510) conjugated to EDC,
The linkers described above contain components that have different attributes,
30 thus leading to conjugates with differing physio-chemical properties. For example, sulfo-

NHS esters of alkyl carboxylates are more stable than sulfo-NHS esters of aromatic
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The term "isolated protein" referred to herein means a protein of cDNA, 15
reconbi nant RNA, or synthetic origin or sone conbination thereof, which by
virtue of its origin, or source of derivation, the "isolated protein" (1)
is not associated with proteins found in nature, (2) is free of other
proteins fromthe sane source, e.g., free of marine proteins, (3) is
expressed by a cell froma different species, or (4) does not occur in
nature. 20The term "pol ypeptide" is used herein as a generic tenn to refer
to native otei.n Nt S, Qr ' equence. Hence,
native pr 8?“ P q?t?gam%gf?céﬁﬁn% gﬁggéﬁgﬁggé%@?ﬁgxg@%ﬁgg egmg'pepti de genus.
Pr ef er r ed Raahatpaplinkke SMPT aoatainschasterieally hitderddadisubfiderbopdrand oampioimse t he human

heavy chai n i munaogl .obul i .ecul es. repre I QL 2B, 3B and
4B andt nEOHLRHR TRUAECER PO RO s SRS Al afert BBl 15, 0,

Fi gures | Rehe? BukapEd easlisé e dismlfiviellinkage idcitdved tyvitro) remitingsn fess conjlghiy

conbi nations_  conprising the heavy chain inu ogl obud i & | ecules with

T Ght | ShamalabiSE S PP Es LSRRt e SR g S p{Ee oS

i nUNUNOg! RRddinidP LEPHh & suddng BYIC) vheR ised in &shjwktidn @ih sulgNHS] fermnd anal ogs
t her eof . Thé term "natural|ly-occurrjng". as used herein as applied

to an obj estersitedt gregmerg resifEnBly hydrolysisithgn ‘Q?]caélfﬂ © gatp IB%’%‘?HH’(P‘?‘W‘ nat ure.
For exanpl e, aTﬁQle‘{;H@i&Biaféa pBfynBQboaLICAsaRtd Kieis SRHIGRGSR alpBBiudicotiae 85eNt i n an
organi sm (i ncluding viruses) ‘that can be isolated froma source in nature
and whi ch geasmieotDNbbcr synthetistorigingrisgmersembingiipnghereafviigh brwrtpesidtsat ory or
ot her yigse . 5 l8@-(1) is not asTeftddSHilR aIQRAEBRIoK ofhnked” as used
her ei \rllfor efoé%an?‘%%%)‘%Jét%%lf)ﬁﬁ'g}%éf%h%%rgp)olgg(r)lttags SO _descrai_bed pgre0 i_on a relationship
per mi t t i ngolynecdeetulefinwbich dre "isolatadaiolynpeleetidgbls forndrie patus, @) BoreEblY sequence
"operably,li ! [ 28 ol [ dr 139 d6d4Ght sty t hat

expr essi o&%&@%@oﬁggﬁ%%éﬁggﬁ?gmﬁgﬁg% ?oei\‘/lé%ﬁl{rjﬁd{a(r Ij]condi ti gns conpati bl e
wi th the amfvre ad pagedadargarsequence. The term "control sequence" as used
herein refers ol ynu | dew nhi S ﬂﬁ&%@?@[y to effect the
expression andLIE'F gecl:"élsé‘q’lo%eﬁg#&%gd?e(r?\%%gg%g%ﬁi@g%&?so%mf% 10 they are ligated.
The natsur eeaintinmmhRIANbY yhthetigorigin essodiefcombinatierp@endpintyhigh & virive ofiost

organi smi.n prokaryotes, .such conts# NERS ; : ' ronot er,
71 Bosoml BieRE g LS o iyl A Tl EAET 05 (AR Gl Ll et

eukar yot esfougkinanttd, {2) isfiadvfotrt poteisduue the samé sruragdeg pfremefinearigeand

t i ption. t 1 nat | , Y "
| nt ondect (SRRt aHte SRl B R AP ke R OMeRIEIER | S o

essenti al daqfre.expressi on and processing, and can al so i nclude additional

and Tu8 on par citerER ananesae T HERIRRT Wity Bir PTG B8R o 00

and f & on par m " potynuc as retferréd to
her ei n meamggnRnREéREEBIbECofAGItypepddenaqienat iHinse, obtiwtproteiadtaghenthasés in

I th, eith i b | eoti d d | eqt i L0 ed: f
ei thor |ty 5a s s Pt pEpe PrRBerr #ey s po g FRRmh e o1 g

the invention comprise the human heavy chain immunoglobulin molecules represented by

Figures 1B, 2B, 3B and 4B and the human light chaim immunoglobulin molecules
25  represented by Figures 1D, 2D, 3D and 4D, as well as antibody molecules formed by
combinations comprising the heavy chain immunoglobulin molecules with light chain
immunoglobulin molecules, such as kappa light chain immunoglobulin molecules, and
vice versa, as well as fragments and analogs thereof.
The term "naturally-occurring” as used herein as applied to an object refers to the
30  fact that an object can be found in nature. For example, a polypeptide or polynucleotide

sequence that is present in an organism (including viruses) that can be isolated from a
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20 forms of DNA. The term oligonucl eotide referred to herein includes
natural ly occurring, and nodified nucleotides |inked together by naturally
occurring, and non-naturally occurring oligonucl eotide |inkages.

A i gonucl eoti des are a pol ynucl eoti de subset generally conprising a | ength
of 200 bases or fewer. Preferably oligonucleotides are 10 to 60 bases 25in
| ength and nost preferably 12, 13, 14, 15, 16, 17, 18, 19, or 20 to 40
bases in length. A igonucleotides are usually single stranded, e.g., for

bes, although oli L,eot i d { . i
Phe.const et Brpadre e rsoattee g Endi ot ARl nlouob 27

ei t her sepsetherwisdit haentigoodurganucl eoti des. The term "naturally occurring
nucl eoti des" referred to_heyein, i ncl‘#ges 3(} x(}/ri bonPcI eot irﬁes and
S

d
ri bonucl eot i dedhe tega "oRerahly 1 #se PR ot Ffagé)!’ HHOPE 01 OPPBePei n

i ncl udes RidehBOd ird §5a WidiBndRSIpdrinatin®thcmud Alnktist indheitigrndedmampsr. and t he
like. The term "oligonucleotide |Iinkages” ref.eijéed to herein_ includes

a i gondc| sontralsequenssk apaably fiekeds © 3eRSLIESEASTR 1§ gded BRBLLhBFLEA hi oat e,
phosphor 0%%%541&?&% RARSRBQIAL is SreRea hikler BRARIAS EaARIbRIVILNAE €,

phoshor ani ate, phosphoronm date, and the |like. See e.g., LaPlanche et
al . Nucl . cooirdseqsnees14: 9081 (1986); Stec etal. Am 5Chem Soc. 106: 6077

J.
(1984), Stein %@%é‘%ﬁol %ﬁ&%}( " RGRed ﬂééif%?&grls(@?ﬁ%clegﬁﬂb RhRheesANt i Cancer

Drug Design 6: al. Aigonucleotides and Anal ogues: A
Practi cal v oreaégessery to et Al qxpressiorkandairpressing of cosling poAivenses/ O8Ny press,

Oxf or gl()g 3 aygagf: fil ?é’dl )l)lfe n%?egoﬁh?}%ggyﬁeﬂﬁeﬁgﬁ Ty d?p@néiﬁé-uﬁ:b]ﬁhe ﬁcm mann and

Peyma evi ews i gonucl’eotide can include a
| abel for ciginised inqmokaiyotedesich echtrol SMhenceeganerallp inshide promptan fioseinate”

referred t.o herejn ans to dete I 1.£.1 '

Pol ynucl ed’r‘?‘glé%?‘{eoﬂ%ﬁcgpgg? ?%géggﬁﬁ%ggﬁ%tﬁg%ﬁg%g%%r%%&g?ngglnce with
t he i nventdeqitnsalindidepednyotingland traseriptonrterciiedtion awjudnost Taetésm Uemérol
hybri di zati on ang.wash ndi fi.ons_that m ngm ' unts of

det ect abl EBINEENG t@#ﬁﬁ%ﬁ’@%‘ﬁ?’i%aﬁﬂw&% afég%ré&n%ﬁ%ﬁﬁéseﬁ)?%s%%gy condi tions
can bej s a@sdnbaloohéxpretsisiearmiqirbaessitiy land clinzdsoiiniudefhddivionk] companeats known i n
the art and, di scussed herein. neral Ly, the nucl| ei i sgqyence honol ogy
bet ween t HEN95EPIFATICE B‘&p?"ﬂ’éasg,eo%gl’ 068%%“(’:‘7%3?@%55‘}“63%% ‘rigl%ir?&rﬁ s of the

i nventi on saekndesn Tk &ird "pelynuctedensecfofred totheresmeant kipolyeest béremef 80% and

nore typically wt r ef bl y. i.ncr,easi ng, hompl egi es .0 I t 85% 90%
95% 99% %i?"&%@? a‘?’ﬁﬁt g‘w"ﬁﬁy‘ﬁd?"&["s g@&éﬁ?‘é‘k“g};@f*’g SS?r%‘T"%ﬁ‘g}l?lse"ﬁ?eSst"ﬁgr eis a
partial orpmeQifed k@ of Bigek typy obficd€ide. The term includes single and double stranded

20 forms of DNA. _
The term oligonucleotide referred to herein includes naturalty occurring, and

modified nucleotides linked together by naturally occurring, and non-naturally occurring
oligonucleotide linkages. Oligonucleotides are a polynucleotide subset generaily
comprising a length of 200 bases or fewer. Preferably oligonucleotides are 10 to 60 bases
25  inlength and most preferably 12, 13, 14,15, 16, 17, 18, 19, or 20 to 40 bases in length.
Oligonucleotides are usually single stranded, e.g., for probes, although oligonucleoctides
may be double stranded, e.g., for use in the construction of a gene mutant.
Oligonucleotides of the invention are either sense or antisense oligonucleotides.
The term "naturally occurring nucleotides" referred to herein includes
30 deoxyribonucleotides and ribonucleotides. The term "modified nucleotides" referred to

herein includes nucleotides with modified or substituted sugar groups and the like. The
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20 their sequences. For exanple, 85% honol ogy neans that 85% of the am no
acids are identical when the two sequences are aligned for nmaxi num

mat ching. Gaps (in either of the two sequences being natched) are all owed
in maxi mzing matching gap lengths of 5 or less are preferred with 2 or

| ess being nore preferred. Alternatively and preferably, two protein
sequences (or polypeptide sequences derived fromthemof at |east 30 am no
25 acids in Iengt h) are honol ogous as this termis used herein, if they
have an al i nt s at,, i on units)
using the® 5‘?{1“55\ ?lé%l lwfk? dttoh%r%ﬁ '%i r&eébﬁ r ?ilg%tﬂcf hl%g]ag% penal ty of

g or greatsgéh m%%fﬂ?fg@cfabe lpMs&cgodlﬁuadhtd ghclaspféorékdmbatn Sequencehagd dat
tructure [0]9) (0] nme ti ona | Q | C esearl oundat 1 on
016550 S enbBpoarintespars P Bilo e ir s e g Bty os or 30

parts thengofikedrsee HP! EBalhirthe kAl Nudl QUo s LB :9081 (1UB6); Sedtional. HthﬂS are
greater than or egual to 50% i dentical when o tiiérallyé?a%)gé? ed using the

ALl GN fr odhgm. Sqhd0g: é‘?7r?1(19%rsft%‘§ﬁb?fd7§“‘tltﬁmﬁlssk n¢tdn that a
pol ynucl egt] tf@ SAYGP ERsil 6%9%'999}32&1 £, OligonhélédHdes Bld AMMRIgust i Ct 1y
y

evol utionari rel ated) portion of a reference polynucleotide
sequence, Bmctmﬂaﬁppspapblp}bp@pi‘?&ﬁ E@ﬁ@éh@é Pxiordiatversiy Press, 9xi@d er ence

Eg'egpﬁgﬁ'efhﬁggﬁggee?g tk{:et%?ﬁ{]é%&ﬁ Bcﬁiﬁf‘slotbﬁhﬁa‘ﬁﬁ%dﬁ&m}.@ﬁemca {y to" is

e conp errent ary sequence i s honol ogous to all
or a port iReviewts 9:542{0Enckn Moym]mhéepaldecluéﬂﬁﬂ@h@@r detgetion, Iflﬂﬂlrﬂétl on, the

| id ;. { "TATAC" d
s co®) ement arge [gmq il BB RMTed @ el hERE RERERRNARE S | LN, o
used to d eseaﬁﬁd:aﬂy bhd. §’elyumiamdee bhgqnudsqugs angicfragoentsttheoeof @ apcondence
p0| ynuc| EOt tﬁg r?tfo& esolﬁ?tfvyg' hy%%&ljeg o5 lelc a%&&ﬁﬂ&%ﬁ&%&ﬁﬂ«ﬁ?autm a&? rrpar i son

w ndow", ercentage o sequence
"subst ant i\ﬁdsh icokiii dnk Wiat ménithizefapprecialde smouenafalttecsbla bitdirigie doxzquum c e used

o a | ganeBi iR e eearar b ton et L I ER N MBI Ao L0

gene sigquedsditighsas kndown i tlieﬁm am:disdumﬂ hexgmo Gena‘yllﬂ,?oheomnhld m!i saqmmpl ete
cDNA or gene e ence. e ere yence i S n%l%n 18

ali%(}{ d é YEER& 5t €
nucl eot i dd¥ ﬁ?f’fet‘?’&th&?o uglpoty 8?161%““?1?% % VAR L S ’fX hucl eot i des
or 8 am nqundaimisleicRcideegichce c&'l‘kdet@ittv&]] batt Ibﬂ&&@%lliﬁldmwré opicalilewitor 16 ani no

ids in | Si | eot h
(D) " conpr i EeEb LB TPREoES Sha Rt Yo h & Rt ard 3RV ATE! ot db or
am no aci daxﬁﬁﬂh@@@ﬂheﬂ&ﬁire h&m&]ogéds&f th&eﬁyfﬁi’aéiﬁr bthﬁplémﬁxleﬂﬁﬂy%nﬂees and (2)

may further conprise se nce that is di ver ween th
pol ynud edb?lﬂﬁuﬁwe%rﬁa%ﬁx“g’éﬁﬂ Sgé’dl?&?é%m ﬁrppggﬂgs H&t ween two

(or nore) ;ERltREIUIIRS tﬁé@otsy@eﬁaaswe dhgﬂédlbﬂﬂéxlbmmmmﬁhg nGasemushass of the
two nol ecul es over a npari.s

regi ons ofthe BYREABECE ‘?ﬁllga‘F?t? 9&“@ P%‘%?S#’i’%gﬁtﬁb&};ﬁ ‘a“%%?gf?ng@sﬂ%gr gfﬁl,
refers to g &RufGhifaéd ﬁfﬁgﬁsﬂkss(ﬂen@tmore preferred. Alternatively and preferably,
two protein sequences (or polypeptide sequences derived from them of at least 30 amino
25  acids in length) are homologous, as this term is used herein, if they have an alignment
score of at more than 5 (in standard deviation units) using the program ALIGN with the
mutation data matrix and a gap penalty of 6 or greater. See Dayhoff, M.O,, in Atlas of
Protein Sequence and Structure, pp. 101-110 (Volume 5, National Biomedieal Research
Foundation (1972)) and Supplement 2 to this volume, pp. 1-10. The two sequences or
30 parts thereof are more preferably homologous if their amino acids are greater than or

equal to 50% identical when optimally aligned using the ALIGN program. The term
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25 | east 18 contiguous nucl eotide positions or 6 am no acids wherein a

pol ynuel eoti de sequence or am no acid sequence may be conpared to a

ref erence sequence of at |east 18 contiguous nucl eotides or 6 am no acid
sequences and wherein the portion of the pol ynucl eotide sequence in the
conpari son w ndow may conprise additions, deletions, substitutions, and the
i ke (La, gaps) of 20 percent or |ess as conpared to the reference 30
sequence (which does not conprise additions or deletions) for opti nal
alignment of the_ t segy nce Tent of seguen qes for aligning
a conpari SWW%H%W %elgg%ﬁ'ﬁ%th%{aaﬂ’fﬁinﬁg OE3FIRETIP %}'90 FY8ri t hm of
Smith and(z\/éﬁtlﬁfdeﬁibaﬁdﬂtstrﬂﬂ@bvolhﬁéﬂ&nly}elé&a) lbhﬂ&ihpohi)bnhﬂﬂrdﬁi&iﬂeogy al i gnment
al gorithm of Needl eman and \élV{mSCh J. | . Biol g 970 y the

sear ch foPOléfP‘r‘ﬁl‘?O&F‘F F8AUFRCEHE bt £ PRIYRFRL ﬁseéﬂﬁlcﬁrsp‘ﬂﬁtﬁm tB& Rge Acad Sci .
(U.S A) ngé?gﬁﬂﬂ Sk, HDYonGRIRiHR6A, zredemmbmaeﬂiearar}aﬂslsql@edﬁee&@ 5
algorith TFI T, PASTA, and TFASTA in the Wsconsin CGenetics

Sof t wafe rrammgtéatan oaplenyentary segaenice iomolnaons torallar d@prtion pha mfsrentse Dr .

Madi son, KagES)s Or by

i nspecti o)?éﬁm&c qﬁg%ﬁ%af%ﬂhn%ﬁ%{ Eﬂ{é;nué@éﬁedﬁ:éﬁegg&l n the hi ghest

per cent ageoméspmm e@fﬂrmeeqq@@ced'a“ #G"god isgoppismentgenioradeBEngs t he vari ous
met hods |§%q§1§£ A0The term "sequence identity” means that two

pol ynucl edtt de or am no acid sequences are identical (i.e., on a

nucl eot i de- by- fhefollowingderors ammmpmwml@pnmmmm woenpari son

w ndo The_ter ! vC d by
corrpa\rli/ I'ng fWS’ech;hfrBelle? Oi?r gne gﬂgﬁg‘%s %%%1&% uénﬁe aAO& %&Icognparr son,

det er m ni Rgndowe, 'rsaq[tmce Idéntmn’slner@nﬁgmf sedpieote 1tlhmty"deufd'lsubstannaicl eic acid
base (e.g wTu U O ; esi due C uences to
yield t hel‘?ﬁ}ﬁ%’ fé‘?Fﬁ’?chS lﬁ%ﬁ%‘ ; FTar n’gg)e%ta%(%%nagdér:%p%%f‘wmgt hed

posi ti ons chyipirisén hoetfaiendwa@&ncﬂhaypm stubsmef i rargeheaqumcpdor sampld, adow (i .

t he wi ndow si ze | t.inly the result .b edthe percentage
of sequenéﬁg"?"t?e%’ﬁ E’gﬂe’%l'ec@g# gg?lfﬁ%‘fe%etgwﬁn mééﬁcfueflce'qlsﬁ B ARY herein

denot gs a ceﬁpﬁ@@t@mpﬁteﬁ EDNA of gl syqueadee d}dndenyz; ra rafcreme squehcs Baukaste,
wherein the 20 | eotid a ac ence t hat has
at |east 489 @P‘g %/ éﬂﬁ‘@ﬁ@%ﬁ?'& ?ﬂ%m?‘ @}’3@ %Fg ﬁlfc °§3%st° G 95 percent
sequence iagidfin Ibgth, ¥Bd Gﬂaﬁm@éalst}ﬂfi&ﬁlclleﬁm& 019135 ARG acitls imdenpen Sindedwat ity as
conpared to, a reference se%b‘gnce over @ﬁari son w ndow @f at | east 18

nucl eot i d@oPBucFAtides Famiye I Feargies m’r‘w&'& EPPPBFA PR RGEnP of at | east

24- 48 nUC?@ﬁﬁ)h@@ﬂk%ﬁéﬁl&WﬂO’[@u@@b@k op Airbiatidscqushies) Manisishailap beweat age of
sequence 5 |dent|t IS cgl cul conparin Hﬂre ref erence sequence to

the s&d ‘ffé‘f’ BHge Leaugits thatis drvgrgenybetsen fheo

per cent Ortwb Sl%n&fleohb& Jr@frﬁi&d%ﬁﬁseﬁﬂiﬂ@ﬂ&@u&%éémﬁ@ﬂls&%rﬁéﬁfdeﬁﬁzl?b(NrndOW The
ref erence se%uence may be a subset of a I%%l?er se her ei n,

t he twent ynag ﬁ\?‘é?ﬁ'ﬁl‘?ﬁﬁ&?ty&‘ﬁi‘lw&eé@mbé’rf&@ gseq t&’ﬂ§“°§ US| | ow
convent i 0%@&d’%@ﬂﬁms@ﬁ%xﬂmWl&ﬂﬁyanfcoﬁ’xﬁﬁﬂﬁ@dl@eé&ﬁ@f@&h&dc@n E.S. Golub

and D.R Gen, Eds., Sinauer Associates, Sunder|and7 Mass. ( 1991)2
St er eoi SO mlgm@e 4y ""congparison window", as used herein, tefers to a conceptual segment of a
25 least 18 contiguous nucleotide positions or 6 amino acids wherein a polynucleotide
sequence or amino acid sequence may be compared to a reference sequence of at least 18
contiguous nucleotides or 6 amino acid sequences and wherein the portion of the
‘polynucleotide sequence in the comparison window may comprise additions, deletions,
substitutions, and the like (i.e., gaps) of 20 percent or less as compared to the réference
30  sequence (which does not comprise additions or deletions) for optimal alignment of the

two sequences. Optimal alignment of sequences for aligning 2 comparison window may
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am no acids) of the twenty conventional am no acids, unnatural am no acids
such as a-, a-disubstituted am no acids, Nalkyl amno acids, |actic acid,
and ot her unconventional am no acids may al so be suitable conponents for
pol ypeptides of the present invention. Exanples of unconventional am no
acids include. 4 hydroxyproline, y-carboxyglutamate, 5
c-N,N,N-trinethyllysine, E -Nacetyllysine, 0-phosphoserine, N

acetyl seri ne, Nfornylnethionine, 3-nethylhistidine, 5-hydroxylysine,

a- N-net hyl ar gi pi n nd ofher .sim/lar., am.po.aci nd, i p,.NQ aci (e.g., 4-
hydr oxypr &F F%'éi‘l?te‘?hy Eahﬁiocﬁtlf‘%‘g%ﬁ Agorip g}- ?rgﬁﬁﬁ%e aﬁleﬁrq %ﬂl %],iv‘%f?gf :bg’?lf'hand
direction 2&&2&@1%};&& Hogioldgyalighthért algofthneofdNeetieman gt Wanghdiviect i on i s

t he carboxy-term nal_direction, in.a corda&(ég %th sta&nﬂard ysage 10 and
convent i orBiol. 48:4431970). A the scaroh dacsimpanty ethqd gt hearspp 28 Lipman FX9% hand end of
singl e- Stﬂa?lf‘ggﬂi. RG! ANS.alyeBtisde (BBE) 8P eaapiteideh anflemenatidnb of thedel hand
direction o oubl e- stranded pol ynucl eoti de, sequences is referred to as the
5 di r &ct iatgeritmsd GAP; BESTHIT, BASTA, ang TFASTyingthe, W 135pnsis Senstips ¥¥ anscripts
is referr | HbGE 57 D8ci&REWRN SAdken 'WGHONS on the
DNA strangqﬁaf1 Fggle%{%g'%g%&eégééqﬁlﬁ@gag}sﬁﬁe RNA and which are g to the 5
end of t heGdRMkorks,amdc) prtorsoBwarsfnagkager) s by dnspentionrand thedhssfipdigement, sequence
regions on.the DNA. 3 i thewBlAand which are
5% ot he it IR R AR ek A R B et r o
sequences "gendated ppihe aridus mutodpepelecied, t he term "substantial identity"

means that- two_peptide 20 se G ' j .such as by the
pr ogr afs P oﬁ%%gTFieﬂuﬁng ¥ h&g%Hﬁgff g‘%?‘%s\qg%g‘” ﬁg(}lgﬁtﬁ Eﬁgﬁg’r@ﬁg{?a 1‘ie;ast 80
percent seguencs ateddatiicalyi . pored mickotije-by-nhdetitle @0regiducckintesidueorsist e

identity, nor referably . at ast 95 percen Jddar it -and nost
Ipr ef elr a%l Vatii &F g‘a@?%@ Yﬁ%‘fi@ghbﬁ% e&ﬂeﬂ%ge)enlEa eeﬁhe?'g&ldg%ﬁmjy E&%{rﬂg%gr ably,

resi due pagjdohpagngviooptimaiy lipned shgnéricesdveditkfadnddwyofrompenispat i ve ami no
25aci d bstitutiops. nservat.i am no i i i refer to
Che'i nt or ciriEIs he pymhsy of e th e MR Aiide SPBle el R1E TELS 12
a grous ofCawitner el @siditboccng imboth bajubizesioddeld tirinombesofghagdiede, al ani ne,

val i ne, |eucjne, and isol euci ne; oup. of. am nQ .aci ds Vi. .

al i phat i c-W’&'PB&?W“g'?&)‘Ee B‘i'fﬂ?‘?@?f’?a’gg‘{ ?%B“’&%‘ay {igﬁ Fog%lﬁﬁuﬁl = 02% 8?@%‘6 Bf ami no
aci ds haviipg ccthpaRsdriemdew (e ithe WihdewdRe) had msltiblyirzthareadt el nd ygldut ani ne;
a group of am no acids having aropgatic sj d§ crtllgi's.gs is,a%hg%ﬁ_léeacl.éini ne,

tyrosi ne, HpBErEeage ghrancncs Iqopiity, The temys [Fybsiantigildeniity; 454t [ si de chai ns
i s |ysine, eab@h Pi@actetivtl §T afolyiubleotidede amirgratidpeqiencayivhereithels havi ng

sul fur- containjng side chajns is cysteine an rretlhi og’ ne. Preferred
conser¥ht i Rbymgkeptisie g8 P@@Osaﬁlﬁls‘PF’d’Hf‘?S(?ﬁe@eBYf’p@at at least 85 percent sequence

val i ne- | eugiify, ipRbabiG b iBast PORDS ki RGucnié @BAE, mdry abally arigisndhe, al ani ne

valine, glutam c- aspartic, and asparagj ne- gl ut am ne. .
percent sequence identity as compared to a réference sequence over a comparison

window of at least 18 nucleotide (6 amino acid) positions, frequently over a window of at
least 24-48 nucleotide (8-16 amino acid) positions, wherein the percentage of sequence
25  identity is calculated by comparing the reference sequence to the sequence which may
include deletions or additions which total 20 percent or less of the reference sequence
over the comparison window. The reference sequence may be a subset of a larger
sequence.
As used herein, the twenty conventional amino acids and their abbreviations
30 follow conventional usage. See Immunology - A Synthesis (2nd Edition, E.S. Golub and
‘DR. Gren, Eds., Sinauer Associates, Sunderland7 Mass. (1991)). Stereoisomers (e.g., D-
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5As di scussed herein, mnor variations in the am no acid sequences of

anti bodi es or inununogl obulin nol ecules are contenpl ated as bei ng
enconpassed by the present invention, providing that the variations in the
am no acid sequence maintain at |east 75% nore preferably at | east 80%
90% 95% and nost preferably 99% In particular, conservative amno acid
repl acenents are contenpl ated. Conservative replacenents are 10 those that
take place within a famly of amno acids that are related in their side

chains. Genetic coded am cid . nt o
fam! I ?es r)':’laéf E‘%/féhe ehY ]RY<g 0%?%&13%6%9 g uﬁﬁe&?x’é tlé?mgdt%g %g?slobam c anino

aci ds ar e ol ygibRfuted aihind 20Rls, Nlafidyl £hhine amﬂs?)acﬁﬁﬂm@,@hdibth&r’ﬂmm\.&ﬁﬂldiﬁl are
al ani ne, valine, |eucine, i 'sol elcCi ne, proli nea%(i) gl)(ll al ani ne, pnethi oni ne,

trypt Ophaﬁmlmld@n)ayahe haﬁlg@élepfemapnegitﬁfﬁbp%me §PIFETTHh Avention agi ne, 15
gl ut am ne g, ey 3{EbAGom/ehtdiar arhifld SQ8! BEudd: YK ?aﬂo;aﬁmnﬂeey Eﬁfﬁi&@gma!mafe ami no

aci ds inclGderargi nine, asparagine, aspartate, gl utam ne ut amaf e,

hi sti dsne g-Ni yenM-atmetilysine, s -Nqsbetyﬂiyﬁmlmmosmmerimcmo@htybmn@m no acids

i ncl ude al anine, cysteine, |sqleucin uclne i oni.ne enyl al ani ne,
prol i ne, deypimsihighine.dymehylhistiding i/]éxdf‘ﬁ‘é' YSHpHEN- If‘%‘fﬁ;lf“]g@é“ o aci ds

i nclude (ligmifehiniR 2818 aldd BRI AR (eyhucﬁydaa@pztonae)akmb@bﬁy@eﬂmroxy fam ly;
(i) 20 asparagine and gl utamne, which are the amde containing famly;

(iii) al amptation yegilbersin, the irfihged dirrgtipnsis|ths A terpppl diregion and dhey| | phat i ¢
famly; a A ARy-tdrfaridl @RRAG, iPRdoliif @itk tanhti Gbugdrl € the
aromatic ?%hé'lwad%gﬁ&é%(g{ﬁp I e, ?t 'S reasonatl)l e ?o expéct t hat ar%al sol at ed

r epl adénmennd ofnvantiosuci ne with an isol eucine or valine, an aspartate with a
gl utamat e, leRfise, M 18a1BhALARSS shighl apfEBNt of an ani no
acid with a ZSQQf%@g’tur%’%%Q}CQcﬁggﬂg gem r?o acid wl sn%ot have a maj or effect
on the bi pdlyngelentidpsapences Bshof endthe lefthand dirgtiomeicioublestrandgdeial Iy if the
o] acere 3882 edu Ol KEeBed Bl S ifkchbh P rel BRIl o1 L 2. Vhet her
an anino &¢I ange esu TsSrh a functi onal peptide can readily be

det er mi neddlh;aome&aymngNAeraamtSfm ceferoudite g the Uﬁnwwop@ﬁyg@ptsmn@erl vative.
Assay are descrl n, de SRR i bodi es
or 30 "F%#D ec‘t es g(t}g‘%lg%l{eb r@g g%q%repéraggwg egjcsteoatg% ordi nary
skil | n tshmdaarfthe B¥ Afrenscrpt aeraforeddods bxpstmanyseqwms}’usewemerragn@mns or

anal ogs o e ound i es of nct l,g @nd

functi onaﬁg’%]é%%gn es ent uemgﬁ zg}}ﬁeﬁ%%gﬂ?%ﬂ%* f&%ﬂgéﬁngofl de and/ or
am no aci dhﬁnﬂamr@aﬁrardfmqiﬂxblas biomnsqwaumeq@etnaqw sequence dat abases.
Preferably, ri.zed .co n_net I, .,sequence
notifs or pr edlm‘g‘ 1‘38?%?(3?'1?1 n}c)lg %‘ 3& nrréll%él H@hq}eg%cdé%(r?% hé%’tdger

prot eizns GkqueAcswienShtitaliyiilégnaddhcir asfhynhﬁ programb/EiARca BRSTFllesitd fy protein

sequences fold jnto a kno t hr ee- di mensi I known.
ot oot et g cighBesa’t 424 B P B s ERRAGIE) pRICHE) M1l

denonst r at, rdeﬂ%qﬂeﬁ@ﬁlﬁetﬂﬁy, Stkdrk prefeanatiiinet ledst 9 pemceneEqupmia Eestégaadostot i f
and structural conforggtl ons thatﬁn& i e used to define structural and

f unct i onalPreferslyRElepst ¥3 PRGTTH STfven e invention. 10Prefcired amino acid

substitutions ®&ehbloSesitMgoRitiofislyhick dieGot idusialdifffritly coysehatips atigol ysi s,
(2) reduce susceptl brlity to oxidation, (3) alter binding affinity for

form g prastdsupstidsions-exes, (4) alter bi ndi ng affinities, and (4) confer or

nodi fy ot her physisosbeFhnglaclsubddtaiondralr t@ﬂx@ﬂﬁér&ﬂ&@eaﬁﬁﬁﬁbﬁ’@s@fé@' 0gs.
Anal ogs can include various nuteins of a sequence ot her than the

nat ur al | y-heringsinilsgsidehainge Forersamice 2 Sfoyp Ogﬁ'ﬁ‘ﬁ |a%1ds having aliphatic side

chains is glycine, alanine, valine, leucine, and isoleucine; a group of amino acids having
aliphatic-hydroxyl side chains is serine and threonine; a group of amino acids having
30  amide- containing side chains is asparagine and glutamine; a group of amino acids having

aromatic side chains is phenylalanine, tyrosine, and tryptophan; a group of amino acids
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15 single or nultiple amno acid substitutions (preferably conservative

am no acid substitutions) may be nmade in the naturally- occurring sequence
(preferably in the portion of the pol ypeptide outside the donmain(s) form ng
i nternol ecul ar contacts. A conservative am no acid substitution should not
substantially change the structural characteristics of the parent sequence
(e.g., areplacenent amno acid should not tend to 20 break a helix that
occurs in the parent sequence, or disrupt other types of secondary

structure that characterizes .the parent

art-recogﬂ’ia?é‘ﬁbfr%??g ﬂaése@ ﬁﬁ%‘?"{} ndﬁ@t%I ‘?%Ir?%/ %l%iiﬁ %‘r?gggcé(rlse descri bed
i n Prot ei Navindsalaat wm&g’lddé\ﬂiaﬁﬁud akteRreiand nxetlmxm(eClPeafntd&nnseEdtwe W H.
Freeman and _Conpany, New York 1%33?%% | nt ro?uct ion galPr ot ei n. St ructure
(C. Br andinherids subsiigution gxoyps arey HCBER %‘ﬁﬁ“ﬁd’ CDERRYG YRS N Y.

(1991));  apdnclAgniteORIaihe Pdline, E,mtk&ﬁﬁ paitit Ond (a3 Aekne-glutamine The term
" pol ypeptlde fragrrent as used herein refers .to a ol%ﬁeptlde t.hat has an

ani no tSer mi nal WCWGQ:W@BW“’PEY%“‘H%S ip dregpmighacidy of aptihodies nai ni ng

am no aci d, SEAMENAEHUIR noleiiel &RlcohembRARJGS bEIRS BRBMpAGeIIRShE peght i N the
natural l y-occurring sequence deduced, for exanple, froma 11tH Iength cDNA

sequence. ifveatjomprovidipgihetihe yargtiensin thrprping a¢id sequegice gapitain of least F¥oaci ds
| ong, pr e&ﬁér?%i’ﬂégf‘er%lg laﬁ]@%yS(;‘% 9%1% 9o/ aﬁﬁcﬂﬁoét%@eraﬁ]? 99%p 'h%&ﬁ@'&lry at |east 20

ani no aci at’ 1edst 50 am no acids |ong, and even nore
pr ef er abl )coaiseﬂwasmnm@ agidirepdacamients atesagtemplitedt &Oﬁﬁﬁ'ﬂ&ﬁ&@ rsplacementsase| her ei n

fefefsw“—" os[e ?Paftl]( gﬁéemantﬁbﬁy%@n& 368s tﬂata?el%ﬁgéaﬁﬁlthegfma@ghaéﬁast 25

am no ‘aci ortion o uced ani no
aci d sequ@mtawﬂ@entude@axhamaalﬂsm@smerdbedmﬂedm ﬁmﬂle@\/&l}ﬁ}@mmﬂt ies: (1)

SpeCi T C Ol OB o 3t A BBl AT Al ) 011t
cel | gr owtdonipolariatnim anfdslarearamm viﬁpp; lcuhximmbom?q;eplﬂmd@hamal@é}@ conprise a
conservative, am no_a sub I W th respect
to the nat‘ﬁ?ﬂéﬂoWe t&@g‘ﬁ’g é@: g‘ Q’g}naﬁgqo 1%?% y ar%agﬁn % east 20
amni noff&l dggutbmhgl cﬁt’eﬁfeﬁd’e&h? ytlu.aﬁrixmeeqsﬂs? 'Mudtoah;lldanmongdmmcth\ger tagd
can often be as long.as a fu en 0 ypep i de.
Papt i de- arfiFBge HPETEET AR e LuFR e pRaAR hRe REE el )

non; pgpt i _ol_tﬁrddﬁmts Théltyd]?j’phﬁlﬁé bmﬁ? agxdainzogmlaalafjxme,tdystsme,osﬁolmhme,tlwqmaat e -
pepti de. ese non ide, c nd_ar m metics
or "pepti d¥ FF?’W eny ﬁﬁ‘ﬁﬂ‘ﬁé’? Z’%e K’é’gglpﬁfr sdm['\?ens ﬁ?m;gh?%ﬁ%)%d eber and
Fr ei di ngeranfihdlaci@s @OAdd (PR3HNe ardBrebhiae swﬂah at the hBphitic-kpdtoxyChaily; @): 1229

( 1987) Suacsgarggm andngql?tm%{n%, \9}]:1%1? ar!]re evel; é’ contammg fatmqg, 811) alanfme, valine,

leucine and isoleucine, which are the aliphatic family; and (iv) phenylalanine, tryptophan,
and tyrosine, which are the aromatic family. For example, it is reasonable to expect that.
an isolated replacement of a leucine with an isoleucine or valine, an aspartate with a
glutamate, a threonine with a serine, or a similar replacement of an amino acid with a

25  structurally related amino acid will ﬁot have a major effect on the binding or properties of
the resulting molecule, especially if the replacement does not involve an amino acid
within a framework site. Whether an amino acid change results in a functional peptide
can readily be determined by assaying the specific activity of the polypeptide derivative,
Assays are described in detail herein. Fragments or analogs of antibodies or

30  immunogiobulin molecules can be readily prepared by those of ordinary skill in the art.

Preferred amino- and carboxy-termini of fragments or analogs occur near boundaries of
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conput eri zed nol ecul ar nodeling. Peptide mnetics that are structurally
simlar to therapeutically useful peptides nmay be used to produce an
equi val ent therapeutic or prophylactic effect. Generally, peptidom netics
are structurally simlar to a paradi gm pol ypeptide (i.e.. a polypeptide
that has a biochem cal property or pharnmacol ogical 20 activity), such as
human anti body, but have one or nore peptide |inkages optionally replaced
by a |inkage selected fromthe group consisting of: -- CH2NH, -CH2S-,

--CH=CH-(cis and trans), --COCH2--, CH CH2--, and -CH2SO -, by net hods
vel | knowdurcgonah domgpips. %‘]Wﬁ‘ﬁl‘ﬁl fungtignal ‘5"(%%‘?5&4“ B¢ ldg?fg‘legg;r%’f“@a‘%?ﬁ? no acids
of 2 CONSeRRSIRAHRASNAh iSRS A p@fliclh propATRy SHRNLe. 0.

ma

D-lysine in place of L- ysi ne) y be used to generate nore stable

pept i des. dhiabzsesli Rrefsrably: comaputerized eomrasisoryagtheds sy wséd fojdeptifynirgeensas sequence
or a subs ' id le§ ;@}&%ﬁdﬁ%&?m B&Sir ¥Adthed bidMind BHknb®n gENETr at ed
by net hods %ﬁ%ﬁljﬁﬁr‘?dﬁéttgrﬁé%geﬁ?& z0o an ‘éﬁg?%bgch Ann. R?a)v. _rllsi ochem 61:387
(1992) §; fstrnctaveanyybefunttiona ddétmgls kaidentifa brogsjs seqpenses thafi feld defo adpewt e of
formng intranol ecul gr. disul fi ri S kG J e,
The term %gﬁﬁ'ﬁ&enflgnﬁggﬁcnﬁgf‘rﬁl%gvg gﬁgteé»gsg‘ﬁ“e%}igg‘:‘gfg?rg@uﬁﬁ{,ﬁ’ gﬁm xture of
chemi cal derpsing eympleshiembogiaeahat ttwse afhkilbiouhesrt on repogeize sequincerade from

bi ol ogi cal terjals. sed .herein he ter " o] APy ed" refers
to incor pé’i“’gﬁﬂ?‘l{ 58?’&5”@3??3?1'83@{12% i %81“,36{139 gg fine, sl %@%&8&#@1@?@% of a
r adi ol abel@ghagRinacadattearithahé iwbirdal t o a pol ypepti de of biotinyl noieties
that can be detected by marked avidin (e.qg...st tavidin I ning a
f1 uord¥cent naf R@?“‘?S‘r"’“éﬂ‘i f‘i%ﬁmﬁté‘f‘ﬁs\?fettsosl%ﬁ%l‘fa’cmQ@glc%sé‘f(ggﬁglﬁbgtﬁ optical or
cal or i met rgr&edTRdid) PBShduck BuseftibRittosoxidatibn, (Raltet bisdihgirhitpfor fmkegy can al so

be therapeutic. Various nethods of | abeli ol ypeptides.and gl ycoproteins
are known Frefeipggmglexesy(fy) alfey Wﬁéﬁﬂgﬁd@‘@égﬁ% rg’Pd&%B@Frs for

pol ypept i dg$sitdihbtidel orlfutictiBha? pRpbritd ishearags.t Afalogskadtinclud€bdvionsSs, . -"Y,
an- foll Oml:'llﬂgi:ns crxigjl adslegtllesngé 8 eersthgnr thtra ggnlxrglr{)l?l-gcl:clucrir?nsg p(egest'igé s’eqt?e'r_llgeg.TFc or e)%a%xllp e,125J Y
15 single or multiple amino acid substitutions (preferably conservative amino acid
substitutions) may be made in the naturally- occurring sequence (preferably in the portion
of the polypeptide outside the domain(s) forming intermolecular contacts. A
conservative amino acid substitution should not substantially change the structural
characteristics of the parent sequence (e.g., 2 replacement amino acid should not tend to
20  break a helix that occurs in the parent sequence, or disrupt other types of secondary
structure that characterizes the parent sequence). Examples of art-recognized polypeptide
secondary and tertiary structures are described in Proteins, Structures and Molecular
Principles (Creighton, Ed., W. H. Freeman and Company, New York (1984));
Introduction to Protein Structure (C. Branden and J. Tooze, eds., Garland Publishing,
25 New York, N.Y. (1991)); and Thornton et at. Nature 354:105 (1991).
The term "polypeptide fragment" as used herein refers to a polypeptide that has an
amino terminal and/or carboxy-terminal deletion, but where the remaining amino acid
sequence is identical to the corresponding positions in the naturally-occurring sequence
deduced, for example, from a full length cDNA sequence. Fragments typically are at
30 least 5, 6, 8 or 10 amino acids long, preferably at least 14 amino acids long' more

preferably at least 20 amino acids long, usually at least 50 amino acids long, and even
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1311), fluorescent |abels (e.g., FIT C rhodam ne, |anthani de phosphors),
enzymatic | abels (e.g., horseradi sh peroxi dase, p-gal act osi dase,

| uci f erase, al kali ne phosphat ase), chem | um nescent, biotinyl groups,

pr edet er mi ned pol ypepti de epitopes recognized by a 15 secondary reporter
(e.g., leucine zipper pair sequences, binding sites for secondnry

anti bodi es, netal binding donmains, epitope tags). In sone enbodi nents,

| abel s are attached by spacer arns of various lengths to reduce potenti al
steric hindrance. The tern1" har eutical agent, qr dr sed herein
refers toMPrePEfsradly atdagshy n‘b’f‘n‘%g 'lﬁ'tet %Iaéuﬁer%qﬁeﬁéfh'i‘?éﬁt a desired

ther apeut b@lyséﬁu@estwmeﬁe I@étﬁﬁﬁ.{eh)éf age@ﬂ%hﬁéﬁht I%dst 26 ainfnoacidatabhds. Ot her
chem stry térnms herein are used according tq conventlgnal usage in the art,

as exenpl ﬁlnbs@atmiydenhgt%@awnﬂf p dedyced aia p5/d rauesrs AR hick BasA I9aar ker, s. .
Ed;, MG gpe bbbl fo fu@gﬂatgg&ﬂ;g%gieé% £5L 98B bindinEh6 CDBI MRdeARibIIS BRAS! | C agent” is

used herein to refe hat have the 25 functional pro erty of

i nhi bi 6i ngonaimtms,e(ﬂbﬂlwmtﬂ b‘mlpqurpél@@l@?’ Yndiag,9 6Iehiity forinkbinG
particul ar {)greﬁ%gl ng&waf m(@gysﬁmw ﬁhl%ﬂgo fd&gnao @&ﬁsﬁma sar com,

| ynphonmg, nhi bi tion of tast Is fre uent y a property of
anti neopl asﬁmnraammxso aokd subsetitrefoe adrlitionsarigsietion)ivathi ryspeette themeans an obj ect

species is_the predom nant speg basis it is
mor e abund&HFYRATTARY SOt RET i naﬁ’é %%ﬁﬁ%‘%{ é{ lg%lx%%%nﬂaﬁgég%%oy tion), and
pr ef er abl prﬁerﬁmpatlaﬁ ﬁ(hhﬂmno;amﬂs fong dr fongert andrean sften becis ipgsis hifwhlengtbr ei n t he
obj ect, .speci ' Ieast about 50 percent (on a nolar basis) of

"‘é"’i r.i se
al | md@r omplElirose %%e f%sent . General |y, a substantially pure
conposi tion wi Pbptmeaﬁmg%carmmnmﬁmeaﬁmnhe pBémpeutesl indubtrypdsinompeptaten| ecul ar
species present in the c ositjon, refera I nor.e 5 than about 85%
209 9594 dataMBURPRRS e PSPy o SpBRE P (e Rt st d 1o
essenti al phiERGSRARbIN alCeithaliTpatide ntipRadst sr Yrpidmibetiadtt mme,un t he
conposi tion by caonvention tecti tion
consi sts e"s‘%’eﬁf‘*géﬁsy o%%%‘@dg ﬁﬁBﬁﬁﬁg@% m@%ﬁé@% ERAAE

15  J. Med. Chem. 30:1229 (1987). Such compounds are often developed with the aid of

computerized molecular modeling. Peptide mimetics that are structurally similar to

therapeutically useful peptides may be used to produce an equivalent therapeutic or
prophylactic effect. Generally, peptidomimetics are structurally similar to a paradigm
polypeptide (i.e., a polypeptide that has a biochemical property or pharmacological

20  activity), such as human antibody, but have one or more peptide linkages optionally
replaced by a linkage selected from the group consisting of: -- CH;NH--, --CH,S-, --CH,-
CH;--, ~CH=CH--(cis and trans), --COCH;--, CH(OH)CH>--, and -CH;S0--, by
methods well known in the art. Systematic substitution of one or more amino acids of a
consensus sequence with a D-amino acid of the same type (e.g., D-lysine in place of L-

25  lysine) may be used to generate more stable peptides. In addition, constrained peptides
comprising a consensus sequence or a substantially identical consensus sequence
variation may be generated by methods known in the art (Rizo and Gierasch Ann. Rev.
Biochem. 61:387 (1992)); for example, by adding internal cysteine residues capable of

forming intramolecular disulfide bridges which cyclize the peptide.
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The term patient includes human and veterinary subjects. 10Human Anti bodi es
and Humani zati on of Anti bodies A huCD3 anti body is generated, for
exanpl e, by i muni zi ng xenogeni c m ce capabl e of devel oping fully human
anti bodi es (see Exanple 1). An 1gG huCD3 anti body is generated, for
exanpl e, by converting an IgManti-CD3 anti body produced by a transgenic
nouse (see Exanple 2). Alternatively, such a huCD3 anti body is devel oped,
15 for exanple, using phase-display nmethods using antibodi es cont ai ni ng
only human sequences. Such approaches are well|-known in the art, e.g., in
W92/ 01047 and Tk ®rmpagen "muscéhsrzmtadwot%ﬂ@ﬁm&}@w%ﬁmﬁw orated by

ref erence. chélﬁ.cyqoﬁlgﬁaﬁg%g;ﬁﬂe ikl & anl dxRE adOFroltAGISEiEA T Vi NY

random pairs o chal ns are screened using natural or
r econbi nanhateals.ce of CD3 or fragnents t hereof. 20This invention includes

e o 9ert S Ao he T @hhd RAGY oPY1oBeiBh 903% HOGHBRaRbrd 2251 ONe. S eP

of the process es’imunizing atra eni ¢, non- animal with
human GD3 deteatable rmarl&m,r@ e)\% m¢ueparatdmg:e’ amcbolﬁwdadwramom oledipgandnt yht chai n

| oci of thi en i, mal Ied and a

I ncapabl e Pﬂéio ggﬁﬁ”ﬁ@ﬁ ﬁ%ﬁ%&aéﬂlb?g te{:} %&'E Lher a‘fl g"‘gg‘ Stre gadldrm

I nununog| %ﬁiahﬁkﬁgdﬁuo&&smmﬂcef&aﬁymmmhngethat chmbadiﬂwmy opat:al loeast one
human heavy chain | ocu nd at |. e human | ocus have been
stably tr aﬁ‘i‘?l"é"&?fré’d“‘?tﬁ?d%) t °“Fh{11!‘§ labFﬂB % eqhe'ﬁ}iﬁ’#ﬁl stered
antigen, t‘h&oﬁlb’ﬂﬁiﬁo?ﬁﬁ"lafb@ﬁﬁg’l?}(ﬂﬁ&@n&@aﬁd@l@btﬁiﬁ’ﬁt@ﬁﬁlﬁ% kﬁmﬁ)ﬁi tﬁgaﬂﬂhtma][l var i aEI e
reglons i munospecific for _the ni zati.on refore, the
xenonolfse Perkarsed Examples of lahels %@88@%‘%5‘?&?‘1% e?‘fithffﬂt‘fﬂé ulins. 30A
variety Offoh&‘ﬁil@*rg&l@ﬁotaﬁ@ omdionkame@( 51 HERPN, ?Ssr%r%w@l‘mg%enogem c
non- human.ani mal s. For exanB see S, Pat.. 6, 075, 181 q No.

6, 150, 584. " By flaprescertilsbslsde g FITe rhodamineniaptharit horRRPGYRHIF Ihedht chai n

i mmunog| Ot{\é.lgj., RoMEHESh f¥rékidase, p-galactosidase, luciferase, alkaline phosphatase),

chemiluminescent, biotinyl groups, predetermined polypeptide epitopes recognized by a
15 secondary repoi'ter (e.g., leucine zipper pair sequences, binding sites for secondary
antibodies, metal binding domains, epitope tags). In some embodiments, labels are
attached by spacer arms of various lengths to reduce potential steric hindrance. The term
“pharmaceutical agent or drug" as used herein refers to a chemical compound or
composition capable of inducing a desired therapeutic effect when properly administered
20  toapatient.
Other chemistry terms herein are used according to conventional usage in the art,
.- as exemplified by The McGraw-Hill Dictionary of Chemical Terms (Parker, S., Ed;,
McGraw-Hilt, San Francisco (1985)). .
The term "antineoplastic agent” is used herein to refer to agents that have the
25 functional property of inhibiting a development or progression of a neoplasm in a human,
particularly a malignant (cancerous) lesion, such as a carcinoma, sarcoma, lymphoma, or
leukemia. Inhibition of metastasis is frequently a property of antineoplastic agents.
As used herein, "substantially pure" means an object species is the predominant
species present (i.e., on a molar basis it is more abundant than any other individual

30 species in the composition), and preferably a substantially purified fraction is a
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introduced into the host germline (e.g., spermor oocytes) and, in
separate steps, the correspondi ng host genes are rendered non-functional by
i nactivation using honol ogous reconbi nati on. Hunman heavy and |ight chain

i mrunogl obulin genes are reconstructed in 5 an appropriate eukaryotic or
prokaryotic m croorganism and the resulting DNA fragnents are introduced
into the appropriate host, for exanple, the pronuclei of fertilized nouse
oocytes or enbryonic stemcells. Inactivation of the endogenous host

i nununogl obulin loci is achieved by targeted disruggion of the appropriate

AR : | .y :
| oci by hepmpesiisasvheeintin iohisesperigs Somprscs gbleast aqus 0 pRtsent (CBRAPIF enbr yoni ¢
stem cel | | ardridkhtzed nouse oocytes. The targeted
di srupti oﬁasg%r?}?l%%%{ggiegetﬂﬁ%%i%ﬁﬁgf a lesion or deletion in the target
| ocus, or del eGenanally, o Ribstantialytparepemppegition wilbeompsisnmers thap 4bpatdi0t i on i nto
the locus, e.qg. .. 4Nnserti - : enbryoni c
stem cel | ? ?m%rﬁio?:rgl:l fnélg rﬁ%‘f’%&]ﬂgljsg?cé& é%gétgggﬁ c\%ﬁ‘?éﬁﬁ(g}’ gﬂ a%é}?{/eggﬁﬁ?]&gart from
t he nodi f iles sbodBPLnPe%sA58MmaneP9%. Modt preferablyp thiglobjeotf spediesris piirifieddg t he
genetic nodifications through. 15 th [ j T I . sts with
i nt r oduce AR TR ?%{%B’lnf"%s %CE?S%?‘&)“ rgé ‘!r’g%\cée&\}mﬁtﬂﬁec ?){r?gg?t?%/na%d
endogenougohsiions ddtectibe hdthadd) mblkrinhe sempositicnedysigey esehntitlizoof aissngrur el y
xenogeneic, e.qg., Puman.. In an alternative strategy, at |east portions
of the huMarRRIAYIAERRECES-ght chain i munogl obulin loci are used to repl ace
directly the cqrégshpastntRicRAcIGBRALUL Pderirannbizgisobul in | oci by honol ogous
reconbi nation in enbryonic stemcells. This results in sinultaneous
i nactijgati on apGiniMPARERTRR an@ Hunkmiitde @€ AatibodissTunogl obul in. This is
foll owed by the generation of chinmeric aninmals in which the enbryonic stem
cel | -derived celh&D3amtibantis pdetaced! for thenple bynidinmeiging kKemogenianmiee, a B cel |

cl one that expresses hu nti- ntib i e ed,?2 rom t.he
xenogeni c °ﬁRﬂ1?P°rﬂfﬁ!ﬁYP?%Pﬁ‘?5r$ﬂy g‘r‘fﬂm’l %?‘ﬁ%ﬁ ¢%eg%yaggi60{)d %\gig & uéla)g F’(l)tllrp 08¥ et hods
known wi t hi genbhtedafol exadipld) bBcaiRbitng BR YN and€D3vadbetlypeatuosd Hyrom t he bl ood
of the animal or fromlynphoid tissues, .incl “dﬁ#ﬁ?f“@ n‘ft. res}ri ted to
spl een, t &FRBFECRIC Mapseige le Qn AR VSlRsPEe FLbePis e eoPdror t al i zed
B celljg W&uréiam?m i a@enasls&n%man@ﬁdsmguhﬁmiemomﬁmgemylmﬁ, clinically
applicabl e quantitfies of hu ant i body. Alter natl‘?é@b%(/ gnegkég encodi ng
the i nunursetjieas! Sheh approRchss aresyelifgpry i, e At &%+ Yo 8&?‘ 8 be
recover ed papaie¥ B £3GL hich afe Htidbly SdoRidrAi€d by fefedénce.] Mahivdppigachid not
restricted to a manmalian cell culture s%/i{sftem in grder t.o obtain the
ant i bodi esombigtoripl litsary ofphage GURINERAIR PEFFA gkt and BERYS SBHIATC sj ngl e chai n

F, ol eculseRened using nhidra? 8itiel dri¥inant SRAQVFIONS & SHaghients tetepf. human ant i - CD3
anti bodi es generated by the xenogeni c non- human anl_lp@ly may be screened to

i dent i20y one sJddis inYearen ipFlpdesarathods it praduce amCD3 anHbadyby & prosgs,
charact er I“tsl{etgq? af 1861 ?m;%tegfofﬂhem iBeludis Retidizafald thindgénic Ondnbiandag man  CD3
abl

protein, st I-ty-of the intéraction as well as the Isotype of the fully-
human ant ianiond watkhumen “D3@resrias Spe pf the endagenqus heawy apfpliPRlightt he desired

char act er il §; bRRIL RhGpclit Gn Aimey AAMGORVE bedh L8N bilPars GRMARERS encodi ng

the desired varia ons, for further manjpulation to generate
ant i bodi eshevethattghmentacaiirad tcgeaspisteeres, enpading imspygghobuing & respppsedy st ens,

usi ng gonventi.onaly, [EFEALANAR ot hubdaf ASHS Uhein 1860 Mot &st one human

light chain locus have been stably transfected into the animal. Thus, in response to an

administered antigen, the human loci rearrange to provide genes encoding human
variable regions immunospecific for the antigen. Upon immunization, therefore, the
xenomouse produces B-cells that secrete fully human immunoglobulins.

30 A variety of techniques are well-known in the art for producing xenogenic non-

human animals. For example, see U.S. Pat. No. 6,075,181 and No. 6,150,584. By one
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This general strategy was denonstrated in connection with generation of the
first XenoMousem strains as published in 1994. See G een etal. Nature
Genetics 7:13-21 (1994). This approach is further discussed and delineated
in U S Patent Application Serial Nos. 07/466,008, filed January 12, 1990,
07/ 610,515, filed Novenber 8, 1990, 1507/919, 297, filed July 24,

1992, 07/ 922,649, filed July 30, 1992, filed 08/031,801, filed March
15,1993, 08/112,848, filed August 27, 1993,08/234,145, filed April 28,
1994, 08/376,279, filed Je%;gslra)y 20, 1995, 08/430, 93§ iI@oril 27, 1995,

08/ 464, 584trategy, the xgnagends hegwy 2ngddighhchay impgipoglabllingenesges ' 0g/ 463, 191,
filed Jun s)h8®9n s een8ai3e fil ed June
5, 1995, gﬁ‘?’ﬂg‘%&%g’?‘}t&%?%"%ﬁ’é@? Sﬁg%%mg’g e 659 &3{3 i ngd June 5, 1995,
08/ 462, 518prréspbreinghaseedss 40 SBdereBnFRiGtEMal Y n2YVE¥INGBEE homolpges,  and

08/ 759, 620 5 BatE en
6, 150, 584re°8mfbﬁ§°%3§‘ﬁ%%{q%‘7%?ﬁﬁﬁ‘6°h fimghyog BRUEN: é}g%%rﬁg%%%ét&gﬁt Nos. 3
068 18682 an BpBfidBOGKAGptiobrakepfBic 50GoaaniSo cendthareWBFEINAL al . Nat ur e

Tag; 485 4d9eprgons oo ind s PREANE Rl A ORI Dbl Bty oy

publ i shed huB@odkates 40 Hbrydric aememso ﬂmlcthaioamﬁ'ﬂitppﬂwngusdmstNo WO 94/ 02602,
publ i shed, February 3, 1994 ternational F

96/ 34096, IHENReElehuinieq fichie %“%b f%%“"‘?@{ﬁ“ﬁg %%épp? ﬁquJune 11, 1998,
WO 00/ 763 1@8moRigbis reéunebikdeion HDME hakt cclBDgbrticularly emhrjrd’iucamembﬂlsmnat ive
approach, others have utilized a "njnil ocus roach H‘%’g 0 m ni | ocus
appr 0déh, prruelRbfdrGlged BoYpeRyiss 1 Wf%ek"glod 'ﬂ‘??@ﬂ&ﬁn{“ﬁ%lvf PEEM8A of pieces
(i ndi vi dugle, gaRa%k dél&ﬁﬁﬂxhlﬂféth%edw&idsor dEltisn withe th)dftafgeflecddfdc@ﬁﬁﬁﬁmedone or
nore DR %gnes one or nore hi genes, a nu constant a. second

const ant bydnssrionppta therlagis, g, ’Q&q‘f‘i‘fﬁ‘ fgreelogtable magiegfy ﬂ&% %FW\EH’ %%t 0 a
const ruct s{ea{ calewnaere%inmwa@e&mtmhmﬂ Ble FeARAAIR paADfrbS tﬁbaﬁsdnﬂ&fd in US.
Pat ent No. 45,807 to Surani etal. and U 'S. Patent I\Q 45, 806,

5, 625, 825 en@rms: stemgcells apdare sapsblenyf fransnying toye gengticmepi ‘5%‘0 Wl

5, 814,,318, S witttiAdofucé® RuflABinBAGId Ioeulhaaa% gramnd Kay,
U. S. gten?esg\%%i?&% Héaggééﬁ% 6, Olggﬂ 010 to Kri npenf orgt and Berns, U S.

Pat ent Nosw&ana@y@teéaglogglw@cml vigld gnimatsguhoss antthgdysereduciionfs purclyg U s,
Pat ent No. §ngé 6% af;h and Dunn, and GenPharm I nternational U. S

Pat ent Appﬁl tion Seria 07/574,748, filed August 29, 1990,

07/ 575, 962, fi |1em¢1tpgw§vesnategy9@®easmmv@0§t?@ huppp hepvpaukighérhain 17, 1991,
07/ 853, 408, £04 BosdRousl 992,

07/ 990, 86L"‘““l“}’@§b% gﬁb%eﬁlsi%%%%% os?’g'gg 1311,&?1';}%53 ge? il 26, 1993,

08/ 09@07 6 Amnhinbgldbulinl Ici 2y homoBgousgefordEnation in emrzening¢a I%‘B‘r Thigresylés3
081161, 739, fi| 1993,
08/ 209, 7412 s E5eaE 55 {“"i"d’élgfgﬁ% i &sfgﬁeE‘%'?gpeélg’{ﬁé inbRgRRRal Theis 1995 B1,
| nt er nat i dohdwdédkiyethe golepkipn af¢meﬂmmmmg@8mbmmwweﬂzmsed VO

92/ 22647, 92/ 22670 V\?g /13%‘%7 WO 94/ 00569, WD 94/ 25585, WO 96/ 14436,
WO 97/ 13855 s sBPas S MBS o Cpat ent o 5,981, 175. See further
Tayl or etal ., FoPexaniphen Betedliclane H8OSprafaes Hulmpn apti-Ch3 antigsly is ehovedet al . |

%?gg 5) L O n b %é;eg%gegll %1903 ?‘%@% ?ﬁ{rlngf anﬁ 1mg'nlortaliéeﬁ%gé)rdin£{3dvaﬁb'@si x}létﬂd?ls et at,
known within the art. Such B cells may be derived directly from the blood of the animal

or from lymphoid tissues, including but not restricted to spleen, tonsils, lymph nodes, and

bone marrow. The resultant, immortalized B cells may be expanded and cultured in vitro

to produce large, clinically applicable quantities of huCD3 antibody. Altematively, genes
30 encoding the immunoglobulins with one or more human variable regions can be

recovered and expressed in a differing cell type, including but not restricted to a
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20An advantage of the mnilocus approach is the rapidity with which
constructs including portions of the Ig | ocus can be generated and

i ntroduced into animals. Conmensurately, however, a significant

di sadvant age of the rninilocus approach-is that, in theory, insufficient
diversity is introduced through the inclusion of small nunbers of V, D, and
J genes. |ndeed, the published work appears to support this concern. B-cel
25 devel oprment and anti body production of animls produced through use of

the mnilocus approach appear stunted. Theref ohrge_, research surroundi ng the
present | mammaliamcdiapyliterssustemdnordgr 9abirmyihe aptiaodics Sifeety T g 19Ut r oduct i on

of large portions Of ifed & sti@ftfiaih, Rof@hled,0 achi eve greater diversity and
in an effort to retonstitute the 1 nunune repertoire of the ani mals.

Kirin has al solndeiditins;thaedie sehof Gty brmen ai-GP3 pativadicasrentdibydhe r om mi ce in

whi ch, through .m crocel | i I i or entire
chr onosong&° H‘HV,EO%E rlflnl aﬁiﬁ%éﬁ%&& .Sa%glgd%ﬁglggégﬁ%%g Iég!tg?%ag){lﬁﬁigati on Nos. 773

288 ang 84pif4i kharkbtesticsarich wbarswteristits ibdude, forlexample. dindingdinilyiothel ed t he

i ndustry {o pr re 5 chimerig,ot [\ ' ' [ Wi | e
chineric gﬁ?ﬁ%ﬁﬁ?@?tﬂwgbgﬁﬁﬁﬁ%ﬁmé%%cgﬁgﬁ% arg%géi%g%ggﬁﬁgg@%gh@g?i abl e

regi on, i bnfi-€DPeREEIEOICIohas frare teantirelsetvelicalntvi thetdesieedicharagtenistiotther( HACA)
responses will _ be obseryed rticularly i.n chr.oni ¢ or | t.0 - se '

Ut i zat | aFeuses s of Hisiaptids srgtences enfedip g desied F?’%“B%eé‘S“sp?Lgvi de fully
human ant ighad} senipdlafidhsth gehdlate Butibodies with thekseichirecteriztics imalteantveellef f ect s of
HAMA or HACA 10 response, The roducti.on?#fg. anti bodies wth reduced

i nunuABgeAYtenesy USRS GANYENtORAJRIAMbIRELPR TGS BTGP ¥ on and di spl ay '

techni ques uSi ffs3RREARIABEPwhY defrdhithifed ih boniettlonveithagaéaiondfest fitklat nuri ne
anti bodi es or antibodies from ot her species can hu ni.ze,glqc_% prirnatized
usi ng t ecAenoMeuseibstrains s prblished Wnd 994 See&agence! gl Nafgrq,enetich G138} 1 s '
I nununol Lehpdiy, dtrdidn Aruhd WAL Bitaicaial) 5. Qi Agfivitions | n

| munol . fz -168 (1992). The ant.i boSld?%g of int ergg@gaé/ be elﬁ%neer ed by

r econbi narferigtiost x Q08 ctiled danvapydR 199D OHHO. ey fileNovenhars, 139056 domai ns,

and/ or .t h i Rood, biYo33)64C Al 881y 3001999, fedBsioBcIILHiee (See WO
92102130 3;3{3'1%_&%)_,1@%@%{@1%& 5 530, 101, 5 §85 089, 5, 693,761, 5,693,792,

5, 714, 350 Marchi 151993708151 848filed Avgwss 27,993,108 (254 d rilesArrd 281984+ r ucti on of

chimeric i i k kN af d9/4b4893a] filedPrube A. S.
84: 3439 ( ?‘??’Qg%’gﬁ%i jaﬁurf?i‘ﬁgg’?gggil’ggmgg’?f&%?%g?)? .g9r5’$i IQNX IS ilsol % d froma
hybr i doma Soi9%5 H¥A64:392, filed dukecT, AB9% AR46HITn Bleg Tunsc, 22N 0?’6%?%& cDNA.

The CDNA g e 5, 1995, 08/486,853, filed June 5, 1995, 08/486,857, filed June 5, 1995, 08/486,859,
20 filed June 5, 1995, 08/462,513, filed June 5, 1995, 08/724,752, filed October 2, 1996, and
08/759, 620, filed December 3, 1996 and U.S. Patent Nos. 6,162,963, 6,150,584, 6,
114,598, 6,075,181, and 5,939,598 and Japanese Patent Nos. 3 068 180 B2, 3 068 506
B2, and 3 068 507 B2. See also Mendez ez al. Nature Genetics 15:146-156 (1997) and
Green and Jakobovits J. Exp. Med.: 188:483-495 (1998). See also European Patent No.,

>
D

25  EP 0463 151 Bl, grant published June 12, 1996, International Patent Application No.,
WO 94/02602, published February 3, 1994, Intemational Patent Application No., WO
96/34096, published October 31, 1996, WO 98/24893, published June 11, 1998, WO
00/76310, published December 21,2000.

In an alternative approach, others have utilized a “minilocus” approach. In the

30 minilocus approach, an exogenous Ig locus is mimicked through the inclusion of pieces

(individual genes) from the Ig locus. Thus, one or more VH genes, one or more Dy
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of interest may be anplified by the pol ynmerase chain reaction using
specific priners (U S. Pat. Nos. 4,683, 195 and 4, 683,202). Alternatively,
a library is made and screened 25 to isolate the sequence of interest. The
DNA sequence encoding the variable region of the antibody is then fused to
human constant regi on sequences. The sequences of human constant regions
genes may be found in Kabat et al. (1991) Sequences of Proteins of

i mrunol ogi cal Interest, N.1.H publication no 91-3242. Human C region
genes are readily avai I abl e from known ¢l on The choice of isotype wll
be gui ded 8BSt OHEEITlecEenD: %F‘I“é‘@f‘%‘?"tf‘?ﬁ%‘t eCQG SNSRI FEEIY enent

fixation, (efefdbly &gdnnd ébn@taﬁﬂ @g?gaﬁ@%ﬂe@mo £ @nbtellcBfor GHbAbOWIECHT V.

Preferred I sotypes  are , and 1g04. Either_ of the human_ |ight

chai n conguimal. lagamch P@ai?é‘@ﬁtﬁﬂ in H@bﬂ%eﬂt%{’y%@ 8Q%\e Sumpmbetahiapd i,
puman! zed gl Rely s@sédﬂ?%%%gf S35 026'. BINISTHIANE, STPINAYS. Ant i body

fragnments, suc Fab may %Ir epared by cl eavage of the
i ntact 5pr SLBP1650,65, & 4,318)5,51708La S 87629% heﬁrﬁééﬁ 438 eagly twdeonbexe pud Ray,i vel y, a
truncat ed C ng a
por 1 on ot bR NP S B e £ R e B R N S gt he
CH domai 12,205, 5;72@,667,@9& 6,189,213 tocBdrhsodd al.rand Lb5. [PawetiNG b, 643, T6drie Choii onal

stop codon tryncated I e f Hand L
3 rogi ons i Sl artieih BB Bt M ArPROIBASHR RESUAROEDAE. ')
i nt r oduce fi&EAugdust 29519900 07/675,902 fikdiAnigost 3het 990,,05¢8101279, cﬁ‘lecﬂnecsnnb&equent
Iinkaeofv g cDNA can
b modt i dd BT PP o R By R, P b B AR RS oo e FB 0T &t e
alnal OQSUS faphéde@Ber 16, 1992, OéssIOﬁJlﬂeﬂltﬁmml 26, 1993, 0BX0P6, EGEIﬁdBdJuEQEprs i ncl ude
asm ds retrowrue EBV i I i ke. A
(F:)onvenl ent!99e&dr3 ?‘él @%‘&‘?}V&fn éﬁ%ggij égﬂéﬁg%fgﬂéﬁpveﬁl 'Ffp’{i? @ human CH 15
ng%eler ed fslgbt% Egltﬂlilnn VHgor 1W3§b8/ ﬂpggagﬁﬁﬁ%ugp@w@mwl teSed and
expr essed. EurgpeagRatens oy 746 prm c,[Ptﬁﬁlaﬁéll'i‘EF t?‘t(g‘@l?h?agmi’)@?’&é’éﬂ Q?ﬁ?gljtspl ice
?ﬁno[] 1S temcfbfml‘die:ts W@@b&dsw WO 92 2690g Wdhes/ s co pey/@isps, v Osi t e precedi ng
e human re

[ hin th
e G sdasEh b gResh N0 S1ARE, LB bR u SRS R ot "at S0

native Chrsoémwee%rhf%ﬂgﬂmm e1392, Afheh REaIC 9993) Fusifion &g, 19PBECHER S| ti ng
chimeric antibod

j i/ﬂ joined to %nyl st rgon%m%) % [ r11cI5|)Jd| ng
retroviralals 198l f@e@ e‘aé\fla%ﬂ)e&r)’i‘? o kb8 ap (1% Cel | .
Bio. 3: 2805i£h¥\9ﬁ%) 4L, (fgy@_ sarcoma virus LTR
20 An advantage of the minilocus approach is the rapidity with which constructs
including portions of the Ig locus can be generated and introduced into animals.
- Commensurately, however, a significant disadvantage of the minilocus approach-is that,
in theory, insufficient diversity s introduced through the inclusion of small numbers of
V, D, and J genes. Indeed, the published work appears to support this concern. B-cell
25  development and antibody production of animals produced through use of the minilocus
-approach appear stunted. Therefore, research surrounding the present invention has
consistently been directed towards the introduction of large portions of the Ig locus in

order to achieve greater diversity and in an effort to reconstitute the immune repertoire of

the animals.
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(Gorman et at P.N.A'S. 79:6777(1982)), and nol oney nurine | eukem a virus
LTR (Grosschedl et al. Cell 41:885 (1985)). Also, as wll be appreciated,
native I g pronoters 25 and the |i ke may be used. Further, human

anti bodi es or antibodies from other species can be generated through

di splay type technol ogies, including, without [imtation, phage display,
retroviral display, ribosomal display, and other techni ques, using

techni ques well known in the art and the resulting nol ecul es can be

subj ected to additional maturation, such as_affinity. .30 maturation, as such
techni ques ar eKitl haslso dpmpnstratd thergenergqnpt lumagantibpdieg frompyeen —pnes and

Pl uct hau )i Les OF EROD OB es ir $tird YhmonBgdidsey and
Smith @n%@@%@%%‘é@%ﬁﬁ%@ deisspllay), Scott TD35, 17: 241- 245 (1992),
Owi rl a et hate beRhliGroldBrd 8 SecdTepeas Batert VopphiyatioriNps o1 73288 apd 8A3 L. Aci ds
Research 21:1081-1085. 3) 4 E‘ﬁoﬂL e indeH : 43- 68
(1992), Chi swe bk At %%‘%*P"’ﬁ% ° 10:%5‘%%?159‘5),%%?@@ Pat ent
No. 5, 333 chifriclof othesyisechpranized imtibbdigs. &' hide ehimerid dngiberdieshaye buman ant i bodi es

that are not human, such antibodjes n. ' : lped above.
Usi ng t he S8R FEIEhF F‘W%Bﬁajé@m %%l,gg?% %‘Ee{rgg’t}éﬁgpgﬁ&%%ag%?essi ng
cel I's, CDRhinkeiR!afitibddg(HB.Co) réspthseepilt tepbserord, patitulabsinchonisek multivd

expression libraries thereto.(S e. d. .S P nt . 57) which
can t her edloseytiligations Pég‘ﬁé’éf‘tﬁ’gg'dige‘@r ft g’é’ﬁldtaéﬁgs%mg%ﬁo R’é’%eﬁﬁ };?Zl&%}/agt i es

descri bed ah0uEes aPRAit WDAAGdee iRt eohcarhs MidiareffEtte s BHAMA asHACA I'n
accordance with the present invention and based on the activity of the
ant i bd@ﬁ edePRBE- are produced and characterized herein with respect to CD3,
the design of q}Bglodh&RNPEAIYORIEREHA kédubRSmbRIOphicHYtis A1echccomplaheds s .
facilitated. Such nodalities 15include, wthaout |n1t%;|ﬂ advanced

ant i body t‘h@h‘ﬁp@%ﬁaﬁ%?ffds‘lﬁﬂl\ayat?hﬁ%%‘ﬁéﬁﬂgiaBP’é’ﬁ’E“‘g’tBB' - "FlHhthot oxi ns, and
radi ol abel od. LHRH A HutifSantBEMES Gldnfbodis RADbtheieptdialcan Belhirtdizegene

t herapies, "particularly 1 ntrabodies, antisense thera and snal

) eut | cs,
nol ecul es.primatized ysing teshaigypewel] h‘%’ﬁ‘ﬁﬁ@&%ﬁeﬁ\ﬁ-&h“@@g@@iﬁﬁs el di es,
bi specj i %@#HQQ?&@&%@W@{B%{&F@& RBALwER RES6]. (202518 (B93).bodi es one
ITTcity to and

with a’spec anot her ) ) .
The antibody of interest may be engineered by recombinant DNA techniques to substitute

the CH1, CH2, CH3, hinge domains, and/or the framework domain with the
corresponding human sequence (See WO 92102190 and U.S. Patent Nos. 5,530,101,
5,585,089, 5, 693,761, 5,693,792, 5,714,350, and 5,777,085). Also, the use of Iz cDNA
20  for construction of chimeric immunoglobulin genes is known in the art (Liu et al.
P.N.A.S. 84:3439 (1987) and J. Immunol. 139:3521 (1987)). mRNA is isolated from a
hybridoma or other celi producing the antibody and used to produce cDNA. The cDNA
of interest may be amplified by the polymerase chain reaction using specific primers
(U.S. Pat. Nos. 4,683, 195 and 4,683,202). Altematively, a library is made and screened
25  toisolate the sequence of interest. The DNA sequence encoding the variable region of
the antibody is then fused to human constant region sequences. The sequences of human
constant regions genes may be found in Kabat ef al. (1991) Sequences of Proteins of
immunological Interest, N.LH. publication no. 91-3242. Human C region genes are
readily available from known clones. The choice of isotype will be guided by the desired
30 effecter functions, such as complement fixation, or activity in antibody-dependent

cellular cytotoxicity. Preferred isotypes are IgGl, IgG3 and IgG4. Either of the human



20 to a second nol ecul e that are conjugated together, (ii) a single

anti body that has one chain specific to CD3 and a second chain specific to
a second nolecule, or (iii) a single chain antibody that has specificity to
CD3 and the other nolecule. Such bispecific antibodies can be generated

usi ng techni ques that are well known for exanple, in connection with (i)
and (ii) See e.g., Fanger etal. |Immunol Methods 4:72-81 (1994) and 25
Wight and Harris, supra, and in connection with (iii) See e.g., Traunecker
etal. Int. J. Cancer (Suppl.) 7:51-52 (1992). In ea%ﬂncase, t he second
speci fi ci lightchainisonstantieetons,kapparns Ambdarmaxbensed-y T SHmmice bppavaed j ncl udi ng,
w t hout | i m.tati ﬁm idmafs ., Deo etal. 18:127 (1997)) or
CD89 (Seealre]?.ibé’.%?h%g ne%ﬁeé&g;%a th(l){g)d 98@2%85- 4492 (19;9{;3]%. Bi specific

anti bodi es pr epatisdyifrnganctssudrasd vwht2h)14né Falpmay be pigp Yiclpavags ¢del y t o
kill 30 cell.s expressin 11 y i ich the CD3
At 1 bdi oTeR g Ry AR IO iea B U0 pRANEAI it gk ARG LS WindabdiBE T

i MTUNOE OX iig\desigaed. | Hop ekamsple achiveringdie dnectlinga partiomef the Rlabdiagriens uti | i zi ng

techni ques that a |l known in.t : : 1.1 et I nol Today
s Do 1 oSl teaBAcHNR spruéicedtpdenfe a1 goRR afia e isdelick el M0 T0C
prepar at i @Raifffollwkdtyalieinsidticuat stiypetides to wieidthetadicitedniokmtlebodi es can al so
be readily 5 prepared utiIizi@ t(g}cdl}g}ggues t hat e'a{,{;lte wel| known in the art.
See e.g., JungREREns sgfuengesoicy An PRSI 05 L0 48Pt her apy 655- 686 ( 2d
edi tion, GRgftuRleofdtd fdraROSs prReo inttddped Wef festan@nsited BkHihy J rdgém fat so U. S.
Pat ent Nos. "4, 681, 581, 4,735, 210, Wé? 5,.102, 990 (glE 35 g@lgép

5, 648,171 subssguent GipsoefV regiguseghen i TRElon segmentsy §rrsgen | ecul es
woul d be {ﬁhiﬂ% kﬁoame&bi{ LireCBichtSd BXRIEETTs ROpIRidh re@fictidnaitt bkt afalogodd t hose
cells in Ich the anti bodies of the invention are effective. I n

connect i oposikipninthehygereegiefefn of t herapeutic peptides, through the

utilization of ﬁﬁfeﬁk‘?&d“\fe@doré RS PshRds, Fedlottrads, NAGDB B rivat dphdfticss
thereto, such as the antibodies of the invention or screeni Fg_@of%@eptl de
li brari es,and Herlikoe dtdonvesiant Yeos ixans tht cprodes RivBeHonalky copplelg i e agai nst
CD3. Lesi | ith@BproPEAte R8Nl GiBsiled ertbiertd §6 that dhyl5
connecl?t%i o%qv%%égsmﬂg%cﬁm%?ﬁ Bi g? egﬁﬁi gues 133:1213- 421 ( 1992_)5_[, Iylought en
PNAS USA 82H 51 3151 85u¢nee e8)be easilyinseaiod anchgxprasiedt SLish §Eders£81908 - 905
(1992), Bl kg ARdukhithbad Y oicBUOHdR B MALnkdGHY rebicn'diu Hotplide?92) .

| mmunot oxi NS and radi ol abe mol ecul es can al so be prepared, and in a
similar neseoetor sitapreondingdhé man € regisaptiddlse artiiesplicedegiansdhad et@Eed above in

connecti on | &er%%ag?.ﬁl'[&grrls ﬁ%ﬁ%&%%ﬁdﬁg’g&%ﬂ _ EHAH&FH&QAtOV a form

such as a &pitce varia ) is functionally_ active in a
di seas® prmtiesshromosowial $itea Hewnstream of Sielspding tegipas Hee rgahin @Kt i sense

t herapeutics,thereto . ' ‘W Lasas1 LBREh sMedasg ties can
be utili zeatﬁ'ﬁ}’%ér}m &Jﬁ%@%ﬁ%%ﬁg%%%%e%}d . In coIﬁnec’ti on-therewith the
ant i bodi eseasliy ptdmeotery @lapama et web MoloGell. £io.13: 28011083 Bs Reus sareama yeusgkTR unct i onal
assays related ther . €Sl VegNSER t her apeutics
i s discuss r’?ﬁ“‘(’fé‘(?ltlﬁﬁiﬁ(ra??z‘?ﬂgﬁ?ﬂ’n%?&%g%%#&%% i céa}@?lgn No.” WD 94/ 29444,
Desi gn andGrbsseticdbirat dellid] 385 198611 A, areillbelappriceiatah natisdapegmoters
particul ar, ditge.use q{e%ﬁe t herapeutic techni ques involving intrabodies
rtiear

could %?rov‘g‘ ELH@‘B"}Y arly advant ageous. See e.g., Chen et al. Human
Gene Therapy 5:FdhetRdhdidadodisschr biatitaaize ficanwheFispecins ganfbeldendrste 1097) .

General design of and consideratjons.related,. 30 to gene Ihlgr €S IS
i 0. di scubsueh Rier bt febmires Bapaine wppT banri RERE pPeh A
display, ribosomal display, and other techniques, using techniques well kmown in the art
and the resulting molecules can be subjected to additional maturation, such as affinity
30  maturation, as such techniques are well known in the art. Wright and Harris, supra,,

Hanes and Plucthau PEAS USA 94:4937-4942 (1997) (ribosomal display), Parmley and
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Know edge gl eaned fromthe structure of the CD3 nolecule and its
interactions with other nolecules in accordance with the present invention,
such as the anti bodies of the invention, and others can be utilized to
rational ly design additional therapeutic nodalities. In this regard,
rational drug design techniques such as X-ray crystall ography, 5
conput er -ai ded (or assisted) nolecul ar nodeling (CAMM, quantitative or
gqualitative structure-activity relationship (@GAR), and sim |l ar

t echnol ogi es can be utilized to focus dr ' er S t i onal
desi gn al Sowib Gsnedd:395-31f (6938) (Rhes ﬁ‘sﬂ?%s%%@%ygﬁ’ag {}32@’ (v?ﬂgianetcan
I nt eract m.‘Pﬂﬁ%ﬂ@h@?ﬁ-@ﬁf{l%ﬁ@\ﬁéﬁ@etfdl.l’NI%LtAhﬁ!dsa?HseaMﬂ Tihio3as10Be used to
nodi fy or ulate the activity of CD3. Such structures can be synthesized

10 chenmi c&1999), Bloganbpem sseglnmunsl ReyigmedP0:4368 £1492), fhiswel 38d oach has been

revi ewed | o net } I 191 PR& 80, SlusmmaThes tic Drugs

( St ockt on%%@ﬁ@ﬁ%é?@%??ﬁgfa,ﬁ?dgggbliﬂ‘ﬁattori al librar ilggggan be

desi gngd antinclygitshesutizad trptodise dntihediss fhabaie Ret fymegr ek antibadigs ¢an b§i gh

t hr oughpuh scr.e%&égg%?ﬁg%pa{bh\sr._ Therapeutic Adm nistration and Fornul ati ons
e

151t wi || “BEYAH at administration of therapeutic entities in
accordance W t Wsinp ehebeemiquos) aniibddicds cambingeneisted te@Ddiekpressirigtcalid. €D3ar ri er s,

exci pi ents, d ot agents that..are in i: l.atjons to
o ovi do- | HFibaEer Ghar Brovaer Patieg: Geishh AAEBoRhG ifafles GBI BN¥, | 0
of appr opllatiesmkdmiNgL 3, 703505 Rwhiok cirotiadafian bt baednod avdeacrjbeld sbave foo al |

phar maceutical, chem sts: Rem ngton's Pharmaceutical Sciences (15th ed, Mck
20 Publi sApeastivigiandmsibedat®Vsn, " PA (1975)), particul arly Chapter 87 by

Bl aug, Seynour, therein. These Ay ti onst.isncl ude, for exanple, powders,
past es, ointhﬁ@-&ﬁ@—%—?—t@—&H—H—rﬁﬁ,“ L thep  HEraBeIteys, 1ipid (cationic or

ani oni c) containing vesic such. as .Llipo } 0T, j ugat es,

anhydr ous abso#"bﬁ’%ﬂﬂ?ﬁ&%‘gﬁe Ffepplr?y?/\lb Ogﬁnaﬁaggé\g?g%??t%ioﬁa{éywl si ons,

enul si ons aaakdMRRaNat bRttt Ina RBargdtyriet berofn with iespest tndIIEG tiealesigredht s) |

sem -solid 25 gels,. and sem. -solid.mxtures cont.ajni;n Any of the
f or egoi ng Or‘il?eiWF”@E“‘W%E“?&W?P&@&?@%OT r8at tlr‘j%%lgltagg da%ﬁaﬁrﬁ'g?%@?%s in

accor 4ancgpMhdeNwitheut Br@amoH, advanesdtantivodyphicatiediba, $uohbs biseeciivtantidiasgr edi ent
in the formulation is_not inactivated by the fornulation

f or nul at i GRPUEOIGKIRE T By 1ae§ ﬂE?B?ﬂ%tt“isbgeé‘ergﬁ%" ?@cgérl%bth%a%&p gs’ Pﬁ% route of
adm ni st r 3hérifes, PRAcAIrBAnBdodiek, Glitifense thtrapemtics ahd eadll malecydesent devel opnent :
the need for 30 preclinjcal gui dan}glg. ) Ei?%ul. ('Blfox'écol .fﬁ;h%qipgcﬁoslc.m

32(2): 210-8 ( 2GOD§ampien i qARneCtion BHR PisperiicantiRadics BFRTCHHENECDF @B i d
protein p ftﬁf%zﬁ&%& itaBdotaptisé (1 twokntifhidsame wild(specifidly td OBB fha@iddher Channan
WN "Lipids, 1ipophilic c?rugs, and oral drug deli ver‘;é- SO, BIIEr i ng
conceR0s. "to 3 seeath motssple dut e covsared tosgihs) (1) paiRgleantiody tha rﬁ%endi um of
exci pi ent s Bﬂ%g%@ﬁ%@ﬂndfa@%ﬁ@hﬁﬁ QsecifRb\adedoha mivleSalie, GE€iinsingle

52:238-311(1993) and the citations_therein for additional. information
rel ated t cchiiprantibosyitens bas speaficilyda{D3and tee Qthgrm ?@i%\eﬁ“nhaﬁ‘ﬁ% %o

phar maceutf gl EN1ERbS bherated using IAAARALbAGrd WEIoa Brexagpld he | nvent i on,
e u

21| Vi &t o conngaipe o s Sesr. i Faneare Fl SO Y GRal 105t 2D SBhch as,
L R A AL RSBy B e s . At of e
Cancer (Suppl.) 7:51-52 (1992). In each case, the second specificity can be made to the
heavy chain activation receptors, including, without limitation, CD16 or CD64 (See e.g.,
Deo et al. 18:127 (1997)) or CD89 (See e.g., Valerius ef al. Blood 90:4485-4492 (1997)).
Bispecific antibodies prepared in accordance with the foregoing would be likely to kill
30 cells expressing CD3, and particularly those cells in which the CD3 antibodies of the

invention are effective.
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10 Syndrone (AIDS, which is a viral disease with an autoi nunune conponent),
al opeci a areata, anlcylosing spondylitis, antiphospholipid syndrone,

aut oi nunune Addi son's di sease, autoi nuntne henol ytic anem a, autoi nmune
hepatitis, autoinunune inner ear disease (AlED), autoi mmune

| ynphoproliferative syndronme (ALPS), autoi mmune thronbocytopenic purpura
(ATP), Behcet's disease, cardionyopathy, celiac sprue- 15 dwinatitis
hepetiforms; chronic fatigue immune dysfunction syndrome (CFIDS), chronic

i nfl ammatory d elinatin ol yneur opat ClP tri CI al penphi gol d,
col d aggl uti ni ﬁ{%ngg‘élggwl l“gg’ﬂ"z‘%t?ﬁﬂ?’ %ﬁgtﬁ?fhhe)m%‘fé 83 #egos' di sease,
der mat 0Ny Qirduhstoldne RillzAng t6d hag%ﬂhhtww\saeu Resaithitled arnisseegcWited obul i nemi a,
fi bromyal gi a-fi bronmyositis aves' disease, Quill ?éﬁr‘] Barre syndrone,

Hashi ot o' lemunghknday 14:352 (189Dp Seqleo Yt BUrmtNP. 539479 J8 pamestign gty hi ¢
thr Onbocyttﬂéd,@e;sa@aﬂaﬂ ozwd?olébbﬂéﬁ’)amﬂo%s %ﬁ&hﬁl@&ﬁ%@h&lﬂbb&lﬁwah aksdepradent di abetes

mel |l itus eni | ronic arthritis (Still's dlsease) juvenlle r heumat oi d
art hri Bi sprmﬂdelilbzlsgtﬁpbemthahmwllé@ﬁ%&ﬁ19éﬂt19@% Tanghersset ol il ti pl e

scl erosi s, a%ﬂ!&%h@ﬁp @5 g%%q ﬁmth@ﬁﬁg%.@@% (@B%Eﬁ!uan, cﬁﬁhﬁé@&ﬁfﬂdnhé $qd10dosa,

polychondrl ar syhdrones, polymyal gia rheungti ca,
pol ynyosi tliippisset Rtecmﬁﬂ%ﬂco%qetalsgU%rRatcatyOQE},@géMfiéﬁm| nem a, primary

i1 1ary Cis {045 $10888 1AP4 Ssq ORISR 4 887 5020 malf TR0 BlieRRrT=na.

Reiter's ‘rhéumat’ol d arthritis, sarcol dosis,
scl er oder rmdnélpbehgrms]scum.m&dmml)smlkdtcﬂlssxr(rémg CDY, el partvnderlys system ¢

sclerq SS&I‘FA{?&'@@‘?&}“{‘@‘F ‘:);}.nﬂ?e,,[msetnluf_ﬂf1 @% fag}(lgdrome system c | upus

eryth oraft erltls/glant cell arteritis,
ul cerati ve col i tchnedtiof ivtithIhe gﬂnénatmgaftheldpe&ﬁc Mﬂaaeﬂirmgglﬂmumﬂmmhosi S.

| nf t di d .ingl : . d
 nf | amat Gy ROEEHAR s gt GO and iR wrGlonRiefi 268 affidfs ot
QI zhelh rrelr 'the BivERidA Or s@ﬁzﬁ@ﬁ»quitiﬂeiibraﬁés}q , éitegppeuti ﬂeﬁﬂi@y pmﬁtd@nmﬂ tnaosi s,
roncnli a ecze nmer ul onephr i sease,
ool vt 1 B TR aEges s, DeRiEn bt SREeor Bl btepy i PSR o of
Stissug andnficdan®ith HaGgikd dziak Blﬁe@bﬁ;mmzmmnmmy HunghteePNABat or i nduced

| ung injur one e _ ositions of
the i nventd%g%usylé@r?isrﬂ%gt%gpé’&?ﬂ? ﬁ' ’ﬂ‘ffﬁcﬁngﬁﬂggygg%n@% such as,
for exanpligizi-Gatis Bl&l'onﬁlgbl@t@leﬁl% Bm-ss; qwgz)c Qmammdxm and&adxolabdmlﬁpou nd that

reduces or otherwise inhibits insulin rel ease, . such @gtas& um channel

openers) . TlsrRsSan gleo bgRrepAsed 224 1B A SR RARR e é’PE“efBO RpepBds in e g.,

the publ i sh&eiRPiseRbddABots 15coﬁﬁ@ﬂ&ﬂ3ﬂgﬁﬁ}b@@1€§ Sddichailtient BRIGDcel | resting
conpounds are descri bed in publjshed aﬁ&gl cation U. 200?0235583 each of

whi ch 30s Haelegye ﬁoﬁééq%?‘ﬁ?éﬂa BRlicE aariank piclterniats foum)ds fnptignally 3oive g her
enbodi MentyischftGriidbDR v kish 86 Yo IO Uedi g0 fithe UH®shtisehst HRADewids thereto

. - through conventional techniques. Such modalities can be utilized for modulating the
function of CD3. In connection therewith the antibodies of the present invention
facilitate design and use of functional assays related thereto. A design and strategy for

25 antisense therapeutics is discussed in detail in International Patent Application No. WO
94/29444. Design and strategies for gene therapy are well known. However, in
particular, the use of gene therapeutic techniques involving intrabodies could prove to be
particularly advantageous. See e.g., Chen et al. Human Gene Therapy 5:595-601 (1994)
and Marasco Gene Therapy 4:11-15 (1997). General design of and considerations related

30 to gene therapeutics is also discussed in Intemnational Patent Application No. WO
97/38137. '
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I mmune-rel ated di sorder are adm nistered in conbination wth any of a
variety of known 15 anti-inflammatory and/or inmunosuppressi ve conpounds.
Sui t abl e known conpounds include, but are not limted to methotrexate,
cyclosporin A (including, for exanple, cyclosporin mcroenulsion),
tacrolinus, corticosteroids, statins, interferon beta, Rem cade
(I'nfliximb), Enbrel (Etanercept) and Humira (Adalimmb). For exanple, in
the treatnment of rheunmatoid arthritis, the huCD3 anti body 20 conpositions
of the invention can be co-adninistered @ '&EF et hot r exat e,
cycl osporin A Kspuledassgleqmsdfromdhe %W?“F‘??f%& 1 96’}‘ I‘jLn LBt ) and/ or
Hum ra (Adady ecules in accérBarich Svith MRAIrERAL in@dntibhy, %u&]i z&,thdd?ﬂbdi‘tﬂm ant i body
conposi tions can be admnistered in conjunction wth

corti cost éheonvintionani gthers)can be utilized wﬁ%‘?ﬂaﬁy AGSIMﬂ%H@W% 25 and/ or
statins. Likewiseq, &,?stﬂe%? Sra@JnL drﬁ%@éllg‘tﬂ'tédﬁnﬁugé SRERREX -5y sdlo C%g)n
ant i body

Di sease or psorlasis ca treat a conbination of a hu
conposist i eampétet-kided ﬁwe&ststedhmahdﬂﬂemrﬂchw 631’(MM)J ‘il%ﬂ%‘ﬁ%‘)e orgpdntdiveHumi r a

(Adal i murn Egﬂn& LOGd ive a
conbi nat i 5%“‘%3'[’”’6?%“%51%&%&3%%1{ TpoS| | on IC§gges%l nveﬁt%lggﬂk{tﬁ&%onbl nati on
with, e.g dmg;d:aiowrgrasﬁbrtadmmnd desSgpadloss@ysdi@onofiproteinegremtbeiica- | a ( Avonex) ,
i nterferon bet a-I Reb rf er.on, bet . gt af eron),
rritoxantréHE ‘é‘;e)racag%ﬁé (élg%l}leeor emiti)dﬁ) %t%l%fﬂm%? ni sol one

( Depo- I\/Edruaww Wmﬁﬂdmltﬁmav(tmammh sodhires captbatsyntbesizéhe present

I nvention al so I’OVI des tho of treatj.n lating a npt om
associ ed W‘Fﬂl B G gﬁ‘@ﬁ] SYFEB- ttfgmpr%cghﬁs\&egnn{eggsgglrgt ed with
rejection cupfdlés @Mﬂéﬂe@ﬁwmglﬁ@fbﬂﬂ{@ﬁmmkﬁpeutﬁd)m@@mkbn Prdsg NWDnposi ti ons
of thelnventlon are used to.treat or vi at.e o) of the
aut oi mmund! %qgé)efélggefa?ﬂi“'?‘ﬁ‘ﬁt‘i’réﬁlrﬂg’iaﬂ 58?5(’1@?@ aﬂ‘i@@ é?ﬁfnar?grl'ﬁ%r# The

t her apeut igereeRAP gﬁahﬁn@cﬂfasm@ﬁﬂirdmgﬂmtls&aeraﬁ@efErao used as

i nununosuppr ESSI on agents in organ or tissue transplantation. As used

herein, Therapeutic Administration and Formulations

15 1t will be appreciated that administration of therapeutic entities in accordance with
the invention will be administered with suitable carriers, excipients, and other agents that
are incorporated into formulations to provide improved transfer, delivery, tolerance, and
the like. A multitude of appropriate formulations can be found in the formulary known to
all pharmaceutical chemists: Remington’s Pharmaceutical Sciences (15th ed, Mack

20  Publishing Company, Easton, PA (1975))}, particularly Chapter 87 by Blaug, Seymour,
therein. These formulations include, for example, powders, pastes, ointments, jellies,
waxes, oils, 1ii)ids, lipid (cationic or anionic) containing vesicles (such as Lipofectin™),
DNA conjugates, anhydrous absorption pastes, oil-in-water and water-in-oil emulsions,
emulsions carbowax (polyethylene glycols of various molecular weights), semi-solid

25  gels, and semi-solid mixtures containing carbowax. Any of the foregoing mixtures may
be appropriate in treatments and therapies in accordance with the present invention,
provided that the active ingredient in the formulation is not inactivated by the formulation
and the formulation is physiologically compatible and tolerable with the route of
administration. See also Baldrick P. "Pharmaceutical excipient development: the need for

30 preclinical guidance." Regul. Toxicol Pharmacol. 32(2):210-8 (2000), Wang W.
*Lyophilization and development of solid protein pharmaceuticals.” Int. . Pharm. 203(1-
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10 "i nmunosuppression agent” refers to an agent whose action on the imune
systemleads to the i medi ate or del ayed reduction of the activity of at

| east one pathway involved in an i mmune response, whether this response is
naturally occurring or artificially triggered, whether this response takes
pl ace as part of the innate i nmune system the adaptive i Mmune system or
bot h. These i nmunosuppressi ve huCD3 anti body conpositions are 15

adm nistered to a subject prior to, during and/or after organ or tissue

transpl ant r exarrp‘;@i,, nti baod ' is used to
treat or ?i@@ﬁ@oqog tLépl)g rlllﬁlc')’“"rd"%%’sésﬁgcegn#r dﬁpgﬁ?g‘i"?%n I n one
enbodi rrenremefgil,eg doNBAPEISIURHAES S8il. 89@8)?916@08 (2000), m’owylleudqjébnmbmﬁmnof t he

i nvention are adm ni steg’z? in co %:g@ﬁ n Wlth.{]a r% (jrapeggych as,
exanpl e, Zucipjepts forgaregte kfipn nghaE[Br% 6sC above.

| N anot her,,@eQethde therdi 5 addifidRaNRSsHMRI G5B ]awd tdsmmalaams; Geibientamdosi ti ons
are adm ni stered in conbination with any of a variety of known

anti - i Af | semstsovsHl knewnde pPharmaseutiesd ehsBreSsi ve conpounds. Suitabl e

anti-infl ammt Yo e P QST WRAR AHSbY, SV TRAURASICD3 48iBodyi dffthd he huCD3
anti bodi es of t nvention include, but are not 25 limted to,

met hot r exdtentiony meoﬁpibﬁol treatror @llpniate asymptom@ssosiated it andmmugetrlated,
m croemul sj 03 :{sohﬁ pl& Qh Eﬁtﬁﬁﬁﬁlﬁfe%s‘éﬁeﬂ‘ G fifdhbAfory disorder. | N Yet

anot her e | nventlon uCD3 antibody is adm nistered to a
human i nd| vi duaﬂutmqnmmnclélts%@smﬁmtﬁ fwnwleféﬂé@dimwéeﬁ%au ve anti bodies
Wi t hi | \AREITE C Gl diMBuANLInRRHERS aRp&iknown wi t hin
t he aﬂt éﬂ‘?ﬂés’ S?h%dqs %t‘ﬁﬂ{a?"?am ty to orrllgﬂ’or frgrfe) [l)rotel ns

expr essed @mk)gﬂ@wﬁigwpmdwhhs;mﬁr@omhnhmdm@rw@ammﬂnweoﬂifbhsagﬁect of the
i nvention, ,the hynman in ed
aut o- r eact9i$Fa5e, L{?Wg < ng‘?%‘"eégﬁa&% o eq{egﬁtnl% BEGRERGE ol ear

nvol ved 1 n’one or nore autoi nunune
di seases &ﬁse@feE(AEEﬂ)] aktDiDNe lyrhphoptdiéeraui\te syhdroma AR citdimmambodi nent, a

L e o i
adm nist er&&nmt{smepetw cmmiclmcgae imamngdysiunétion sgedreme (GFIDS), cbronive or nor e
LS A R SRoE St G BT BEA Bl Ve 0. 2
agglutinin disease, crest syndrome, Crohn’s disease, Degos’ disease, dermatomyositis-
juvenile, discoid lupus, essential mixed cryoglobulinemia, fibromyalgia-fibromyositis,
Graves’ disease, Guillain-Barré syndrome, Hashimoto’s thyroiditis, idiopathic pulmonary
20 fibrosis, idiopathic thrombocytopenia purpura (ITP), IgA nephropathy, insulin-dependent
diabetes mellitus, juvenile chronic arthritis (Still’s disease), juvenile theumatoid arthritis,
Ménidre’s disease, mixed connective tissue disease, multiple sclerosis, myasthenia gravis,
pernacious anemia, polyarteritis nodosa, polychondritis, polyglandular syndromes,
polymyalgia rheumatica, polymyositis and dermatomyositis, primary
25  agammaglobulinemia, primary biliary cirrhosis, psoriasis, psoriatic arthritis, Raynaud’s
phenomena, Reiter’s syndrome, rheumatic fever, theumatoid arthritis, sarcoidosts,
scleroderma (progressive systemic sclerosis (PSS), also known as systemic sclerosis
(8S)), Sjdgren’s syndrome, stiff-man syndrome, systemic lupus erythematosus, Takayasu
arteritis, temporal arteritis/giant cell arteritis, ulcerative colitis, uveitis, vitiligo and

30  Wegener’s granulomatosis.
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human subjects to prevent, reduce or decrease the recruitnent of inmune
cells into human tissues. A huCD3 antibody of the invention is adm nistered
to a subject in need thereof to prevent and treat conditions associ ated

wi th abnormal or deregulated i mune 10 cell recruitnment into tissue sites
of human di sease. I n anot her enbodi nent of the invention, a huCD3
antibody is admnistered into human subjects to prevent, reduce or decrease
the extravasation and di apedesis of inmmune cells into human ti ssues. Thus,

t he huCD3 anti bodi es of ,the inv né n arelad ni st %_ e nt and/ or
treat conditi oldlamaatory disrders; ippu % ﬁﬁﬂ’%r %%hF %ﬂ%ﬁ ne cel |l

infiltrat Hgardbﬁt Q;xhhsxsy@hﬁﬂma@fy disvidens ﬂblﬁéﬁ&&heﬁn&r aamdse,rastafnhpodi nment of
t he inventi on, CgD3 anti body i s adni ered into humaI _ects to

prevent , ﬂ@ﬂlﬁ@é‘e"c&b’, fﬁ’étgye%fg‘?ioﬁqlféosé% progehia r?é EEENR elome > of
cyt oki nes g}i}aﬁt@ Bt &leeabél KRB0 RAE ¥nemihe oft@atihrifsy bepkis Neroke, @%ﬁsrpfantaqo@bf human

cyt oki nes®knowh within the art that bind extracellular receptors upon the
cel | s@rf siseeandonghes wispulits, diskptic stmopathy and yspilatoninduged lengi IAYDLUL not

limted to IL- ﬁkw%nﬂ)odlh{epé gatl HCH3 a!nl-lbcﬁiy cbinpgsltldds ot fhe iR Bt drkard 3- The

rel ease of cytokines can to a toxi ¢ condition known as the cytoklne
rel ease sydniimsiered myjmalmmﬁmndmgeﬁlsuwor expnipdm GLRak otdeetar s, e g.

with the us an_ant | I e

gl obulin) © ﬁﬁes pmmd ?e %@%ﬁ%ﬂﬁeﬁgﬁg eaﬁ-gléé E@Bﬁté m%l'ﬁmgag%/é%dr one is
charact er Isﬂﬂﬂlaslp)btatsdimnehmmslsupmers)e [Ezasplendf soitate GLBdscosmgmda@reTNF | FN- ganma
and IL-2 into . the cir

si mul t18neSGerBE SRy ?pﬁlél%ra&napp ho g’?@$g&g@3‘%\?fih dﬁglw\?krﬁ%{abﬁt e region of
the anti beglihg dnpdunes Eed&eﬁbqﬁhmpablmhdi applicasiop [LES20030236%43 eacbof vi a t he

constant region of the a QB% ﬁf neolt her tg:retl |'s, thereby activating the T
celI's to rdnghysber W’G'R‘i“ﬁ‘érg TS B Y systemi ¢ i nfl anmatory response
characterized hyaltyiRet@absdimeat, thyhe&Daaﬂmd'dybgnpscmnoﬁgfugeﬂMeao&n CRS i ncl ude

fever, chills vom tinpn at ens,j.o nea. Thu a huCD3
ant i body dmﬂ%‘ﬁé"‘?i?‘f’é‘gﬁ%ﬁ‘?rﬂ?f DO “'S?}%ﬂ’écwblﬁgiﬂgw agy ggv cf"eysé%légn
prevents abRQliffdmdfbSIREoPREMMSEHHRsE0E carhpoands. Buitalile Rnawit @ingomadss) | n
vivo. | n another enbodinent of thhe [ nven} ion, 2 L{CBS an nti bodl)é S
adni ni st eribgluds, by are not limited to methotrexate, cyclosporin A (including, Tor examp

cyclosporin microemulsion), tacrolimus, corticosteroids, statins, interferon beta,

Remicade (Infliximab), Enbrel (Etanercept) and Humira (Adalimumab).

For example, in the treatment of rhewmatoid arthritis, the huCD3 antibody

20  compositions of the invention can be co-administered with corticosteroids, methotrexate,
cyclosporin A, statins, Remicade (Infliximab), Enbrel (Etanercept) and/or Humira
(Adalimumab).

In the treatment of uveitis, the huCD3 antibody compositions can be administered
in conjunction with, e.g., corticosteroids, methotrexate, cyclosporin A, cyclophosphamide

25  and/or statins. Likewise, patients afflicted with a disease such as Crohn’s Disease ot
psoriasis can be treated with a combination of a huCD3 antibody composition of the
invention and Remicaid (Infliximab), and/or Humira (Adalimumab}.

Patients with multiple sclerosis can receive a combination of a huCD?3 antibody
composition of the invention in combination with, e.g., glatiramer acetate (Copaxone),

30 interferon beta-1a (Avonex), interferon beta-1a (Rebif), interferon beta-1b (Betaseron or
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human subjects to prevent, reduce or decrease the effects nediated by the
rel ease of 5 cytokine receptors within the human body. The term "cytol ci ne
receptor” refers to all human cytokine receptors within the art that bind
one or nore cytokine(s), as defined herein, including but not limted to
receptors of the aforenentioned cytokines. Thus, a huCD3 anti body of the

I nvention is admnistered to treat and/or prevent conditions nedi ated

t hrough abnormal activation, binding or ligation of one or nore cytokine 10

receptor ( ithin.the hu body. . L.t is.further envisioned tha

i i ot ¢ baeirog iR e R Pt B P el ione ace 1 ut ar
si gnal i ng (Mrfd-Medebl)) undiyripptdhivond @rtipdone) ayl/onstatinsn such human subject. In
one aspect of the invention, hu ant.i body i s admnistered to a human

i ndi vi dual upo hag&qsggggegtfon@iﬁ?@f‘g’g%s a&‘b‘{%ﬁ?g‘é?al%%ﬁﬁ% 7BHng HWM | n one
enmbodi ment assdchiedhbik &l iindling relhisd HRsrdathraGimp@htasedlidied wiliCiejedtion | NsuUl i N
secretion or c-peptide levels as are knowmn within the art. Subsequently,

upon nct i clelleying graap pasplantilier cBes €X PP e EAmROFEONS Rfithepyrntion pre vphan

i ndi vi dual gigSa@f AiisVistd £ 58t bRy stifid dutdifitund ARaMEs A ABInAdrya huCD3

anti body to prevent further progression of autoitnmune destruéylon of

bet a- cel | dispidars dascriivdheiem- 20D agnostic and Prophyl actic Formul ati ons The
fully human anty. RS oRpobifiSns ? VRoRLe aldSQekdie di agnostic and -
prophyl actic f(}}rhr?u at’i onsc.0 I‘pﬁ lones eﬁggi rre?nt, 5 huCD3 MAb of the invention
i s adni ni sivesungsuppression agents in ¢rgan entissugttranppliniationd dsabwidieraip.one of t he

afore tid ' I | o I; L £ one or
ror e ofb t hanapabubRllBeH BAA5R3m Lol IR ot Bh B ARAR bR L T
genot ypi c, tosler ininegiateadr delaydsl wdietinh ofithe petrvitdaof at 16ast oexpathplag involved pr esence  of

O eul LA _ . ) . : ! lin,
RADss. and PATGRESNHRRE Allthe? BIOBER pAULAPOLARRY & SriaBll BilecldBEN T
t he i nventwinther thishweGBsatakestpdady as parbafitheunsite imgluneosystem, the adaptive

immune system, or both. These immunosuppressive huCD3 antibody compositions are.

15 administered to a subject prior to, during and/or afler organ or tissue transplantation. For
example, a huCD3 antibody of the invention is nsed to treat or prevent rejection after
organ or tissue transplantation.

In one embodiment, the immunosuppressive huCD3 antibody compositions of the
invention are administered in conjunction with a second agent such as, for example,

20  GLP-1 or a beta cell resting compound, as described above.

In another embodiment, these immunosuppressive huCD3 antibody coinpositions
- are administered in combination with any of a variety of known anti-inflammatory and/or--
immunosuppressive compounds. Suitable anti-inflammatory and/or immunosuppressive
compounds for use with the huCD3 antibodies of the invention include, but are not

25  limited to, methotrexate, cyclosporin A (including, for example, cyclosporin
microemulsion), tacrolimus, corticosteroids and statins.

In yet another embodiment of the invention, a huCD3 antibody is administered to
a human individual upon detection of the presence of auto-reactive antibodies within the
human individual. Such auto-reactive antibodies are known within the art as antibodies

30  with binding affinity to one or more proteins expressed endogenously within the human

individual. In one aspect of the invention, the human individual is tested for the presence
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human i ndi vi dual s di agnosed with one or nore of the aforenmentioned
aut oi mune 30 di seases. Upon diagnosis, a huCD3 antibody is admnistered to
mtigate or reverse the effects of autoimmnity. In one such exanple, a
human i ndi vi dual di agnosed with Type | diabetes is admnistered with
sufficient dose of a huCD3 antibody to restore pancreatic function and

m ni mze damage of autoitmune infiltration into the pancreas. In another
enbodi ment, a human i ndi vi dual diagnosed with rheumatoid arthritis is
adnlnlstered with a huCD3 anti body.t duce immne cell infiltration into

and dest r @Enuteeaghive anippdigs spepifcally involve MG QEMIE oRne Hi525ti%n are al so
useful i n,fRe06hentWidh BF «E03 oh@sﬂ%@iﬁb hbodimen, 85 2HERGY @itbdioy are

useful as di agnostics. For exanple, the huCD3 anti bodies of the invention
are used ﬂn:nmemetqf ontihodigy agaigst lleUlﬂEEl“QAllc #eid decpberyleseang/anibe 8420 a pati ent
sanpl e. QGIR Md @&qggcgfcﬂﬁmdrmﬁls &%tﬂﬁd(ﬁ%ﬂ%dﬁd}a@n b&{%tdef%@tldtﬁof
|mmb|I|z &8 A4S0 pport the wel mcrotiter plate).
The |nﬁobbhemdoxamuchmwyres®wv@stﬁwshea capture antl body for any CD3 that may
be present in | P 0 ARRRddbd ant i body
with a patient f‘%ﬂﬁ%ﬂe éﬁf "Sem Hggsrhvtﬁ%é&lf 9?“2@‘?? %glebgﬁﬁso? tre%tred&\%th a

bl ocki ng ageah subjets tapremmkeqhmebedescrezase thk bemittmentofgmenneatellsarts peci f i ¢

adsorption 15 of the Subse reat ed
with a t eSPMERHHTE: ﬁ:@@i’%‘ﬁ“@?y‘&f&h‘% TR nglfstaﬁgeﬂl%s{egﬁtwui t"%e% sol ution
cont ai ni NGheRecttPprdPdntami@iantonditiohhesseuidtedyeith alfoohal ar daagulzécdmynm e.g., a
serum sanple from a subject ,suspect eg*sof havi ng |l evels of circulating

anti gdf c &Rl regBREgnt gt S‘Iﬁsgﬁ‘ﬁ “%°pat hol ogy. After rinsing away the

test sanpl e or pPghotepBHBddimerit D the Ghvetiticrl) pROCD3 hﬂnﬂoﬂg&taﬂﬂumtéxbd mtsecond
anti body that is detectably | abel gd. Th@FI abel e sec(f(gd%g dy serves as
STEte

a det ect i hymanExtEesERzo PrENEnt] reduge of ShryapapRpn and the

concent r atiAin@telciiRo Ath k0@RuésNThiREthE GECDS antgodiek Gfﬂﬂehﬁéﬂiﬂdﬂacb by conpari son
wi th a-standard curve devel op edfromthe stang &aﬁ It wl
& e

appr eci at @émﬁ@r%Wewm tegcgpdidonspsoc °rtﬂ5ff§'31 ?%

anti badi e rIuanﬁlhﬁﬁﬁﬂéﬂﬂfbﬂ:d@u@ﬁteb@fﬁﬁrﬁaﬁ%é@hﬁégnos'ﬁ|C assay, it |s possi bl e
to stage a di sease (e.g., _an autoi nmune or |nfla tor dlsorg in a

subj ect based dmanogisr embodimentof ghednysntipn, @ hepR3 &H dﬁ’d‘i‘“‘tﬁm n di sease,
sanpl es thuﬁqlaﬂ‘%&b &:‘iseto??é%@lﬂ lfea@d@o'i ubireft &e@q@@aﬂﬁwteasy BRirdigasabf var i ous

stages in the pr ressi on he di sease, and/or at vari ous Em nts in the

t her apeut |00ﬂ0ﬂqr@awmtthﬁuntaﬁé’°é]f s Bheterm (gyfokines refers i all IpnG¥tokiEs| es that 30
provi des st ath ShitnGAthl Yot HaO8thd EABRENIG T eh@rd Wpon BRI SirfRE af thireH@r essi on or

t herapy, a range
20 modulate cell function, including but not limited to IL-2, IFN-g, TNF-a, IL-4, IL-5, IL-6,

IL-9, IL-10, and IL-13.
The release of cytokines can lead to a toxic condition known as the cytokine

release syndrome (CRS), a common clinical complication that occurs, e.g., with the use
of an anti-T cell antibody such as ATG (anti-thymocyte globulin) and OKT3 (a murine

25  anti-human CD3 antibody). This syndrome is characterized by the excessive release of
cytokines such as TNF, IFN-gamma and IL-2 into the circulation. The CRS occurs as a
result of the simultaneous binding of the antibodies to CD3 (via the variable region of the
antibody) and the Fc Receptors and/or complement receptors (via the constant region of
the antibody) on other cells, thereby activating the T cells to release cytokines that

30 produce a systemic inflammatory response characterized by hypotension, pyrexia and

rigors. Symptoms of CRS include fever, chills, nausea, vomiting, hypotension, and
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of concentrations of the antigen that nmay be considered characteristic of

each stage is designated. All

publications and patent docunents cited

herein are incorporated herein by reference as if each such publication or
document was specifically and individually 5 indicated to be incorporated
reference. Citation of publications and patent docunents is not

I ntended as an adm ssion that any is pertinent prior art, nor does it

herei n by

constitute any adm ssion as to the contents or date of the sane. The
t hose of
ticed in a

i nvention

skill in drenest 3 huCEBsHPORY of et

havi ng now been descri hed %/ 1%/ of .witten descrltglél on,
nygpEon cRALAIES Qi OF BigrejButat

variety Oﬁ?ﬁgﬂee% Prefing aiﬁiaﬁnméﬂeasre h&d prod®eeh BorkQr ﬂﬁﬁ@é)lt@ﬁﬁ&:? iatigh.exanpl es

bel ow are

of purposes of illustration and not limtation

the clai ns

that follow Elvevpthesemisiimeent of thejiveniawx ahyriad antibady sadmipistered wier i nent s
conduct ed ang, EB5ss pRGMH FUEHe B Seclu/ b efledOhedibibd’sy iiatdige prrposes onl y

and are no

constr uel 'tmting upon the present invention.

EXAMPLE

1: Genér atitokine feckpi@B3vithint thb betnasbadymilhé teani"exioldne meapiirereleryy afenerat e a

fully hu
t he HuMab

h tilized,
’l u C)Ic;e%(me %c%ﬁ?oqy WHPHPA zh‘p glﬁt l?lﬁ%é’groter E(Tﬁ)l;] %Iﬁtlgll%llget(? &ﬁ??ﬁédle 0 :Jt : a: ze
i Muni zat rhen&lrs inchidimgibasndt dilMieddrevapiidrs oiibe nbm@txgnegmg@bjngs f¥husat he

L o a1 L5 0503 b5, S ROALES vh o ey SRR, ¢ 2

(3 Suppl

1):141-6 (iABKD thibugtgabioima otiMation, rbmdﬁ;gldmmm}nhﬁbmamcn&(esymmﬂﬁ 81 (1981)).

ant 1 - Bo. GFEPBOYHTR FhepHe AL PR nkionts O SRS a7 "

f ol | owi NG HuOT REARIdY ROVies Will @glasthedittcelNareasliipthedine I8l ytokie pr oduce
anti bodies in_ either, .the HUMAbe or KM mi ceTM inmuni zation with

t hynocyt edessRiofs)yitapn & IhEmSﬁF‘i}’Je"

functi onal

15

20

In one aspect of the invention, a huCD3 antibody is administered to a human
individual upon decrease of pancreatic beta-cell function therein. In one embodiment, the
individual is tested for beta-cell function, insulin secretion or c-peptide levels as are
known within the art. Subsequently, upon notice of sufficient decrease of either the
indicator, the human individual is administered with a sufficient dosage regimen of a
huCD3 antibody to prevent further progression of autoimmune destruction of beta-cell

function therein.

Diagnostic and Prophylactic Formulations

The fully human anti-CD3 MAbs of the invention are used in diagnostic and

prophylactic formulations. In one emb(;diment, a huCD3 MAD of the invention is

~ administered to patients that are at risk of developing one of the aforementioned

25

30

autoimmune diseases. A patient's predisposition to one or more of the aforementioned
autoimmune diseases can be determined using genotypic, serological or biochemical
markers. For example, the presence of particular HLA subtypes and serological
autoantibodies {against insulin, GAD65 and 1A-2) are indicative of Type I diabetes.
In another embodiment of the invention, a huCD3 antibody is administered to
human individuals diagnosed with one or more of the aforementioned autoimmune
diseases. Upon diagnosis, a huCD3 antibody is administered to mitigate or reverse the

effects of autoimmunity. In one such example, a human individual diagnosed with Type I
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I muni zation with reconbi nant human CD3 material only 30- inumunzation with
reconbi nant CD3 material in Freund s adjuvant | mmuni zation with cell in
Freund's adjuvant immunization with thynocytes or T-cells co-adm nistered
wi th soluble CD3 immunization with thynocytes or T-cells co-adm nistered

wi th reconbi nant CD3- expressing cells 5 When these prior art

I mruni zation strategies are used in a BALB/c nouse rather than a HuMAbC or
K. MTm nmouse, these strategies produce a nurine anti-CD3 antibody rather
than a hurmap anti-CD3 a alel] novel i mmuni zati on

Y nfi hody,. . ccar di ngl
st rat egi egl%Fse‘SBﬁﬁsb‘ﬁﬁiiw%s@?‘wtﬁﬁset%é‘ hfSDég‘Pﬁ%c‘))%' ng e%gtgrreé)r%‘frg%ug: types of
| Munogeng, Rt MiGRinfmhieda@nEy oDlutbifinttk indiitritiop ésto dfe pankjreasaintapothep| oyed
types of co-stinulation techniques eHQ‘lﬁ?‘éEd 15r,gg}drer§i'sof#§?muni ation
enpl oyed emppriment; a Bwpghigdividuphdisgraicqd vpihgegumat 15 3pigifere A series
of novel immuniue®i Aoty 8 HRAH SRR ecllRYiRtape thto ificlestelictign sfaimexanpl e, (i)
I mmuni zation wth a viral particle expressing CD3 only, and (ii)

i muni 3at josswi t h co-stinulatory signals (e.g., 040, CD27 or conbi nations

ther eof ) co- ad it &1-0hathlidPard f6Sldchu i KEREUIcASE CON itpidencel | 5t hat

have been transie 0 express reconbi nant CD3. L
samples and accordingly are useful as diagnostics. For example, the huCD3 antibodies of

the invention are used in in vitro assays, e.g., ELISA, to detect CD3 levels in a patient
sample.

10 In one embodiment, a huCD3 antibody of the invention is immobilized on a solid
support (e.g., the well(s) of a microtiter plate). The immobilized antibody serves as a
capture antibody for any CD3 that may be present in a test sample. Prior to contacting
the immobilized antibody with a patient sample, the solid support is rinsed and treated
with a blocking agent such as mink protein or albumin to prevent nonspecific adsorption

15  of the analyte. .

Subsequently the wells were treated with a test sample suspected of containing the
antigen, or with a solution containing a standard amount of the antigen. Such a sample
may be, e.g., a serum sample from a subject suspected of having levels of circulating
antigen considered to be diagnostic of a pathology. After rinsing away the test sample or

20  standard, the solid support is freated with a second antibody that is detectably Jabeled.
The labeled second antibody serves as a detecting antibody. The level of detectable label
is measured, and the concentration of CD3 antigen in the test sample is determined by
comparison with a standard curve developed from the standard samples.

It will be appreciated that based on the results obtained using the huCD3

25  antibodies of the invention in an in vitro diagnostic assay, it is possible to stage a disease
{e.g., an autoimmune or inflammatory disorder) in a subject based on expression levels of
the CD3 antigen. For a given disease, samples of blood are taken from subjects
diagnosed as being at various stages in the progression of the disease, and/or at various

* points in the therapeutic treatment of the disease. Usinga population of samples that

30 provides statistically significant results for each stage of progression or therapy, a range
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In a first novel imunization strategy, referred to herein as the

"hyper - boost protocol"”, a HUMAbC nouse (Medarex, Inc., Pri
K. v\nd nouse (Medarex, Inc., Kirin) was immunized by first

nceton, NJ) or a
i njecting human

cells, e.g., thynocytes or T-cells. At tine points ranging from1l to 8

weeks after injection of the thynocytes 25 and/or T-cells,
recei ved one or nore subsequent "hyper-boost" injections.
i njection included, for exanple, soluble CD3 protein (e.g.

the mce
The hyper - boost
, reconbi nant

| ubl tein), additional injecti £ th T: cel | s,
Do {1 ansPLesen apior U kel oL RO Fa e i “ oo, ana

conbi nat i gagedait@r eof . For exanpl e, the hyper-boost injecti

on contai ned a

conbi nation of soluble CD3 protejn and 30 -transfected. cells.

Preferably, inAflpublispiensagdgaent M?Q%?%ﬁ%%%%?@?mt é“"‘iemmni zed mice
recei ved {yBrehddRlif B¥PGIch PARRatibl ki wak spebifiddlly and iklBYigualyi or to fusion
of the | ynph nodes and/or spleen. For exanple, in the KM nmuseTM the fused

tissuesi s infligatedde be insprpprateddysTeaehy referance nCtationof mitlicatinns aed patent f used

tissue isgdapiyeds LEQHACIRE MRAGSs AR Y iﬁﬁhﬁgmﬁ& % U dbdd jone exanpl e

of the hyper-boost 1 nmrunization protocol,  one

m nouse was i nmuni zed

t hr ee ti meenshitutharyadeissionastehe esignisigyalateaif the)sapn. Hagaventiog hayieg 28. The

Chi nese ovari.an LS <k t j . g&% 1Ng human
CD3 and sncwgﬁeﬁ%&%@%‘lw yfo Wﬁ%?%ﬁtﬁg’sﬁgﬁgﬁpﬂ?'gg‘f e oril?%gégkéb and 65.
Anot her bdess thelifiventivihcan beiprazticqdan aivetiaty ekemlusisnents dnid dgiat Bhevfetlegoing CD38s at
its syrface wa i vien o 79. Fi . I nlect Wt h

coi ublll + SEEHBTHLA anas Tk Mibostet il IRy R YRS MER LBt 1

| ynph nodekiffithdeipiide.7. Al'l imunizations were given subcut aneously
with Ribi (Corixa Corp., Seattle WA) as an adjuvant. A total of 8.5x106
cells were fused. Only seven out of 470 15 hybri donmas screened produced a

fully human anti-CD3 anti body, andEXAMRIES he fully human

anti - CD3

anti bodi es were 1gM nol ecul es. Two of these anti-CD3 antibodies were
selected as a therapeutic clinical candidates (Figures 1-3).
15 The following examples, including the experiments conducted and results

achieved are provided for illustrative purposes only and are not to be construed as

limiting upon the present invention.

EXAMPLE 1: Genreration of huCD3 antibodies

Immunization Strategies: To generate a fully human huCD3 antibody, two lines of

20 transgenic mice were utilized, the HuMab® mice and the KM™ mice (Medarex,

Princeton NJ). Initial immunization strategies followed well-documented protocols from

the literature for generating mouse antibodies. (See e.g., Kung P, et al,, Science;

206(4416): 347-9 (1979); Kung PC, et al., Transplant Proc. (3 Suppl 1):141-6 (1980);

Kung PC, et al., Int J Immunopharmacol.3(3):175-81 (1981)). The standard protocols
25  known in the art failed to produce fully human anti-CD3 antibodies in the HuMAbB® or

the KM mouse™. For example, the following immunization strategies were unsuccessful

and did not produce functional antibodies in either the HUMAb® or KM mice™:

- immunization with thymocytes only or T-cells only
- immunization with recombinant human CD3 material only

30 - immunization with recombinant CD3 material in Freund’s adjuvant
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In a second exanple of the hyper-boost inmmunization protocol, one KMIP4
nouse was I muni zed twice wth sol ubl e reconbi nant human CD382 on days O
and 25. Human 20 thytnocytes (-106 cells) were then used for boosting on
days 40, 49 and 56. The sol ubl e reconbi nant CD35s was injected twi ce on
days 70, 77, 84 and 91. The nouse T cell line transfected with the cDNA
encodi ng human CD3 8 and E chains (EL4/CD3, -106 cells) was then injected
on day 98. Finally, the nouse was injected with soluble reconbi nant human
CD38s on day 101 before fusion of the spleen on day 104. |nmunizations were
25 admi ni staeWﬁ‘i‘?@ﬁ%ﬁ‘#‘&ﬁ’éﬁhﬁmﬂﬁwj‘gﬂ% as an adjuvant, except on day
70 where Ribl ahtiaiion Bk SROrWalss doSRthifiblorRd SAhisbRbleaty y agent on
day 0, 25, 84 and 91. A tota o?'t 1.27x108 cells were fused. . Only five out
of ~ 743 hybr i doimmurigation v thymefyies ar B-cell qoyadauntstared pihreqombivnt GBdy, and
all of antibodi, esgﬁl%a%fsed were 1gG nol ecules. One of the fully human
anti-CD3 anti bodi es S selected as a therapeutic clinical candidate 30
(Figuré 4). Selection Criteria: Therapeutic clinical candi dates were

sel ect ed usi ng the f i [ ] -] I | q_gm: aloll CD3
positive cells eernsﬂtlfgé aﬁgggi#izgﬁéﬁtﬁaggfg?egg%@?e . %%é\%saﬁ]gﬁur kat CD3
posi tive aqkidSHEMAp®an KN katsestbesatsirategiesgirbdice 3 murine peti-CH3 @bty with t he
di fferent aptipodies and.hbiodi n s assessed by flow cytonetry 5 (Figure
9A) . Secoﬁa,efefg%”rwlti‘é?ai‘ﬁa%%}]%g?ggmﬁﬁ which the ability of the candidate

anti body to i nhiceélinglyendviehinimaniztion keateginsiweee davelopélbperar@k@@enonoc! onal
antibody to CD3 positive cells was assessed using J+ cells and conpetition
was a ssf@HI"ng"l“ﬁWtﬁ'&?tonet ry (Figure 9B). Next, antigenic nodul ation of
CD3 and the J'Clﬁ.geggmgg@fsfeﬁ@ﬁ,yed human peri pheral blood T cells was
assessed by flow cytongtry.(Figure 9C). 10 Finally, a T-cell proliferation
assay was perfgfeﬁ%%‘%gﬁﬂljc n peripheral blood T cells dyed with CFSE and
cell division Saﬁﬁ?m@ge ioykd®w cytonetry (Figure 9D). Exanple 2:

| sotype Swi tch?ﬁ% of Human %ﬁ" 03 Ant i bodi es Some huCD3 anti bodi es
produced usi ng tYReeoh@uRImyaton selrguasaOBEed in Exanple 1 were | gM

anti bogj es. Thegfed @MhanhizRad @piorae "converted” to an 1gG 15 anti body,
preferably to an 1gGl anti body, For exanp the IgMantibodies were

y. . | e
converted by-a taesaf segensaedeapReid fissugasdion HEoVDy regi on of the gene
encodi ng the IgM anti body was clgned info_an eavy .chai n _gene obtai ned
from-a vector thEietoiioXFlimmymizalion ¥Riesis W@feéie?‘gf%efgemﬁx‘&% Ie.xg'?gllﬁ’
conver si ongAfunuGatibBRith § bdipartichexpeMiRaOD®osle, avasiihonedaiiod eith vect or
contai ni ng the kappa, region. _In Mdarex njce, e.g., the 20 HuMANLD nouse,
mul tiple |sastmusenysignals -5 GRIGEPZ7Migom hafians bih) cQradiymiEersd Miflsi on.

20 T cells, thymocytes, or with cells that have been transfected to express recombinant CD3.

In a first novel immunization strategy, referred to herein as the “hyper-boost
protocol”, a HuMAb@ mouse (Medarex, Inc., Princeton, NJ) or a KM™ mouse
(Medarex, Inc., Kirin) was immunized by first injecting human cells, e.g., thymocytes or
T-cells. At time points ranging from 1 to 8 weeks after injection of the thymocytes

25  and/or T-cells, the mice received one or more subsequent “hyper-boost” injections. The
hyper-boost injection included, for example, soluble CD3 protein (e.g., recombinant
soluble CD3 protein), additional injections of thymocytes or T-cells, CD3-transfected
cells, viral particles expressing high levels of CD3, and combinations thereof. For
example, the hyper-boost injection contained a combination of soluble CD3 protein and

30 CD3-transfected cells.
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Each conbi nati on of heavy and |light chains was transfected into 293T cells
using the FUGENE 6 (Roche Di agnostics) transfection agent according to the
manuf acturer's gui del i nes. The secreted nonocl onal antibodies were tested
for optimzed functionality, e.g., target antigen binding, using the
selection criteria described in Exanple 1. 25 EXAMPLE 3: Antigenic

Modul ation Using the huCD3 anti bodi es The huCD3 anti bodi es of the

i nvention are capable of antigenic nodul ation, which is defined as the

redi stribution_and elimnation of .the ex_induced by anti body
bi ndi ng. Cel | Brsforatle i hyeer; bBHStb‘me{“ﬁaé'Pnr%cft‘écé)gﬁ’ng’f TBRUHERETIE, i nel udi ng,
for  exanplGivedi¥b firfal Bfifer-Bbds@ irfsdtibn aex@a&meiay@pm tﬁﬁision@@ﬁze&ﬁﬂp}body of the
invention (Figure 9C). EXAMPLE 4: Reduci tOXI C. C Srf{(‘;l .ne | ease

syndr ome gedrsrand/exspispnoFersyample; Béks BN %‘?"e d"ﬁ%‘é i bodi es of
the i nvemm %glekﬂ%ii'ﬂﬁh@HﬁMAﬂJ@ RBudetht h@efﬁssﬁ@mdeﬁvedthmmtnoaéae mut ati on
alters cyto 51 dne rel ease syndrome. As descri bed above, the cytolcine rel ease
syndr ofie @ﬂR@)Spi@%ﬁSSl@ommn i medi ate conplication that occurs with the use
of an anti-T CE&E? ggyw A5oobY hfanfudDhlior SSERAY S HiMpRbM fousgnd 01(13
(a nurine anti dy |s syndr one I s, characterized by the

excessi vevfagﬁmaﬁzafthﬁemswkﬁlmemmﬂndm@gﬁmm ceHgtonalaysed, dnnd 28.- 2 into the

Cype of syt cmnesq gaerd e (L0 RReRYed win B A% RiteTrg i FD32Ver o
infection %H‘é&ﬁ&ﬁﬁdﬁéxﬁ%ﬂ@?@@k §J tR6h infXfe@ %h da@d ahll 69 AnctRetRs®NEs Of CRS

i ncl ude, r exanpl e, fever, chi nausea, vom ting, hypotension, and
dyspndd. TWith ani@GDBarticle exmoekisivg high lc‘h'b f GPBE Pioiks seEfpRearas Ea op fantt e

mut at i ons revent. .nea ease of
one or rﬁénail}’ttéﬁrrﬁgies‘yas 'Weéed/%tg Oﬁubg?lléege 1?i%hrlﬁc,\[‘%tglll Eﬁﬁé@%l %@gé%ﬁ bodi es of
t he lnventm@lﬂeﬁf@fu’slgﬁofmbmtﬂheﬁdmdag 12he or nore of the follow ng

nmutations in a nopdified.l Jbackbo A C e
aspar agi ne res ﬁgﬁé’%’t’“zﬁfi‘%‘%ﬂ%ﬁ “igguq?rg’ﬁ?%%ggg%“?ﬁc%% %i%él&ir%ey due; "y1
L234/ A, LAGASASen adjuvamhisciota bES. 5108 balls wepsfuskde Oriy sqyasvittiofd 234 and 235

are replaced 20 vmth al.ani he re d A, L2 i Wmchthe

| euci Aé ré@’Pﬁ@Fé“aétscrﬁEi?flﬂ’F‘lﬁlﬂceﬂ?ﬁl% ﬂﬁ%‘l%ﬂ’w'rl?o% aﬂ%%ﬂ iy ir%ég i due, while

the | euci NRuaAShalaD3%k RS WeTRBRoleulee Pivas efthusk bii-SD lantianlies aci d

residue; "yl L235/E" in which the Ieglﬁl neg;em ug at position 235 is

repl aced Wernsdectadis atheeanseticelingg] (RIS EYE 6514 in which the

aspartic acid negisidfd alanipsoft a@p%&)obﬁnﬁxﬁmkﬁﬁadpm&ﬁ et KiVBninoeser esi due.

The nunbering of the heavy 25 chain residues & her‘fﬁl S that of

the EU i ndwss L(ng@'@l%mﬁe with goluble reporghigart hurgpn Pﬁ%ﬁn %’dﬁ t

Dept . d86. m@sokab& Pt ont
S'R)IGZIA_I!ﬁ ﬁ&ég ?aggg)%%% qéeé:%ogtgo?r#‘gggl?d%?gmgaée hereby incorporated

i n i t s entret@ibindny CD8Sewanioected twice on days 70, 77, 84 and 91. The mouse T celi line

transfected with the cDNA encoding hurman CD3 & and € chains (EL4/CD3, ~10° cells)
was then injected on day 98. Finally, the mouse was injected with soluble recombinant
human CD38¢ on day 101 before fusion of the spleen on day 104. Immunizations were
25  administered intraperitoneally with Alum as an adjuvant, except on day 70 where Ribi
adjuvant was used. CpG was used as a costimulatory agent on day 0, 25, 84and 91. A
total of 1.27x10° cells were fused. Only five out of 743 hybridomas screened produced a
fully human anti-CD3 antibody, and all of antibodies produced were IgG molecules. One

of the fully human anti-CD3 antibodies was selected as a therapeutic clinical candidate

30  (Figure 4).
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O her 1gG yl backbone nodifications that can be used in the huCD3

anti bodies of 30 the invention include, for exanple, "A330/S" in which the
al ani ne residue at position 330 is replaced with a serine residue, and/or
"P33 1/S" in which the proline residue at position 331 is replaced with a
serine residue. The fully human CD3 anti bodi es of the invention having
a L234 L235 4 A234 B235 nutation in the Fe region have a uni que function -
elimnation of cytokine release in the 5 presence of the huCD3 anti body.
Prior studi es have actuallﬁhtaught away fromthe use of an L 3 E nutation

(see e.g., Xu Selectipn Criteggp) gﬁﬁ“ﬁﬁﬁh’&?@@?}dﬁé’éﬂ?,weﬁﬁe%f@g?@ﬂ% #500), at p.
23) . Fb\Ne{;@E, 5%%%36% P@fr%ti £itbady-bNEing¥ €DB PBSitiv] ceROGrbs VI3 Hepdtiend 235
. L2343 A2 e

(i.e. I'm nat’ed t he cytoki ne rel ease syndrone, as assessed

per i pher atellswmaandiyzeddFershis.utiabeP3 pesifive ¢pllg () anddyseat negativasells Orlgur es 11A,
11B). In this assay, . [ I ; Magalyl re

i sol at ed Wgﬁcﬁﬁcuggtf’ ‘ix%fgﬁﬁ{eéﬂgﬁl&gr?? &qug%éq? 2891\%1“& g gv CFS%Q%W%%%%I@%E abel ed
cel | s ser Fighie AR Sdcenl, b otrop@ionsbday pi whick the hitityeiithoeradidaisautitodal

anti bodi es were added at..various di, i i . I hours at 37
C. After @l\ﬁﬁx&}tg}qul@ﬁbq of e 'Eﬂrﬁ)réeraﬁlglf a .an&/%%r %ﬁ%‘%@&%@h‘g&é{ tstiaCtDZa?’zl NF rel ease
by ELI SA. pd¥ifivelceSwittiisessed n6ing U+ oéllsang eompdtitioh wamsssesserbyefiow 0 eval uat e

|FN-y release by ELISA  Atter 72 15 hours cells har vest ed and
bror 1t or nevioReRr @ e an, Nehndaes pafiiekEPaEn I 74K falHe o™ Thua

Lt | o B ot b ot her e[ A oy ooyl at

mut ati ons_t ha a een_descri be ers.(e.qg., Toler aglycosyl ation
mut at £8n) Finlly,@ck-giliproliforation assay wasﬁéezf?ﬂﬂgélﬁlﬂ&e‘&'?qamm(@@i bé)."g .Lf,“'@‘s Pat. No.
5, 885, 573%)0q Wit EFsEhid Rl divedioh Waasséssdt By Ranéytbmue) (FifurcyDoki ne. rel ease
effect, the L234 L235 3 A234 05 nutations of the huCD3 anti bodi es of the

i nvention _do not exhibit .cytoki rel ease n on. The | evel of

remai ni ng%ﬁWFﬁﬁiésme@%@@ﬁﬁg‘ “%ifgﬂjﬁ/?%ﬁg&ﬁ wild type Fc, about 50
to 60% for the Bl ues e (L234 L235.-> A234 3 tation.and undetectabl e
for Ala/Gu FeSHe g‘té@ﬁ%"“&&* & PBSCeR &PRe i ?é&?‘)é""ﬁsﬁégﬁéﬁl% 25 EXAVPLE 5:
Pept i de Apxampledaniré fohe adtibodienf These IdM GRtbodint WeredgorBieried Tt aicfg@ ope The
synt hesi s and ELI SA screen'tgr&gl of. I?fgrr%e nunbzr%rgéwe%éigesswek}gve been used
to deflér mianibadpeprelinaply 1o a8 G Anheds HoR FEMPIY e sMEMRYIENE® f or vari ous
monoc| onalgo@RrttkdBelh Eoning PRRedrgin wiEely e VIHtregitn ofthé peneenaldidgahdilzls, vol .
102(2):259-74 (1987))..In the fﬁgﬂeri nts d crifod her<taiﬁIE arr.ays of
over | appi #8tiadyMag lonefdnioasde®l BravyirBaR §FIF RS dToP & Xerld B CBtaiPhe o3
epsi | on chalehle ¥RbANPlERRFELhririHIM Fbe EorViersidiaiT kherlighCetaimthe JigM sequence

was cloned into a vector containing the kappa region. In Medarex mice, e.g, the

ShC

20 HuMAb® mouse, multiple light chains are produced, due to a lack of allelic exclusion.
Each combination of heavy and light chains was transfected into 293T cells using
the FuGENE 6 (Roche Diagnostics) transfection agent according to the manufacturer’s
guidelines. The secreted monoclonal antibodies were tested for optimized functionality,

e.g., target antigen binding, using the selection criteria described in Example 1.

25 EXAMPLE 3: Antigenic Modulation Using the huCD3 antibodies

The huCD?3 antibodies of the invention are capable of antigenic modulation,
which is defined as the redistribution and elimination of the CD3-TCR complex induced

by antibody binding. Cell surface expression of other molecules on T cells, including, for

58



and subsequently tested for a pattern of binding by the fully human

anti-CD3 i nAbs of the invention. The peptides in the arrays were
produced using the "SPOT synthesis" technique for direct chem cal synthesis
on nenbrane supports (see Frank and Overwin, Meth Mol 5 Biol , vol.

66: 149- 169 (1996); Kramer and Schnei der- Mergener, Meth Mol Biol, vol.
87:25-39 (1998)). The linear 14-ner peptides were covalently bound to a
What man 50 cel | ul ose support by the C-term nus, |leaving the Nterm nus free

(Le., unbound). Using standard western bl ofting.techpiques,.these solid
phase- bousxrmpetGLRfes netajiam by cxppsuretpan %F‘&@ ﬂ%ﬂ’&&’ Bﬁ‘%}F WWELPENi zed an

over | appi @F%E f amno acids in proximty to the N 10 termnus (Fig. 10).
OTHER EMVB Whil e the invention has been described in
conjunction with the detailed description thereof, the foregoin

descri pt i #XKAMPLE4 Retucing the faxie eyiekdnerpleasetynireme gﬁnﬁ?‘%‘iwgg“ t he

i nvention, Y}‘chfips is defined by the scope of the appended clainms. Oher 15
aspects, Aqvan ages, and nodifications are within the scope of the

fol l owicng cl ai IS inbentibh IRMAER RRedHen &l thapt i body,

wher ey\% said agﬁ%%b%ﬁh%@@h%g\%&%ﬁ%tﬁ\&wm three CDRs conprising a VH CDR
| region cegigy, issihibat theanutationsligesi cytoking aelease syodrsus- (Asptosqrbedeyoyd)the 3 vH CDR2
regi on co i.Si i b6l SEAHERS AR D NO 34);
a VH CDR3 8&“828%%%%&%2%%&% agﬁéequenc@Gég@m&D@gQ | D

NO 35); a thduseibRin amtigT cell antibpdyi sicings ARG (ani-thymeesitegleding sdOBT3 RASQSVSSSYLA

(SEQ ID NO 36), F A . . SSEA | D
NO. 43) : a%ﬂ%ﬁﬁgﬁﬁﬂgﬁﬁ%n@ﬁg gﬁ%d"ﬁf’é\%%g%% zg‘{c?’%%g %enc_e gé‘éégSSRAT ( SEQ
| D NO187) cyt6RnSt €ich eSEYF) IBNN@mind anddE-DaBShagrepBEHO). | Thanetokies redgageda VL CDR3
region conprjsing.t 1 no, acid _se = 38), or
QOYYSTLT %% ?cﬁgﬂélﬁﬁa@%"é%? g“’%&?%"%%n ?‘?’E‘aﬁﬁ.gﬁdi‘*%ﬁéé gg'%l‘l”?ﬂg%fm |) body
of cl ai m Foundigkeiere iffettbnaohhiabladyeddbyrhypotemdonapyresiv yndtigorn Syanmiterd @ ani no
acid sequeoqrigse/:. C‘O eri sing th aarri ot aci d SEANEDGE M ns%EQF%] ﬁﬁealo and a
li ght chai H’F“Hglf‘é”éﬁ‘%%’fgggrrd‘:hégsqﬁ%lﬁ%aévge eg’fhgg rom't he "gr oup consi sting
of SEQ | D NOS: ThehaOD3 antibddici sHthaingrentionl coytainiome nr morecuitgivak thaht | body,
wherei n said anti body. conpri ses a_heav hai n. vari ahl e I.OR . C risin
t he ankidno PEEYedt @é&ﬁ%&’ecﬁga‘é@?rﬁn@te%&%aﬁ%o%mfiOE] %fecﬁllg“?‘ﬁ*@;i?‘. angf?e r egigon
conpri si Nanbhe empddi@eRChemeEnR aibedisebitht mtterftion pret Ig6 mplewfes bavisg etei ng  of
SEQ | D NCs: 16?20 wherein said anti bg ie ) z};ﬂ q nti body gf
claim1, vh&Es pl BRIGOHHIE ng g n{ FWR2)

At Folowmermeyons S e ded S Tobmstane 5! NASTAN iy

conpri si ng,at: 1 I gk WW@&MI{ Peddde8). 5. The
ant i body %?ﬁjg\f%?md%%g\%%g%g?ﬁqg%&gﬁ%% body conpri ses aef rarrgv\gr k 3 region
(FRVB) corfi3tés,Ag35/M&, innvihich the legcine rpsidesdt ResiiooRBRERESY 2RRIESAEDT AVYYCA

(S50 110 N8 e el SS90 5 it GRS A8 btdgacOT 1 e

C

a vari
is replaced with an alanine residue, while the leucine residue at position 235 is replaced

with a glutamic acid residue; “y1 L235/E” in which the leucine residue at position 235 is

replaced with a glutamic acid residue; and “y1 D265/A” in which the aspartic acid

residue at position 265 is replaced with an alanine résidue. The numbering of the heavy
25  chain residues described herein is that of the EU index (see Kabat et al., “Proteins of

Immunological Interest”, US Dept. of Health & Human Services (1983)), as shown, e.g.,

in U.S. Patent Nos. 5,624,821 and 5,648,260, the contents of which are hereby

incorporated in its entirety by reference. _

Other IgG 71 backbone modifications that can be used in the huCD3 antibodies of

30 the invention include, for example, “A330/S” in which the alanine residue at position 330
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termnal to the CDR3 region, wherein said variable region conprises the

am no acid sequence VTIVSS (SEQ ID NO 64) at a position that is Cterm nal
to the CDR3 region. 7. The antibody of claim®6, wherein said anti body
conprises a variable region located Cternmnal to the CDR3 region, wherein
said variable region conprises the am no acid sequence GILVTVSS (SEQ I D

NG 65) at a position that is CGtermnal to the CDR3 region. 8. The anti body
of claim®6, wherein said anti body conprises a variable region | ocated

C-termnal to the CDR3 region, whergj ai.d i.abl e. region conprises the
ami no aci ds BlgeRd et mwﬁ%s@%%ﬁﬁ%&%’%‘?@e pﬁﬁ’&%ﬂ U5 At RO, s
Cterm nal33i§rg&gw§%gs%gh@ﬁsidge_ The antibody of claim1l, wherein said
anti body binds an epitope that wholly or partially ingludes the.am no acid

sequence EM3G TomfviemgcEDigmtbadissbitsAyventon haviig adnt iloody Af &l ai m 1,
wher ei n Sgljluﬂat?oﬂ" BRS¢ p%&ﬁﬁh% a%& fu%gtgoxﬁ—z éggﬁiﬁ&tid?{bficﬂokih@réﬁéé% tkdai n at an

am no aci d residue at sition 23 _ , or 297 of the heavy chain of
an |1 gG5| Ipamskivené thehu€bitantizudyo Ryor shediesdave antentlytianshy ayvayeont b seesef of

cytokines fro T-cell in_t e ' i d as
conpar ed t"ll')'Lt%]eﬁ1 Plélfaie;lgrs'ée%f'g'é% SE%IHZLEH@%O%%&%-@W’%QS ﬁezlﬁgfga(?%?gg of an
anti body td3ptHe\wesr,histse partitulstawa nmidtians arpositions 34184936 Ghalr” Bt posi ti on
234, 235, 2 97 of the heavy chai i nations
t her eof II‘?%EFe2 ﬁ%‘?‘ﬁ%‘ﬁ?tb&fyﬁqﬂgﬁe%&iﬁ?g%aéﬁ?’%ég%g& n%?i g@%n%%}ngégfo? gbi n an

al ani ne ohmeHotAsdr Gelbiivilré Ssiyystemt (Fipaied 1pAs] tH)oin thisZssyepesiphérody of cl ai m

234 and o wEvohipooaeTsirr St repen e o Rl IR G B0°) ol
backbone, .a8ehed¥TERiabeleRédlls Wefetherplitad im96 @silibhwsi Thavwiahambmelaeki due at
Mt at | on eSS i #4gY B GRS GBH SRR a2 roROR 26" R Re. heavy
chain of apulsgsal uiRFsliReRRant was removed to evaluate TNF release by ELISA. After 48
hours, 50 i of supernatant was removed to evaluate IFN-y release by ELISA. After 72
15  hours, the cells were harvested and proliferation was assessed by FACS using CFSE-
labeling intensity.
Thus, contrary to wild type heavy chains, and contrary to a series of other
mutations that had been described by others (e.g., TolerX (aglycosylation mutation),
Bluestone (L2 L** > A%** A™ mutation) (see e.g., US Pat. No. 5,885,573)), which ail
20 retain a significant level of cytokine release effect, the L3125 3 AP 555 mutations of
the huCD3 antibodies of the invention do not exhibit cytokine release phenomenon. The
level of remaining cytokine release effect was 100 % for the wild type Fc, about 50 to
60% for the Bluestone (L?** L** & A%** A”’) mutation and undetectable for Ala/Glu Fc

mutations described herein (Figure 11A, 11B).

25 EXAMPLE 5: Peptide Array Identification of the huCD3 Antibody-Binding Epitope

The synthesis and ELISA screening of large numbers of peptides have been used
to determine the amino acid residues involved in the epitope for various monoclonal
antibodies. (See e.g., Geysen et al., J Immunol Methods, vol. 102(2):259-74 (1987)). In
the experiments described hierein, arrays of overlapping peptides derived from the amino

30 acid sequence of the CD3 epsilon chain were purchased from Jerini (Berlin, Germany)
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15

and subsequently tested for a pattern of binding by the fully human anti-CD3 mAbs of
the invention.

The peptides in the arrays were produced using the “SPOT synthesis™ technique
for direct chemical synthesis on membrane supports (see Frank and Overwin, Meth Mol
Biol , vol. 66:149-169 (1996); Kramer and Schneider-Mergener, Meth Mol Biol, vol.
87:25-39 (1998)). The linear 14-mer peptides were covalently bound to a Whatman 50
cellulose support by the C-terminus, leaving the N-terminus free (i.e., unbound). Using
standard western blotting techniques, these solid phase-bound peptides revealed that the
28F11 monoclonal recognized an overlapping set of amino acids in proximity to the N

terminus (Fig. 10).
OTHER EMBODIMENTS

While the invention has been described in conjunction with the detailed
description thereof, the foregoing description is intended to illustrate and not limit the
scope of the invention, which is defined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope of the following claims.
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CLAIMS

Use of an isolated fully human monoclonal CD3 antibody or fragment thereof in the
manufacture of a medicament for treating an immune-related disorder, wherein said
antibody has the following characteristics:

a. bindsto CD3 positive (CD3+) cells but not CD3 negative (CD3-) cells;

b. modulates the cell surface expression level or activity of CD3; and

c. decreasesthe cell surface expression level or activity of the T cell receptor.

Use of an isolated fully human monoclonal CD3 antibody or fragment thereof in the
manufacture of a medicament for preventing rejection of an organ or tissue transplant,
wherein said antibody has the following characteristics:

a. bindsto CD3 positive (CD3+) cells but not CD3 negative (CD3-) cdlls;

b. modulates the cell surface expression level or activity of CD3; and

c. decreasesthe cell surface expression level or activity of the T cell receptor.

The use of claim 1 or claim 2, wherein said antibody inhibits binding of the murine anti-
human OK T3 monoclonal antibody to a T-lymphocyte.

The use of claim 1 or claim 2, wherein said antibody binds an epitope that wholly or
partialy includes the amino acid sequence EMGGITQTPYKVSISGT (SEQ ID NO:67).

The use of claim 1 or claim 2, wherein said antibody includes a mutation in the heavy
chain at an amino acid residue at position 234, 235, 265, or 297 or combinations thereof,

and reduces the release of cytokines from a T-cell.

The use of claim 1 or claim 2, wherein said mutation results in an alanine or glutamic

acid residue at said position.

The use of claim 1 or clam 2, wherein said antibody is an 1gG1 isotype and contains at
least afirst mutation at position 234 and a second mutation at position 235, wherein said
first mutation results in an alanine residue at position 234 and said second mutation

resultsin a glutamic acid residue at position 235.
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10.

11.

The use of claim 1 or claim 2, wherein said antibody has a heavy chain with three CDRs
comprising an amino acid sequence selected from the group consisting of the amino acid
sequences of GYGMH (SEQ ID NO:27); VIWYDGSKKYYVDSVKG (SEQ ID NO:28);
QMGYWHFDL (SEQ ID NO:29); SYGMH (SEQ ID NO:33);
ITWYDGSKKNYADSVKG (SEQ ID NO:34); GTGYNWFDP (SEQ ID NO:35); and
AIWYNGRKQDYADSVKG (SEQ ID NO:44) and alight chain with three CDR that
include an amino acid sequence sel ected from the group consisting of the amino acid
sequences of RASQSVSSY LA (SEQ ID NO:30); DASNRAT (SEQ ID NO:31);
QQRSNWPPLT (SEQ ID NO:32); RASQSVSSSY LA (SEQ ID NO:36); GASSRAT
(SEQ ID NO:37); QQYGSSPIT (SEQ ID NO:38); RASQGISSALA (SEQ ID NO:39);
YASSLQS (SEQ ID NO:40); QQYYSTLT (SEQ ID NO:41); DASSLGS (SEQ ID
NO:42); WASQGISSY LA (SEQ ID NO:43); QQRSNWPWT (SEQ ID NO:45);
DASSLES (SEQ ID NO:46); and QQFNSYPIT (SEQ ID NO:47), wherein said antibody
binds CD3.

The use of claim 8, wherein said antibody has a heavy chain with three CDRs comprising
an amino acid sequence selected from the group consisting of the amino acid sequences
of GYGMH (SEQ ID NO:27); VIWYDGSKKY YVDSVKG (SEQ ID NO:28);
QMGYWHFDL (SEQ ID NO:29); SYGMH (SEQ ID NO:33);

WY DGSKKNYADSVKG (SEQ ID NO:34); GTGYNWFDP (SEQ ID NO:35); and
AIWYNGRKQDYADSVKG (SEQ ID NO:44), wherein said antibody binds CD3.

The use of claim 1 or claim 2, wherein said antibody comprises a heavy chain variable
amino acid sequence selected from the group consisting of SEQ ID NOS: 2, 6, 10 and 22,
and alight chain variable amino acid sequence selected from the group consisting of SEQ
ID NOS: 4, 8, 16-20, 25 and 26, wherein said antibody binds CD3.

The use of any one of claims 1 to 10, antibody or fragment thereof, wherein said antibody
comprises aframework 2 region (FWR2) comprising the amino acid sequence
WVRQAPGKGLEWYV (SEQ ID NO:73).
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12.

13.

14.

15.

16.

17.

18.

The use of any one of claims 1 to 11, wherein said antibody comprises aframework 3
region (FRW3) comprising the amino acid sequence
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCA (SEQ ID NO:74).

The use of any one of claims 1 to 12, wherein said antibody comprises a variable region
located C-terminal to the CDRS3 region, wherein said variable region comprises the amino
acid sequence VTV SS (SEQ ID NO:64) at a position that is C-terminal to the CDR3

region.

The use of claim 13, wherein said antibody comprises a variable region located C-
terminal to the CDR3 region, wherein said variable region comprises the amino acid
sequence GTLVTVSS (SEQ ID NO:65) at a position that is C-terminal to the CDR3

region.

The use of claim 13, wherein said antibody comprises a variable region located C-
terminal to the CDR3 region, wherein said variable region comprises the amino acid
sequence WGRGTLVTVSS (SEQ ID NO:66) at a position that is C-terminal to the
CDR3 region.

The use of any one of claims 1 to 15, wherein said antibody includes a mutation in the
heavy chain at an amino acid residue at position 234, 235, 265, or 297 or combinations
thereof, and wherein the release of cytokines from a T-cell in the presence of said
antibody is reduced as compared to the release of cytokines from a T-cell in the presence
of an antibody that does not include a mutation in the heavy chain at position 234, 235,

265 or 297 or combinations thereof.

The use of claim 16, wherein said mutation results in an alanine or glutamic acid residue

at said position.

The use of claim 16, wherein said antibody contains at least afirst mutation is at position
234 and a second mutation is at position 235, and wherein said first mutation resultsin an
alanine residue at position 234 and said second mutation resultsin a glutamic acid residue
at position 235.



19.

20.

21.

The use of any one of claims 1 to 18, wherein the subject is a human.

The use of claim 19, wherein said antibody is co-administered with an second agent

selected from an anti-inflammatory compound and an immunosuppressive compound.

The use of claim 20, wherein the second agent is GLP-1, a beta cell resting compound,
methotrexate, cyclosporin A, tacrolimus, corticosteroids, statins, interferon beta,
glatiramer acetate, mitoxantrone, dexamethasone, methylprednisolone, prednisone,

Infliximab, Etanercept or Adalimumab.
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