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Yo, DILIA MARIA RODRIGUEZ D’ALEMAN, identificada como aparece
al pie de mi firma, domiciliada en la carrera 11 A No. 86-53, piso 6, obrando
como apoderada de la sociedad TRUBION PHARMACEUTICALS, INC,
domiciliada en Seattle, Estados Unidos, solicitante de la patente de la
referencia, en respuesta al oficio No. 13177 notificado por fijacién en lista el
26 de agosto dc 2011 relacionado con el concepto técnico No. 2337, nos
permitimos informar lo siguiente:

Nos permitimos presentar ante ese Despacho copia informal del siguiente
documento:

Hayden, et al. “Single mono- and bispecific antibody derivatives with novel
biological properties and antitumor activity from COS cell transient expression
system”. Therapeutic immunology. 1994. Vol 94:3-15.

Con la presentacion de este documento damos cabal cumplimiento al
requerimiento realizado por esa oficina mediante el Articulo 46 de la Decision
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f)mg,lc chfun anmbodv 11101ecu1c<; were e\presscd from modn‘u.d cukarvom expression

vectors a5 individual protein ¢ domauts encoded on mtt_r(,hangcablc cDNA casscttes.
Two different smbl:_-ch'un 'muhodv derivatives were constructed by linking indi-

. vidual - llght- and huvy-(.h'url vamblc donnms The first was specific for the L6
tunmur—assormtt_d antigen and the sccnnd was spcmfu, fDr llum.ln CI3. Pat_h mngltz—

Keywords

" chain vaiiable donyain was gcnt_tlmllv fused with an F¢ ‘tag’ ahd exprt.sscd as 2 fusion

protein in a COS cell wansient transfection system. These single-chain antibody
derivatives demonstrated specific binding to cells expressing appropeiate antigen and
bound with affinities similar-to native antibody. The CD3 single chain molecule
mediated stronger activation of PLCY1 and similar levels of T-cell proliferation

" compared with native antibody. A bispecific Fy single-chain cassette was created by

fusing the expression cassettes encoding the bindirig domains for L6 and CD3 single-
chain molecules using ollgonucleotulc primers encoding a short 27-residue ‘helical’
peptide linker. The CD3-16 variable domains were fused to the Fe tag and expressed
in COS cells. The CD3-L6Fvlg bispecific fusion protein mediated adhesion between
T cells and L6- positive tumour cells, and stimulated-potent T-cell prolzfemtlon and
cytotoxicity against tumour cells expressing the L6 antigen,

blspcaﬂc, cancer therapy, smgle-cham antibodics

trroduction

antibodics are less immunegenic than their murine coun-
terparts {1,2) as.omly the antigen-binding complementariry

The: use of murine mAD for the treatment of buman disease  determining regions are of rodent origin (3). Chimerized
has been most successful in the diagnosis and therapy of and humanized mAb also exhibit longer survival rates ire viva
cacer and in the induction of . ill'llﬂLl!lD.ﬁLl})pTCﬁSiOH far (1) In add:tlon {r,CUCUC *-1mnecnng has been l.IbL‘d to Creaee

treatment -of autounmumtv

‘ -usmq recombmant IJNA tahnology'that arc b
' for m WI'O npphcauom in hmmns I'm ex:unp]c h

.‘ﬁ versus host d:seasc and ,smgic' hnm Fv tngmult' cxpwssod from I)NA encoqu

nah\rc mAb fot usl_ n dmg, radmnu( lide

G ory espondcncr Dr Llsa K. (;:nﬁnnd Hnslol-M) ers Sqmbb P
aal U escarch In\mmc 3005 Flrst Avcmm "matdc WA 98121

("llul 7773544 -fax ("06) 727360ﬂ

\ sYstf‘ms (5:6). -
Ofparncular ntercst to usis the dcﬂgn and cxpremon of
-, simall blspemﬂc pm{cm £ grm nty contammb anti-CP3 and

Pracant afliations: *johnron and 1 Johnson Hlolrchnolow (mlc Smpi. At mmour mt:gcn spmcnﬁunes for use in targt,ung T cells
eza, CAL Himmunes Corporation, Seattie, WA, US__*‘\.

to kill tumaur cells. Initially, bispecific molecules for target-
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ing were relatively large in size, imade by Lhcmlcallv cou-
pling mAb specific for the CDIZTCR cc-mph::\ with mAb,
AgANSt 3 carhttccll spec:ﬁmty In: mrm studies s]mwcd thqtm'
thc pnsum. of thc% h(‘tErOt onJu[,aru gytﬂtr}‘{lc T

trlCted-‘

bccn rnpertgd 1o kill murine B E}mphom'l cclls (I6—1 8) and.’

significantly reduce the g1—0wth of pulmonary metstascs
(19) following irtravenous injection of tumour- cells in
murine madils. n addition, significant killing of xenogralts
of human ovarian (20,21), renal {(22), or colon carcinoma
celis 2324} in human T- cell-reconstituted  nude or
athymic mice has been reported using heteroconjugated or
bispecific mAb. In humans, therapeutic regimens invelving
bispecific molecules Lo target destruction of tamour cells
has heen reported for the- treatment of ovarian carcinoma
(20) and malignant glioma (25).

Despite the promising results obtained using ImpLuﬂc
antibadics for therapy, several factors make them impracti-
cal for large scale therapeutic applications including the la-
bour-intensive technigues required for their generation, die
low yiclds of protein recovered, and the need for extensive
poification of the bispecific anthody from g mixtore of
molecules formed by random association af both parcntal
wnmunoglobulin heavy and light chains. Bacterial expres-
sion of genetically engineered proteins has partially circum-
vented these problems. Although bacterially expressed Fab
and single-chain antibody derivatives provide a means of
generating large quantitics of small, antigen-specific mol-
ccules (26-31}, the protein must often be recovered from
inclusion bodies and refolded in vitro, or is toxic to the cell
when cxpressed behind a leader sequence thar argees the
protein to the periplasm {32). Bacteria may not be thie best

host for expression of bispecific proteins because (a) four-
homolegous variable region repeats may lead to deletion of*

at least a portion of the DINA sequence and (b) dificulty

may -he encouritered in fenaturing functional molccules *
from the complw pron.m prec1p1tam f0u11d in mclusmn .

bndlu
Fv fragments havc also bccn :

prcsscd in myoloma Lell .

(33), siigggesting that masmalian ¢ cxprcmon SYStCis are po- -

tentially suitable for expression of sm_{__,lc chain bispecific
molecules: A}thoubh no rcpmtr. exist in the litersre t,
date’deseribing the expression. of twa genenmily linked an<
nbody wariable regions,’ lraune(.ker et al. (34) dcsanbt.d a
bispecific molecule containing C14 receptor domains ge-

netically fused to CD3 Fv that induced CTL kitling of *

13V 1-infected t-\n,ct cclls In the pn.smt stud},

thc dapt']tlon ofan cXIStmg nnmnm]wu prn.. 1

'-'

- site at the-3"

diagrainmed with thL alterat

v"'c‘ldgs_;ribc- .

sient expression of these malecales in COS cells avoided
problems associated with the recovery ofbmlnzlmlly active

molecules from, b"lctcna 'md allowed rapid recovery of
L bispecific Fv plotcm th1t W‘H ﬁmmonal for both parcntal -
":ﬁAb _spcciﬂ_c_it_i’c oo ST o

wut modlﬂcd_ﬁs fohlows (Flg 1} the Hindlil
end of the stuffer region was used to insert a
Hindb1-Sall " cassetie containig the anti-L6  imnmumoe-
globulin light chain leader sequence for secretion of fusion
proteins, This sequence was encoded on coniplementary

mic':'i'tion)

olignnucleotides with HindlI1 and Sell cohusive end over-
hangs (the sense oligonucieotide was AGCTTATGGATT-
TTCAACTGCAGATTTTCAGCTTCCTGCTAA-
TCAGTGCTTCAGTCATAATGTCCAGAGGAG,
while the cmupltmt..ntlr) aligonucleatide. was TCGAC-
TCCTCTGGACA FTATGACTGAAGCACTGATT-
AGCAGGAAGCTGAAAATCTGCACTTGAAAAT-

CCATA. The sense oligonucleotide was phosphorylated

SFv 2

helica
iinknr Gy, Ser)y Imk-r
. Vu / Bcl I

: .'FclgCﬂ

Bell . Xbal

My iR, SVA0 splice
promorei/ ) and poly A
R BamHI
) o 1201
" supF gene
M13 ori Folyoma -

pBR322 - Sval -
ori. orn

5 Fxg 1 Morhﬁuanon of pCDVl‘S for :.\prcssmn of-;mgll. clmm S
antibt_\d) d(‘n\atwm The m: )

nnh'm e\percm VCEEOT lS

s and additiony shown nlom_, the

top portion of thir vector, The stuRar frabmcnt containing the
polylinker was replaced by o Hindli-Saf} leader pcpndt cassette
_‘at‘the amino teriinus of the sFv insertion and a Bell--Xbai | )
mioleculir g at the carboxyl Lnd A sm;,h. (.bn{l—Xin; to (Bd!—:“ -
* BaiHI- Bglll) V-V, fuuon cassctte was fsed in framc with the
two Hanking cnss‘ct:c& tt create the single chain antibody
“derivatives for LeFy-lg and CD3Fv-Ig. To crcatc‘th‘c bispecific
"g,cmn tu51on a semnd binding do:mm was ms"rwd mlo the )
_w:rt()r ‘adjucnl u) the first, with :| 'i]mll 'thr'Jl' pclmd(, linker
: cassetee scp'afmn" [_}‘IL‘ 'mo mnbody Hmdmb dmnm
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..-\ncn po]}nuclvoudc |
dmn.mblu 15 and an ]
]wmon ‘In addition, the ,\bui sitc at t]w 3 Lnd o du stuf[‘
r(_\']on was “used Lo mscrL 2 molu ular nn {'m Fc tmgm nt
froni | huiman Ig,Gl) ora. m:pic su)p (oclon ‘i

d Kbal reftriction sitesat the.carboxyl te rmmm The hu-

an

: ome- i

, perrsburg, FLY and PCR reactions ar by secondary PCR of *
- adiil fuli-length anti-L 6 nnmunm,lubuhn heavy-chain cJNA,
oerta - A so-called ‘helical’ peptide lnker (DQSNSL Al(le '
; mo- '}JAI{RLFAKKSNSLE‘SI J was used t6-noake-a bi - _
-t sion sion gassette; benween thc anti- CI3 dnd” anti-L6 \ranablc.:‘.'
" iary fepgion dummm "The sequence monf(EFAI\K) was choscn
v ;o hecauseitis pflmculanl\r hydrophilic ducto an "ubnndanu of
- che arced amine acids; bue overall is nultr'ﬂ The peptide can .
AA- forn mb:]mm1 {r 4+ 3) and ( + 4) jonic interactions if heli-
: A, - cal conférmation is adoprcd, a% may. be cxpu.u.d for helical
| AC- ‘ ' 'w }1 mees 0(1[}0[:1 (hlrty reiidued or more, It was enc odccl
: rre- 5 Lan .umplmwnt.u-y oligeiucleotides with GAT G cohesive -
P AT= 0 epd averhangs: the sense t)lu,onmkondc was GATCAA-
Gated PUCAACTCTGAAGAAGUAAAGAAAGAGGAGG-
: : CiUAAAAAGGAGGAAGCCAAGAATCTAACA-
i ! GUUTCGAGAGE and the antisense oligonucleotide was
: GATCGCTCTCGAGGCTGTTAGATTTCTTGE-.
' ( TICCTCCTITTTIGGCCTCCTC 1T("'I ITGC-
CTTCAGAGTTGGATT
! 1 E OCR samples (1004 per rmcnon) included Tag ]‘c)]\-
chal ‘ necrase bufier (Stratagene, Torrey Pines, CA), 20 pmol of
1 “ewch ANTP; 50-100 pmol prisers, 1-10 ng template, and
i !m, pelymerase (Stratagene, Torrey Pines, O TA). Reactions
: ¢ carricd out i a Perkin-Elmer Cetus Thermal Cycler
! A Hh A 30-cycle, programme, typica lly consisting of 1 min
li steps ae 947, at 559C, and a0 72°C. Ligation products were
trinsformed into MCT061/p3 (Invitrogen, San icgo, CA)
‘ andl colonies were screencrd for the appropriate insertion
: i p!;t::mids. Positive clones were verified by IDNA sequencing
' aiad minitransfection.
!
: lzofation of V regions
Auii-L6 mAb is specific for a recenty clonad tumonr anti-
L g (38, 39) that is cxpressed at high levels on certain hu-

RMNA from the chimeric anti-L6
by ‘mﬂ,uom,\ was isolated b) |.1p1d lysis in [\51’40 (4] .md

npuin tamours  (40).

¢
ftke

-
the
e’ . Ur sccond'\ry PCR reactions 16 uubﬂnnc
‘ rlom*nm o1 the Fe-région for human IHG I RNA I
¥ G- 4" anti- CD3 hybndo:m cells (43), producmb mMAL ™
w amainst the E-chatn of the human Chy/TC R comp]m (44)

was algo extracted using NP4 lysis. First strand cINA syn-

B 'Lhcsts \V"ts performcd v "“t-. AMV rc» Ts¢ transcnphsc and
- '-pnmus (,ompicmumry to 18 b‘HCS of(,H] or Cl\. anieal-
. ing 1ppr0\cumte]y 100 bases from the )= L,_]uncuon First
) strand. (.DI\'A producrs were poly-G. “tailed using terminal
1l\gd by ‘Bell -

B 1{_,(.:1 :,cqucmcs were isolted from thL RNA nf'thc .
chi anC anu 1.6 mnsfcctorm (37\ by cnupl-.d reverse u.m-
5(”}mm1 (Avmn Myclobhﬁoms Vlrus Lifg \ucnu.s. Gl o

- for clom

: l'mmunostammg and FACS anafysrs »

‘ Bmdms, of thL mtibody dcnwt e

",\\;th single chain derivatives
' bmdmg huffer (C:]BL - BR
“min av 4°C. Cells were l]u :

‘ (4‘%) m tlu pres

Ln.uf‘crasc (Stralwcm Torrw Pints, ("A} AGTEand a 3

ncstuﬂ pnmu 'mm"!lmb 1ppro*cmnt<‘ly 50 bases frowi the -

C |umt10n Anchor=tailed PCR was tht.n pc.rfonmd with

1-2 o of punﬂcd (..—tauh.d CDNA and 3 forward primer

umtammg poly~C scqueices (45) d_‘ -nmd:ﬁcd reverse
primcts that elininated the remaibing constant region se-
guences, Scconchrv PCI was U.‘;td [0 add restriction sites

cte Jurkae Tocells or w
‘aii;'\]j"'scd by indirect

LL6-pésitive tumour (:Llls_(H?,‘)d

imminnostaining, Cells wey w1th n.mw mAl; oF

de d' mculmu_d \\1th a
FITC-conjugated wr.ond ﬂcp' cag;
40 i at 4°C, Second step antibod was anc of the follew-
ing: goat anti- mouse lg™for murine nAb {freat ant-human
126G (Tago, Burlingame, CA) for :.1: cle ch:nn Fv lg fusions,
or ant~-idiotype dirceted againstthe Lo mAb binding site

foran ' additional 30-

{46y for LoFv-lg or chimeric Lo mAb. l‘l\lDl(.SC(.l'lL{. was
analysed on s FAC S 1V cell sorter (Bgcton Dickenson and

. Co., Mounrin View, CA) cqmpprd with a four-decade

]nmnthmn_ amplifier,

" Celf culture, transfections; '

and purification of fusion prateins

05 cells wisre transfected with ciprssiontplasimids as pre-
viously described (36,47). Plasmid DNA was added 1o
transfection media at 1 pg ni¥! iv a total volume of 12 ml
per 150 num plate. Spent serui:fce culture media from
three batches of transfecred COS célls was pooled and vsed
for iselation of fusion proteins w ith 1g molecular tags. Cel-
Jular debris was removed by low-speed centrifugation and
the clarified supernatans was-applic wd to a colunn of inmmo-
bilized protein A (Repligen Corp,’ ,ambndyg ‘MAY equih-
brated with 50-msm sodium citrate (p]] 8.0} as desertbed
previously (47). The concentration of punified proteins was
determined usm[_, a commmuull} ,wnhb!c plotem assay kit

Cell pd‘hésio‘n assays

purﬁarmcd cssmml]y as deseribed
lH) nm EDTA lunk-lc'T cclls were
mcubau_d

w]tl] rith mubody stiruli,

la bcllcd L
wished, - md mgubatcd “with L(a-posmvc H2981 timour
cells. To pru ent potcntnl 11ompcc1f1c bmdm" to 2981

cells, the Jurkat cells and H2983 monoligers were incu-
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bated with an irrelevant antibody to saturate Fc receptors

prior to addition of the CDD3Fv-lg, L&Fv. -g; or CD3-
L6Fvlg antibody derivatives. Alter the thcsmn icacuom

were complete; motm!ay ©I§ WOTe. w*mhed five ‘times \v1th"';,
ice-cold RPMI media, solubilized by addm n of 0.5- M;:' 1t
NaOH, and radidactivity was quantlt’ltt,d by gamma ' ount-: S

ing. Numbers of bound cells were caleulated
total bound radloacnwLy (e p. m) 'y'thc spccxﬁc activi
(c.p.m. per ccll) ot ]abelled cells

SDS-PAGE and western blotting with afkah'ne ph'ci.sphatase' :

Acrylamide gels forming a linear 6-13% gradient with a 4%

stacker were run at 200 V for -5 h. Gels were immuno-

blotted to nitrocellulese membranes using a western seimi-
dry transfer apparatus (Biolad, Richmond, CAYac 20V (3

mA an?) for 1 h, Blows were blocked with 2% nonfat milk |

plus 0.1% Tween in PBS (blocking buffer) tor 1-2 h and
then incubated with alkaline-phosphatase conjugated goat
antihuman. 1gG (Bochringer—Mannheim, Indianapolis, D))
ata 1:1500 dilation in blocking buffer. Blots were washed
three times in blocking buffer and were developed in West-
ern Biue (Promega, Madison, WD for 5-13 min before
stopping the reaction by rinsing in distilled water.

Immunaprecipitation and western blotting with anti-P-tyr

Jurkat T cells were unstimulated (0) or stinulated with ci-
ther native G19-4 mAb or with CD3Pv-Ig for 1 or 3 min at
the concentrations indicated. Cells were lysed in 'modified
RIPA bufler (49) containing phosphatase and protease in-
kibitors (1-ms sodiom orthovanadate, 1-mm PMSF, 2-imm
EGTA, 0.5% aprotnin and 10 pg ml™ Jeupeptiny. Cell
lysates were cleared (10 min at 14 0060 r.pan.) and immunao-
precipitated with either rabbit anti-P-tvr (30) or PLCYI
antiserum {51}, Immune complexes were recovered with
protein A-Sepharose beads (Phammaciys, Piscataway, M}) and
washed. The proteing were separated by SDS-PAGE (8%}
and werg transfesred to PVIIF Immaobilon (Millipore, Bed-
ford, MA)Y for 2 h at 4°C. The immuneblots were blocked
before addition of 0.5 pg ml™" of athnity purtfied rabbit anu-
P-wyr in blocking buffer. Protins, were 'dctected with, 1

mCi pI* high specific activity '®1- labelled pmtcm A ([CN ‘

Bromedicals, Costa Mesa, CA) 1nd autoradlognp]ly

Measurement of intracellular free calcium ([Ca™]i)

Cytoplasmic free calcium was measured using thc u]cmmw

binding dye indo- 1 (Molu.ulu Pr obes Eugene, OR} and a
model 50 HH/2150 cell sorter (Ortho Dial_,nos_,tlc\Systcn_l:,,
Westwood, MA) as described (52). When la;lcl'r‘]igh_t‘_at'SSS

nm is used to excite the indo-1 within loaded cells, the
ﬂuorcscemt meion i the violet mcrcases Wth blue de- 0
creases as Ca®™ is boind. The ratio’of violet/blug is pmpm— L
tional to the mtracc]lu[ar calcium conccntmtlon and | mcan N
[Ca¥i 18 stermmed by plomng thc mdo 1 wol(‘t/bluc

. hrst w

fAluorescence ratio versus time. The percentage of respond-
ing, cc]ls vczsus time is calcuiated using programs that deter-

mme thf. vaiues of the indo-T rmo 2. SD abave thc mean. .
' ratlo of control -.clls and p]ottcd as thf‘ pmcentagc of ccl!si k:

amcd h—om pcnphcr af blood,

: ecvera] times i1 seruny free RPMI 164ﬂ aml the cell con-

centration was adjisted co 1 X 10° cellsml™ in RPMI con-
taining 10% FCS. Cells were cultured. in 96-well, Xat-bot-
tom plates (5 x 10* cells well" in a volume of 0.2 ml). Pro-
liferation was mcasured in triplicate samples by uptake of
[*H] thymidine at 1 pCi ml' " during the last 6-8 h of a 3-day
culture. PHA activated T cells were preparcd by culwring

POL with t pg mi™ PHA (Wellcome, Charlotte, NQ)for5
‘days, and resting 1 day in media lackitig. PHA. Lé-positive

112981 tumour cells were exposed to 10 000 rads prior to
use in proliferation assays. -Fusion proteins . were cither
prebound to the wmor cells and- excess was removed by
washing before incubating with PBL-(‘prebound’ samples)
or fusion proteins were added in solution {‘solution’ sam-
ples) to the PBL with the tumar cells. PBL and irradiated
tumor cells were co-cultured at 3:1,°25:1 and 625:
PBL:tumour cells per well. -

Cytotoxicity assays

Lé-positive 112081 tumlpur‘cclls; were incubated with [ Cr
for 2 hours priot to incubativn with the fusion proteins
(3 ugml™ and 0.5 pg ml™) ar;d'l’BL ('n:' several eVector:
target ratios ranging from 10031 to 10 i) Cells were cul-
tured in TWPMI com.:umm.: 10% EGS | ina: ‘total \folume of0.2

mlfor 5 h prior to Inrvcstmg ol the culturcs md dutermuu—'

tion of counts rclcas;d by gammn countmg

Resuits

Adaptatron of mammahm expressmn veaors :

lhe vectars pLDM‘i and piLNX are demam-es ofthe veg.
tor H3M (36) aud use either the ¢y tomcg,dio\ l]‘lJS ar the

T AMV pmmoter ahd enhmcm to,achieve high lev el expres- '
sion of gesies inserted into-the Dﬂ])]lllkCl/‘ituﬂLr region lo-

cated downstream of these control regions. In addition,

'contrnl sequences for splicing and po}yadcny]auon arc lg- -
' Lattd ‘ld]"lccnt to the polylinket, facilitating gene r“(pressmn

from <DNA rather than ‘gencmic scquences. The poly-
linker was altered to contain two cIJNA cassertes Hanking
the 19'- riction sites used for vanablu region insertion. The

1 ﬁ' Hl.»!dIII Sall fragment containing the lcacler pep-
tide hOm the anti-L6 1mmunog]obu]m kappa hght chain
that < was 1n<ertcd at the 5” end of the polylinker Lo achlexe

. m_crmm‘ ot the moleculcs ﬁmed ter it. The scccmd wis 2
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Single-chain moﬁc-- and bispecific Ab. derivatives 14

hnd-
ST,

P:II ‘{bal fragmeut encodmg thc hinge, (J-I? and C H3

nean

were connected to one ancther by a shoit. pcptidc linker

- ..,wcu sometimes uhcd) betweén these two short ﬂml\mu‘ L
. - Gassestes so that a single open reading frame was “formed, as-
i shown in Fig. L
pen=y
Don=to '
bot-* . Cunstrucuon and express:on ‘of smg!e-cham monospec:f ic
D drps L . LéFvlg CD3—Fv-lg and b:spec;f ¢ CD3- LéFw‘g antrbody
. cof il 'derwatwes o
"‘jhy | Tha \mual)lc domam sequernices encoding the hLavv and
B .rmg L lighe chams of antibodies directed against the L6 tomour
cors X en of the CD3 T-cell surface rtctptcir were isolated.
; hve ' T V and V of anLl-L6 or of G19- 4 wrere linked into a
Ve ; sirgle u.cadmg 1eg10n by using overlap extension PG Rt
her cr-zte a {Gly Ser), finker (53) between'the carboxyl end of
by 5 ' V, and the amino terminus of V. The V=V casseste was
- le) in-erted into the adapted vector ro thit a t:m[-;le open read-
L. - : iz frame was created encoding the anti-16 lighe-chain sig-
7:;_‘5 ted l naf peptide. the variable r::gim'z containing the untibody -
w1 i Iinding speciWeity, and a mutant derivative of the human
. lg+ i1 Fe domain chat had hinge cysteines (resicducs 220, 226
} ; and 229; EU index) changed to serines to reduce intrachain
disulWde bonding. Upon sequencing, this a¥nity tag was
‘ ) o found to contain another sequence change which resuleed
(r] ' in che substitution of a serine to protfine at residae 238 1 the
ing | hinge-link region. The CI23-L6 bispeciWe fusion cassette
;e weis created by fusing the anti- CD3 and anti-L6 V V|| cas-
ul- I ceties using sequence encoding a shost “helical’ pcpudc
0.2 i linker. The bispeciWe fusion cassette was inserted into the

- : expression vector using the same restriction sites as for che
ronospeciWe constructs. Each of the three single-chain
i vlg constructs was transfected into GOS cells and the fu-
: sion proteins were puiWed from culture supernatants by
+¥nity chromatography on immebilized protein A. Yiclds
of puriWed protein were typically abour 2 my 1 for the
) LiFv-1g fusion protein, about 10 mg J7 for CD3Fv-ly, and
Rien . hout 0.5 mg 17 for the CL3-L6Fv]g bispeciWe molecule.
; ’ Western blots of proteins subjected to reducing or
nanreducing SIIS-PAGE were probed with alkaline-phos-

et i T e e e i

Tig. 2, Panels - ‘A-and B illustrate - that the LAES
noa 3Fv= lg fusm 1 rotc1m nugr:lttd aia smgl: specie
3% 000 Lmdcr both reducing 7iid nonrcducmg 'condmom

hinge-CH2-CH3, exhibited significant mobility differ-

: domnatns of hum:m igC'l that was fuwci m frarind 5t the 3° B :‘
endofthe polvlmkur ta f'lcahtau: derection and punﬁrauon ' .
of antibody derivatives. .‘Jim_}c cham antibocy cagseltes ens - '

odmg the vanable dmmms, of the hea\'y and hght chmm ’

‘and inserted as Saﬂ—Bcﬁ fragmcnts {other cm‘npatablc cnd'a R

phat.usc canJUL;ltcd goat anti-human 1gG as shown in’

- the approximaté size e\pected for these smglc ‘¢hain anti-
.- bady derivatives, -Similarly, "the (,DS LGI'VI(, b1spec1ﬁc-_‘
E':n’ao]ccule m]gratcd as a smglc schms of M ~83 000 Undm"
. cither of these wndmcm: Bv aOmpanson clmnma L6 5
' mAb or L6 wild- ~type dimer (WTD} consisting of mouse”. :
variable regions fused to wild-type sequences for human

g absencc of CH1 :md C
‘ "hchml hnker sequcn(.

a

“Reduting
23 45

re'duc:ing -
12 345 -1

L1200

.974-]
|89
. 46+

. 30-

Fig. 2 Western blows of siigle-chain anti-L6 and anti-CD3
menospecificand nnn-(‘D%/I b hIspu.m(‘ mole_culus Suum free
spent culture medlum fromi
and. punﬁcd by plotcm A fﬁmty t_hroumtobnphy 1'mct in way
resusperded in loading:Latter and sitbjected vo S12S- PAGE
gradient gel (5-16%). elcctmphoresuc under (A} honreducing or
(@} reducing condidéns, b]oued o nitrocellulose, and detected
with aikaline phospbatase conjigate d anti- -human 1gG. (A}
Lane 1 = Chimeiric L& mAb {0.5 pgjs lane 2 = anti-L6 WTID
(.5 pgy; lane 3 = CiD3- LeFvig bispecific (0.5 ug):

tane 4 = LoFvig (0.6 pg) and lane 5 = CD3Fv-1g (0.4 ).

{T%) lanc 1 = CID3Fv-1g (3.4 ug); lane 2= LeFvly (0.6 ng);
lane 3 = CD3-LoFvig bispecific (0.5 pgk Jane 4= anti-L6
WD (0.5 p); and laie 3 = Chimeric L& mAb (0.3 pg).

ences depending on reduction and on the degree of dena-
turation, indicating that the heavy chain constant regions of
these molecnles associared by disulfide bonding to forn
dimers. Occasionally, western -blots from nonreducing
SDS-PAGE exhibited a very faint band. for the mono-
specific nolecules migrating at M > 100 000 or for the
bispecitic molecule miprating ac M > 200 000. Turther
characterization of the single-chain molu.rulcs by gel exclo-
sion chromatography showed that while the LoFv-lg,
CD3Fv-Ig and CD3-LeFvlg molecules were present pre-
deminantly in the monomer form, the molecules did usso-
ciate via the CH3 domain and/or by nonspecilic interac-
tions to form homodimcrs (~30%) a‘nd a small pe'j'c::nm;,c

t.SIduCS n CH2 and CH'% in thc
thc mclusmn of thc hydraphilic
‘ nd/or 1ddition ofa second vari-
able regmn may havé driven the bispecific molecule to fold
difterently from the. monospecific molecules thireby de-
creasing its teadency to olipemerize.
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" CD3-L6Fv-lg bind to cells
-expressing target aritigen. ’
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Binding activities of L6Fv-Ig, CD3Fv-lg and
CD3-L6Fvlg fusion proteins

Antigen specific binding of the single-chain Fv-1g deriva-.
tives was tested by binding to cells expressing target antigen.
The human tumour cell line H2981 expresses high levels of
L6 target antigén but no CD3 or BR96 molecules, while
the H3396 human tumor cell line expresses high levels of
BRIYG antigen (54) but no L6 or CD3, and the hunnn
Jurkat T-cell line expresses CD3 receptors, but no L6 or
BR96 aniigens. Binding of the single chain molecutes was

" detected by Buorcscence activated cell sorter analysis using

FITC-conjugated goat anti-human [g as second step rea-
pent. As shown in Fig. 3, the fusion proteins bound
specifically to cells expressinig target antigen, similar, to the
reactivity of mativé anti-L6 mAb and G19-4 mAb binding
o these cells. The CD3-L6Fvig bispecitic fusion protein
bound to both Jurkat and 112981 cells and could be de-

tected with either goat anti-human JgG or a FITC:conju- .-

gated anti-L6 idiotypic mAb (46), an indirect indication
that this derivative contaitied dual specificicy.
The anti-L6 binding dormm was ﬁned to sevcnl Fe mo-

lecular tag sequences conlannm, mutations at critical resi-.
dues reported to interact with human Fc'}'R (55 :IE)) The.
expressed L6Fv= Ig proteing. wcrc then' comparcd to chi-, -

merie L6 mAb to determine which molecules best retained
the aritigen binding characteristics of native antibody. Al

though all of these proteins were capable of Furct.cptor__. ,
bmdlng, tl1e I mutant cont:umng the Pio to !>er rhutation T
at residuc 238 in the hinge-link region. falled to mediate .
ADCC :md complement klllmg {data not shown} \V]]llt“
preserving anti-Lo bmdmg nfﬁmty ata le\-e] Lomp’lmble to’
-d s the

native L6 mAb The mutant Fc was therefore'
recipient for clonmg other vanablc rcgmn cassett

100 - 1000

D3 single-chain antibodies exhibit biologicot activities
quolitatively similor to but quantrtatrvefy dnstmct from native
antibody :

Scveral different CD3 fusion protciﬁs were constructed, in-
cluding an -1g fusion, a V=V sFv (no tag),'and the C1D3-
L6Fvig bispecific molecule. Figure 4 shows the sequence of
the anti-CD3 vaciable domains including the junction sc-
quences for the mono- and bispecific derivatives. The Fvlg

fusion proteins were purified by affinity chromatography -

using immobilizéd protein A and the sFv'wis used as filtered
culture supernatant. The, concentration of sTv was esti-
mated by titrating the ability of the transf«ctmn super natant

to block the binding of known mncemmtlom m" native
G19-4 mAb to Jurkat I cells, : : :

The signalling actmty of CDBFV '[E,,_was Lompared o,

native G19-4 mAb in assays which measure, mducnon of
tyrosine phnsphorylatmn on. cellilar - proteins; mc]udms,
PLCy1. Jurkat I cells were cu-'nu]ated with- CD3FV—[1-, or
(319-4 mAb and proteins from cell lysates avere separated by
S1S-PAGE, transferred to Immulnlon and, probrd with

“cither anti-P-tyr or anti- PL("VI Smprmng]y, we found'

that CR3Fv-Ig induced stronger tyrosine phosphoxylanon
of ccllular proteins including PLCy1 in"whole cell lysates

“and that 3 greater amount, of the pp”-5/36 phmphoprotcm

whs associated with PLCY! than that observed with equiva-
lent amounts of ndtive G19-4 mAb (Fig. 5).
Calci ium, mob]llzauon [ was inducéd by all. of the CD3

atmns of protein, CDIFV- Ig mduccd calcivm

. Auxes 1 m PBL similar-to native G19-4 mAb and greates than

that obsencd with G19-4 Fab fragments. Similar. remlts

- were observcd whcn sumuhtl(ms Were camcd out'in the
prcsence of 10-m v EGTA ro chclatc chtracdlu]ar calcium.
,;_Iutcrcsungly, l_he ch3 sFé pmtun fmm tran:ﬂ.ctcd LOS
."cell qupcrmtmts also muhatcd strang calcmm ﬁu.\cx in,

. Angibody dcnvalwcs ae 10 ub m] i

-'t:umour cells (Lﬁ-pumwe) jurkm d

: _' ham annbody denvatwcs (T ablc 1) Ar. eqqu]cnt :

. Fig. 4
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Fig. 5 CD3Fvalg stimwulaces strong

-3 min with narive anu- I,D3 mAD
LG94 2t s, 2001’801{ng
L])'i]‘v -lg 4t 1,5, or'20- g

- indicated. Pmtum &om cell l)’satcs

S were Jmmunoprccxpltatt_d with ( (A)

“rabbit anU—P—tyr or thh {B) PLCY

] ‘ﬂntlaCIUIT] :m(l Mere rtrovr.red with

", protem A wpharosc scparated hy

SDI5-PAGE, transferred to mtroccllu-.

shown in Fig. 1.

T cells, This suggests that aggregation mednced by the’
affiniry tag 15 not a factor in early mgnalhng events using
CIG-Fvlg or bispecific CD3-LEFvIg. 7 ,

In proliferation assays of peripheral bload lymphocytes
and purified T cells responding to stimulation with ie
B3 antibody derivatives at various concentrations, we
found that all of the CD3 derivatives activated T cells. In
‘Fable 2, the proliferative responses measured at antibody
treatrments of: 1 pg ml™' of a 3-day culture are shown. A
sisilar patiern of proliferative responses was observed when
tusion proteins were vsed at either 0.2 or.5 pg ml™. The
responses werc also found ro be similar but weaker in inten-
sity if measured on day 2 or 4 following e;;p&-:;u_rc to the

Whola Cell Lysate

Tyrosine plloﬁphor}'ladnn and 1 min
aztivation of PLCYE in T cells, and

Stim. .

Notive sFu-Ig

H'uNDlll . SAL!
: -'DioM}'QTTS_SLSASLGDRVTISCR
] * | BRCATCCAGATEACACAGACTACA 'TCCCTGTCTGCCTCTCTGGGACACAGAG?QCCATCAGT?GCAC
< X . co3 ,-"ASQ.DIRNYLN - PDGTVKLLI.
. Fig. 4 chucna of C‘D'ij-‘-v vamble ViV, .. GGCAAGTCAFEACATTCGCMT‘IAT'ITAAACTGGTATCAGCAGMACCAGATGGMCTGHMACTCCTGA
o FUSION | ©
region gene fusion. Vamb]c regiols VoYY T.3TR.LHS & ve p § R.FS5G 568 671T0vY .
. TCT.AGTACAGATCMGATTACACTCAGC‘AG ATCMGGTFCAGTGGCAGTGGGTCTGGAACAGATTAT .
from the ]u,avy and hght chains of g o
8 L T K. ‘L ufF.- ATYFCQOG l.
anti-CD3 mAb 619 4 were clomd . TCTCTCAcChTTGCCAACCTGCMCGAGMGATA'I'I'GCC.AC rmcmsccmcacss"rmmcecﬁcce
‘b PCR. The n.uch.ondc. an protein WT FEe et R SR R EL G 6 6 & 86 6 e
SCURIENCE of the gene fusion con- . 'IGGACG‘r!cGGTGGAGGCACPMACTGGTMCrAAAc@GGAGcTCGFTGGcaGTGGcrcsGGcesrsrr
\tuCLEdﬂ'Dﬂ][hCSECDNA cassettes is - 65 .6 6 6 ‘@ 5 1D EV O L 0 Q' $§6G6G. P E LV KTP G
<hown with the (Gh Ser), linker in . : ! GATCTATEGATGAGGTCCARSTG: AAcms*rcmsacmwm@ammsccm
a cface Thc anino lermmm ‘of g MoT - S& v s T e YOV WLk
. ‘bnld “P - GAGCTTCMTGACMTGTCCTGGAAGGCCTCTGGTTACTCA rmAc:mscncmocrcmcmscvcmc
. _(he V—V cassuttc W'ts fused at thc ; IR : - .

: -"QﬁHGKNLEWI'GL"INPYKGLTTVNQ
‘3'1 li site tr) the L6 ]lil’l‘t'Ch'ml vanab]e - CAMUCCATGGMAGMCC?TGAGTGGATI‘GGAGTTA'ITM TOCATACARAGGTCTTACTACCTACAACCA
vegion Jeader peptide, and the TR PG KA T UT VIO OK.SS ST AYMET LS L
c;u'hoxy terminus was fused direct]y . GAAA'I‘TCMGGGCMGGCCACATTMCTGTAGACAAGTCATMGCACAGCCTACATGGJ\GCTCCTCAGTC
(o the hinge region of the Fe domain T s EbDs AVYYEARS GYYEDS D, WY F D
ot thie Bl sitc or to a short *helical v TGACATCTGMGACTCTG G}’CTA'I'I'ACTGTG"..MGATC.TC—-GGTACTATGGTGA("ICGCACTGG’TACTTCG i

. - ct ¢ SV W AT T.T VT Y s FE <
t“"nder]m(%[; tor u;":m] liwd : . ATGICTBGEGAGEA gGsAccAccGrcAccr;rcch ©TCATTCOAATAA
spectile a-1.6 \rganuov.' . . - . : .

- g N ’ ) 5 DO § N §E E A K K E
m‘ilmﬁvc. The variable domains for e (IGATCAATCCARCTCTEAAGAAGCARMAGAAAGAG
anti-L& were fused in frame to the E"ETE’;L e S BCLF T

atieal’lin ’ T E A K K E'F A K K& 'NS L E 5 L

wi-posite end of the ‘helical linker as LINKER (‘AGGGGAMMGGAGGAAGCCMGAMTCTAACAGCCT CGABAGCETAG -

*HO! BCLI

stimuli {dats not shown). The data ihdic.lte that binding of
the CI23 derivatives elicited prnhfe ative ‘responses in T
cells similar to those observed with either native (19-4
(comnpared to the CD3Fv-Ig) or the Fab fragment {com-
pared to the sFv) of the murine antibody. Profiferation of
PBL induced by CD3Fv-1g but not hy CD3 sFv ar the
nonmitegenic CD3 mAb RT3 ( (57) suggests that during a 3w
day culture there is an Fe-mediated ¢ omponent invelved in
CI23Fv-lg signalling. In general, the geneticully engineered
molecules stirmulated slighdy stronger-levels of proliferation
from purified T’ cells, and slightly weaker levels from PBEL.
The onby exception was C D}FV—IQ acrmg i synergy with
PMA to increase proliferative Tesponses in punhcd T cells

PLCy1 1P

A min 1 min 3 min

Stim. Maotive st—Ig Ncmve st—Ig

tduges the associaton of PLCY
with ppA5/36. Jurkar cells (107 per
s'mlpic) were stimulated for 1 min or

ngsml: 0 5 20 80 3
T

ml™!,

bosc and detected with purified rabbit
ant-I-tyr and '"®E-labelied pratein A, (3)

520
oy

Naotive sFv-Ig
T sz0 pasmh: ¢

0’5 52080 1 520
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Tabic 1 CDJ3 stn-:.hﬂn molecules mobilize mtrudlulnr

calcium in T cells. PBL were loaded \\uLh indd-1 at ix 10% celis
mi" for 43 min to an mnau!luhr indo-t conccntntmn of
appu‘x\nmtclv 50 pM B Lcl]:. word bxe! udtd Irom the unlvm by
staining with ]’E-conjugmd 1nt|—(,D7(.1 mAb 2H7'
ing data uqmsmon 1o hmt'nmd ‘cells. 1“0r cach: mi
1 x 10 cehls .mnod 10737°(_. for 5 mir
the stimulus at’ :

mdnit’urcd foor,

were, in the pre )
“ealcium. The mtracclluhr ﬂlcmm Lomcntntwn fbr rcstm;,7 cel

is 130 nm

Peok mean Pereentage of

Seirmulus Amount §Ca2+]i () eclls responding

Ci19-4 tpg 375 (190) K00 (25)
Glo-aFab T 175 (1307 13

C13sFv 25l 335 (165) 100 (20)

‘, CPRIFv-lg Vg 335 (165) 65 (15)

1 C3Lalkvig 1 pg 185 (147) 30 (0}
LoFv-ig 1ug 130 (nd} O ndy -
G19-4 0.2 pg 280 65

; G19-4 Fab 0.2 ug 130 0

i CI3sFv 5 ul 225 40

; CO3Fv-lg 02pg 280 0
C3-Lafvlg 0.2 0g 175 25
Lofv-ig 0.2 ug n.i. n.d.

Table 2 T3 single-chain molecules sumulate T-eell pmhﬁ"a-

tion in the presence of accessory cells and are syae rgistic for

activation of T cefls in the presence of PMA or 0-C28 mAb,

PRMC or punficd T cells {monocytes and 1 celis were remeved

Ly two rounds of plastic adherence followed by passage over

i ayton wool calunms) at 5 X T colls weell  were cultured fos 3

: days in the presence of stimudus, as indicated. A sccond activas
ton signat (nmnuhxlmd ati-CIZE mAl 9.3 or PMA) was
provided to the purificd T cells. Ansi- CI28 mAD was added to

1 b ac 37°C then washed -

" extensively with PP13S prior 1o addition ol the stimuli: I"\ﬂ;‘\ was

i the wells at 2 pg il and InCll'h'lN,L:l

used at 0.5 ng ol i solution. Stimuli were wsed at 1 p ml' for
~all expermments except i the anti-C28 experiments where
stitnuli were vsed at 0.2 g b o addition to mative C133 mAb
(:19-4, ather contrals included a Fab fr gment of G19-+4, two
CDA mAb of different 1_,0r.1pLs {OKT3, mlgGa and BC,
ntlgG2b) and non-T rdl bmdmg L&-F vlg fusion p:oum Valm_' 5
Eh ’1 < 70""

are for mphcmte culturcﬂ ((‘la)r 3, c pnt. X 'tO

" Plirified T gell r}ur'iﬁédi' E'».-i].é*- »

, PBMC + 2 pg ! + 0.5 ng mi™
Sdmules .~ + medium 0-CD )b PMA
E Medivm - ':-:'_ 27 . {}81-.'

Gi9-4 - A0, _..11.2' '

CD3Fv-ig | 55.6 9.3

GI9-4Fab - 2% o584

OKT3 .. 770 .. 62

BC3 . tedk LT

CD3sFy (25 W) 34 - 85)

LoFv-lg .- lo26. o

' :Ldk in th

: d(.nmy ol
; par'tf'orm |ldchvde f'nr 20 min at 23°C, w’mhcd b]ocl\ul i

over those ebserved with native G19-4, All CL23 mAb and
TCN3 mAb denvatives mduc.cd prolifcration of punhud T.
'pr{.scncr. OFPMA Tarere: stingly. in the presence .«
ofsxmnd su,nal dd;w:rcd wid CL 228, thL (J)}sl-» and G19-00

1-.11) frag;mc' ts, mduc:.d the hu.,hl.Sl. lt. s of prohflmu
'__thchnmlkr 1(‘}lc‘(.ul<_> nny havc g,rcnt:.r

A ccll adhesion assay (48) was used 1o test whether the
bispecific molecuic was capable of mediating adhesion be-
raveen cells expressing CI33 or L6 antigens. Jurkat T cells
weere tirst incubated with anti-CI33 or with C D3-L6Fvlg.
Cells- were washed and added - to adherent Lo-positive
112081 cells that had been preincubated with or. without

L6Fv-lg. Microscopic examination of the M2981 mono-

layers. demonstrated that CI33: -LoF wlg protein mediaced
adhcsion between Jurkat ceils and H2981 cells in the pres-

ence of CDTA. Preblocking the CID3 ‘and L6 receptors with-

L mAbor Wlth L;1'~J 4 mAb mhlb;tt.r{( 1D3-1 hF\,lgqncrh-

.
H o
45— [ Hass1 alome
£ LeFvig T
o 19 [Jcoarvig i
2 35 [5) LeFvig + CD3Fvig. L
N B L6Fvig then CD3-16Fvig ;
g 30 : =
& : CDA3-LGFviy ]
8 i5— [Ocoans ne —
T 20—] [
c o —
15— I
10— wl =
I ——
A =
zed, s
5 o )
. Eds o
EFa
V.
A

o —v—L

Freatment .
Tig 6 C D3-Lafvly, rmdnn.s adhesion l'uwun H: ")Hl and

17 dells weell™ in 48 well pl.ltts fied in 0. 1% O
coniplete RPMI 10% FBS ind preing ubatid alone or wuh

the antibody indicated for 11 at 37°C. A heteroconjugate of
G19-4 anri-CD3 mab and anti-1.6 mAb (CT)'&\L() HC) was

- used 1s__a posxtm. control. Al antibodies were used at 20pg mlt
L excep
- premcub'uted in 10-mm EIDTA, and added’ to the tuinour eells

where mdlcatu] Jurkat cells were, I1bellccl \wth "(.r

and annbudns. Adhesion was injuated by :pmn g the plates at
1000 cp i, for 2 min, Roactmns were ineubated-for 45 min ag

"‘{1;“’(‘ vached ﬁvc times in 1r|: cold. R.P\ril and 1ys<.d in Q. 5 N_-' .

Uata repress:
1daid dwntnon (u"ror bars) ¢ fchrLc rephcm: stcmnnmb

Menolayers of H2981 tmnour :.clls were plated ata™
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CWe e nwe:tlgated whethcr mggcrmg of. Lhe CD

. cuuld induce T-cell pmhfer:mon in the pres
o Lells expressing the L6 _antigen. Resrmg PBL wt:r_

rcmow unlmund anubudy, and added at \an mg tati

labelled monohyer was observed wlhei recepuss o éltho

cell type were not preblacked by mcubancn W]th un(_onJU—
: {_atcd Glg 4 or L6 mAb (I—:g 6) )

C.E;J-Lt.i.b'r'spé‘ci-ﬁc fdfidn protein‘ stirﬁu'n‘a:tes
kigh levels of T-ell profiferation In vitro

xomp]cx by the:bispecific CD3- L6Fvlg Fus:m

incubated with irradiated H2981 tunonr cellsl,
sicn protein ju solution, or stimulating - pr
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Stimulus

al 3 10 cells well!, After 3 days of culeure, p:ol;fcratmn was -
measared by & hour's upml.r’ UF['H]thvmldlm Values shown
are for quadruplicaze cultures for cach treatment (SEM < 15%),

éliminaced T—.CLH proliferation.” Inhibition of proliferation
by eng_,agcnn,n; of(‘D"ﬁ‘ wlth C'D"’.n]'v I;, was more d]fﬁcu]r

teing 'w‘i.r‘c

bound to the nradjatcd winour cetls and wrbsind: pm—
toin was removed by several washcs An lrrc]cvqm ’Il]tlbOd\’

.-'I.GFV[g I:u<pcr:ﬁc nmlc e, Prcnuulwuun witl’ cnthrr
" moiospecific reagent (]0 g v fmled 1w block eytotoxicity

fthe b-lspLClﬁt_ molcaulc

ﬂcant lew.ls ‘of - prohferanon mdcpcndcm of the pres-
absence f thic tumour'¢élls. In the ptcbmdmrr as-

"

|7 says, exceks CD3FV'19 was removed during the washing
L steps, thus Lhmm‘mng proliferation due to the soluble mol-
““ecules. Taken together, these results-demonstrate the ability

df the CD3-L6FvIg bispecific fusion protein to stimulate T-

cell prohfcrataon in the- prcscnrc OFLﬁ poalme H2931 t-
L 'mour celks. : :

CD3 Lé brspecnf' C. fusron prmem zargefs T-cell
' 'cytoxncrty to H2981 tumour cells

: ]{cstmg PBL were used as cﬂccmr_ cells to determine 1f

naive T cells coild be activated to kill H2981 tumour cells
(Fig. 3). At effccior ro target ratios of 10:1, the C133-
LaFvig molecule mediated 30% specific lysis, while at ratios
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B body derivatives Fuh,d to crm]plcte:])r block the. t;_lrgt_t d. cy:

of 100: 1, specific lysis rosc to 71%. The level ofspcuﬁc ]ys:s
for the tvo monospecific molccules whcn miixéd together,

'or for uthu molécule alone _r'm[..cd hom 3% o 5% at ai-
"cﬁ'cctor 0 targct ratio of10'] and 9% to I at'dn cl‘TLLtor e

nd L61—v lg__,:mn .

tém i a 3 h

totox:cn.y mcdlated by the, Ch3ng, fu:,mn pi
r.dcmcc :i'nc_l

i

tlic mAb dcrnatw s rv.putcd!y
at -.thbnum

Dlscussmn

In the present study, we describe the adapeation l)f‘m exist-

ng mammualian expression system for the rapid production,

expression, and screening of single-chain monmpcc:ﬁn and
bupcc1ﬁc antibody derivatives. The COS celt transient cx--
pression system has been used successfully by previous'in~ | -

vestigators to express soluble cell surface receptors by creat-

ing ﬁmon proteins between the extracellular domain of the -

surface receptor and the heavy ¢hain of human lgGl caded
by genomic hinge, CH2 and CI3 sequences (36,47). As

opposcd to bacte rial expression systems where recovery of

biclogically active melecules is prableinatic, even for mal-
coules possessing a single binding specificity, proteins are
scercted and can be casily recovered in active form from

calture supernatants of transfected COS cells. In initial ex--

periments, it was determined that COS cells were. capable
of exprossing and secreting functional intact [gG molecules

using cDNA rather than genomic sequences. Full length

anti-Lé& kappa and wamm"l cIINA cassceees were Nypated
scparately to pCDME and the insertion vectors were
cotransfected into COS celts by the DEAE-Dextran proce-

dure. Culture SUanntmm contained 100500 ng ‘ml™ anti-
body with specific binding activity for Lé-positive tumour’
cells, indiciting that COS-cells assembled and secreted nis.
tive ,&nubody oo cTINA CNpression casstues (chm not!,
shown). Onee production of Lé antlbm‘ly in COS cells was
verified, we medificd the expression vectors pCDMS. and -

PILNX for expression of single chain antibody derivatives

using mtcn_h'mgwblc cassetees containing DINA cncodmg -

individual protein domains. This a]lowcd us Lo gencrate
‘novel combinations. make “rapid C\ch'mgcs, and screen

different doniains for their (,ic-ucy in pcrﬁ)rmmb a dosired
- function: Only those molecules exhllmmg the dwucd sub-

set of characteristics from this screcning would require
shuttling inta 2 secandary expression system for jarge-seale
production, climinating lcngthv or comphcattd production

and lsolauon procedurcs For the nm]onry of molccu!u gen- -

erated..” :
The moedified prrc.smon vectors WCI‘L tcm.d by inser-
ton and expression of the variable dumalm for twa differ-

“ent 1nt1body binding spcmﬁc;llcs, the human LG tumour{
_1nngcn and human CDZB lhc smglc chain anti bodv dL—
rivatives bound :mtlgcn w1th var\rmg a\nd]tlc‘ and aﬂmlu::\

dcpu‘:dmg on the molecafar ta;:1 to. w_ cl'{ th Y 'vx ere tu:ed

f;hnm) The pephac KK IIUQRC,I‘( mr\n IC,KI o
jthk. V3 loop of ngO ncodcd by human nnmunodcﬁ— "

. glon. ])prm the .t'oscnu of hmw. dmulﬁdu

ducing the binding characteristics of the native antibody,

despite the absenee of CHI and CK domains. Scveral other -
- tags were commlcu.d and tc».tcd but tl‘ll (-K (54) and the -

sults dchndmg on th(. v to, whnh it wis fused, failir g ta

. finction propu]y when fused to 1.6 Fv, buit peeforming suc-

cessfully when fused to CD3 Fv (data not shown). Two

-other pepides to which we have specific mAb are currently
‘ bcmg tested as possible replacements for the Fe donmn
afnity tail.

Qur initial goal was to find an qﬁ.mty g that could be

iwséd with 'my variable - region . umvtr(. ~such thae rapid.

screening of the transfection supt_rnnt'mm was posmblt The

. Fe portion of hunin TgG1 was.a. ~good candidate for this.
© . purpose, owever, we \.\mm(.d'\mononum tag that didnot

~ mediate Fe-related effector functions (S‘s) which could po-

: tcnm]ly mask aceiviey. mudiated by specific vartable region

binding. Therefore we : produced several mutant forms of

.the hinge-CH2-CH3 cassette that had various combina-

tions of mutations in the hinge (Cys to Ser) and CH2 do-
mains (55,56). We found that mest of the Fe mutants re-
tained binding characteristics similar wy native LG mAb and

to control anti-L6 WTIY (M, §. H.chLn unpubhthd data).”
" We chose the nuitant coitaining the single point mutation

atresidue 238 (Pro to Ser) for fusther variable donain inser-
tions becavse it failed bo me diate both Al >C‘L and comple-

ment killing in standard: assays, wlhile prt.scr\rmg antigen - -
‘ bmdlm7 This mutant alio had Cys to’'S¢
" hinge v«hu.h prevented disulfide bond f'ounwon n this rc—

'nml;l tmm i Lhc

a proporeion of the proteins did form dnn(_rs oF, Hughies

ohgnmen presumably thraugh intcractions of. t[m CH3
dpmains. However, the I:-upLﬂhL molecule ’\p;
ess able to ollbomtruc perhaps duc in part to |

" of the hydr()ph]h(, helical lmhr We also notcd tlnt thL
affinity tail -did appear to intcract with: FcRe-over a time,

frame longer than the five hour chromiwn élease assay.-In
three day proliferation assays, D3 v-{g induced activation

“of PBML whcrcar LDy sEV wnhout a t.nl and the

nonmitogenic BC3 mAb didl not induce this response, We
do not know it the FeR inceraction detected here is capable
of mediating ADCC at these Jater time pmnls Further ex-

~ periments :nmcd at ruu]\'mg thcsc qucstmn: .'«ll'L t‘uru.nth

underway.:
Anit-L6. arid anti- CD3 mm,le cham dLrwntwm ]'nckmtr
Fe tags may be uscful in therapy. For ummple LésFv could

- be chmumlly attachcd to a radionuclidg or E,enemal!y fused
. to & toxin such as PI:%O [mt:al l.tuches of :m 11-2}\——1"}340'

ﬁmcm protcm havc qhown spccnfu_ tovmry to»va:ds JL2=

T n.repmr—beanng cd]s it vuro ("9) HOWLVL!’, thc Le :mt igen”
The Fe domain’ af human Ig(31 was lhe bc;t tag for répro- :

is e*{prcsscd at low lcvci-; onsome uonml LEUS mcludmg the

. rh.
ful
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", Single-chain mo_r'-:o;-: and :I:}isp@;ciﬁc'.ﬁ:.b_,d-tz.riyfa:tqyes

v:ﬁrular endothchum ofth - Iung 59 ‘ BLC&‘I e snn]lc . st
'ﬁqg;mmts are. bcctcr '\hle 6 penctmtc tunmr $iass and hau

1. shon 'lmprovcd locah?at]nn it tumour sm:s {5.6), \mn]l'.r

”

st may ‘be- cﬂectlve in [argcum:, therap(,uuc
h15h lcvc

'do‘;u: of L6
.1geuts to tur orcelis that f.“{pl

p] cwon in vivo, smcc delivery of'a T—ccll receptor sngnzl i
‘ al siich as hgatmn of CD28
L.u] to T-cc 'mcrgy Tt has. beenr dL‘]TlO]]&tt’dt[‘d that F(qb 0
fragments of OKT 3 are immunosuppressive while mark-
“edly reducing the .cytokine tommty associated- with: whn]c
'mt]bndy OKT3 induced i mmmno:uppussmn (60)
i the CD3 smg]c _chairro oqpccxfc antl_

body “derivi

¢ wascd the assaciation of PLCYI with pp35/3() I compari-

sulted in greaiés overall tyrosing phosphowlnt;on of celludar
= proteins foilowmﬂ activation. It is'possible that because the
moleciles are sxm]lcr thain native mAb, the binding site on
‘CI3-€ is more 'lLLLi‘ilb]C ind i lmprovcs the interaction with

TCR/CI1I3- assocmtud tyrosine kinases by an unknown -
- mechanism. This-hypothesis may’ explain the:abiliey of -
CD3sFy and CD'%I'V-Ig to induce strong ealciumm res ponses -

in T cells. These stimuoli ‘were repeatedly seronger than
equivalent concentrations of (319-4 Fab fragments: and
somctimes :[rolm;el than mative G19-4 mAb in calciom
fluxing cxperiments, Further studics au being carried out to

identify the mechanism- by which the single-chain deriva- _

T-cell acuvation signals:
In addition to single chain monospecific antibody de-
rivatives, hispecific single~chain molecules may also be usc-

tives clicic potent carly

ful in the treacment of human disease. In animal models and
in clinical trials in humans, heteroconjugated or bispecific.
mAb dircet the activity of eytotoxic T lymphocytes or of
lymphocyte activated killer cells to kill malignant (7-19, 12)
or virally infecred target cells (62-64). Although anti-CD3
mAb can induce potent cywokine toxicity i vive (63), pa-
tients treated with bispecific mAb have ‘not developed
cytokine toxicity becanse their 1" cells were prereated wich
the reagent in witre and then readministered (20,25). In
murine models, miolécules smaller than native mAb such as

présence ol ‘J'!,')'—posxtwc tumour

with or without an Fe tail. Although the Ig pertion served

is Ofl .6 antigen.
Ci")3 sFv may e wc]l suited for mducnon of;mmunoxup_-; o

~fromi’ Lnown human protcms Addm 1

Ves exhlbitcd some functional ‘propetties d1s—".: _
._’may be nccwnry 0 cnsurt that the Fc pornon docs nor -

tinct from natwe anuhodv “The' LD")F\!-[D derivative po>
e ndly induced tyrosmc phmphm‘y]anon of PLCYI- fmd -

] ant1-CD3 mAb I'hn association “hag’ bLen"'
T ""cwvn to mcrmst"as T cells 'arc nn\umlly stmml‘lted {51.- o
D, Addltlonal]) stimulatidhof T eélls with CD3Fv-1g fe

'1crtased mmur locahzanon for >

_e]ls, and ‘tg du’ect C"lL )
L:llmx9 toward, these cells, Itis unclcar whcchcr chc bxspeuﬁc
molecule would be beteer suited for insiive applications

beless than whole murine lﬂG The protein could be mg1-
_neered (o chrcasc Funhcr the 1mmunouemc1ty lw human-

,te:mb)e pmtmn B the hc, 1:::1] lmkcr to reccmb]c helices
al. mochf'muons <

mr‘dmtx. Feerelated LH-L'C[CII ﬁmctmns . ‘
Wc are currently constructmg a variant of the bispecific

"G D'* -L6Ey molec ule that has a short (10-ammu acid) pep-
-t:dL tzul rcpl.;cmfT the hum'
: ( O‘: cell iup(_rmt'mr.s will be ‘purified on, aﬁ'nmty columas .
“ousing mAb spcc1ﬁc for that prndc and ave.will. then be able © 2
" to assess the activity' of even smaller. bispecific ‘inolecules

J Ig tm] Pmtcm obiained from BEERR

o -ju)mr.lms, L"\a(.l]llally of the two siv connected by the short
“helical” linker. Finally, nlthough the bispécific molecute is

expressed from transient tlamfccm)n of COS cells, the pro-
tein My ‘be poténtally expressed in a stable transfection
system. Stable wansfectants for the smgjlu chain " mona-

specific molecales have been generated and aUCMpLs 10 cx-

press stably mnsﬂcud bispecific C3-L6E vlg are: currently

- LII'ICIL]’WCH
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