ANTIBODIES FOR SELECTIVE APOPTOSIS OF CELLS FIELD AND
BACKGROUND OF THE INVENTION The present invention is of
recombinant isolated antibodies which specifically recognize MHC-peptide
VMBTERBYSNd are capable of inducing apoptosis in a peptid&EHeditirio0616
MHC-restricted manner, and more particularly, of methods of treating and
diagnosing cancer or pathogen infectfons using such recombinant and
isolated, TCRqlkR ARPOYIER SE1 EIERIPR AbesvRRSsAcRTeeptors are
known to induce apoptosis. In activated B cells, Fas ligation induces
apoptosis by activating a number of specific caspases. In addition,
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protected by chaperone heat-shock proteins from complete degradation
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alL, 2000]. To study MHC-peptide presentation on the surface of .
macrophages, dendritic cells, tumor cells or virus-infected cells,
recombinant soluble T-cell receptors (TCRs) were produced in E. coli.
However, such TCRs exhibited instability. and inherently low affinity for
ligands [Wulfing and Pluckthun., 1994]. Thus, it was acknowledged that
antibodies that would recognize tumor-associated MI-IC-peptide

complexes with the same specificity as the TCR would be valuable
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et. al., 2000]. However, antibodies with such exquisite T-cell receptor-like
specificity have proven difficult to produce using conventional hybridoma
technigues or immunization strategies even in combination with in vitro
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apoptosis in said cancer cells or said pathogen infected cells and a -
pharmaceutically acceptable carrier. Disclosed is a method of
inducing apoptosis in cancer cells or pathogen infected cells, the method
comprising contacting, or expressing in the cells a recombinant isolated
antibody capable of 4 specifically binding an MEIC-peptide complex

specifically expressed on the cells, thereby inducing apoptosis in the
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method of treating cancer or pathogen infection comprising administering
to, or expressing in cells of a subject in need thereof a therapeutically
effective amount of a recombinant isolated antibody capable of specifically
binding an MHC-peptide complex, the recombinant isolated antibody

being capable of inducing apoptosis of cancer cells or pathogen infected
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antibod
‘ muntne sc%v phage display library constructed from HLA-A2 transgenic mice which

were Immunized with the stable single-chain HILA~A2-$2 molecule complexed with a
~ peptide derived from the melanoma differentiation Ag gpl00 (Denkberg G., et al.,
The Journal of Immmumology, 2003; 171(5%2197-207). In contrast to prior art
altempts, this soluble, secreted, scFv recombinant antibody (G1) exhibited a high
affinity (within the nanomolar range, e.g., 5 nM) to the HLA-A2-G9-209 complex, in
a peptide specific, MHC-restricted manner, similar io the specificity of TCRs
(Denkberg G., 2003, Supra).

While reducing the present invenition to practice, the present inventors have
uncovered that isolated recombinant antibodies specifically recognizing MHC-peptide
complexes can be used as potent apoptosis inducing agents and thus treat cancer or

pathogen infection.



capable of specifically binding an MHC-peptide complex under cond_itions
suitable for immunocomplex formation; the recombinant isolated antibody
being capable of WO 2005/120166PCML2005/000616 5 inducing
apoptosis in target cancer cells or pathogen infected cells, a_nd (b)
detecting formation of the inirounocomplex, thereby diagnosmg the cancer
or pathogen infection in the subject Bigclosed is a method of diagnosing

Si Eggg/gh@ pathogen infection in a subject, comprising: (@) contac;ting a

sample of the subject with a recombinant isolated antlbody'
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the manufacture of a medicament identified for the treatment of cancer or pathogen infection.

In another aspect, there is provided a pharmaceutical composition for treating cancer or
pathogen infection comprising as an active ingredient a recombinant, isolated toxin-free antibody
capable of specifically binding an MHC-peptide complex in cancer cells or pathogen infected
cells specifically expressing said MHC-peptide complex, wherein said recombinant, isolated
toxin-free antibody is selected from the group consisting of a Fab fragment and a single chain
antibody, said recombinant, isolated toxin-free antibody being capable of inducing apoptosis in
said cancer cells or said pathogen infected cells and a pharmaceutically acceptable carrier.

Disclosed is a method of inducing apoptosis in cancer cells or pathogen infected cells, the

method comprising contacting, or expressing in the cells a recombinant isolated antibody capable
of



pharmaceutical composition comprising a recombinant antibody capable
of inducing apoptosis in cancer cells or pathogen infected cells, and a
pharmaceutical acceptable carrier. Disclosed is a recombinant 9H scFv as
$2! forth Ay«SEQ ID NO:I. Disclosed is a recombinant CLAIZPEEE258548¢616
forth by SEQ ID NO:17. Disclosed is a recombinant antibody comprising

at least one CDR selected from the group consisting of SEQ ID NOs:5-16
and 19-24. WO 2005/1201661TT/11.20051000616 6 Accardin
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pathoge ected cells following the contacting or the expressing.
Disclosed isa

method of treating eancer or pathogen infection comprising administering to, or
expressing in cells of a subject in need thereof a therapeutically effective amount of a
recombinant isolated antibody capable of specifically binding an MHC-peptide
complex, the recombinant isolated antibody being capable of inducing apoptosis of
cancer cells or pathogen infected cells, the cancer cells or the pathogen infected cells

specifically expressing the MHC-peptide complex, thereby treafing the cancer or the
pathogen infection in the subject. '

Disclosed is the use |
of a recombinant isolated antibody capable of specifically binding an MHC-peptide
complex, as a pharmaceutical, the recombinant isolated antibody being capable of

inducing apoptosis of cancer cells or pathogen infected cells specifically expressing

the MHC-peptide complex.

Disclosed is the use
of a recombinant isolated antibody capable of specifically binding an P\/IHC-peptide

complex, the recombinant isolated antibody being capable of inducing apoptosis of
cancer cells or pathogen infected cells specifically expressing the MHC-peptide

compk—)x, for the manufacture of a medicament identified for the treatment of cancer

or pathogen infection.

Disclosed is a
pharmaceutical composition for treating cancer or pathogen mfection comprising as

an active ingredient a recombinant isolated antibody capable of specifically binding
an MHC-peptide complex in cancer cells or pathogen infected cells specifically
- expressing the MHC-peptide complex, the recombinant isolated antibody being
‘capable of inducing apoptosis in the cancer cells or the pathogen infected cells and a
pharmaceutically acceptable carrier.

Disclosed is a
method of diagnosing cancer or pathogen infection in a subject, comprising: (a)
contacting a biological sample of the subject with a recombinant isolated antibody
capable of specifically binding an MHC-peptide complex under conditions suitable

for immunocomplex formation; the recombinant isolated antibody being capable of



According to still further features in preferred embodiments of the
disclosure, detecting apoptosis is effected by a method selected from the
group consisting of propidium iodide FACS analysis, Annexin V FACS
aalyeis:ELkidium homodirner-1 staining, live/dead viability Ry TSHEXIER(P061¢
assay and Tunnel assay. According to still further features in preferred
embodiments of the disclosure, the recombinant isolated antibody is

selected from the group consisting of a Fab fr ent.and an $eEVietect
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still further features in preferred embodiments of the disclosure, the ScFv
iSPHIiEED D RGFE), GI (SEQ NO:2) or CL,AI2 (SEQ ID NO:17).
According to still further features in preferred embodiments of the

disclosure, the peptide is derived.from a.polypeptide selegtaddsom the subject,
group consisti%‘écb%ﬁaﬁéf} eéﬁ%%&&%%l@? TAX an%d M%I;ITI. According
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recombinant anti omlises:alileashong e RiBeleatatlifraonthiex under
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ab%%)gogéi)!ﬁ)l%rb%%ﬂ@%pmsis in target cancer cells or pathogen infected cells;

and. (b) detecting a level of apoptosis in cells of the biclogical sample thereby

diagnosing the cancer or pathogen infection in the subject.

Disclosed is a kit for diagnosing cancer or pathogen infection in a subject, the kit

éomprising packaging materials and at least one agent identified by the packaging

materials as being suitable for an immunocomplex formation between a recombinant

isolated antibody capable of specifically binding an MHC-peptide complex and the
—MHC~peptide complex, the recombinant isolated antibody being capable of inducing

apoptosis in cancer cells or pathogen infected cells.

Disclosed is a
recombinant antibody capable of inducing apoptosis in cancer cells or pathogen

infected cells.

Disclosed is a
pharmaceutical composition comprising a
A gen infected cells, and a pharmaceutical acceptable

recombinant antibody capable of inducing

" apoptosis in cancer cells or patho
carrier.
Disclosed is a

recombinant 9H scFv as set forth by SEQ ID_NO: 1.

Disciosed 1s a

recombinant CLA12 scFv as set forth by SEQ ID NO:17.

Disciosed is a B
recombinant antibody comprising at least one CDR selected from the group consisting

of SEQ ID NOs:5-16 and 19-24.



According to still further features in preferred embodiments of the
disclosure, the cancer is melanoma or breast cancer. According to still
further features in preferred embodiments of the disclosure, the kit further
|QMprisingat least one agent identified by the *packaging T (- R
being suitable for detecting a level of apoptosis in the cancer cells or
pathogen infected cells. The pre&sent disclosure successfully
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Sehvidady (sPEEHidIANDs 208 JiduRedh), ScFv 2F1 (specific to 09-280) and
Fab 02D12 (specific to 09:154) . Antihody.bindingwaseeteaiediusinga
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carcinoma ce gl% igure le), or HLA-A2 mature dendritic cells (DC; Figure
|fheverecpUisatanammerhifen 6496t ved MUC1- D6 ELLA-A2-restricted

peptide. Repfidenylsadacalls wensthepdnsrbatadowiiiber e disclosure,

HLA-A2/MUC1-D6-specific, pseudomonas exatox ) ial
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detpitadivith RE-labrlathgniifitrdant Fabpsitiol hupfbatietrte|R, pathogen

stained with the M3A1 tetramer.
infected cells.

The present disclosure su.éceséfuily addresses the shortcomings of the presently

known configurations by providing a method of inducing apoptosis in cancer and

pathogen infected cells. : N
Unless otherwise defined, alf tachnical and scientific terms used herein have

' the same meaning as commonly undersiood by one of ordinary skill in the art to



8 FIGs. 2a-i depict the detection of specific HLA-A2/peptide

complexes by TCR-like antibodies after naturally occurring active
intracellular processing. JY FILA-A2+ (Figure 2a) or APD HLA-A2- (Figure
wh)aRCzwere transfected with pCDNA control vector or withGFEBEI0&/000616
containing the intact full length HTLV-1- derived Tax gene (pCTAX).
Processing of this viral transcription factor gene was shown to result in the
generation of the HLA-A2-restricted peptide epitope Twelve to twenty-four

hoursfalawiiagdsandfeotion, deiks:wensstaineat byaflowlcytometey emivglent to those
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Fi%ﬁo@%t‘eﬁhﬁ&@gﬁﬁ%ﬁi@SCD4 and HLA-A2- HUTIOZ2 cells, which are lines
of human CD4+ T cells infected with HTLV-I, were stained with PE-labeled
Fab tetramer T3F2 and control G2D12 as indicated. Figures 2d-i -
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(FFiguEs oSG P omuithihe, axpsassienvaeioralanaiFigures:filetil, i
Twelve to twenty-four hours following transfection, cells were absorbed -
dntpegdLilsite eariedragioshSn bt st el WitiiRlg and for purposes of
D15 et o i melancma gp100 L AADIGO-184 epitope o
a specific for the melanoma - epitope
ERQBFE Sy e S8 B RETCRE bl b0y S s et 0 e h 20
g 2eh{crd@pd defiricdaof dibpicineiimdingl ofgleofudo peptidect the
pulsed JY .(figures 3a-c),.mel D,cells Ligure D Qr
KBEY0B1s &Jgrl‘és%%aﬁ% élé)llsg,ﬁgg %%ert}égr%%%(\jﬂ%ysﬁgtv% cytome%)?g Ct:%}lgs of the
\wersoisad fond duilsbr8 % Gavitso 280, Bodzogn@oupdgresimepof the
AR TRl ! idicated B Y 0A0Sd A8 SHEI kAR |
a‘{%n-ti I?éﬁéw%%%% a%é%%v%?ﬁé% GQ-ZOQM%%%%%S% peptides and "
ibeutsthew Wigsereral dRiple fulifdey erterasiaal  Esgirer R the
anti-HLA aRtipoghy, W.6/32 (Figure 3a), or the anti-HLA-A2 antibody BB7.2

(Figure 3b). Bound antibodies were ted using an, FITC-labeled .
LI GH b oRISt o oo BATEE e s s AL ioB sy 3 ARTbBieztne
detectedhihe HLA-peptidercam plekeson the ekl shiface Y EifufisBa br)iGo-
, the Gl. antibod ecific detected the HLA-,.Q 69-209M ¢ lex
DD i PP A DBt et et Ryt it RO A b1 0-
FESRIGElla werecprilsied prithidhe GOVACOMNF) e 34), 0eptds (Figures 36-¢).
r the cantrol 09-280 (Figuk -deyiv tides:
B R L R i S e O S e el MR AR sorv
soifoitguieE Gl 87ammbodiety KiGtaMhaligite! heSBR72F himssdis defdbred)) -

&&5‘SEZM‘@MQr&;!%}!iﬁﬁ%“@b-i%%)99p&§f%&gnﬁﬁhﬂﬁp&%d&&w&éﬁgt&!?rfc-

01 antibody specifically detected cells which were pulsed with the 09-209

 Ihelsrecstbimie GohduRneriguFéesy Afsh nBrdattionrt Hhénon/ BfUC1-Do

Binpesitivg.calisieadedwish the miiRetdB 20 Winpeplids WBR 1 tetramer. JY
significantly hjﬂher than that of cells loaded with trg -209 %eftideHL A
sl eI M ARG ORS FEERFE B g LA

G920 When 9281 Pederivadyep bdsdndvrerstainedaithdheUC1-

3 (Fjgure 39) qr the 01 s -igure 3h) antibodies, No
B A e R R S B S e A e
U4 AENIGUAMhistasfier prraidenalysiscdeioisting Eid tivigdoiihé laistiavaer or
cells with the Gl.scF ti -A2-n0Sit| -3-2¢ - 5
i R O e R
lexprediihg Geefm snalesfiedsieisntieipsressh dag dRurh dctsmer-
(MDA-MB-231; Figures 4g) were stained with the GI scFv antibody. The
cells (5 x 106) were incubated for 1 hour on ice with 20-30 ng 01 scFv in
RPMI culture medium containing 10 % fetal calf serum (FCS) followed by

a 45-minutes incubation on ice with an HRP-anti-Myc antibody. The cell

suspension was applied onto glass slides pre-coated with 0.1 %
Paolv-l | veine (RiamAa) ac deceribed (Harlow and | ane 10Q2Q9Y Calle ware




FIGs. 7a-c are graphs depicting cytotoxic activity of Gl scFv-PE38 on
peptide-loaded APCs. The TCR-like antibody 01 was fused to a truncated
vygr%oy OJI (,seudomonas exotoxin (PE) A, PE38. RMAS-HHD (Fi ug}e{z)_?ﬂa 616
of 3 ‘(Il—'%gure 7b) cells were loaded with the G9-209M and 69" .
HLA-A2-restricted peptides derived from gp100, T865 peptide (derived
from the telornerase catalytic subunit)g; TAX peptide (derived from the
HTLV-Filax padteispier B3(Hv:-RbaSoapeditiol ronspenifigpimmenaidxsss by
irected to the Lewis Y antigen). Peptide loaded cells were incubated with
R e R o
HdtérivinePiguncirporatidi diBA-Naudirigurt b lhRiiproteinsiiNbtecthevith

pegsiic tarially absaned nieglaioaied il ineda %R0 AORINR i1y - 1-
presence of the specific HLA-G9-209 complex: Figure /¢ - excess
forisd .@@ﬁrﬁ@%ﬁa@%?ﬁ%@ind’r@oﬁ@aﬁ%%&uﬁﬂﬁ@wm@ﬁm&@iﬁ@t@dw feyas

weksmbrasiaihg addiienalalsohy-REASA2 300kl theepntral; , .
no MHC-peptide complex was added. Note the complete inhibition of
Pt éﬂ}n?ws%%-fﬂ%ehg%ﬁ%@%ma&h%%ﬁ?fmz@%ﬁzwgreomﬁ. by flow

Hiemaba-eshig i inastainng (Rigpedi8aa) antymphsdriguresBie)CR-

mch-e:dag ihor{asKai g gyt a) a0 peaphs Fiourass:
A S D Taatn T R BT SRR S R e

thfigestiny g 10@x286nepitapawtisifused 0/ adndnédtbd sdtsionofnoniiored by
in.(P , | | i .
9&5&9&5&9%@%@@& ENA faﬁgﬁsgﬁvﬂg was label igowgﬂoﬁ% gy 2c -

Fluoresgence was followed by confocal microscopy at time O (
HE AriddtBSFEih a8 B Ant B0 M iH R esiifgiacB aratmeseiduppmé Was T
ehrenyedialierdominuias ARckaiian S0 mHnves Sig e IHORRSeNeCand

‘was observed in the cytosol indicative of efficient internalization_ Figures
ol G a%métﬁ%ﬁq el HUER Som st thrTosmigIE B af bi-A-
LA seinvilirecteftbicaiViARTatttgsivpah ddkAnd2/pepita comple L A-A2-
Eigur ) on protein synthesis (fo d by measuring, incorporation,of
R e s B S R e R
gertoiiguatic?ds dnhibitionvotlptotainsyssine sisoiva s balc (fagedagiai). Twelve

REFGENLRGS, PLERIS MRICh aLe AL FRIGRA IO @QJ@%J&%&%&% %(g%g-v%aéiysine

that while all HLA-A2+/gp100+ melanoma cells (526, 501A, i e
wbediplastostine aEhsijrstbwicthyhedldr A Enrgireotic frla 3562 (Figures 24, e,

HAH 2 SRED (1938 mmeanomarcelliRemvers iBsistaphidantibady Hr A~
treatment (Figure 8d). For comrﬁ}arison, note the effect of the CLA

] ; ffect. 2
Anbody (SEERD WYY %8N infiBito AR Pgmiicaions Goalsehihy spgee
melsnbd natighf-23 (Hoyre 8e). FIGs. 9a-j are FACS analyses
depicti th I lls i d by.t k in-f
TR R B A HCTR O B0 G PR SR A s

- Hitd)-ARtdamtigeidipe ptide (ﬁﬁwe’kiébdr) JdBH-A iy dfigmersiC peptichdls, as
Eigur. -d HLA-A2+ i i ide- {Fi 9a- }
i e L e S el e
BAHA3. TORAMBVENtib didy. fidgfeditacirectad tomises Oadeindichipdptiddlack =
IR fakAIZNakes JGR-Hke antbedy,.(rloires 9d.and,) @Eﬁé@%@&?&n@bago

the MARTI derived peptide or with the IA7 control antibody (which is
RepbicT HGainatipeHyish A golsidomuslicddas pitrenbigaie Figure 3c), the
dHhATAR-GIERE spmpie: Measyrenanrt afitell death wasciieslefl YV i&isure
Propidium lodine (PI) flow cytometry staining and the percentages of Pl

- Positioandheiatisiass fiﬁﬁfgqﬁ?sélaﬂﬁ-%fﬁame]e&@tswvaﬁw?%l\?me
{ORlORHABLA-AZ AR dnd EEtathwithvthe GdtéabichhésBpacifisthainsplbees

SRR oA RS e R o o

Annexin V flow cytometry staining and the percentages of positive cells
are indicated, FIGs. 10a-d are flow cytometry analyses depicting
transformation of TCR-like antibody ScFv fragments into whole 1gG
molecule and the induction of cell death in melanoma cells. TCR-like
antibody 911 targeting gp100 HLA-A2/G9-209 peptide was transformed
into a whole IgG molecule and its reactivity on peptide-pulsed JY cells

was tested (Figures 10a-d). Four different transfected clones are shown:
140 (Eicitire 102 1-2E5 (Eicatire 10bY 112 (Einiire 100 and 1-AR (Einrire




13 as viruses or bacteria) and/or cancer-related proteins (e.g., the gp100
melanoma differentiation protein) which are obtained via the proteasome.
-peptide complex is then recognized as an antige
Wg;%%%? 1;I&lymphocytes [Klein and Sato, 2000]. To studr}/)%%,E%G%m&M’]!“6
MHC-peptide presentation on the surface of macrophages, dendritic cells,
tumor cells or virus-infected cells, soluble T-cell receptors (TCRs) were
Prepeibl intkpboltibwelvdre Stich-TCREWerenbstafieasdiexhibiwddpwd-f -

T  their.| ‘ - PluC ] oy
b e o Gy
3, eogbe i 41920801 g8 défseh epdall) 19908) R it Ieplideg and
fu@ﬁgmi?t-s@&linéc@%iﬂp@B(eeE@{}’-.ngl%?n@%d@@i‘%ﬁ% e 1007 oZhR0GRT sorry
al., 1997a; Zhong et, al., 19976; Krogsgaard et. al., 2000; Polakova et. al.,
COBHFSHEWRER! dResib ekt R dfiragkhadrspiringgells which
ﬁamh:lhﬁ_iﬁ:éeﬁhaﬂgtﬁémaaﬁfﬁ@mtd@pgaducﬁmgcgpﬂgee@mﬂabbgp@g@many
echniques or.immunization strategie in.comhipation w itro. ..
R R RS R et e el ot B
ZmitibYdiesotrotimt/try fangemohGrrprsiep beldrel emtédostitti Hrarie s avaS HABAM

R NS SRR B o O BB i A pdbice.
BempicdewithHhénutrrasatva B MHe F otet milied ve Bl dtedGRaf8viesr Go-
1be gifivinaefithe g&;&&egﬁl@wa@amm@m&@m@mﬁm or the G1

relatively low (250 nM). To overcome the low affinity limitation, Chames
eivelligysodh) FoHRRdifTol. Nete 1the crbyears raftatmade reNith usehisnieskise
@gnesedGCS-antibothmdas prepared cell-specific antibodies. However,

Since 167 AME R0y PRI TALIBH G DR BT LA ems

¢Ele prisdnt (henkor siidwdpreiiotish? ipolitied (ARG RilikevaMitfody, M-

f i isplay |i tructed from HLA-A2
PRI P IGO0 Wt Boprosing:
palguonga K3iaes|eeuike 'chivisiesasaivamatie o SMMDo\rbiaA dhn dlispessiffte) were
RARLIS MR eNkbArg.By, £18bdy NEHOENRL OL! TIAURSIO G A3 for 1 hour on

171(5):2197-207). In contrast to prior art attempts, this scFv recombinant
- IehBRRRP O yaicrival Bt ine st Geriaitead & HHak @Brem
edyhiathadigy affiniyHvhindhsArRomalay fanos. e1gr 2RMIR Bfivody.
HLA- L,(M A2-G9-209 complex, in a peptide specific, MT-IC-,restrlct(gd
THsRer SSRTISITD TS JBREREIRN O RARS TSERUBEIPESIBEE Sdprayoly-L- -
psihaifi ganirasidabal gisldhepddsent Ipsmiotshavednioyeseshinat for
- TCRIike recombinant isolate ihodies (i.e., cell-free), which specificall
TR O R CR S G S R e gnd
- igcribetyd e éapmbh‘e @ﬁﬂmdd@m@%ap:dptbmwalcﬁusﬁbqwé@mgiémm excess of
(RIS O AGUION, ISR MG UIGHEE Mincd wit

recombinant and isolated scFv antibodies [clones 9H (SEQ ID NO:1) an
hepatxyBrE QSiprn0 : FMPHaMMage-hind.sydtRatic SMdiéichath B3 are
raihody ibrarydagdalRosenieldBudaiensidMsBeAbAA DYMAN, cell tine

synthetic combinatorial library of arrayable single-chain antibodies based

deH @G AT FReBOIRS nto general framework regions. J Mol
~ Biol. 2004. Jand2::3 34 D)5 Al 2ds TiepramnthediekAyeccapabigr oo peptide-

specifi indi LA-A2- 09-20 X (sckv 9H) or.the
A A T A AT o Sty G0 ik s 2209
08 Khearoh@al M {fopgitidesC AR de-loabhdsicHs iscshowindqueigiy éscBhated with

-d, 6 a a-jand.the Examples section which fgllows, the previousl|

A R T R e TR o
NO:1) and the CLAI2 (SEQ ID NO:17) antibodies can be used as naked,
toxin-free, potent agents for the selective induction of apoptosis of cells
expressing the specific MHC-peptide complexes (e.g., cancer cells) in a
peptide-specific, HLA-restricted manner. Thus, according to one aspect of
the present invention, there is provided a method of inducing apoptosis in
cancer cells or pathogen infected cells. The method is effected by

contacting, or expressing in the cells a recombinant isolated antibody
ranahle nf enecificallyy hindina an MHC -pentide comnlavy ecnecificallvs



the cells, thereby inducing apoptosis in the cancer cells or the pathogen
infected cells. As used herein the term "apoptosis" refers to programmed

I eath ereby the cell executes a "cell suicide" progra optosis
(ﬁi‘% ﬁé ﬁ%qortant role in a number of physiological events Inﬁilﬁ) 2003!{)00(16

embryogenesis, regulation of the i immyne system, and homeostasrs
Thus, apoptosis can be in response to diverse signals such as limb and
mﬁura&l@ew&i&pmeﬂﬁhm&dm@gemmve Hiseaseskeadiatherbpwandosis) and

thera tot rocesses are uaII har cter
é’ouBfIrir ny |t§%r51) §rra%xr%ﬂ C?%’rglz in é,ﬁ nrc%tﬁ}r%a%% gignificant
meemwen@l iAguReodé- phdspivatls ﬁNﬂ@(ﬁW?ﬂ@@éWéﬁd‘@hM@d@ in cells
Revationohicaseases , DNA fadiromsnialign and exiaing r%ai%%&eafmth the

phosphatldylserrne amembrane hospholl id normallésrestrrcted to the

fieniEpleafet S iffigwsnaydy) t rre%?}f’erhéhﬂ@tréﬁm pragnt4 the G1 schv
MAEBNIARR, diffchsasad aisinthaphiase Mtcmentide.complex 18fes tin

rotein complex form etween a MHC mglecule (or complex) and a
ﬁgp e L et e léob Evégb REQRFS! IALEEEIEMHC complexes
(e.0., MH¥. ¢lass grajd dﬁp@ﬁﬂgthgtbk@mcﬁjaaoﬁdmgmmme prefefredntibody on

odlmen oft resent rnventlon the te M
Tniﬁﬁerﬁﬁ’l—fé classallp mo ecu esare e>§§~resseE(§I{IL a%c(i% ol_i (g% ?ﬁs ﬁ
6.aldlracodrimedby cB8-[Hbsitie @ﬁof&&r’é m%wwwawawm] were
malssles ArCAGIERHIGSCamASr AN RSB Snd R Gunitition

subunit includes three structural domains (al, a2, a3) and IS encoded by
sheraicic garbesipsias (Getrmpert bX - m%mg/xhp@@@hwf THe graing into

adistir gheialdomalnsasseeirieitedatoHb e RRRHIRIBINGING Pocket@fifred to

the membrane-distal reglon of the molecule, The third structural domain of

- ifebit sy adesiiic ol afe iy ayad Eunss thy fth $Re el e 420, 624 and

~ soicsoglebtbmaPRM)ifermingsbednem Braexirasimal rraonief 48hodies can
&aéalecule The 132m is not encod by the MEC gene cluster. The

FRBPRPHRSS B AR A A€ fholecule can be any peptide obtained
by protasorialdagsagatibn dépqmmgemﬁuxh aaﬂﬂot@mafa@bescﬁ‘\a}?mg on.

tth&’eg Fo]@&ea %in?g‘th‘”fjr}' Chisdaly %UOJ” %8«%1%%3 2t a%é& Vtsion of

Iruses, rungi e as We as a roteln IS usually not

m@mwrnengmm ¢EHs, MuPEithe rR&riicidelly dkpresséd) iorcBndEisus 7b)
QIRrGERANESIOUE GRS {5964 WDoNPIRQiSL ﬁ@iﬁ'?&&uﬁm?ééﬁfi%f&ﬂt&%%es

(%otelns and the like). Non-limiting examples of MHC-peptide complexes

HiRse fire HPACR 1865 oy tide Adarsiesoliog tisdieltacmsemaipytc subunit),
FAstheLadanRleRa BRI dedivViher ExpoRias sestian, whicts fellewso! non-

specific immunotoxin directed to the Lewis Y antigen). Peptide loaded cells were
incubated with increasing concentrations of G1 scFv-PE38. Protein synthesis was .
determined by incorporation of *H-Leucine into cellular proteins. Note the specific
. toxicity observed in cells loaded with the G9-209M peptide in the presence of the
specific HLA-G9-209 complex. Figure 7¢ - excess (0.15-0.25 mg/mi) of the indicated
. scHLA~A2-peptide complex is added to wells prior to the addition of G1 scFv-PE38
{25-50 ng/ml). In the control, no MHC-peptide complex was added. Note tho_
compiete inhibition of protein synthesis in cells expressing the scHLA-A2-G9-209

complex.



Preferably, the peptide of the MHC-peptide complex is derived from a
protein such as MUC I (see Cohen et al., 2002), gp100 (GenBank
ﬁ%%siion Néo. AAB31176), HTERT (GenBanlc Accession No.
U374° TAX (see Cohen et al., 2003), and MARTI (Genias
Accession No. Q16655). Accordi % to the method of the present
invention, the recombinant isolated antibody is capable of specifically

binding"&BsM#G: peptideaompiexisp dEiieally éxpiessédvarpthe(Eellgck@d-¢)

xample, as is shown in Ei s.3a-h. cells . pulsed with an antigenic ...
s, B A TS B SRR 3 B e ot
exprecsingeltre Bpmoii G oA -Rizuie Ba-m-ddditibhe astibahoWil ircRigureeting

46700 1) %i%?%%&%ﬂ%%&ﬁ@&é&%ﬂys{&?% izeghnasualoonspnlgad A
melanoma cells express%ther &100-derlved 09-209 peptide. The

sy corBmarteledtio ed THHERRS VN irfelirisadinbacieonfocal
mRiesules as:welbaginetianal Sragmenisiberest) siinas FabiiE(ahade 8

Fv_or single domain malecules such as VH and VL to an epitope of an
Frtigehat 1RARDH AR MDA ALY by FREBEBIHhefR AR Siplsy yienificant
ﬁﬁ@@@&m@@ﬂ@;ﬁgl anidbady fragments ik talined b@?mﬁmﬂtl)hﬂa&aumm

agment which contains a monovalent aptigen-binding fra nt of an

e R e A R
{tietaiizyniie gapaid to yield R lintactdid Fichalti/anatidepantigicof Bhedacky\on

- chain; (2 ' fra nt of an antibody malecule. can.be obtain
B o B e A A R % TR B e
mesciriyht srddnar slpbiterioiveé femyachainpalienadnhiddiivens mrgein
ined.per antibady Roleerent(FabaR Meckasmentafiie auinadyody

that can be obtained %_ﬁtreaﬂn whole antibody with the enzyme pepsin

trtsatsupNekudit ettt Fabnbd anditler vekmeraritaghidfisi0tA,
érﬁic__m@am&rd chyitiwotligil livke bﬁﬁhﬂﬁéi&@dgie mfmfgpa@aﬂgma@jh or %IA
ine r ent containing. the variable_.region of the Jight chain

S T R G s o L e et e
ShairFanibogp{ieC AYealgeniticaly trgiietitecnibetuSEQNIRINNG: e on
- ) i ) i ) h

R el e R S GE l
chain #idlectie gseFV)Carmnbpsingiddomant debodieshrovemplbsiyescd
@séaa I8N ofoVin demainsuiich bl SuFficientAtlinitysehs agtigences -

he term _"antibody" as used herein is not only inclusive of antibodies
HhitE e bhg it (oEnn RiRidet dhigreht hadd disprayrisamigueptide+
ok Q&Og'éllﬁwdﬁﬁﬁﬁ)‘épﬂm%ﬂ_' R Whigtads gg@@%@d-@ i@@fﬁglﬁe&%ﬁ&ﬁth the
e complementary- rminin i0 ich is capable o )
B GRS et oo BB s CorMtel bl LR R Rk
{sdeoty Exgmpls, dizrickdRospifdldiRetighs2 064, (hdMOLBIA) . naked TCR-like

R E8) I o AR SR PRGOSO VST GARR . s

expre as Is turther descri elow) Trom apol ntucleotide

bhqueniel imeiidihiy (rlestirgspeejdie riasinsidbe Bdtore CI9R UM rbut does not
%Eg%@gé/ the HEQINGIREGORVIAIR AL e RRUBADIAWR A A was effected _

v peptide complex, antibodies of the present invention are preferably
e B deding (ER dlornerhedcy saimise arpshibg rrstaestpipepositive
&emgimhﬂiéafé&.e@)glﬁéﬂ WPEM@!@@:]M@-&@@A@@; %k@rfl;t% %E}SQS?F&ILA-AZ+ -
subtypes using. methads knawn, in the, arts. Alternatjevly, antibodies can
BNy On LA CE B U A e N et 1o
(Bigue.9j) Birdeseattolamplerigofdlte) Bxtbodlies. shtiomviah dJobeWskath by
Methods of producing polyclonal and monoclonal antibodies as well as
fragments thereof are well known in the art (See for example, Harlow and
Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory,
New York, 1988, incorporated herein by reference). Antibody
fragments according to the present invention can be prepared by
protealytic hydrolysis of the antibody or by expression in E. coil or
mammalian cells (e.g. Chinese hamster ovary cell culture or other protein
expression systems) of DNA encoding the fragment. Antibody fragments

can be obtained by pepsin or papain digestion of whole antibodies by
convientional methnde Enor evamnle antibodyy fracomente fran be nrodiiced

2005/000616



18 oligonucleotide. The structural gene is inserted into an expression

vector, which is subsequently introduced into a host cell such as E colt

The recombinant host cells synthesize a single polypeptide chain with a
MiRR&IHESH e bridging the two V domains. Methods of produffrigrstg@eosie

are described, for example, by Whitlow and Filpula, Methods 2: 97-105

(1991); Bird et al., Science 242:423-476 (1988); Pack et al.,

Biopidionnilagy (R1127d AhE{R08) et o diiatsiNaing, 94 174 Perybielnis of

hgr%t%)é i{peggrgr%r%t&?d pé/dreference in its entirety.  Another form of an

BRtiBo y fragmen €4 peptide coding for a single

compldrifentapy-deterininingtregion {EDRYs ChRpeptidetofina

CEARABYI0ANR) RAL b PRI BRSNS QDGR SRR N o 1o

CDR of an antibody of interest. Such genes are prepared, for example,aby

ishigare selimeFadt-dhaithibadtiot o sppiinasizd MelllafiabléGRgidh paptide

RiNvehaniibesyrRoduging callsmoreufoLeXam RIS &ANICK ARAIY puised Iy
[Methods, 2: 106-10 (1991)1. For example, such a peptide can be at least

BT SIS o S rolH B peptidbiwantdmmaiyotd sliamen ey agpm: 1-40
(W@iﬁhda];ﬁa)dexﬁ&@fg@m i QH- sZ Ve SE Q) Miazn 5 lﬁiéﬁﬂ;&jﬁlbc@!‘%@d —~(G9-
ived fro scFy).or. SEQ JD NQs:19-24 (which are derived from
O o B RS DR e Y g By e vatons

Hithddiessaretahimgtibea(0lec WBY oMpehrieiebulins, immunoglobulin
chains or fragments thereof (such as Fv, Fab, Fab', F(ab52 or other
antigen-binding subsequences of antibodies) which contain minimal
sequence derived from non-human inununoglobulin. Humanized
BRitegdiesinRlvsie NYMARIMIRUIIOSIERINS (iEIRIEat antibody) in which
residues from a complementary determining region (CDR) of the recipient
are replaeEHBSP BTSSR EBRYUIAIHEINHIRARIT S B sl qosPsing an
RiHiDady}iduclhagialolise, jeitlk rahbifbavngchestdesked:spegificipscifically,
%f{];in;rté/S ar%d caggcity. In.some dinstgmces, Fv %amework resi%lﬁﬂof th%lf .

GrRaR ImmUROGIobUNh Are repla S By ¢ 82 d58h GTRE hShRliER: miecton
veisiglwebedd umanized amtibighie eyt alstodimprigebesidiesdficiyabinding -
pndasiihet iniedsaiRipthanthady nor s dmpaeg CDR or
framework sequences. In general, the humanized antibody will comprise

substahramyiatiRiraeisbersrdohatithpiedind b tratinplendslinanesitg cancer
whishéedkarisuRsiantialy-alh ofth;CRR: R0 RN AR SRRPM theseahdcod

non-hyman immunoglobulin and all or supstantially all of the framework
vl

SHET RS Bl B AR GR M ARE RIS HISHGIT EBhsensus sequence.
The hpvpizeganiibgdy ieplinallyndisainihcomprise-atileast deth, ROKIANbe

of an inunynoglobulin constant region, (Fe), typically that of 3 human )
R e R S B T S e A Sty i
tat  lktwmieg 3B2BRB B2 (ke8B)imbiprdst & Guple®© pTBirinctBinl. is capable

093 2 for h izl -h ihod e,
e o B A R T s

tanhmenderatrasidbels inroaseioatoendrismrinotnarempinsedshserichisan the
pUESe ppRupABARINGARILRSdIEs gl eRfglRred Lo as import

residues, which are typically taken from an import variable domain.

Human¥aiB¥eEdisincseBaiibiy errirned ol SHG he lnstrcasrahivkein
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al., Nature 332:323-327 (1 - Verhoeyen et al., Science, 239:1534-1536
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substituted by the corresponding sequence from a non-human species. In
practice, humanized antibodies are typically human antibodies in which
some CDR residues and possibly some FR residues are substituted by
residues from analogous sites in rodent antibodies. Human antibodies
can also be produced using various techniques known in the art, including
phage display libraries [Hoogenboom and Winter, J. Mol. Biol., 227:381
(1991); Marks et al., J. Mol. Biol., 222:581 (1991)]. The techniques of Cole

ot al and Rnemeaer at al are alen availahle for the nrenaratinn of hiiman



According to preferred embodiments of the present invention, the
recombinant isolated antibody is a recombinant polypeptide comprising at
least one CDR sequence as set forth by SEQ ID NOs:5-10, 11-16 and/or

Wfb%%}ﬁnég(g%ples include, but are not limited to the scFv frag?f(fgﬁ% 5/000616
(SEQ ID NO:1, GI (SEQ ID NO:2) or CLAI2 (SEQ ID NO:17)] and/or any
IgG clone including at least one CDRdr scFv sequence. Such a

secambinant pRlRentiseIfan e @XRPEESSeGtaha ROlYNUMERNI® melanoma
oding such at least one CDR _or.scFv from a DNA constr, %ﬁ i s
tgs élgCégepHﬂe

t

BB BEUHENSTHEAGHE, CPHPGHIIb e LA that i oY
tgfardatibogiyrsagdueetsing:teeorapihantyDiAite ElpoldgiestiniWeimnd
%&g aﬁ&&d as is further desciibed hereinbelow), such an IgG antibody can

& fufthe digested to produce a Fab fragment which is shorter and thus
more SBiutidyidhliheqosinpletsdg@iantibody. sulipeaefdinonopsissisndritic
B sigm&%r7@feﬁs89feﬁﬂg-§fé@égiQ@@sinsﬁlﬁb@mﬁ%@%@e& @'@ﬁs) were
follows, when the coding sequences of the 01, 2F1, or CLAI2 scFvs were
PeRRAIED IBJdlifef s ddpieATe ofiHE b iETn SR batd srhiPiteddy vaakiniyy for
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us, using such inimunotoxins, 0 inhjbition rotein synthesis i

htan e Cedsh4e %ﬁ@&ﬁﬁﬁ%@?@?@ﬁ% Forl Lo i oF e &791
sl RRE38 drigwes! Qeild By/ml, dbthe Pérdal P RI381 (BigubeBd) ahg1997;

0-100 ng/ml of the CLAI2 scFy P. (Figure 8e).im tQxins.
R i A e L R
Whhitkvabbproteireby AEis Whsaehievetlndite priskerceufid® myg/nhtcell
RbpbMAePesilitmyaynoloxins,Fheaienults SULRSE heige Qfnventional

antibodies fused to toxins for the treatment of cancer cells or pathqglen .
Rifstdepesmiquerpisirapedianignosesire rie dierBtimatian Bfth i virro
Rieses mvantioncthespesompinas! isptedanibodsebinaunestlbdies from
invention is fused or conjugated to cn@otoxic agent t therebly farm a d
I I RtABABYET §B€¥16t3§‘i%b8§% LR E o P RYaRRTR h emonstrate

P3etderonas? 680t Xips P E35n P BaBokiE49 pResudemdial abidginosgmizes

xotoxin A (ETA?. dip | in (DT390). and,the like. Additignally.o .
%ﬁe%%;ﬂ?f\l/% Y, tﬁ%‘a e&o%ﬁ%%ﬁ?oﬁ&e@%ﬁ?%towqgﬂ gkgué%%%c%@%‘gr}iti%ﬂc

. wakebddusadisolatedoniinatadriche chEmtiodr ey @ ehege tpwards the MEC-
@ﬁ&@%ﬁ&ﬁgf&%&'@&%@g"a&@@%aﬁm Degetelof@ MuSINg: affinity

Vindesine and the like), antibiotic agent or " viral agent. It will be .
Lipprscmtedamas SichtininddStotiniminuel HEmMbieta syariétsicamipavith
@engaied e anbinanbANATEBRMAES: (BPoctic igaagithe FRABGT,
sequence qf the agent molecuyle to the coding sequence ofthe . |
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ke binanhanib adint hyoee alenilyiaanjpgafio gadie toxin or

chemathera nts 1o the recombinant isplated apti | i

e e R Ao eV SRR SR RIERIPRCH BRORERIS from

ametkind sdivanhage dplapt liburecamplels} eindid dafidtieobpitinotionathich
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timido8sieds wtlshoamdiprethy| adipvaidalenkiery, 4otivel esterd tsudhumal of
mig%udzb@yb%@m'%mfs ﬁﬁus&hé&sg%gﬁfﬁ&%% l5aZigle scpv

compounds (such as bis-(pazidobenzoyl) hexanediarnine), bis-diazonium
TGRRFRES patibnds (i kpuiasBnias Hedizisg petripkibkaidiminggt as a phage
diisegyRnaes (suckhagialwe neih R Hi seeyaR#MeadRd His; 3Glve fLeEIeLA-
compounds (such as 1,5-difluoro-2,4- dinitrobenzene). For example, a

5-FU peptide conjugate can be generated as described by Semko (1996)
Peptides Abst. 24th Symp. Eur. Pept. Soc. P26. A ricin-peptide conjugate
can be prepared as described in Vitetta et al., Science, 238: 1098 (1987).
1- isothiocyanatobenzy1-3-methyldiethylene triaminepentaacetic acid
(MX-DTPA) is an exemplary chelating agent for conjugation of
radionucleotide to the peptide (see W094/11026). The cancer cells in
which apoptosis is induced can be derived from any kind of tumor,

including solid tumors (e.g., breast cancer, colon cancer, lung cancer,
maelanoma) and non-cenlid tiimore (e a  larikemia and hvimphoma)



Alternatively, the recombinant isolated antibody of the present invention

can be expressed in cells (e.g., mammalian cells, bacterial cells, plant
“;Oe%l&% glshl(cells) as part of a nucleic acid construct containig , 5

po ynbuc%eotide encoding for example, the Fab fragment, the S%ﬁ{%z{ﬁ},eﬁ)()%lﬁ

complete IgG antibody or any of the CDRs of the recombinant isolated

antibody of the present invention. o express the recombinant isolated

amiedyoitthepresentinypndionjacifianviidliarcaeiis:d nalysticitotide to the

sequence ing at least on sequence as set forth by SEQ ID
%ﬁf‘?%:‘gﬁ@ggg%@ﬂ%%%fgag?& #ggaltlgﬁhto a nucleic acid construct
suitable fbemamrradian p_éﬂr@rpn;dssipmswéh‘amgtyﬂmm@mme@a@ that, T&/R-
IRXAPLE dhe RAMILCIeOtdR Sal E@?,%éi%ﬁ%%%‘ﬂ%i? LS PHRET Wirrc-
SEQ ID NO:4 (for the Gl scFv), SEQ ID NO:18 (for the CLAI2 sCFv). The
ntidscamplors soHs i atinb e e umeler segadnee forldisert fgpable of
HanssuptionebihepelyRusipatide. seanenes:ipithecelin A Genatitil/ 8:85ent
inducible manner. Constitutive promoters, suitable for use with the
BYEBLHE IR ST D RS ORSP SR B 8 WIREFr S RE AR Rttt hfgaps o
EmropMmEnB cenditians GRMosNgpEsaf-cells tugh as:the synthetic single-
to alovirus (CMV) and R sar Vi RSV). Inducibl
c%%&?not\graéné&ffé%léﬁ%ﬁsaék v%/ﬁﬁ?'i 835?159“(5?@:1 n\%%f’%ﬁ méluﬂc%ﬂf%? g’xéd}“m}ﬁe an
YrelteticaoyolinednihidiblerpraimuteriiabageMisalntbaticebRed 02004 fling
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as an "expression vector") of the present inverition includes additional.
Beqlehtedtihidireenaeitemeyaetor by rarerabificht bindig ihe dthdon 2-
dHRIKRIYDIRS @LRDIPfQ3 1RE %&mmﬁﬁ%&nﬁéw@m%@?l%ﬂl an
addition, typical cIor;JLrég vectors may also contain a transcription an

q

R IMNaER SEY R | Hprisst ¥ifd-wdrdiation tetininator and
a polyadegyatioshsignah Byumaysafiedandple asdch onst et wuilgipicadtyon
includ 5'LTR, a tRNA binding site, a packagi ignal, an origin.of..
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the GBI EoMEXIE 0 the STosdAt(FREToNG picakntitckidesa Signatd as

SROMCRERIorseqrstian ofdhe pePUde foma Dosheglihin W%&E&ﬁi@lﬁ?e&ﬁs

Preferably the $i nal sequence for this purpose is a mamm signal
ApFSHEe the thedim A EKqiapiide P iestyptatid canstarraller fhea peptide-

PLREENTIVERIIN.ted nfalkafyotic promoters typically contain two types of
recognition sequences, the TATA box and upstream promater elements.

The TAFSLSLOIIREC] 98B Rt h AN RISSHLARVETHAR (e isptrsrided a
ndifiatosT siltudindhqeghisie ecinvelvadindireting-RNAcRAlyaBraThdeethod
.beqin synthesis. The other.upstream moter elements determin
O FALS T AR TR HLLGHE oL PFerSrAB M BASaLEF oody
catifizkeddb\splei fieadleibiadida am Sttii-pEphidep resarntnsmviidenily agpvesiad on

e.spedcifi I lati e - ifi
R L L AREM A RO AT et b ARG ity SRREIE oo

liver speaified]periéariettain (Pogpiosientserclp. prosaupnad yeibiesidh whereby
peciicaramatersifialameadet abetAAB8 L AMIRBUNL! A 3RRRZOlo 1 in 2
particular promoters of T-cell receptors [Winoto etal., (1989) EMBO J.
Wé@:?ﬁmﬁalﬁﬁmrﬁy@%aﬂﬁfﬁ%ﬁgﬁm@n@%gﬁg@@ﬁ%ﬁémm{me
shaurnrepaciieRiamotermsughps e nevsol amppniserendoterstBysag etuch
al. (1%}85%800. at#Aczd. Sci, USA 86:5473- 24 54771 . q
2 alEHR B pPSHRRPE e RER BT 885) siste BYnE B 61"
chemmghemayy glapchspecifiopransoters sueiinssHaeanteikzndh dyy proneatding of
S, Pat. No, 4,873,316 and .Eu n Application Publication Ng. -
po e et R T U
ploteplraim (NKEARBRholtdgs crthevérdhogoes promivreren EpthangmssardNA.
active when placed downstream or upstream from the transcription
initiation site. Many enhancer elements derived from viruses have a broad
host range and are active in a variety of tissues. For example, the SV40
early gene enhancer is suitable for many cell types. Other
enhancer/promoter combinations that are suitable for the present

invention include those derived from polyoma virus, human or murine
cvitomeaeadaloviriie (CN\/) the lona term reneaat from vvarioiie ratrovviriicac




In the construction of the expression vector, the promoter is preferably
positioned approximately the same distance from the heterologous

cription start site as it is from the transcription start site in its natural
Vg(gt%r?a/%s?% known in the art, however, some variation in thiscdidkghes 10616
can be accommodated without loss of promoter function.
Polyadenylation sequences can also be added to the expression vector in
Grdendniitiorease the:efficiancy of idoeapibitdrtiselatedantiboy pikdipAclipid
translation. Two djstinct.sequenge elements are.required,for accyrate an
R S e B e SR R SRR P e
fresmithepolyadenylation site and a highly conserved sequence of six
nucleoides Aabienhdaialed ddie0 Busietdes UPRIEAT, 1 BINARLGRplex

and polyadenylation signals that are suitable for the present invention
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are provided b nes either casried on the plasmid or with the ge of
GRS B TR B L B AR RN SRR S e
Haenkapotierdilicontispiécant,2hendie VBaiokns amdplifiaditadmral domains
eukaryotjc cells using th ropriate selectahle marker. If ector do
e 8 B R SR P P SR e B o AR
instead. thdhectmbisantONA dotegrates thto theweniime @f thenoncovalently
engineered cell, where the pramoter directs.expygssion of the desired .
'%Sﬁc%‘i%egc})&]% fhﬁ'ﬂ‘g %(%Pélssﬁ?n %%E%%E%ﬁg’ﬁe@m?%ven &l cmbrane-
fusthierlnelticke efdditi ondbpdly Nk tin és sequeneks thatiall(feene cluster.
example, the franslation of several,projeins from a single mRNA sych.as.
o it PP By S (T G el 00 B B S e
Inteyratisnootltidegsrdatiote oEhimeticipolypeptid @roteirEramptestfer pathogenic
BAULXPIRSRION HOGIOH:NGMOS. LY arediRilmited 0.
%NAB& +1-), pGL3, quos_\/z(r}i/- | g"éect:%ggz, ppis%a@?,‘}g %S#?rﬁiécﬁ%lt%the
M\Pﬁﬁ‘{&i}cﬁﬁépﬁ‘éﬁ%ﬂ?ﬁéiﬁ% habewressaBiz, jo ﬂ?llﬁ\r%«mﬂ}er is
RIS bxpibicbaarecayadanleot pra-tanirae R Dl hiaihis Ay ilahle ftefins,
Promegfg, pMbac, pPbac, pBK-RSV and pBK-CMV which are available
WO StATEGERL D PRESWHICHS HihabRorB e roftartpshef (if-peptide
aeripiative Snclud & Xipr R IANAB GIEICO HAN I regUlatoane | EMANIS IamR T1.
I@&fﬁ%&y&yc Vi uses sy%qf%a {eﬁ%v' uses can bneoralls s SV40 vectors
clude p anopp(f\/l “Vectors Genvedtrom t‘i‘évme% %‘ﬁ%ma virus
includ&ysByalily Teépeatideveictior v iidtivedtidemoBgdsi s Barividifonclupieiein
REERQuand R0 el XM IR BNIRE, ROVRRHAY176),

gMTOlO/AT, PMAMneo-5, baculoVirus pDSVE, and any other vector
- RRSRihgesipiassionerprsdins andeOiid)difdetidhest eb®\eis8.e #p3). and
ORI G MR Jaderpromaiet; petaliothionein promoter, murine

mammary tumor virus promater, Rous sarcoma virus gg;moter polyhedrin
promoféC BB E Promstars ﬁﬁ&%@ﬁ%@ﬁ\)@‘ﬁ‘%r f5Fem ryglRted
aelledy Ascesasbatpbavealirusasiaseaenspesipticed nfgrtiougecifically

agents that have.evalved, in many cases, ta elude host defense .
e R e S e i o e T s nord oo
afiiectsrg etindperiicityrotifical lye dtbrbedtilivitls itbanallrahsifiesificiopiio when
specifically target predetermined cell types and thereby introduce a
recombinant gene into the infected cell. Thus, the type of vector used by
the present invention will depend on the cell type transformed. The ability
to select 26 suitable vectors according to the cell type transformed is well
within the capabilities of the ordinary skilled artisan and as such no

general description of selection consideration is provided herein. For

example, bone marrow cells can be targeted using the human T cell
larikemia viriie twvne | (HTI \/=1) and kidnev calle mav he taraetaed 1icina the



Recombinant viral vectors are useful for in vivo expression of the isolated
antibody of the present invention since they offer advantages such as
watssadinfegtion and targeting specificity. Lateral infection is WF/EE%{)@ Hﬁ% p
~ life cycle of, for example, retrovirus and is the process by which a single
infected cell produces many progeny yirions that bud off and infect
neighboring cells. The result is that a large area becomes rapidly infected,
PHpBeng erspeatfindtinitiabyeivilsctdd pyditierorgiabeival pakistes: This the
isiinjegatrast éﬂ%%ﬁf% sty atinfeckionnwhich.ihe lniegiorS R888Ea cells
spreads only through daughter progeny. Viral vectors can also be

ProdEEEd E%%%}%Oa%mﬁﬁ%ﬁéﬁ%%%ny. This characteristic can be
useful fitha-Aasiree:pLiNSR isdgbintiodicesadspeaificchgenRintaconlysantact
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Introducti f nucleic acids by, viral infection offers several advantages. ..
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vivo gene therapy) include transfection with viral or non-viral’constructs,
sheriadnaeaiasiae Bogmpitriniining ey arinbriepinputl B light chain and
deneragsaciatrdofrs (vAY) apadiRichRasel sysRMSdidseiuhlipidsifokhain
lipid-medj Jransfer of the gene are, for example, DOTMA, DOPE, and
BT B SoFF S 7T ANEEF LSRR oA B (RO rhen
afdst pigfeniedncantstivctafobliseciiogpe o HrehapyyatBaint Usds;dTigsh suitable
referab enoviruses, AAV, dentiviruses, or retroviruses..A vira .
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, mmmwmtglaggg&gxpression by other means such as alternate
splicin?? nuclear RNA export, or post-translational modification of

messeteteBucHYERMBY constitrdshersiniie g aPscikintsigharibagics
dedepingl repeaisthiRBOLRIrIQRINerepRd RESHIME REBMAGAINEL also
.Strand primer&&g\ﬁ%in sites appropriate to the virus used, unless it js
la?#agaw%ga TPHE WP ShERERIT SUHEBIHC QRS OBRSPmRRTESTy
deeludieig sigial $EOENeRildr fecuptible ofthp-piptitle timwing hostheeNiFC-
which it is placed, Preferably the signal sequence,for,this pyrpose. i
b e s e L S
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_restriction sites and a translation termination sequence. By way 0
isslafipte sudincunssra s VHiilesioa TRE e atibTR- a tRNA binding
site, aRAckaaing signal: an anginehsasondaiant,ONARYRtheals ABPRx,
3 L TR, or a_portion thereof Qther vectors.can be used that are non-viral,
8BRS iR EETHS POIAS e AREfdatrirAhisrsT bivadsiper Hhgh antibodies
containing the necessary elements for the transcription and translation of
the inserted coding sequence, the expression construct of the present
invention can also include sequences engineered to enhance stability,
production, purification, yield or toxicity of the expressed peptide. For
example, the expression of a fusion protein or a cleavable fusion protein

comprising Met variant of the present invention and a heterologous protein
ran be enainearead <uich a fiicinn nrotein can he decianed en that the




29 Recovery of the recombinant polypeptide is effected following an
appropriate time in culture. The phrase 'recovering the recombinant
walyReRYsie, refers to collecting the whole fermentation mediy. cONARIAG: 6
the polypeptide and need not imply additional steps of separation or
purification. Not withstanding the aboyg, polypeptides of the present
invention can be purified using a variety of standard protein purification
wsehbigeiesed uete dgCouthindifmitéehtss biffilitythhigvh &edurhphyemn-valent) or
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gel electrophoreS|s Briefly, DNA is extracted from unfixed cells and is

jo cledn draemerdstfspherskiavaey ofimgmsgiirsseoisr enrorisddegratical

- &f g&%&r@@mﬁ@&a&l %jsa@é@ﬂéai% USing Ny A Ak sy %&@%&&r@%ﬁg@n
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SRS o B S VAT I amples section which follows, the
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These results strongly suggest the use of the TCR-like recombinant

isolated antibodies of the present invention in treating cancer or pathogen

gfg&)tmo Thus, according to another aspect of the pres Jnye J&DGM

there 5 prowded a method of treating cancer or pathogen infe ctlon

method is effected by contacting to, of,expressing in cells of a subject in
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Preferably, this term encompasses individuals who are at risk to develop
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either suppressing the recipient Immune system or encapsulating the
REFRATORSG BT teild b PRI gy sRbrEihg 2 se Tiesrisabie at least a
membranes before transplantation. 32 Encapsulation techniques are
generally classified as microencapsulation, involving small spherical
vehicles and rnacroencapsulation, involving larger flat-sheet and
hollow-fiber membranes (Uludag, H. et al. Technology of mammalian cell
encapsulation. Adv Drug Deliv Rev, 2000; 42: 29-64). Methods of

preparing microcapsules are known in the arts and include for example
thnece diceeclaoced by 111 M7 et al Ceaell encancrilatinn with alainate and



For example, microcapsules are prepared by complexing modified
collagen with a ter-polymer shell of 2-hydroxyethyl methylacrylate

whl EAheaethacrylic acid (MAA) and methyl methacrylate (AMA); 2s05/000616
resulting in a capsule thickness of 2-5 itm. Such microcapsules can be
further encapsulated with additional 215 um ter-polymer shells in order to
impart a negatively charged smooth surface and to mir_limizeﬁ%asma
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when smaller capsules are used. Thus, the quality control, mechanical
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the recombinant isolated antibody of the presént’invention or the
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found in "Remington's Pharmaceutical Sciences,” Mack Publishing, Ca.,
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Sivkahie witas okadndinisiaionmmndgoBaBM pendnahidde okl restahlly or
- tran cosal, especially transnasal, intestinal or.parenteral-delivery,.
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34 direct intraventricular, intracardiac, intravenous, inrtaperitoneal,
intranasal, or intraocular injections. Alternately, one may administer

wihespasspaceutical composition in a local rather than systengicaRneheoc s
for example, via injection of the pharmaceutical composition directly into a

tissue region of a patient. Pharmageutical compositions of the present
invention may be manufactured by processes well known in the art, e.g.,
PirRe &HSDY cersotilion dhehiderg, dsJBIRTS, drariliatrsgedrageslmeirgre
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Friatipghgg Ll A Rndole, BhddredesdghEnmmples sidrdeulisiare not
1afRspddingssitaRiesxivariesth dosved, o phirin tablets or fregea s (seg

table excipients are, in particular, fillers such as sugars,
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desired, dinNE0iBHNG AMANIRNRY BRATICY,P%HEROS ARSI dusine
polyvinyl pyrrolidone, agar, or alginic acid or a salt theréof such as sodium

refigfbinenbrafe deeRolgitsoviaEs vithiBitalbleiedatings. Fertiis described
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- YEioE thariAPdidRmore sotuble than the complete IgG an

In addition, as is shown in Figures 7a-¢, 8d-e and is described in the Examples
section which follows, when the coding sequences of the G, 2F1, or CLA12 scFvs
were fused to coding sequence of the Pseudomonas exotoxin (PE38), a more potent,
yet highly specific inhibition of protein synthesis was observed. Thus, using such
immunotoxins, 50 % inhibition of protein synthesis in melanoma cells was achieved
in the presence of only 10 ng/ml of the G1 scFv PE38 (Figure 7a), 15 ng/ml of the
2F1 scFv PE38 (Figure 8d) and 10-100 ng/ml of the CLAI12 scFv PE38 (Figure 8e)
immunotex'ms. Moreovér, as is further shown in Figurés 7a, 84 and e, an almost

~ complete inhibition of protein synthesis was achieved in the presence of 100 ng/ml of



lacquer solutions and suitable organic solvents or solvent mixtures.
Dyestuffs or pigments may be added to the tablets or dragee coatings for
vdenificatiq or to characterize different combinations of actiyecampQlns .
doses. Pharmaceutical compositions which can be used orally, include
push-fit capsules made of gelatin as well as soft, sealed capsules made of
gelatin and a plasticizer, such as glycerol or sorbitol. The push-fit capsules
ivigPRISHES e rdtiviesinGhesi entalip aaspiheumtatinsibodits Astddiiseins
bindess:saelAs slarches fubiicanissvchrasdale. s magnesium stearate

and, optionally, stabilizers. In soft capsules, the active ingredients may be
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amount means an amount of agtive ingredients (the recombinant isolated
BB bF e DR RIS br (UGN R DUBR R YHe CEfRietably. the
expressing same) effective to prevent, alleviate or ameliorate symptoms of
a disorder (e.g., cancer or viral infection) or prolong the survival of the
subject being treated. Determination of a therapeutically effective
amount is well within the capability of those skilled in the art, especially in
light of the detailed disclosure provided herein.




For any preparation used in the methods of the invention, the
therapeutically effective amount or dose can be estimated initially from in
weitsgeanshegll culture assays. For example, a dose can be fogpylataddessic
animal models to achieve a desired concentration or titer. Such
information can be used to more accygately determine useful doses in
humans. Toxicity and therapeutic efficacy of the active ingredients
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.shown in Figure 6 and in the Examples section which follows, the
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~ as a blister pack. The pack or dispenser device may be accompanie
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prescribed hy a governmental agency regulating the manufacture, use or
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approved product insert. Compositions comprising a preparation of the
invention foonulated in a compatible pharmaceutical carrier may also be
prepared, placed in an appropriate container, and labeled for treatment of
an indicated condition, as is further detailed above.



It will be appreciated that the method of the present invention can be also

used to treat various other pathologies which are associated with reduced
ptosis. These include, for example, psoriasis (Vi

‘!g%?t!f?eszbggi&zooz, J. Drugs Dermatol. 1: 264-75), iehthyosisﬁ%ﬁg&%’%?b%%m

al., 2000, Methods Enzymol. 322: 433-72), common warts,

keratoacanthoma (Tsuji T, 1997, J. Cutan. Pathol. 24: 409-15), seborrhoic

kerattsis (Sadckiel AC, gbalotd004gBenck Deemaindedifl: 42+9viption of the

S uamous cell.carcinomas : Seta l., 2000, J. Oral
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practice, the present inventors have uncovered that the recombinant
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éipessing FM-3-29, M-ww, M-PAT, M-141 and FM3-D natural melanoma
cells, byt nat the. HLA:A2 negative/gp100 expressing 0-43 patural . .
melanot#ilg cefs™ amﬁhcl%}‘ S ac{gtoi/%hggr?oegﬁ&;%)cﬁ}%%al aéssabnec%}%rﬁ%mn vector”)
presbntrirasentidnvtindios: istpiodideaiditveth osbpfadiagnesing cander triviraktor
i QN shiect. ' ( ] [ j ical
G R R A A G
dpdeifitifloineirgsan NiHedgitisnd & aveableleningerastrmitions slicabistin a
iepmsRRERR Phex farmatian: theinsrmbingitdsolatetantihedy A3 PeidGiaton
c%%]a.ble of inducing apoptosis in target cancer cells or viral infected cells, .
- SREBY e fitiA g ROFRT SR S R Im RO 6 e e A GRBEYGtS Will
-thyeicalhléndndéral ShfeTRom iR, sbihjiiag. site, Aspaskshhereiarthie phrasgn of
‘diagnosing 5{prs.i0 flassiing 4 flisease (canceror pathogen infection)
or a symptom, detérmining’ a severi of the HEEa56 Mo itoring disease
prog re%ﬁ@m@&aﬁdr@mﬁw@m piesedisersgiandypiceihspebidesfa signal
IREAVRLY for scBRHREOrRLGILRIORAIC! ML GiEMS 1 A am}eﬁgfemmy

tissue or fluid isolated from a subject, including but not limited to, for
Safigne! sroyercelfer tbiiermarmswicaIsaralisacimmlyspaaerspeighs signal
henindlig vapelypdbiaerariew onalColseslanditigells, organs, and

also sa}%%les of in vivo cell culture constituents. It should be noted that a
"biologieAf SEMSI& SR SUBRIEE b 4048 Bt SrRaR, Uorriead Qs sripraces,
thatveEnbbbesd phyeieally sermieyetbiiam tHE1S UMETA. box, Aaearding-30 base
ane preferred embadiments. of the. present invention, the cancer which is ..
R TR R L B S T R, SRRt o
R ioivisesso lid begiorRelg. spréasiscaiibery tnelameimanaudire tikefements
BeRisraRYndhe DiRloficR! SATPIG BRIRING S, fQM the subject is a tissue

.specimen such as a tissue biopsy which is preferably cut into sections

(e.g., pardfirPbeclisris vresjosdemshay. the ropkinesid epedmm@radrthe present
pathagendaiesion Mwm &ﬁfoﬁmmt {nRveRigRL aﬁ)&%l%é@ FeLRYype-
sample of t

cont?,cting he biologica e subject with the recombinant

RS RS ARSIy W YReCHie SEADISEN IRSIHAR e RS SIE: dbitibreiay that is

imenusiecioplpmfermation, (194® uSesthanein thederm7iINMupasRITe ic

fers.t lex f ti .. th bi t
R S e A L S b R g o s
it BpelificemtgdiMiagg e sheCifiSYEITH2 ptigtd 2oiigeandicimasdhbulins;

-A2-09-20 i -G9-280 lex, th
%ﬁ%_& ag %f@%@;p@éﬂ ?é}%%’ﬁf%%gugénﬁ%g&]i%exfe Woters such as, the

MART126-35 comp he Immunocomplex of the present
TvENTem e peToitn dBana vhrkt(1 88T Mserdilaib s satt domchifttadorb473-
and pH values which may vary depending on the antibody used and the
cells presenting the antigen and those of skills in the art are capable of
adjusting the conditions suitable for the formation of each
inununocomplex. 40




For example, as described in Example 2 and in the description of Figures
4a-g, for the formation of the G14ILA-A2-G9-209 immunocomplex,
woielanRanasells (e.g., FM-3-29, M-ww, M-PAT, M-141 cells) W&'§ »405/000616
incubated for | hour on ice with 20-30 jig 01 scFv in RPMI culture medium
containing 10 % fetal calf serum (FCS). According to the method of
this aspect of the present invention, detection of inuntmocomplex
f8ithtiondsdipetifie pfandiagnsiduotthet dida985)eSyicoemeap OrYibdI6] or
AeRtag- Mgﬁ@gge&ﬁah&g%@&b&mg %%&%Wﬁ%l%&@?@@!%@fm

theé)resent invention and those of skills in the art are Capable o
‘Yeteridihriy WHehGHe Mo e tunBBRissiunkly-ifihdfBomplex and/or the

type ofgglisdisegfordingnosiSnuiad2LQXRMRIE 1HeINUNINOSRMRIEX KAk d
be detected byc%onve tional immunohistogchemistry or

PeiTords CRREE P5RES PEYTS R e starrrbistater A R aydEE, glaced
dyasmelecular wyeighirbdsed approachiptiolmmikaohistoehemitiny fnhancer

| t”éﬁ-é"%l%&(f% < ”Cevané‘e'éf?e%é 1 i ethod involves detection of an . . of
Gh igen (€.g., e(f\I}FI—I&upepl e complex) 1n SitAh Tixe ecgﬁswgyl%%tf‘éaélr?yo
tspacifickmtibedipk (ile:, INd tecom gimartrisolate dsamilbbyfof therpredbhipes.

- dMention), Jhe.Aptigen shgsificrntbadies.mavbnenzyme linked prlinked,

to fluorophores. Detection is by microscopy and subjective or automatic
iavarmtinge deRAfe MRdUCsBE e Bupe et Bloyes calesradaets (CMV),
reastenmaYpeAaased tuyilbhe nReeclatedthatimmunehisiQehe Mistie
is often followed by counterstaining of the cell nuclei using, for example

U SHRUE ARG 8 Ak B, Sec. Hatraeus fod SdrareuccEidsitiog. Cold
SRR $)artidriB el liaddi Syalve ST c i of 83, antigh fsithSilip dhaced [Bbyin by
2 éiigg(;rl specific antibodies. The antigen specific antibodies are linked to
ﬁuorop?iores. Detection is by means of a cell sorting machine which reads
the wdvelbagtuotilighteniftée:fromressam celichs it haspasithiaugh prdightbly

RSABn IS PSIIRG AN E MRIOANM Y Hb%%é‘ﬂ?t%?o%&&@%ﬂ&?%ﬁ% start

Enzyme linked immunosorbent assay (EL 154) - This method Involves
sffRatfolt t5f Boga | ETeseipHRBFEs! |86 A Prateivatedtissolttighknown in the
AQTHBHADE: AL AN I98TRR0) inthe MitaRBNIGEHe BRI IR UNRRSBUSR of

as a well of a microtiter plate. An antigen specific antibody coupled to an
PERAGHTE fi5Hpfed and allowed to bind to the antigen. Presence of the

antiboByliadbeyldRiectqueans quantiataciyed aoibtingidcIaaobiamr in order
§TRIoung ibe anzyme soupled to the anbody Eazymes AL commentyr,
employed in this method inciude Korseradrs peroxidase and alkaline

duitosp rataseci slathadlibnatedianddnithincthealinead relligenf petpoksgatie:
APRURY Qi FHOSHAG &Y ?39&%&&“&&%%%%‘9&%18“@%0 Hb?%%i}%&%fﬁ'&oﬁ@ﬂé‘ Nl

color produced. A substrate standard Is generally emp to improve

highlrthemnrevadcinaugpce of siyasrdentilet -ArhidiidtndnsatdbedC nucleotides
upSRasatiorQfankbatate gﬁm&ﬁ%w@fﬁg}m maans ofanRaanideesent

.gel followed hy transfer of the substrate to a membrane (e.g., nylon or

iIBgRoR Brdudhilosst e vsdiiraeéhen detected by antibodies specific
to the Ipubgdiate, whikb ekenientuirldetecliecHyntibo dyinRding eageiSihe

Antibody: binding reagents may be, for example, protejn A, or other
PIRRBbARIEh £ oAb B ki PASh SRRt o S9aGs Tsnded. to
- iRisoatamy, INEG] USAsxpretbiody dincdingdeagdnts magsberaiofabidtiath othe
lc?é}ﬂﬂggagﬁkgfjc%ﬁsd%ﬁ&r&% . %?J %%Bﬁ)\fﬁmﬁ & . I.Or.i'*'gxl%g% ¥_a number. of
autoradiography, colorimetfic reaction or chemi Uminescence. This
apieed o Y islIeRY s d9aiRig uBAtatisaUSRess atisumrobeishshatedrid chromosomal
SRieImination.ofiity ideplity AR falative Rasition opithe treRrRAR] RN a1
is indicative of a migration distance in the acrylamide gel during ,
electrophoresis. It will be appreciated that in the case of the MHC-peptide
complex, a non-denaturing gel electrophoresis is preferably employed.
Radio-intmunoassay (REA): In one version, this method involves B
precipitation of the desired antigen (i.e., the MHC-peptide complex) with a
specific antibody and radiolabeled antibody binding protein (e.g., protein A
labeled with 1125) immobilized on a precipitable carrier such as agarose

beads. The number of counts in the precipitated pellet is proportional to
the amoiint of antinan In an altarnate vvarcinn nf the RIA A Iabelad



42 peptide complex before and after immunocomplex formation. A shift in
the size (molecular weight) of the protein product as compared with its

wWORRENRRES is indicative of the presence of an immunocompleX JUeh.a .06
shift to a higher molecular weight can be viewed using a non-specific

protein staining such as silver stain orcommassie blue stain. Alternatively,
the MHC or recombinant isolated antibody can be labeled (e.g., with a
relicantives lepdi) apribents geh Biestropharcidis appidipiortalabrraltee mativisigd by

gells expeessing fhg BTG complexcahedadiopstielydabgled prior to

protein extraction. Preferably, the method of detecting the formation of
the imiRiSEBRTIBRICIniRsinsHi dRsRKEnTi SR awRelifarsglicon.  If a eukaryotic

ipmusoigressanaaywhichjsgrfarmediomiirsue seriigosdeatspPasafiinge
sections or cryosections) of a_solid tumoy. It will be appreciated that _,
TBEHESITP Bt CamaEr by g%%%ﬁ%%‘i‘hf%’@ﬁdﬁ’%‘é?f@é%ﬁi@oe e Bgplicon,
aetgiting-Apeniisiziias teserilide hertindbidvakinilitdaeel $HOlomBgtes into
ontacting the cells with the, recomhinant.isolated antibody of the prese

R P B S e R R Rt e
qlﬁﬂ‘mwni_ﬁémi@d.there is provided a method of diagnosing cancer or
pathogan IBiBelianin Asubiachd bedmetais Gllealeh Al AhCARIACHRG hul

biological sample of the subject with a recombinant isolated antibod _
relpamEcoidpeeiiicansstirtinboin ﬁ%H@%ﬁd@@dﬁWWI%tﬂéﬁ%ﬁﬁgﬂ@ﬁ?ms
- sHitebledar mmunecemplex fpisaaliondheesamhinaniiesiaied RAtHAAY for

being capable of inducing apoptosis in target cancer cells or pathogen
SAROCRE R b0 BB RIG £ VT 6] ‘in cells of the
biologiEahspieplethesabydiagposiagitiewanserintipddhbgeninfiectipaiial to,

h i i i ii
A A e A L BB el b ey
rhadufagtaierorafCiably albinBepihldb6Sp bt hspibiibhspldbiisd apidM T8I,

{ahelsndicating ERAARRIEYA] ,rﬂéevmjgﬁaﬂsnmngo@ﬂ/&ﬁﬁﬁ%ga%mw,

severity of cancer or viral infection. Such a kit can include, for

BB KaRid Y sndrid ¥oh Ve Indh ATty at #bls fiore SrisecapovER ES which

deselingd fiagrasticagantsieiddciv&kOH or CLAI2 antibodies) and an
imaging reagent packed in another container (e.g., enzymes, secondary
antiboﬁ?@%ﬁ%‘iﬁ%r‘é?‘éﬁ%rﬁ%@ﬁi&%dﬁ% A ﬁ&&’ S it A TR O &Rl
Juely alseineivdeappropsiateduftars anuipresanvativelider paTpiavingl theiT2.
gheltlfe obihe WL, 43, Accorsing to preferred emhodingnta O e vector
present ifven |on,18|agn03|s SFthe Cancer o Viral irffection can be aiso
deffoetbtdy Betestintpthdieyekbfdendptdils mdwe? O8llsGolliovergnpdatartietges
the rec Rant,i -ani it I c thods

1 e?élc(,%b g’re%r%ﬁ%éggﬁs%@%%%iﬁ$%%%§ne$§5&%?efqrs t? %SOV‘;% and
g dtieayesipe aloginastayesiahahevitieaimds drarlprigaf the SV-40
dave eyl begore AppareRbie:ORR QNS kilef it thenaridP@Ammary

examination of the following examples, which are not intended to be

RGBTy, FROHshSBTHRBA, 4Bt SO mB5E: AR B‘?ﬁ%‘?ﬁﬁm‘rftﬁ’é‘?@f
ReeseRkdRyeRiaIfas gelibeatpebfitsrinahitieyatid @siclaimed in the claims

secti%ln %elowaigd}exgerimgggaé{rgu‘g)&orts i% th fg Iolw'g .exam ';%? that have
EXAMPEEE PR ent R W made s tie fSfiowing exam%%es, (R

dogetdeinithrthemabgve dederiptivdsidtisstratdhihzinyefliprdiya viomes infect
:alhrg Iﬂ?o%é&&@%? specific cell types. The targeting specificity of viral vectors utilizes
its natural specificity to specifically target predetermined cell types and thereby
introduce a recombinant gene into the infected cell. Thus, the type of vector used by

the present invention will depend on the cell type transformed. The ability to select



Generally, the nomenclature used herein and the laboratory procedures
utilized in the present invention include molecular, biochemical,

W;BI%QQ [ﬁggcal and recombinant DNA techniques. Such tech;%J ﬁﬁ)&rﬁooms
thoroug explained in the literature. See, for example, "M
Cloning- A laboratory Manual" Sambrgok et al., (1989); "Current Protocols
in Molecular Biology" Volumes I-1ll Ausubel, R. M., Ed. (1994); Ausubel et
atitdgavertvRratosaliminid/ible cellaly Biokegyfodatthivilely willis dmscapabilities

BltOge Mapand:( SRR stk ARIAHICALEHIICIRMAIBGIIBF selcction

Cloning"”, John Wiley & Sons, New York (1988); Watson et at,
Resigerinane DA derific Rﬁﬁe?who@@e N B el iBifih e xeeted
(BEg ihsaneme ﬁ'&@iﬁ%ﬁéﬁﬁf@éméﬂﬁmm[ﬁi&d\&&&@ 4efiOlfay be

Spring Harbor Laboratory Press, New York (1998); methodologies as set
BrethT i e NGl BetiB IO NS’ D657 Y 8B 1 a3 Pasuies s g apgraha
5B Ta0b6d nickelRivlegy s Arahaminly Handbeokbed dumesd-UNCallig,, 2004
EMg%%l?%4 %g e of Animal. Cells - A Manual of Basic Technique”
res ney, §s, N. Y. (1994), Third Edition; "Current Protocols
44 in Iﬂmndﬂmgyt Viohl mesols| i€ alighnh §nEin Bdo(28pressBiited dhalisolated
li laqgy;' itioH
e B T A e o ection
@@@WW@W WtﬂalF!Pé%ﬁ%}h iaHdeet Ndie Vibreyaioad) for example,

avaiiahle AMMYRANASRANSHS @H@H%@g@%ﬁ%&@ﬁﬂd&ﬂ@ﬁ;&é&@@%ﬁi progeny
scientific literature, see, for example, U.S. Pat. Nos, 3,791,932; 3,839,153;

HIERRs 73t @"@58@’7‘9 3‘%@?9@% W@;’ESS é&?f@?ﬂé @0@%5% large area
B:83 A 743 AB4iHed:3, 996840 whidB4NdF 4iot initially infected by the original

viral particles. This is in contrast to vertical-type of infection in which the infectious

agent spreads only through daughter progeny, Viral vectors can also be produced that
are unable to spread laterally. This characteristic can be useful if the desired purpose
is to introduce a specified gene into only a localized number of targefed cells.

Various methods can be used to introduce the expression vector of the present
invention into cells. Such methods are generally described in Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory, New
York (1989, 1992), in Ausubel et al., Current Protocols in Molecular Biology, John
Wiley and Sons, Baltimore, Md. (1989), Chang et al., Somatic Gene Therapy, CRC
Press, Ann Arbor, Mich. (1995), Vega et al., Gene Targeting, CRC Press, Ann Arbor
Mich. (1995}, Vectors: A Survey of Molecular Cloning Vectors and Their -Uses,
Butterwérths, Boston Mass. {1988} and Gilboa et at. [Biotechniques 4 (6): 504-512,
1986] and include, for example, stable or tansient ‘iransfectién, lipofection,
electroporation and infection with recombinant viral vectors. In addifion, see U.S.
Pat. Nos. 5,464,764 and 5,487,992 for positive—negative selection methods.

Introduction of nucleic acids by viral infection offers several advantages over
other methods such as lipofection and electroporatic;n, since higher transfection
efficiency can be obtained due to the infectious nature of viruses. '

Curgently preferved .in vivo nucleic acid transfer techniques (jn vive gene

therapy) include transfection with viral or non-viral constructs, such as adenovirus,



4,098,876; 4,879,219; 5,011,771 and 5,281,521;"Oligonucleotide
Synthesis"Gait, M. J., Ed. (1984); "Nucleic Acid Hybridization" Hames, B.
wer @34 iggins S. J., Eds. (1985); "Transcription and Translgtion'
B. D., and Higgins S. J., Eds. (1984); "Animal Cell Culture" Er%ﬁ%%&%%%%m
., Ed. (1986); "Immobilized Cells and Enzymes" IRL Press, (1986); "A
Practical Guide to Molecular Cloning" Perbal, B., (1984) and "Methods in
Eemsymred o bigiee |siinBItE, IAdade oriedRresssstRER P rotoc (st 1R) Guidiplbbased
Meibeds ARdAPRISALIoNS s AsademIc LiessasanDied0. GA LB ..,
arshak et al., "S#r)ategﬂles 'fjg%f Protein Purifica%oﬁpf alf%]hd%ggﬁa%%%ri%%tig}ﬁ@gh
E4pbiade ) @i sadimidicld Smliprase! plodoyneaiafarisnontofINGLICS4-65
molrgylegidnabundamenialdnmunelegisPayl JWE (B8dnd WD9WEHR. most

edition; Lippincott-Raven publishers; all of which are incorporated by
FEFSPETEE %rrgﬁg%ﬁ&?ﬁ IREFEIHUESth el GERTaITSTere NEBL ARSI IR 2
thremghnicthisidocintiatés the prasedwes thereinl iehelievadde-beowrlbus-
npwn ir)e Qee%{@}ndrag& a;%rgl\grctil%dgo&lt@e c%[\\éenience of the r%ader. All :
the IntGrmation contained therein 1s mac‘:o?(ﬁ%ré) e h reé?ﬁrﬁ?]toé%er%r%%c.r means
EXA NP E AR BRIARA TI@N O RITE RAHGE ANTIBODHESonal dseldtianon of
acterizati f =li ihodies - T e t edin .
Sy wadh e A A De B, R EIE it

iFRReiSLRB ThesprEiue ibwmat ameéeofttie Wduessiays popudatomer binding
ﬁt@&i_ siaRiely QRO Recunbinant MEGHesMide:complexes AisRia¥ing:. m

peptide T cell epitopes of peptides derived from tumor associated and
FaRtGaHs A 5aRs gk dvaied By g s ighel crraeiR O serilien of the
pesisufbib e tideetgibin alhi2R00isDenkb ePgettr ally 200dikmal séiemicator this

2002, utilized recombinant-engineered single-chain MHC-pe tilgé .

RIS 1o A sl et e i SR R o gl peptide
weretyvlite _ptﬁsermiamf@mf Mﬁﬂﬁiﬂ@%ﬁb@.ﬂ@&?&@blude a signat
M%M@%%&ﬁ%& X6 serpenesldngluded avaraty of.epitope rnslation

derived fro of associated antigens such as the te omerase catalytic
SERTTEOR PERTRSRI d&Ty vesippe ssaaplensaely eansoreissi tiepelbnivaiade a 5
gifferentiation sntigen GR100JReNkRergialal 30028k the gpiielatng DA

. cell-associated mucin (MUC1) related to breast carcinomas [Cohen et al.,

SEHEFEY S PepitopbLHBRVEICRSATREMAIP S detigmprbbopred iRt Fpan-

(HAl Mch) dsandoriftiordagioly(¥hAn6) looberighal2003], influenza matrix
proteirb%g)ito eorEO[i)l tein-B%virus%EBV)- erived epitope. Aftertwo .
and three cycles of sg‘?énéﬁ%n on peptide-MAEBp Oie@fear‘firﬁwg%’ggfleaand
andlistivprisfndychighkefted wediog (888194, chamtipodidsr ecognizingl Hbenpesent
] z - 0 I lexed wi iQus ide bseryed.

R R Y R on.

BiHisréenmyiale restriel; pefudespsetopiiiing Breganimdikberegpttssion

M0l KRiBREYUS TGPOFIS DL BN ARG AYHAERS WHETS QYN ASABIS. B8 he present
antibody clone could be isolated from hybridoma or a phage display
RSFRRA G %lﬁﬁelq&oaﬁ@%mﬁﬁﬁ%ﬁr@gcw&b iRk

@ilﬁg@ﬂﬁébooz A ﬂﬁ@@t@@ki[%otm @hhaia Q08 %jgemﬁadﬁs 2002y @E&Mi%?@%hy;

al., a; 1en.et a . These antibodijes, with antigen-specifig,

S el e h R b o B e PR ey Where o
dikGgpeptide owinslerdlitvadighedifistindicthembiherhelav iangs frotein, the

: iti ntibodi re, selective, to the MHC complex anly whe,
e T A S e S R
IbwiRTERIor speries Aneerinalies dbamtib doicd vuessivie deefirmsssoificity al.
@53ssellaandbveredhussiesmed TERHkmamMibdigs. (1990) 1. Biol. Chem.

265:15854-158591.



To demonstrate the specific binding of the isolated antibody fragments
(scFv) to MHC-peptide complex in the native form, as expressed on the

“?g{}ﬁ%fgﬁ% several strategies were employed. These experimEMtSosso0616
emonstrated that specific scFv bound only to cells displaying tﬁe

appropriate specific peptide (Denkberg, G., et al., 2002a; Lev, A, et al,
2002; Cohen, CJ., et al., 2002; Lev, A., et al., 2002, Human Recombinant
Antibodiesillith MipiCsigtstiidtedaTvEsilREgeploniike Spedificiptic cells can be
Regognition af distingt I el erilongs-dermedianm,a, yaneh:of (UM dy ghe

associated antigens. Tumor Microenvirotunent: Progression, Therapy an
PREXRSHHIER MEnBItizRT aseito FRSHEISE-Pp SR Belesish it cle v, ipisd, to,
dilrnrdakhi0:434 94 3adi-Renkhrranted ety 30R3ohMBUBAbteriophage
b%lQ?-ZZ%Y{%% hen Cl, et,gl. 03, J. Mal. Recog. 16: 324-332; di
ISP 2o 56 4 ST DGy “HBGS 198 7VE577 - CABiuRgE dhe ehoding
abqi2006t, vEu, Pansimuno vl 129hhRar0je ko eepanple veabusctAdindizlhe

and G2D12 react nly with their regpective.qgp100 derived epitope -
R 000 i o P L TRl KB AR Spssion
featiad (ith, contidlpeptidesdFigimes Lald)Y SédmcioothesaP CeunedlV) or
HsReimAamonstiale i Reptidesshecilic biading Al ihese fabss S¥EN, ASmia,
the TAP+ EBV-transformed B-lymphoblast HLA-A2+ JY cells or mature
BeHamiRECERSID0S P iReSe Vomamsbit QEIGSHRTY SIS leeHitaie s ipased to
exsRange phiepaanRaH sl drrvadReptiges with HLA-A2-restricted

peptides supplied externally by incubation of the cells with the desired

peptideSFkes BRRARS A FAETHRTENTRCRdR B8 Hhith SFPceRE By splirraression
%ﬁ)ﬂ@ @Sﬂa&teobv@th(t@?@ﬁﬁeﬁiedséﬁtﬁiﬂmwm@j :mygyere_ selected_ but

not wit ncoe%"%o'a‘:&&s gishlaying other control H L;?ﬁ/é%}fee%}fi%@%d BEPIIES ters
as showrr In gurelp. he unexpec eoghlgﬁ requency o fRese
entibediesdand thechisiityitos8|afetsé\ipiadatifferbiot Htbbéids divereditely,

CUDGKCOmRe ’ﬁs%\é%}ﬁb%%x%&ﬁ@(ésmﬁhﬂ&%%?tfgf@#? YSNEPQUSeARWINED the

the use of immunized or naive phage libraries resulted in onlya single
HRtbePERSE ANdersen et. al., 1996; Porgador et. al., 1997; Dadaglio et.

at, 199 cabangiRte FlahPSiRed6r6a0r0a0 G Rt uald, 200 Ok FlelaleaVer Bfe dbding
2000; Cohen et al., 2003]. udy of antigen presentation using TCR

: Study g
SHRECARTEBH ISR R RS SR FIWEHLTIBTIR Sy SR gf AP ers such
antigenysrdaeAtation IS tNsfecetomadel Cadvessiodumear. qelis4Fdiature
mple,.ta examine the ability of the TCR:Ij antibodie
ke se R S Ll
Eonditforis! [tha BB serandfibrmasty Byc elhi pbompipesitive aantigemall subunit of

ﬁ@ﬁ@@@qéxn@isewgie(&@lgw&hﬁh8ﬁLﬁkyo?a{%g@@?et il (1984)

Twenty-four hours after transfection, significant staining above contro ‘
Lo DEZA8atP seker ism ghreirmesib el Rits M A=K 2uijesitive-B

unelstransfegtsd withdbe. Bax oensshidnelwith Hed-APharoaliveARRan
cells transfected with the Tax gene gFiguf{:s 2d-i). The peptide-specific,

R adsrinty pind or i FlEiviey Bt Aleimidk- RSt el yaeors: direct
Duetouditissaneesnn theasieiidore fitiencycaatkbhbAdpressioncohiYuan dwell
PD cells bec the. percentage of transfectgd cells jmilar a
B R P et aple S S o8 YRR s,
Mdigate faPthe TR dcdotib obitedearz dapsh R ] dettiotinyihepp 421-
cific MHC-peptide complex after active and naturally occurring
endogenous intracellular processing. 47 Since the density of a

particUPihpepnaesanmess schatiisicans raxpeitaded bell gywiems are
semped R ReRlidePuisetonl ausiestad ARGS: thecavidity of several
scFvs was increased by making scFv tetramers, with directly tagged
fluorescent probes. To form scFv tetramers, each scFv fragment was
engineered to include a BirA sequence tag for site-specific biotinylation at
the C-terminus of the CL or CHI domain, and following biotinylation, each
streptavidin molecule was capable of binding four scl7v fragments.

Another advantage of using fluorescent tetramers is that only a single
staining step is required, whereas monomeric unlabeled scFvs require a

fluorescently labeled secondary antibody. Using these highly sensitive
crEvo-taetrameaerce it wace nncecible to enecificallyy detect the oecctirrence of



Quantitation of the number of D6-HIA-A2 complexes on the surface of
tumor cells CellsMean number of sites/cell JY pulsed (I naM peptide)

\%ﬁ%{aﬁ%ﬂ%&934 MCF7 pulsed (1 rnM peptide) 5,539 1,828 &%%@L%?S/%gﬂ%lé

peptide) 10,022 2,004 MCF7 284 170 MDA MB 231
29

Recovery of the recombinant polypeptide is effected following an appropriate
time in culture. The phrase "recovering the recombinant polypeptide™ refers to
collecting the whole fermentation medium containing the polypeptide and need not
imply additional steps of separation or purification. Not withstanding the above,
polypeptides of the present invention can be purified using a variety of standard
protein purification techniques, such as, but not limited to, affinity chromatography,
ion exchange chromatography, filtration, electrophoresis, hydrophobic interaction
chromatography, gel filtration chromafography, reverse phase chromatography,
chromatofocusing and differential solubilization.

According to preferred embodiments of the present invention, the method
according to this aspect of the present invention further comprising a step of detecting

‘apoptosis in the cancer cells or the viral infected cells following the administration or
the expression of the recombinant isolated antibody of the present invention.

The apoptosis induced by the recombinant isolated antibody of the present
invention can be detected using various methods known in the art.-

Ethidium homodimer-1 staining - Apoptosis can be detected by dyes
specifically binding to cells with compromised membranes, ie., dead cells. Briefly,
unfized cells such as cells in suspension, tissue culture, tissue sections and the like are
stained with the fluorescent dye FEthidium homodimer-1 (excitation, 495 nm;
emission, 635 nm). In this assay, live cells have a green fluorescent cytoplasm but no
EthI}-1 signal, whereas dead cells lack the green fluorescence and are stained with
EthD-1.

Tunnel assay (Roche, Basel, Switzerland) - labels DNA breaks which are
characteristics of cells undergoing apoptosis with fluorescein (excitation 450-500 nm,
emisston 515-565 nm).

Live/dead viability/cytotoxicity two-color fluorescence assay (Molecular
Probes, Inc., L-3224, Eugene, OR, USA) - This assay measures inﬁ*ace!.lular esterage
activity with a cell-permeable substrate (Calcein-AM) which is converted by live cells
to a fluorescent derivative (polyanion calcein, cxcitaﬁan, 495 nm; ernission, 515 nm)
which is thereafter retained by the intact plasma membrane of live cells.

FACS analpsis ~ using molecules capable of specifically binding cells
undergoing apoptosis, such as propidium iodide and Annexin V (see the description

of drawings and the Examples section which follows). Annexins V is a human



173 112 Background 26 11 Table 1: The fluorescence intensity of
stained cells in each experiment was compared with fluorescence

W;rgt &%IHI%S} &f calibration beads with known numbers of phyco}%’%?{%aé@ﬁgﬁm

olecules per bead (QuantiBRITE PE beads, Becton-Dickinson) ah
number of sites for each experiment was determined. The number of
non-specific sites was determined by the intensity of staining of cells that
perot exgiesstpapittie orHLAdARmThedimanber afgpecifitdites fondagh to
sesiimeniwas honcalowated forcach experment. The.mean pymber,.,

Sites Was calcutated from 0 in ependen experlmen‘f’s?de erminations.
ThEblegiatdonnip srain beeiddites depend on the sensitivity of detection and
the physiplogical siats Ssing.celixinpashdndividual felemination eq som

- Background number of sites was determined as described, using SK-8R3
rtfeskeslipeyca syblenrsbo el Aleehomioresis (e 0343% agarose gel) and the
§dcldPADIMUSIhralisias GO RYiSatellYnGalS AL TRNGE!S4iR WSS Withhi dium

eptide serves as a mean tQ quantify potential total F1ILA-A2 molecules
‘%ﬁ%ﬁg@c T angﬁ?‘%&\’ﬁ?al model, it was possible to detect
HLA-AZTaxedmpikaes orfiphkd/d dnfcstéaaiisl #H Ph¥apis Inoivetsinnples
patholagies including Adult T-cell | homa/leukemia (ATLL) and , .
S s G o R

b rexaitiee A26raktwad Bhsemeliompl peNs fainféoed RBOEAktneaaha
&%s}"ﬂi Qﬁéﬁy&% EB&EQJJMHE-%@%@T&@ Hi%&lé}g fﬁ%&iﬁ%&oﬂﬁ%ﬂ!ﬁ%&a& Erf)tein

capable of detecting the specific HLA-A2/Tax complex on the surface o

VRerTevasCesnsiorrriephinig padeen tevediscaneratiniosfidhomstibody
Nt Dighand/owemederaigisaastivitatatheLoRs ke Talmichimaya-

indicate variability in the expression of the specific Tax epitope within
%&W@@ﬁﬂ%iﬁﬁ?ﬂ?‘ﬂ%@ﬁ% HTLV-1- infected cells. Similar variability

observeghéa stainin gH%periRGRESIWIE @R 3RthE aXORRE k2SI YntTRISated
led that.virus-infected RSCD4 cells, which could.also be

analysis revea

R0 oS E bIRCTATEHE itk AR50 ThBALPHER FBIRHAy, display
on thelfisurfase8ixd Oabiitbe2ifax cOimplexesitinsteativarahdrandpedvided a
' ' Its,clearl . t th f h
R e o et e AOAad. by
cgatactingive. datgorcnu O sbke sfiensuitispletificepe sticksafl Bl therapeutically
SRIPIRX e AREach relinaRANAEN. ARiBIMION. e Se t88YkSally binding

demaonstrate the high level expression of specific MITC class | molecules
iR G tarmisintd e RE BT preRkisd efthaded Righ capable of
itrnsieciinspwil an dnliaet vdiele:genkopsdirgatvd Bk Ugrnigated ealr the

These results are surprising in view of the f ctom‘g](te%e number oé&
Mireain e L R e i P
tredagytsdcrnde in thepahgeoiféwthuridigd adgeptexes per cell (Table 1).

| EXAMBLEZ TCRKEANTIBOPIGRARE CARABKE QF

RECOGNIZING SPECIFIC MHC- BECSMPTIEES Eiplopment of 2
diaeasaNiGMAcCe gogdition (e.g., cancer or pathogen infection) and/or causing the
rgduction, remission, or regression of a disease, disorder or condition. Those of skill

 iri the art will understand that various methodologies and assays can be used o assess
the development of a’ disease, disorder or condition, and similatly, various -
methodologies and assays may be used {0 assess the reductibn, remigsion or

regression of a disease, disorder or condition.



To test the biological activity of a TCR-like antibody on tumor cells the
antibody G1 which recognizes the HLA-A2 in a complex with the
wah09i9grived peptide 209, was employed in vitro, as foIIowls %%005/@00616
procedures used in the experiments reported in Examples 2-§ e.g.,
apoptosis, cell death, FACS, flow cytgmetry and antibody binding) are
included in Denlcberg, G., et al., 2002, Proc. Natl. Acad. Sci. USA. 99:
9421-FupBsadelicrain.ahalie20 (2yibait érRoslieRival S¢hizh I iMemhkivezerbly
ﬁﬁ%&énﬁ%&u&e?ﬁ%@ﬁhs}%%@%&z éﬁ%g&%&%‘%&é"%&ﬁch suffers
incorporated herein by reference in their entirety). ~ Melanoma tumor
Femstiretstread iscabteriinadkitiere Rrafmpbn i tavn msmiantsanhiedisidogls
whtibadiesiwits celksiyiaserexnie asRAILA-AMNAEREJe SQRRIENE S AR
106 cells W?re X/as%e(%twice Wli_H"b%erum-tree RPMI and incubated for
ST PHTRLILEY ATAH'E Wit PRRSBITENT FER- MR ER i ddiEs PO 298t state, or
jigimd)dls 200 picsAftértbieeivashds:the sallh\viesalineuliated ke,
FITC- gﬁl%dﬁ%géﬂﬁﬁ%%ﬁgngﬁkﬁsgp Annaresear eh’a\élv 3L sr%r\fﬁglsaxe

PA, U eraj the cells were resuspended In-ice-col
dedreddmmuhoresist wetetharkesmd oltheypdifizalion endresespéndasyjror
&old RRMI- Allsubsegeentwashies a(fﬂ.g.,'nﬁyb@y(?n%eW@rﬁ]&%ggr%hEddé@cﬁbed
ice-cold PBS. Analysis of the cells was performed by a FACStar flow
heyiRREEBecton Dickinson and Co, San Jose, CA, USA) and the results

werel /‘;IﬂﬁiMZBQ ayﬁfegta?e&\/ﬂmﬂéo Rk gﬁqgfa@:gm%%@rp% ,thle cells whicf;h are césrived
ttp://facs.scripps.edu/).. 50 table -A2 complexes are formed on .
B THBLTG AR SoHiF L e B SR AGHIN ESDFMBERHod i
tepeoifieally dfitie: apprtiphi«=9:2008 camnpiexcdioks mxduassingieed ex vive with
I-ILA-09-209 or the HLA-G9-280 camplexes, or.unloaded cells were
R AT o0 T e PR A e
%ﬁ@@ﬁﬁé@%ii@d@ﬁa@ﬁb@ﬂhﬁ HHeApR b rithverOiamtitibel yarlet isedlscwa.,
hEIPUEERS AL, TAGISXRIGRSIORANIHaRlZalion 8f e dhAIMOIGCUIRS P ed
the cell surface is defendent on an MI-IC-pepfide’complex. Ih addition,

bgretesParfibo byt tiu e s et ifcamplptdridaenige kel banmicraproscotis,

KheiNb ke G201 compleXytd e-gigmonstrate that the 01 scFv can bind the

specific MHC-peptide complex displayed on the surface of tumar cells the

o A AR E WSO W ot 5 QRS B e ioR can
bméﬁipa;dﬁmi%maﬁ@ﬁiem' 'bh&&lﬁemzp@o‘hdel i mm?f;tmhpglaﬁlm he(aFggmal Bﬁ%iey,
.Simila e JY APCs, pulsing melanoma cells enables the display o -
i G o e b
infigcstrateys, winitere.ofEiogérodsiydnld endogeimpu sty westvely preferred

cRARHERS e R L ArAdIhat ALe AiRp xga}g%ﬁn%ﬁ' L@éllrﬁ%%d&@&m

~ obtained. As shown in"Figure 3e, the Gl sci7v antibody was able to stain
thepdiidesising norcisor Birmkidees HHosztomipiisddrrrpdenta
phdtoneiicimMBR.eelis pulsed with the gp100-derived 09-280 peptide. The
Gl sﬁxﬁantib%(g was able alsq to ?g‘% FM3D cells pulsed with the native
non-maGifed &ﬁwﬁ%ﬂmcﬁiﬁﬁg 91 PR R B SR PA Jesived from
elbgativeltGRB- tovetts: (fughume 3d) podsadanibhy thellso Z00Mallo 830 Yources
tides were not recognized hy the Gl scFv antibody (Figure 311).
e T ST o A S B R RS e mone
avedogmizecthle spebifd Mbl @vpestitie ioomple xeartitre whefagdnohistered to the
bhEPUdRsRY ISR asell A5 Bon Rlsed 1 °£é&l§!8%9a'*ﬂf§&ﬁlb%£§$§g%@3f
IDENTIFICAHON OF THE 9H AND CLA[2 RECOMBINANT ANTI g
nontavidaeeRarrlynthietre dnslidectitier FuparRiSHE, b Fapipipat isursep systom
oANthegdiasAanablr.of Rindine IMidGrpeptide somplaxes. i thisiaisthe,,
in vivo.formed complementarity detennining regions (CDRs) were shuffle
SUBRBMEIBIRy Rt G AFifte IRsRIB0 Hifran variable-region frameworks
[Anti-Rosenfeld R, Valensi M, Benhar I. A human synthetic combinatorial
library of arrayable single- 51 chain antibodies based on shuffling in vivo
formed CDRs into general framework regions. J Mot Biol. 2004 Jan 2;
335(1):177-92j. Screening was perfoimed essentially as described

elsewhere (Denkberg, G., et al., 2002, Proc. Natl, Acad, Sci, USA. 99:
9421-9426) using the following antigens: the single chain HLA-A2432m

moleciile ecomnlaevec with the (20-200 nantide derivved from the melanoma



1. The 9FI scEv antibody (scFy coding sequence is set forth by SEQ ID
NO:3; scFy polypeptide sequence is set forth by SEQ ID NO:1; and 91-1

¥ Ate provided in SEQ ID NOs:5-10) which is a human l#t}) % -
spe(c}:lfic tolthe ITLA-A2-09-209 complex with a binding affini%Q(I) g“ x?] (fo0e16

(not shown). 2. The CIAI2 scEv antibg)gly (scFy coding sequence is set
forth by SEQ ID NO:18; scEv polypeptide sequence is set forth by SEQ ID
NO:17;iamdrSilAt2:C Bitisnarecprovidechimaiff QibsN©d: 19- 2diwehichjisudation,

R e e e B R e
@mbh@mftﬁbeemgbm@; Ginvier b ERIVED Mclep WP ExESiRe. ccll

ShEbbsuiaROEF mgmg{,%@lmgf@g;@@%gke antibodies is the direct
no

in situ visualizatio igand-hearing cells within undisturbed tissues using

immundfidiefgrlarisreititn LUROSRTEES s hiadebdd thrsBitandainehile Tor
@ﬁﬁsﬁﬂ%@%&e&%d@ tld}rmt!w,i%uali;eéigaﬁ@;%@aﬁm aﬁﬂlsalginate and alpha-
- UY- .complexes as e on me oma cells. .

R R T MR R B D o ST S LigpasirRg0: 70
pitvided trorg The MdtibrakDabhcBrokstitutefid icroerkasiidadete ofamofmes,
‘ - - ide- I cells, 0 fur
A M SO, DR BT Raocic 08 o,
gpd 0brdevive deE 81209 epitofie GH cetbspiiieomonchuldetsinglarimitvacnsitive
E;A%ei%(é&ﬁ%ﬁéo PR IHRHPRNSLAChSRY S iy ANRNRIS (EIOYRD AR70)45-
e

anoma gpl00 52 expressing, HLA-A2-positive and negative
lanoma cells were subjected to immuno-histochernistry staining with

the Gl pefi sxamiigdyiteloweddy=e.saecpndary slaipipe Sigp Mt fied collagen

HRP-labeled anti- ipogly. As shown in Figures 4a-g, these .
S TR B8 S LAY SNV Sred Rt e Riesiotc 2o
BUAM2npositiel methnaniadi Qes/ Y220 (R eccp)uM dimnigore 4h)m.
%-PAT.&@gure 4c), M-%sél%&g:i ure 4d) and FM%—D{%Q%1 ur 4f% but not of "
T G SR T RS SRR S B AT s Pl e ol
slorlisfitherddt A Adppasitiveatipd Obnegalireod A:NiB234 breaisimize plasma
carcinoma cells (Figure 49). .The Cl scFy did.not stain additional 6 .
RS R T B MR R Ry o
theanbilieyiof thergateststy TR AkSHMIBDdY to detect specific peptide-MHC

compleygs,insiyensalis and patenfially infissue sectians.aftes natwaliie

occurring active intracellular processing. This is the first demonstration of
(FunbrabretdirerrstlanritelnBadinbels distopentsitighrtor Tikeshenly Ther.
' pe0aIIinEE PELIOdiRRENAMRE BETER b5 ANTB QRIES opiied by the
IN lfCE ELL DEATH.IN A PEPTIDE ) . .
poiyelectrolyte complexation between the polyanions sodium ‘alginate and sodium
cellulose sulphate with the polycation poly(methylene-co-guanidine) hydrochloride in
the presence of calcium chloride.
It will be appreciated that cell encapsulation is improved when smaller
‘capsules are used.. Thus, the quality control, mechanical stability, diffusion
- properties, and in vifro activities of encapsulated cells improved when the capsule size
was reduced from 1 mm to 400 pm (Canaple L. et al., Improving cell encapsulation
through size control. J Biomater Sci Polym Ed. 2002;13: 783-96). Morcover,

nanoporous biocapsules with well-controlied pore size as small as 7 nm, tailored

surface chemistries and precise microarchitectures were found to successfully



SPECIFIC MHC-COMPLEX - RESTRICTED MANNER To detennine
the ability of TCR-like antibodies to induce cell death and eliminate
wahligenspiesenting cells, peptide-loaded APCs were subjectg?lt -
treatment with the G1 scFv antibody and propidium iodide (PI o&ﬁ%%éﬂ)?i%mﬁ
V staining were employed. Pl stains adherent apoptotic cells and Anenxin
V detects the membrane exposure to phosphatidyl serine (PS), indicative
oheanyisgoptosiseventsimdeain afped cdiis. (Ralidtss D. Gliselvisaheautiful:
Inabes.aRiAeaih R pelanomacelislogded with BLAAZ RERYdEs - JL or o1
celis were loaded with the gblOO-deg:%?/ed _epé?éopes 09%0%1\% and‘%:gﬁggg{}ﬂ

4¥Rellls with offisreorird IIMiCRRbESHTcre d isepdesy ABTs praviotity cell

BRssinaR PRS- B0N IR Vith-anibiil A-62iibody revealed a similar
expressjon pattern of HLA-A2 mglecules with G9-209M, G9-280V, and |
other cOMtrSIBRIRR SSIRaLanEReg e b e Piss e arB AN s grirelsic acid
EavlruAnpaxidVostainin girele aleith thag:GhBgF vean aduse aellidRatR @l an

glelflf?njorgd%rd 5\J/é/ithrtﬂleas §iﬁ%c%%{%gf ’f%e tci)d%. %i}égigure.sg.bt# no%t/)f b
2eiis Toaded With'a tontral peptide (Figure Bd} N& it i REHh K sy table
olygeryetleoniReMAS-FIHD cells that were loaded with the gp100-derived

G9-28QV GRI{aRSQY Wi 9}&%&&%&{9&%@%&@%@& pae%t%%%?ag &egﬁ?m

that were not loaded with peptide (not n). In the EBV-t orme

el Richeaskssipgatans Aoserbedisstainoritiectioghsotien)-coopstisg!s
feptide isHacliairdily peRiids @xehande-icodhpiRppRliderfiomiitse of
qutside is replacing that peptide that is coming from the inside). These
PEUTMRCHE BN SHRROSIBP N it Bl ACPERSMRY o Al ofli SSTERAMIME e
aghdaath in a peptide-specific MHC-restricted manner. Glscry can
induce cell death in yntreated melanpma cells - To fiu-ther investigate the
incucad Ral BSaH PR RTIG EHSE ). G SRS aT LRI ody
tésthel presamnadnverglamomatbell pivlgswestaiilshed flemopHtieatpressing same
Melanamadipes. whichare g0 and HLA-A2 positive (526, 624, and
50IA), gp100 positive but I-ILA-A2 negative (G43), and gp100 negative

and HH&pafesitivig1 98B re Sibjticiesitallreanreantabith tramier”  and
‘sntRedsandithe.ciipeint therRPIRAMLORR HeinSWMDesbWaARed refer to a

“ measured. As shqown jn Figure 6, the Gl seFv antibody induced cell death,

AP 55 &- dEpEHdant TEhARY CBF RIS RBIASTh S Eaie h B A A s st idedoes
el Afgpecieibiahdihe doiviy apdgifipenitd @ Prateinfanitheidhaphand, An
a%suig, a}‘}ggrighi%rc I%x:%%iv&i eFtiguS%e gf a%rgtein synthesis of the 1938 or 043
meianoma cell ines whic ot express the gp100 antigen or the correct
MHC &batén réspdetively, svaipot affelctsdiby sheiaatibedytanceThddel to a

ﬂl‘?ﬁﬂl&%&%@h%é}ﬁ%’c%i%ﬁ%%ﬁé@&@&xi{%%&ﬁl};ﬁé@@?Q&Qé’ﬁ%‘ﬁ;%a&%iem.

the GI, can induce efficient cell death of target ¢ ese results nay
Bxapwiee Waliest dineldtiRminf orwinisadybelidd wtbenlcenthenaten tdcium
phe8sha, (NGHBRE WHEAIGNI% IR CUMIRRLE, I0:ARIGRLES T ARGRUGR) A0 e getable

MHC-restricted manner specific populations of diseased cells such as

*fliant eeletriinseiitgited cells that express disease-specific
MHC-peptidgeomplesasulatiobinggd mehaiemadliferantiagioiay be found in

.antigens-deriyed T cell .epitgpes are,t ost racterized, TAAs and
R atas L e oo b P g 1ok o sl

edsiadoplivh isansfepstratdgiesdndrvieeination with peptides and dedritic
cells (REs); the present | Y nerated a panel gf T-cell
recep%ﬁ%%éé(?%&&{e%)%E\t%gl:)ﬁz%gg{gf%%te&d%% r%%l;%%%@edi e((?leur%:[?a |]cf)a%’ rectal,

tARRjEAB CRSERCHPIO GraNERRT) atietiVisineisevarsdtettledalivoy, including

impaaciales MHC-RERIAR GAMRIgXES-asINS) %%@Mr%t%gﬁt%s intrathecal,
(Denkberg, G., et al., 2002, Proc. Natl, Acad. Sci. USA. 99: 9421- 9426;
Denkberg, G., et l., 2003, J. Immunol. 171:2197-2207; Lev,A., et al., 2002,
Cancer Res. 62: 3184-3194; Cohen, CJ., et al., 2002, Cancer Res. 62:
5835-5844; Cohen, CT., et al, 2003, J. Imrnunol 170: 4349-4361), These
TCRL antibodies were capable of binding to peptide-pulsed APCs (Figure
1-3) as well as to melanoma cell lines derived from melanoma patients
that are ELA-A2 positive (Figures 4a-d). Thus, TCRL antibodies were

found capable of binding the authentic MEC-peptide complex as
avnraccad Nnn the call crirface and thie reactiviitvy wace eorralativie and




TCRL-PE fused antibodies exhibit anti-tumor activity TCRL antibodies
were genetically fused to a truncated foot,. of Pseudomonas exotoxin
ich the cell binding domain of the toxin is delete ?@g‘t

V%:D%Irgisffti)}catloél1 and ADPribosylation domains are fused to the &%/000616
antibody. The effect of such fused TGRL molecules on protein synthesis
was tested on cells loaded with various peptides. As shown in Figures

daect aispecifitiprddein inmbitidincaciivitywasig clietgaivhenicelisnsral, or
é@ﬁ JM(Q &PeCIfIC gp100-derived peptide and thus exhibited the

peptide’(e.qg., Go- -209) complex. Figures 8a-d depict TCRL

|nternaﬁi@mﬁeﬁmoﬂmmﬁbm@ééw@eaﬁ@tﬁb@g@@ﬁmxgﬁlc@mﬁﬂémnyi@fﬁe&t%ﬂ
Al & Rba(e-9-i2id-apiibady) 7 %k&iﬁi%”%lg%&mﬁ{a@?rﬂé (R Gutical
526, 501A, 624.38) but not on the HLA-A2-/gp100+ (0-43) or HLA-A2+/gpl
9@‘@9@@8}1 ﬁié‘?ﬁ%ﬁﬁ??@etfﬁ?ﬁf"e@gfﬁ“a?fcﬁ@&ﬁﬁ%% is further shown in Figure

8d, suahindueament ahnsiktieathoras aehievethindiepisgneeminufactured

elatlve low %ﬁ‘ L conc%ntr tions, E\)Nlth an ef C'e”%@ agf 15- 3051 /nil
hELY §u|¥‘é SRGH) SUGGEEE e JOEISHER GaS B PRI B LTS Ve
- @@elaﬂnggsimmslmciﬁaw@@ tamdsitelig, encamkkehﬁg;l%htmppmg or
nt”ﬁquz se%ﬁqggg&otent inhibition of protein synthesis in an HLA-A2 and
gen 55 ific manner - There are strong indications in the literature that
anubodﬁb@wm@@@a@@wﬁmsa@s Tehavacsisibicarethets maseafgayention

agllsdnPadieanhell ﬁpuﬁwaﬁwﬂat%malﬁgm%sgﬂgt@werﬁﬁy@a@w&my
lead to target cell apoptosis (Nagy ZA, et at, 2002; Nagy ZA and Mooney
REACP BRSO ITPrIsH0R RERAES aHAerarIV Vo daqai, sxrposeing

ﬁf Qhe 1980: M@@@M aﬁbabse%%%aohéoﬁiﬂ%he'[@h 8998 ehestiafeutically.
[pfg97 Genestl taI 1997; Skov These studies

RO RCR R ELE T TG ATLHEO R or e
specifi€doinjdttioh uharetivetinteid ando dptidkaspecifiticd d;hmﬁc@iﬁbn may be
t'k%ﬁge%s s %é%u%s%lhi%‘ﬁ nt ?&’J %g’ LEEF%R’B i2iibe @nble buffers
ert |t|es

1es Of e present |nven on toe glca acti oward
ﬁaﬁ@et&&:eﬁ@@ﬁs&wéﬁhﬁi%ﬂ%@ﬁf@g snelaiemaoeetied uehlespfiohyffer.  For

RaHE RS WArSinGH BRieH VL ORISR AR T4-aresilic el @Rl patibofiasire

Naked TCRL antibodies mducedg?%opto&s in melanoma cells in an

- Fed BiibedRrapiaion antdt DRSS SRR as ISt e 26 the 2F1,

9H, angls bm@ﬁﬂﬁﬁﬁ@m&gﬂaﬁm@maﬁm @pd OR @srmulated

CLA d cell t d P id di
T AR onss s Bpesed e opdup ot

. amﬁd{mntm Whlli&'tln Gellb whithrswerdiE Ithé,qﬁratam@gmaathm[mmom)fo be
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Fusp@mwé,calé vibs iHkhe femgeabf mgpgf%qqgu resodian).  Phrmesplpgical
R GlligtyohinGnakedhGR AR Q@Qf@% R MARRPULE SAMP SRS the

elanoma cells which are gﬁ@ 00+/HLA-A2+ were treated with the 01
Ensalting cBIvRBEL AN Spreemiaing (e Prirure of Seeiipiealifth %%Lﬁambie

B Q%aﬁgl}ésogm@.ﬁ&m@%ﬁxﬁ eaunRleot Wit dba aallr b QRR0 L RApIE) are, in
-TCRL antlé ies and the cells Wiﬁe subjgézted to Pl Anncxin V flow

By S, B A G G BGOSR TGS TR
thth(ikd Gidpathticiiaction sgf B mﬂﬁ@aﬁmwtamhsmweaaeﬂammezﬁmh

and 53 %, respectively, in cells_treated w ntrol
o R e S s T
qﬂlwaeegpdtm&yrbome@bdmﬂgi@ﬁe’r e@rlonplivodiesicatlis srseRiablyrptlamers
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antibodies to Class | require dlttunerlzatlon The present inventors have
hypothesized that the high concentrations of the melanoma-specific TCRL
'say are due to the fact that at high concentrations there is spontaneous
dimmer formation. Thus, the TCRL scFv fragment was transformed into
whole lgG molecule by cloning the Fd and CL Fab domains into an IgG1
backbone and a whole TCRL IgG molecule was formed in HEK293 cells
and purified the TCRL IgG from culture supernatants. Several clones were

isolated essentially as described in Thomas Jostocka, et al., Rapid
nenaratinn of fiinectional hitman 1aC antibodiece dAerivved from Eab-on-nhane



Induction of cell death in tumor cells by JCR-like antibodies: The influence
of antibody avidity monovalent versus bivalent Percent specific cell killing
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such as cross-linked polyvinyl pyirolidone, agar, or alginic acid or a salt thereof such
as sodium alginate.

Dragee cores are provided with suitable coatings. For this purpose,
concentrated sugar solutions may be used which may optionally contain gum arabic,
tale, polyvinyl pymolidone, carbopol gel, polyethylene glycol, titanium dioxide,

“lacquer solutions and suitablie organic soiv.ents or soivent mixtures. Dyestuffs or
pigments may be added to the tablets or dragee coatings for identification or to
characterize different combinations of active compound doses.

Pharmaceutical compositions which can be used orally, include push-fit
capsules made of gelatin as well as soff, sealed capsules made of gelatin and a
plasticizer, such as glycerol or sorbitol. The push-fit capsules may contain the active

ingredients in admixture with filler such as lactose, binders such as starches,
lubricants such as talc or magnesium stearate and, optionally, stabilizers. In soft
capsules, the active ingredients may be dissolved or suspended in suitable Hquids,
such as fatty oils, liguid paraffin, or liquid polyethylene glycols. In ad&ition,
stabilizers may be added. All formulations for oral administration should be in
dosages suitable for the chosen route of administration, '
- For buceal administration, the compositions may take the form of tablets or
lozenges formulated in conventional manner.

" For administration by nasal inhalation, the active ingredients for use according
fo the present invention are conveniently delivered in the form of an aerosol spray
presentation from a pressurized pack or a nebulizer with the use of a suitable
propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane, dichloro-

g tetrafluoroethane or carbon dioxide. In the case of a pressurized aerosol, the dosage
unit may be determined by providing a valve to deliver a metered amount. Capsules
and cartridges of, e.g., gelatin for use in a dispenser may be formulated containing a
powder mix of the compound and a suitable powder base such as lactose or starch.

The pharmaceutical composition described herein may be formulated for
parenteral administration, e.g., by bolus injection or continuous infusion.
Formulations for injection may be presented in unit dosage form, e.g., in ampoules or
in multidose containers with optionally, an added preservative. The compositions

‘may be suspensions, solutions or emulsions in oily or aqueous vehicles, and may

contain formulatory agents such as suspending, stabilizing and/or dispersing agents.



30 75 gg/ral 2.5 gg/m1 30-fold 50 130 gufml 4 jig/ml 33-fold Table 2:
Concentration of 2F1 scFv antibody (monovalent) and whole 2F1 IgG

wWBivalenih1gquired to achieve specific cell death of melanoma cells,With@s16
TCR-like antibody targeting the gp100-G9-280 melanoma epitope.

These results demonstrate the potentigl use of TCRL antibodies to serve
as targeting moieties to melanoma cells as well as considering their

potentiBhBiTcatisns cosnsidiente $om aereriy cubaisistetien include aqueous
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considered as a new entity that may be developed pm clinicallyasa, = |
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Agbeombineditom suspensions may contain substances, which increase the viscosity
of the suspension, such as sodium carboxymethyl cellulose, sorbitol or dextran.
Optionally, the suspension may also contain suitable stabilizers or agents which
increase the solubility of the active ingredients to allow for the preparation of highly
concentrated solutions.

Alternatively, the active ingredient may be in powder form for constifution
with a suitable vehicle, e.g., sterile, pyrogen-free water based solution, beforé use.

The pharmaceutical composition of the present invention may also be

formulated in rectal compositions such as suppositories or retention enemas, using,
e.g., conventional suppository bases such as cocoa butter or other glycerides.
_ Pharmaceutical compositions suitable for use in context of the present
invention include compositions wherein the active ingr_edients are contained in an
amount effective to achieve the intended purpose. More specifically, a therapeutically
effective amount means an amount of active ingredients (the recombinant isolated
antibody of the present invention or the polynucieotide or the cells expressing same)
effective to prevent, alleviate or ameliorate symptoms of a disorder {e.g., cancer or
viral infection) or prolong the survival of the subject being treated.

Determination of a therapeutically effective amount is well within the |
capability of those skilled in the art, especially in light of the detailed disclosure.
provided herein. ‘

For any preparation used in the methods of the invention, the therapeutically
effective amount or dose can be estimated initially from /n vitro and cell culture
assays. For example, a dose can be formulated in animal models to achieve a desired
concentration or titer. Such information can be used to more accurately determine
useful doses in humans.

Toxicity and therapeutic efficacy of the active ingredients described herein
can be determined by standard pharmaceutical procedures in vifro, in.cell cultures or

experimental animals. The data obtained from these in vifro and cell culture assays



Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications

wahdhyaiations will be apparent to those skilled in the art. AC%?HL%%S}B&%I p

intended to embrace all such alternatives, modifications and variations

that fall within the spirit and broad scope of the appended claims. All
publications, patents and patent applications mentioned in this
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dosing can be of a single or a plurality of administrations, with course of treatment
lasting from several days to several weeks or until cure is effected or diminution of
the disease state is achieved.

The amount of a composition to be administered will, of course, be dependent
on the subject being treated, the severity of the affliction, the manner of
administration, the judgment of the prescribing physician, ete.

Comﬁositions of the present invention may, if desired, be presented in a pack

or dispenser device, such as an FDA approved kit, which may contain one or more .



1997. Characterization and quantitation of peptide-MI-IC complexes
produced from hen egg lysozyme using a monoclonal antibody. Immunity,

voR6:436s29 9. Day P.M., Yewdell J.W., Porgador A., G+t &2Mos16
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molecule-binding oligopeptides to thesgndoplasmic reticulum of viable
cells. Proc. Natl. Acad. Sci, U. S. A, 94: 8064- 8069.  10. Denkberg G.,
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Reiter Y. 2002b. Modification of a tumor-derived peptide at an lILA-A2
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H.R., Reiter Y. 2002. Isolation and characterization of human recombinant
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While further reducing the present invention to practice, the present inventors
* have uncovered that the recombinant isolated antibody of the present invention can be -
- used to diagnose cancer or pathogen infection. As is shown in Figure 4a-f and is
described in Example 2 of the Examples section which follows, the G1 scFv antibody'
was capable of specifically immunostaining the HLA-A2-positive/gp100 expressing

FM-3-29, M-ww, M—PA’}T‘, M-141 and FM3-D natural melanoms cells, but not the
HLA-AZ negative/gp100 expressing G-43 natural melanoma cells. '

\ Thus, according to an additional aspect of the present invention there is
provided a method of diagnosing cancer or viral infection in a subject. The method is _
effected by (2) contacting a biclogical sample of the subject with a recombinant
isolated anttbody capable of specifically binding an MHC-peptide complex under

conditions suitable for immunocomplex formation; the recombinant isolated antibody
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delajoe effected by contacting the biological sample of the subject with the
recombinant isolated antibody of the present invention under conditions suitable for
immunocomplex formation.

As used herein the term “immunocomplex” refers to a complex formed
between an antibody (e.g2., the recombinant isolated antibody of the present. invention
as described hereinabove) and its specific autigen (e.g., a specific MHC-peptide
complex such as the HLA-A2-G9-209 complex, the HLA—AZ (G9-280 complex, the
HLA-A2-MARTI126- 35 complex).

The immunocomplex of the present invention can be formed at a variety of
temperatures, salt concentration and pH values which may vary depending on the
antibody used and the cells presenting the antigen and those of skills in the art are
capable of adjusting the conditions suitable for the formation of each

immunocomplex.
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For example, the inmunocomplex can be detected by conventional
' immunohistochémistry or immunofluorescence, FACS, ELISA, Western blot and RIA
analyses, or by a molecular weight-based approach.

Immunokhistochemistry or immunofiuorescence analyses - This method
involves detection of an antigen (e.g., the MHC-peptide complex) in situ in fixed cells
by antigen specific antibodies (i.e., the recombinant isolated antibody of the present
imvention). The antigen specific antibodies may be enzyme linked or linked to
fluorophores. Detection is by microscopy and subjective or automatic evaluation. If
enzyme linked antibodies are employed; a colorimetric reaction may be required. It
will be appreciated that immunohistochemistry is often followed by counterstaining
of the cell nuclei using for example Hemaioxyline or Giemsa stain.

Fluorescence fchivaied cell sorting (FACS) - This method involves detection
of an antigen in sifu in cells by antigen specific antibodies. The antigen specific
antibodies are linked to fluorophores. Detection is by means of a cell sorting machine
which reads the wavelength of ﬁghf: emitted from each cell as it passes through a light
beam. This method may employ two or more antibedies simultaneously.

Enzyme linked immunosorbent assay (FLISA) - This method involves
fixation of a sample {e.g., fixed cells or a proteinaceous solution) containing an
antigen (e.g., the MHC-peptide complex) to a surface such as a well of a microtiter
plate. An antigen specific antibody coupled to an enzyme is applied and allowed to
bind to the antigen. Presence of the antibody is then detected and quantitated by a

colorimetric reaction employing the enzyme coupled to the antibody. Enzymes
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USA). Antibody binding reagents may be radiolabeled or enzyme linked as described

hereinabove, Detection may be by autoradiography, colorimetric reaction or
chemiluminescence. This method allows both quantitation of an amount of substrate
~and determination of its identity by a relative position on the membrane which is
indicative of a migration distance in the acrylamide gel during electrophoresis.. It will
be appreciated that in the case of the MHC;peptide complex, a non—dcnaﬁn'ing gel
electrophoresis is preferably employed.
Radio-immunoassay (RIA): In one version, this method involves precipitation
of the desired antigen (i.e., the MHC-peptide complex) with a specific antibody and

radiolabeled antibody binding protein (e.g., protein A labeled with I'®

)} immobilized
on a precipitable carrier such as agarose beads. The number of counts in the
precipitated pellet is proportional to the amount of antigen.

In an alternate version of the RIA, a labeled antigen and an unlabelled
antibody binding protein are employed. A sample containing an unknown amount of
antigen is added in varying amounts. The decrease in precipitated counts from the
labeled antigen is proportional to the amount of antigen in the added sample.

Molecular weight-based approach - 1t will be appreciated that the
immunocomplex formed between the MHC-peptide complex exhibits a higher

- molecular weight than its components, i.e., the recombinant isolated antibody or the
MHC-peptide complex. Thus, methods capable of detecting such a change in the
‘molecular weight can be also employed. For example, the immunocomplex can be
detected by a gel retardation assay. Briefly, a non-denaturing acrylamide gel is

loaded with samples containing the recombinant isolated antibody and the MHC-



WHAT IS CLAIMED 1S. 1. Anin vitro method of inducing apoptosis in
cancer cells or pathogen infected cells, the method comprising contacting,
P SaRIessiRg in the cells a recombinant, isolated toxin-free %&ypﬂ%}f%/uouma

capable of specifically binding an MHC-peptide complex specifically
expressed on the cells, wherein said rgcombinant, isolated toxin-free
antibody is selected from the group consisting of a Fab fragment and a
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use of digirgineneribhddnmdeainnyg Godpedivorrbismmgonhsrelasmidon
HaGopPInaRkaN RO YaRmRTReRitheRIC BRSO RERUR along with
NOs:5-10, 11-16 or 19-24. o
-appropriate instructions for use and labels indicating FDDA approval for use in
diagnosing and/or assessing a severity of cancer or viral infection.
Such a kit can include, for example, at least one container including at least
_ one of the above described diagnostic agents {e.g., the (1, 91 or CLA12 antibodies)
and an imaging reagent packed in another container (e.g., enzymes, secondary
antibodies, buffers, chromogenic subsirates, fluorogenic material). The kit may also

include appropriate buffers and preservatives for improving the shelf-life of the kit. |



65 10.The method of claim 1, the use of claim 2, or the pharmaceutical
composition o claim 3, wherein said cancer is melanoma or breast cancer.

% ggglly E LISTING <110> Reiter, Yoram Kalchevsky, %@?I&
g

en %erg, alit <120> ANTIBODIES FOR SELECTIVE AP
“CELLS <130> 29525 <160> 24 <170@ Patentln version 3.3 <210> 1
<211> 248
According to preferred embodiments of the present invention, diagnosis of the

cancer or viral infection can be also effected by detecting the level of apoptosis in the
cells following contacting the recombinant isclated antibody with the cells. Such

methods are described heretnabove,

As used herein the term “gbout” refers to X+ 10 9.

Additional objects, advantages, and novel features of the present invention
will become apparent to one ordinarily skilled in the art upon examination of the
following examples, which are not intended to be limiting. Additionally, each of the
various embodiments and aspects of the present invention as delineated hereinabove
and as claimed in the claims section below finds experimental support in the

following examples.

EXAMPLES
Reference is now made to the following examples, which together with the
- above descriptions, Hllustrate the invention in a non limiting fashion.

. Generally, the nomenclature used herein and the laboratory procedures
utilized in the present invention include molecular, biochemical, microbiological and
recombinant DNA tfechniques. Such fechniques are thoroughly explained in the
literature. See, for example, "Molecular Cloning: A laboratory Manual" Sambrook et
al., (1989); "Current Protocols in Molecular Biology" Volumes I-I Ausubel, R. M.,
Ed. (1994); Ausubel et al., "Current Protocols in Molecular Biology", Yobn Wiley and
Sons, Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning",

7 John Wiley & Sons, New York (1988); Watson et al., "Recombinant DNA",
Scientific American Books, New York; Birren et al. (Eds.) "Genome Analysis: A
" Laboratory Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New
-~ York (1998); methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202;
4.801,531; 5,192,659 and 5,272,057, "Cell Biology: A Laboratory Handbook”,
Volumes I-III Cellis, J. E., Ed. (1994); "Culture of Animal Celis - A Manual of Basic
Technique™ by Freshney, Wiley-Liss, N. Y. (1994), Third Edition; "Current Protocols
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in Immunology™ Volumes I-III Coligan JI. E., Ed. (1994); Stites et al. (Bds.), "Basic
and Clinical Immunelogy™ (8th Fdition), Appleion & Lange, Norwailk, CT (19%4);
Mishell and Shiigi (Eds.), "Selected Methods in Celiular Immunology”, W. H.
Freeman and Co.,, New York (1980); available irmﬂunoassaﬁ' are extensively
described in the patent and scientific literature, see, for example, U.S. Pat. Nos.
3,791,932, 3,839,153; 3,850,752; 3,850,578; 3,853,987, 3,867,517, 3,879,262;
3,901,654; 3,935,074; 3.984,533; 3,996,345; 4,034,074, 4,098,876; 4,879,219;
5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, M. J, Bd. (1984);
“Nucleic Acid Hybridization" Hames, B. D, and Higgins 8. J, Eds. (1985);
"Transcription and Translation" Hames, B. D., and Higgins 8. I, Eds. (1984);
"Animal Cell Culture" Freshney, R. L., Ed. (1986); "Immobilized Cells and Enzymes”
IRL Press, (1986); "A Practical Guide to Molecular Cloning" Perbal, B., (1984) and
"Methods in Enzymology" Vol. 1-317, Academic Press; "PCR. Protocols: A Guide To
Methods And Applications", Academic Press, San Diego, CA (1990); Marshak et al.,
"Strategies for Protein Purification and Characterization - A Laboratory Course
Manual” CSHL Press (1996); “The function of MHC molecules” In “Fundamental
Immunology”, Paul WE (Ed.), 1999; Forth edition; Lippincoti-Raven publishers; all
of which are incorporated by reference as if fully set forth herein. Other general
references are provided throughout this document. The procedures therein are
believed to be well known in the art and are provided for the convenience of the

reader. All the information contained therein is incorporated herein by reference.

EXAMPLE 1 .
PREPARATION OF TCR-LIKE ANTIBODIES

- Isolation and Characterization of TCR-like antibodies - The model systerﬁ
used in the present study was the human superhaplotype HLA-A2 molecule, which is
the most frequent MHC allele in the Caucasian population {approximately 40 %).
Recombinant MHGpeptide complexes displaying peptide T cell epitopes of peptides
derived from tumor associated and viral antigens, were generated by using a single-
chain MHC (scMHC) conétruct [Denkberg et. al., 2000; Denkberg et. al., 2001].

Lev et al., 2002, utilized recombinant-engineered single-chain MHC-peptide

complexes to isolate antibodies with TCR-like specificity from a large non-immune
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repertoire of phage antibody library. The target HLA-AD/peptide complexes sereened

inciuded a variety of epitopes derived from tumor associated antigens such as the
telomerase catalytic subunit (BTERT) widely expressed in many tumor cells, the
melanoma differentiation antigen gpl00 [Denkberg et al., 2002a], the epithelial cell-
associated mucin (MUCI) related to breast carcinomas [Cohen et al., 2002] or viral
epitopes derived from human T cell lymphotropic virus type I (H'TLV-1) transeription
factor (TAX) [Cohen et al 2003], influenza matrix protein epitope or Epstein-Bar
virus (EBV)-derived epitope.

After two and three cycles of sclection on peptide-MHC complexes, an
unexpected and surprising high frequency (6-80 %} of antibodies recognizing human
HLA-A2 MHC molecules complexed with various peptides was observed. Moreover,
a significantly high proportion of these antibodies (20-80 %) exhibited MHC-
restricted, peptide specific binding properties like T cells. Unlike previous repotts in
murine systems where only a single rare aniibody cione could be isolated from
hybridoma or a phage display library, here a panel of different antibodies for each
MHC-peptide complex screened was isolated [Cohen et al., 2002; Lev et al., 2002;
Denkberg et al., 2002a; Cohen et al 2003]. These antibodies, with antigen-specific,
MHC-restricted speciﬁcity of T cells, bound fo their corresponding MHC-peptide
cdmplex with a high affinity in the nanomolar range. In addition, these antibodics
were selective to the MHC complex only when the specific peptide was displayed.
Hence, these antibodies exhibit binding properties and kinetics of antibodies but
mimic the fine specificity of T cells and were thus termed TCR-like antibodies.

To demonstrate the specific binding of the isolated antibody fragments (scFv)

o MHC-peptide complex in the native form, as expressed on the cell surface, several
strategies were employed. These experiments demonstrated that specific scFv bound
only to cells displaying the appropriate specific peptidé {(Denkberg, G-, et al., 2002a;
Lev, A., et al., 2002; Cohen, CJ., et al, 2002; Lev, A., et al., 2002, Human

- Recombinant Antibodies, ‘with MHC-restricted T Cell Receptor-Like Specificity:
Reéognition of distinct T cell epitopes derived from a variety of tumor associated
antigcﬁs. Tumeor Microenvironment: Progression, Therapy and Prevention Monduzzi
Editore press Pp 163-167; Cohén, ClJ., et al,, 2003, J. Immunol 170: 4349-4361;
Denkbefg, G. et al., 2003, J. Immunol. 171:2197-2207; Cohen C.1., et al., 2003, J.
Mol. Recog, 16: 324-332; Yamano, Y., et al., 2004, I. Exp. Med. 199: 1367-1377;



2 Ser mu Arg tea Ser Cys Ala Ala ser Gly Phe Thr Phe GIn Tyr Tyr
202530 Ala Met Ser Trp Val Arg Gin Ala Pro Gly LyS Sly Lea Glu Trp Val

4045 2etSer lle Asn Trp Asn Set Gly Thr Leo Asp Tyr AIaP SN Ble16
v;53@05560 Lys Gly Arg Phe Thr lle Set Arg Asp Asn Set Lys Asaé?f?g"%eg yr1

65707580 Leo Gin Met Asn Ser Leu Akg Ala Glu Asp Thr Ala Val Tyr Tyr

Cys 859095 Ala Arg Tyr Ser Asn Tyr Gly Leo Tyr Ala Met Asp Val Trp sly
Gielh 001652102004, Eur. J. Inumunol. 34: 2919-2929).  For example, ScFvs 1A7,

2F1 and G2D12 reacted only with thelr respective gpl00 derived epitope G9-209, G9-

280 and G9-154 loaded RMA-S-HHD cells and not with cells loaded with control
peptides (Figures la-¢). Several other APCs were used to demonstrate the peptide-
specific binding of these Fabs, such as the TAP+ EBV-transformed B-lymphoblast
HLA-A2+ JY cells or mature dendritic cells (DCs). In these cells, peptide-ioading i8
facilitated by the exchange of endogenously derived peptides with HLA-A2-restricted
peptides supplied externally by incubation of the cells with the desired peptides. The
TCR-like Fab fragments reacted with JY cells or mature DCs incubated with the
specific peptide to which they were selected but not with control cells displaying
other control HLA-AZ2-restricted peptides as shown in Figure 1b.

The unexpected high frequency of these antibodies and the ability to isolate
several different antibodies directed to either corplex even more surprising in view
of previous reports, in which the use of immunized or naive phage libraries resulted in
only a single antibody clone [Andersen et. al., 1996; Porgador et. al., 1997; Dadaglioc
et. al., 1997; Zhong et. al,, 1997b; Krogsgaard et. al., 2000; Polakova et. al., 2000;
Cohen et al., 20031,

Stady of antigen presentation using TCR-like antibodies - TCR-like
antibodies are powerful tools for studying antigen presentation in transfected models
as well as in tumor cells. For example, to examine the ability of the TCR-like Fab
antibodies to detect HLA-A2/Tax complexes produced under physiological antigen
processing conditions, the EBV-transformed B-cell HLA-AJ-positive antigen
presenting JY cells were transfected with the HI'LV-1 Tax gene. Twenty-four hours
after transfection, significant staining above control could be clearly seen using TCR-
like antibodies only with HLLA-A2-positive JY cells transfected with the Tax gene but
not with HLA-AZ-negative APD cells transfected with the Tax gene (Figures 2d-i).
The peptide-specific, MHC-restricted pattern of reactivity by anti TAX/HILA~AZ Fabs
was not due to differences in transfection efficiency or HLA expression of IY and
APD cells because the percentage of transfected cells was similar as determined in
conirol experiments utilizing a GFP construct, These results indicate that the TCR-
like Fab antibodies are capable of detecting the specific MHC-peptide complex after

active and naturally occurring endogenous intraceliular processing.
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several scFvs was increased by making scFv tetramers, with directly tagged
fluorescent probes. To form scFv tetramers, each scFv fragment was enginecered to
include a BirA sequence tag for site-specific biotinylation at the C-terminus of the CL
or CHI domain, and following biotinylation, each streptavidin molecule was capable
of binding four scFv fragments. Another advantage of using fluorescent tetramers is
that only a single staining step is required, whereas monomeric unlabeled scFvs
req;-lire a fluorescently labeled secondary antibody. Using these highly sensitive
scFy-teframers, it was possible fo specifically detect the occurrence of desired
peptide/MHC complexes on the surface of breast carcinoma cells. A tetramerized
scFv directed towards a mucin epitope in complex with the HLA-A2 molecule was
able to detect MUCI-D6 complexes on the surface of MUCI-expressing, HLA-A2+,
MCF7 and MDA-MB 231 cells but not on MUC-negative, HLA-A2+ melanoma
FM3D cells nor on HLA-AZ and MUCl-negative G-43 cells. The M3A1 tetramer
exhibited a low background staining with the MUC] -positive, HLA-A2-negative SK-
BR3 | cells. Such molecules provide also new means to quantitate specific

© peptide/MHC complexes as presented on the surface of APCs and tumor cells. This
approach represents the first attempt to quantify, using a direct mean, the number of
tamor-associated TCR ligands (peptide-MHC complexes) on the surface of tumor
cells.

The fluorescence intensity of stained cells was measured and compared with
that of calibration beads with known numbers of fluorophores (Cohen, CJ., et al.,
2002, Cancer Res. 62: 5835-5844). This metﬁod provides an easy and sensitive
means of quantifying fluorophore-stained cells with a flow cytometer. Anti mucin
TCR-like Fab was used to initially quantitate the number of MUCI-D6/HLA~A2
complexes that are displayed on peptide-pulsed cells as well as naturaily un-pulsed
tumor cells: pulsing of JY APCs with peptide resulted in the ability to detect as many |
as 1.2 x 10° D6-HLA-A2 complexes per cell. The latter result is in complete
agreement with recent quantitation of murine H-Zkb bound to the ovalbumin peptide
SHNFEKI, after recombinant vaccinia virus infection of cells in vitro using a murine
specific TCR-like antibody {Porgador et al, 1997]. The aumber of D6-MUCI-
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derived complexes on the surface of MUC! expressing tumor cells was estimated to

reach only several hundreds per cell (Tabie 1, hereinbelow).

Table I
Quantitation of the number of D6-HILA-AZ2 complexes on the surface of tumor cells
Cells Mean number of sites/cel]
TY pulsed (1 mbi peptide} 120,959 + 16,934
MCF7 pulsed (1 mM peptide) 5,539+ 1,828
MDA ME 231 (1 mM peptide) 10,022 £ 2,004
MCEF7 284 %170
MDA MB 231 173112
" Background 2611

Table 1: The fluorescence mtensity of stained cells in each experiment was compared
with fluorescence intensities of calibration beads with known aumbers of phycoerthrin (PE)
motecules per bead (QuantiBRITE PE beads, Becton-Dickinson) and the number of sites for
each experiment was determined. The number of non-specific sites was determined by the
intensity of staining of cells that do not express peptide or HLA-A2. The number of specific sites
for each experiment was then calculated for each experiment. The mean number of sites was
calculated from 10 independent experiments/determinations. The deviation in number of sites
depend on the sensitivity of detection and the physiological status of the cells in each individual
determination. Background number of sites was determined as described, using SK-BR3 (HLA-
A2~ MUCTH), FM3D (HLA-AZ+/MUCIL-), and G-43 (HLA-AZ-/MUCI-) cells as controls. JY
cells are B cells. Pulsing with peptide serves as a mean to quantify potential total HLA-AZ
molecules on the cell surface.

In a viral model, it was possible to detect HLA-A2/Tax complexes on HTLV-
I infected cells. HTLV-1 is involved in many pathologies including Adult T-cell
lymphoma/leukemia (ATLL) and neurological disorders (HAM/TSP). A significant
staining with antinTe}x/HLA-AfZ Fab was observed on HTLV-1 infected RSCD4
(HLA-A2+) but not on HUT 102 cells (HLA-A2-), indicating that the TCR-like Fab is
capable of detecting the specific HLA-A2/Tax complex on the surface of viras-
infected cells. The staining paticrn revealed two sub-populations with a high and
low-moderate reactivity with the TCR-like Fab, which may indicate variability in the
expression of the specific Tax epitope within subpopulations of RSCD4 HTLV-1-
infected cells. Similar variability observed in staining experiments with an anti-Tax
protein antibody. This analysis revealed that virus-infected RSCD4 cells, which
could also be divided into two sub-populations with high and moderate reactivity,
display on their surface 3 x 10° HLA-A2/Tax complexes and several hundred sites
respectively.  These results clearly demonstrate the power of such TCR-like

antibodies to provide useful and easily obtained direct quantitative data on the
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expression of specific peptide-MHC complexes on each cell in a population. In

addition, these results demonstrate the high level expression of specific MHC ciass 1
molecules which display determinants derived from proteins produced upon
tramsfection with an intact whole gene or directly on virus-infected cells.

These results are surprising in view of the fact that the number of MHC-
peptide complexes on the surface of tumor cells is low and were measured to be in the

range of few hundred complexes per cell (Table 1).

EXAMPLE 2
VOR-LIKE ANTIBODIES ARE CAPABLE OF RECOGNIZING SPECIFIC
MUHC-PEPTIDE COMPLEXES ON MELANOMA CELLS

To test the biological activity of a TCR-like antibody on tumor cells the
. antibody G1 which recognizes the HLA-A2 in. a complex with the gpl00-derived
peptide 209, was employed in vitro, as follows. The procedures used in the
experiments reported in Examples 2-5 (e.g., apoptosis, cell death, FACS, flow
cytometry and antibody binding) are included in Denkberg, (., et al., 2002, Proc.
Natl. Acad. Sci. USA. 99: 9421-9426; Lev, A., et al., 2002, Cancer Res. 62: 3184-
3194;' Denkberg, G., et al., 2003, I. Immunol. 171:2197-2207; all of which are fully
incorporated herein by reference in their entirety).

Melanoma tumor cells were used to determine the reactivity of the -
recombinant Fab or scFv antibodies with cell surface-expressed HLA-AZ/peptide
complexes. About 10° cells were washed twice with serum-free RPMI and incubated
for 60-90 minutes at 4 °C with recombinant TCR-like antibodies (10-100 pg/ml) in
100 pl. After three washes the cells were incubated with FITC-labeled anti-human
Fab (Jackson Immunoresearch, West Grove, PA, USA). After a final wash, the cells
were tesuspended in ice-cold PBS. Adherent tumor cells were harvested by

- trypsinization and resuspended in cold RPMI. All subsequent washes and incubations
were performed in ice-cold PBS. Analysis of the cells was performed by a FACStar
flow cytometer (Becton Dickinson and Co, San Jose, CA, USA) and the results were
analyzed with the WinMDI program (Trotter J., hitp://facs scripps.edu/).
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demonstrate the ability of the G1 antibody to specifically bind an HLA-G9-209
complex, cells expressing the HLA-G9-209 or the HLA-G9-280 complexes, or
unioaded cells were incubated with the W6/32 (an anttbody directed against HLA),
the BB7.2 (an antibody directed against the HLA-AZ) or the G1 antibody, As is
shown in Figurés 3a-¢, the expression and stabilization of the HLA molecules on the
cell surface is dependent on an MEC-peptide com_plex. In addition, the G1 antibody
was found to specifically interact with cells which present the MHC-(G9-209 complex.
To demonstrate that the G1 scFv can bind the specific MHC-peptide complex
displayed on the surface of tumor cells the HLA-AZ+ melanoma FM3D cells were
used. The cells were pulsed with the specific gp100-derived G9-209 peptide or
control peptide (Figure 3d). Sumilarly to the JY APCs, pﬁising melanoma cells
enables the display of the exogenously supplied peptide facilitated by peptide
exchange. Using this strategy, a mixture of exogenously and endogenously derived
peptides presented on HLLA-A2 that are displayed on the cell surface was obtained.
_As shown in Figure 3e, the G1 scFv antibody was able to stain and detect HLA-
A2/G9-209M complexes on G9-209M-pulsed FM3D cells but not on FM3D cells
pulsed with the gp100-derived G9-280 peptide. The G1 scFv antibody was able also
to stain FM3D cells pulsed with the native non-modified G9-209 peptide (Figure 31),
however control HELA-AZ2 negativeKBB-i cells (Figure 3g) pulsed with the G9-209M
or (39-209 peptides were nof recognized by the G! scFv antibody (Figure 3h).
Altogether, these results demonstrate that the G1 scFv antibody can recognize
the specific MHC-peptide complex on the surface of peptide-pulsed as well as non-

pulsed tumor melanoma cells.

EXAMPLE 3
IDENTIFICATION OF THE 9H AND CLAI2 RECOMBINANT ANTIBODIES

A large human synthetic single-chain Fv antibody library was screened for
antibodies capable of binding MHC-peptide complexes. In this library the in vive
formed complementarity determining regions (CDRs) were shuffled combinatorially
onto germline-derived human variable-region frameworks [Azriel-Rosenfeld R,

Valensi M, Benhar I. A human synthetic combinatorial library of arrayable single-
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Secreening was performed essentially as described elsewhere (Denkberg, G., et
al., 2002, Proc. Natl, Acad. Sci. USA. 99: 9421-9426) using the following antigens:
the single chain HLA-A2-B2m molecule complexes with the (G9-209 peptide derived
from the melanoma gpl00 protein and the single chain HILA-A2-f2m molecule
complexed with the 26-35 peptide derived from the melanoma MART1 protein.

Two scl'v antibody clones were isolated as soluble antibodies:

I. The 9H scFv antibody (scHv coding sequence is set forth by SEQ ID NQ:3;
scFv polypeptide sequence is set forth by SEQ ID NO:1; and 9H CDRs are provided
in SEQ ID NOs:5-10) which is a human antibody specific to the HLA-A2-G9-209
complex with a binding affinity of 0.5 nM (not shown).

2. The CLAI2 scFv antibody (scFv coding sequence is set forth by SEQ ID
NO:18; scFv polypeptide sequence is set forth by SEQ ID NO:17; and CLA12 CDRs
are provided in SEQ ID NOs:19-24) which is a human antibody specific to the HLA-
A2-MART6.35 peptide derived from the MART? melanoma protein.

EXAMPLE 4
TCR-LIKE ANTIBODIES ARE CAPABLE OF DETECTING TUMOR-DERIVED
MHC-COMPLEXES IN SITU

Another major potential use for TCR-like antibodies is the direct in situ
visualization of ligand-bearing cells within undisturbed tissues using
immunohistological methods. As a first step to assess this potential, the potential of
G1 scFv to directly visualize ligand-bearing cells (HLA~A2/G9-209 complexes) was
tested on melanoma cells.

Melanoma cells were derived from melanoma patients and were kindly .
provided from The National Cancer Institute, NTH.

In situ detection of HEA-AZ/G9-209 peptide-MIC complexes on melanoma
cells - To further characterize the capacity of the Gl antibody to recognize the

| gpl00-derived G9-209 epitope on cell surface, non-pulsed melanoma cells were

employed in an immunohistochemistry analysis (Figures 4a-g). Melanoma gpl00
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expressing, HLA-A2-positive and negative melanoma cells were subjected to

immuno-histochermistry staining with the G1 scFv antibody followed by a secondary
staining step with HRP-labeled anti-Myc antibody. As shown in Figures 4a-g, these
experiments showed a strong positive staining of the gpl00 expressing, HLA-AZ-
positive melanoma lines FM-3-29 (Figure 4a), M-ww (Figure 4b), M-PAT (Figure
4c), M-141 (Figure 4d) and FM3-D (Figure 4f) but not of the gpl00 expressing,
HLA-A2-negative melanoma G-43 cells (Figure 4e) nor of the HLA-A2-positive,
gpl00-negative MDA-MB-231 breast carcinoma cells (Figure 4g). The Gl scFv did
not stain additional 6 non-melanoma cell Hnes tested (data not shown).

These data show the ability of the G1 scFv TCR-like antibody to detect
specific peptide-MHC complexes in situ on cells and potentially in tissue sections
after naturally occurring ao;tive intracellular processing.  This is the first
demonstration of in situ detection of a tumor-derived T-cell epitope using TCR-like

scFv recombinant antibodies.

EXAMPLE 5
TCR-LIKE ANTIBODIES CAN INDUCE CELL DEATH IN A PEPTIDE
SPECIFIC MHC-COMPLEX - RESTRICTED MANNER

To determine the ability of TCR-like antibodies to induce cell death and
eliminate antigen-presenting cells, peptide-loaded APCs were subjected to treatment
with the G1 scFv antibody and propidium iodide (PI} or Annexin V staining were .
employed. PI stains adherent apoptotic cells and Anenxin V detects the- membrane
exposure to phosphatidyl serine (PS), indicative of early apoptosis events in damaged
cells.

Results

Gl scFv can induce cell death in melanoma cells loaded with 'HLA—AZ
peprides - JY cells were loaded with the gpl00-derived epitopes G9-209M and G9-
280V as well as with other control HLA-AD-restricted peptides. As is previously
mentioned, FACS analysis with anti-HLA-A2 antibody revealed a similar expression
pattern of HLA-A2 molecules with G9-209M, (G9-280V, and other control peptide-
loaded cells (Figures 3a-h). As shown in Figures 5a-d, Annexin V staining revealed
that G1 scFv can induce cell death of cells loaded with the specific G9-209 peptide



<223> PH fragment coding sequence <220> <221> misc_feature <222>
(91)-(105) <223> CDR <220> <221> misc feature <222> (148)..(198)

<220> <221> misc_feature <222> (295)..(327) < %{2 }Eﬁ(}%lﬁ
@%ég@@%ﬁi misc_feature <222> (361)-(408) <223> Single chaine v

linker coding sequence '<220> <221> misc_feature <222> (409)..(744)
<223> VL fragment coding sequence 220> <221> miscjeature <222>

(G e)£5168) ki 23% §2BIS Bdfdad with a control peptide (Figure 5d). No cytotoxic
activity was observed on RMAS-HHD cells that were loaded with the gpl00-derived
G5-280V epitope or with other control HLA-A2-restricted peptides or cells that were
not loaded with peptide (not shown). In the EBV-transformed JY cells, which express
normal TAP, the display of the exogenously- supplied peptide is facilitated by peptide
exchange (i.e., the peptide from the outside is replacing that peptide that is bomiilg
from the inside).

These results demonstrate, for the first time, that TCR-like antibodies can
induce cell death in a peptide-specific MEC-restricted marnmer.

GlseFy can induce cell death in untreated melanoma cells - To further
investigate the induced cell death (“the killing effect”), the influence of G1 scFv was
tested on human melanoma cell lines established from patients. Melanoma lines
which are gp100 and HLA-A2 positive (526, 624, and 501A), gpl00 positive but
HLA-A2 negative (G43), and gpl00 negative and HLA-A2 positive (1938) were
subjected to treatment with the G1 antibody and the effect of the antibody on protein
synthesis was measured. As shown in Figure 6, the G1 scFv antibody induced cell
death, in a dose~-dependent manner, of all melanoma cells positive for both the HLA-
AZ protein and the tumor specific gpl00 protein. On the other hand, as is further
shown in ¥igure 6, protein synthesis of the 1938 or G43 melanoma cell lines which do
not express the gpl00 antigen or the correct MHC allele, respectively, was not
affected by the antibody.

These results demonstrate, for the {irst time, that a TCR-like antibody, such as
the 1, can induce efficient cell death of target cells. These results may pave the way
for a new family of antibody-based molecules that can be used as therapeutic agents

- to eliminate in an antigen (peptide) and MHC-restricted manner specific populations
of diseased cells such as tumor cells or virus-infected celis that express disease-
specific MHC-peptide coi:npiexas.

Since melanoma differentiation antigens-derived T cell epitopes are the most
characterized TAAs and many immunotherapy strategies were developed using these
targets such as adoptive transfer strategies and vaccination with peptides and dedritic
cells (DCs), the present inventors have generated a panel of T-cell receptor like
(T'CRL) antibodies directed to melanoma differentiation antigens such as gpl00,

MARTT and tyrosinase and other tumor associated MHC-peptide complexes as well



<221> misc_feature 5 <222> (562)-(594) <223> CDR <220> <221>
misc_feature <222> (679)-(711) ' <223> CDR <400> 3 gaggtgcagc

thg&gﬁ%%gggggaggc ttggtacagc ctggggggtc cctgagactc60 L(iﬁt%%ﬁfgﬂﬁ%m
g9

cctctggatt cacctttcag tactatgcca tgagttgggt ccgccaggcet120 ccagggaa
ggctggagtg ggtctcaagt attaattgga ataggggtac cttagactat180 gcggactctg
tgaagggccg attcaccatc tccagagaca attCcaagaa cacgctgtat240 ctgcaaatga

acageelgagég tuagpag acyoecaigataciytge dagatacadt3oD gaetacggad2i-

telpsacaal dgacalotag gg 9%C%I%?ﬁg%%gﬁ%‘f@ﬁ%%ﬁ%gé?%@zeaz,

gcggttcagg cg&éggtggc tctggcggtg gcggatcgtc cgatatcgigd
Cancer Res. 62: 3184-3194; Cohen, CJ., et al., 2002, Cancer Res. 62: 5835-5844;
Cohen, CI., et al., 2003, J. Immunol 170: 4349-4361). These TCRL antibodies were
capable of binding to peptide-pulsed APCs (Figure 1-3) as well as to melanoma cell
lines derived from melanoma patients that are HILA-AZ positive (Figures 4a-d). Thus,
TCRL antibodies were found capable of binding the authentic MHC-peptide complex
as expressed on the cell surface and this reactivity was correlative and dependent on
HLA-AZ and antigen expression.

TCRL-PE fused antibodies exhibii awti-turnor activity - TCRL antibodies
were genetically fused to a truncated form of Pseudomonas exotoxin (PE38) in which
the cell binding domain of the toxin is deleted and the translocation and ADP-
ribosylation domains are fused to the TCRL antibody. The effect of such fused TCRL
molecules on protein synthesis was tested on cells loaded with various peptides. As
shown in Figures 7a-c, a specific protein inhibition activity was achieved when cells
were loaded with the specific gpl00-derived peptide and thus exhibited the HLA-
peptide (e.g., G9-209) complex.

Figures 8a-d depict TCRL internalization into melanoma cells and the specific
2F1 cytotoxicity effect of TCRL (e.g., 2F1 antibody} on HLA—AZnglOO**I
melanoma cells (e.g., 526, 501A, 624.38) but not on the HLA-A2-/gp100+ (G-43) or
HLA-A2+/gp100- (1938) melanoma cell-lines. In addition, as is further shown in

Figure 84, such inducement of cell death was achieved in the presence of relatively

~ low TCRL concentrations, with an efﬁcient ICs0 of 15-30 ng/ml.

These results strongly suggest the potential use of TCRL antibodies to target
drugs or toxins specifically on tumor celis. '

Naked TCRL antibodies exhibit potent inhibition of prolein synthesis in an
HLA-A2 and antigen specific manner - There are strong indications in the literature
that antibodies to MHC class T and class II have bioiogical‘ effects on target cells in
particular their ability to initiate signal transduction events that will lead to target cell
apoptosis (Nagy ZA, et al., 2002; Nagy ZA and Mooney NA., 2003; Longo, D.L.,
2002; Vidovic D and Toral JI. 1998; Pedersen AE, et al., 1999; Ruhwald M, et al.,
1999; Mori M, et al., 1999; Genestier L, et al., 1997, Genestier L, et al., 1997; Skov 8,

et al., 1997). These studies were performed with anti-class I and class II antibodies



ctgactcagc caccctcagce gtctgggacce ccegggeaga gggtcaccat ctcttgetct480
ggaagcagct ccaacatcgg aagtaatcct gttacctggt accagcagct tccaggaacg540

WIEGPESAaac cectcattta tggtgacagt tatcggecct caggggteee tgaci,cjcglgﬁcj%é) 00616
tctggctcca agtctggeac ctcagectee ctggecatca gtgggctgeg gtccgaggat g

gaggctgatt attactgtgc cacatgggat gacgﬁatgtga atggtgtaat atteggegga720
gggacccagc tcaccgtcct ccgt744 <21054 <211> 711 <212> DNA <213>

Autifieial segifender<RA0c 2232 SiogleliehainFvpejirepdipgcseeugnee TCRL
S ARG TR T RO ST o RO R EHRL of e
present invention to exert biological activities toward target cells as naked antibodies,
melanoma cell lines derived from patients were incubated with gp100 and MART1-
specific TCRL antibodies.

Naked TCRL anfibodies induced apoptosis in melanoma cells in an HLA-
peptide specific manner — Melanoma cells were subjected to the 2F1, 9H, and G1
nzked TCR-like antibody fragments directed to gpl00 or MART! (CLAI12) and cell
apoptosis was measured using Propidium Iodine (PI) flow cytometry staining.
Figures 9a-j depict the results of these experiments. While in cells which were HLA-
AZ+/antigent the fraction of PI positive cells was in the range of 44-58 % (Figures
9e-g), in HLA-AZ(+) gpl00(-) MART (=) or HLA-AZ(-) gp100(+) MART (+) cells,
the fraction of PI positive cells was in the range of 7-14 % (Figures 9a-d).

To test the specificity of the naked TCRIL antibodies to the HL.A-peptide
complex, the 624 melanoma cells which are gpl100-+/HLA-A2+ were treated with the
G1 and the control 1A7 (specific to the HLA-AZ in a complex with the mutant G9-
209M peptide but not in a complex with the natural G9-209 peptide} TCRL antibodies
and the cells were subjected to PT Annexin V flow cytometry analysis. As is shown in
Figures 9i-}, while in cells treated with the G1 TCRL the fiactions of PI and Ammexin
V - positive cells were ~20 % and 53 %, respectively, in cells treated with the control
1A7 TCRL antibody, the fractions of PI and Annexin V - positive cells were ~7 a%
and 12 %, respectively. _

Cloning of TCRL antibodies - It is not known from the literature whether the
signaling pathways involved through binding of antibodies to class I require
dimamerization. The present inventors have hypothesized that the high concentrations
of the melanoma-specific TCRL scFv are due to the fact that at high concentrations
~ there is spontaneous dimmer formation. Thus, the TCRL scFv fragment was
transformed into whole IgG molecule by cloning the Fd and CL Fab domains into an
IgG1 backbone and a whole TCRL IgG molecule was formed in HEK293 cells and
purified the TCRL IgG from cultire supernatanis. Several clones were. isolated
essentiaily as described in Thomas Jostocka, et al., Rapid generation of functional
human IgG antibodies derived from Fab-on-phage display librarics, Journal of
Imunological Methods, Volume 289, Issues 1-2, June 2004, Pages 65-80).



<220> <221> misc_featare <222>(91)..(105) <223> CDR <220> <221>
misc_feature <222> (148) .. (198) <223> CDR <220> <221> misc_feature
<222> 295)..(324) <223> CDR <220> <221> misc_feature <222>

' <223> Single chain Et/ linker coding sequence RoBH2058qgte
misc_feature <222>(379)..(711) <22:§6> VI fragment coding sequence

The cloned TCRL IpG exhibils increased specificity fowards the HLA-
peptide complex — The TCR-like antibody 9H, targeting gpi00 HILA-A2/G9-209
peptide, was transformed into a whole IgG molecule and its reactivity on peptide-
pulsed JY cells was tested. As shown in Figures 10a-d, the reactivity and specificity
of the TCRL JgG molecules to APCs pulsed with the specific gpl00-derived
melanoma peptide was maintained and even improved due to the increase in its
avidity. Similatly, an IgG clone was prepared from the 2F1 scFv, which is directed
against the HLA-A2-(39-280 complex. Table 2, hercinbelow, presents a comparison
| between the activity of naked TCRL IgG molecules and the scFv molecules on
melanoma cell lines. As is shown in Table 2, the activity of cell death inducement
was maintained in the cloned TCRILs. Moreover, the concentration of TCRL IgG
molecule required to achicve a significant level of 50 % cell death was significantly-

reduced compared to the scFv antibody.

Table 2
Induction of cell death in tumor cells by TCR-Eike antibodies:
The influence of antibody avidity monovalent versus bivalent

Perecent specific cell scFy g7 Fold change
killing (cell death) antibody Whoie antibody
20 37 pg/ml 0.5 pg/ml 74-fold
30 75 pgfmi 2.5 pg/ml 30-fold
30 _130pgml - 4 pg/mt - 33-fold

Table 2: Concentration of 2F1 scFv antibody (monovalent) and whole 2F1 IgG (bivalent) required to
achieve specific cell death of melanoma celis with a TCR-like antibody targeting the gpl100-G9-280
. melanoma epitope.

- These results demonstrate the potential use of TCRL antibodies to serve as
targeting moieties to melanoma cells as well as considering their potentiéi
applications as molecules that may induce specific MHC-restricted, peptide-specific
apoptosis in target cells and may be considered as a new entify that may be developed
pre clinically as a therapeutic immunotherapeutic modality to melanoma and other

* tumor types.

1t is appreciated that certain fealures of the invention, which are, for clarity,

described in the context of separate embodiments, may also be provided in -




6 <220> <221> misc_feature <222> (472)-(501) <223> CDR <220>
<221> misc_feature <222> (547)-(567) <223> CDR <220> <221>

%%&g?ﬁh%ﬁ <222> (664)-(690) <223> CDR <400> 4 caggt%ga%a,@%L B05/000616
tgcaggagtc tgggggaggc ttagtgaagc ctggagggtc cctgaaactcGO fcc g%gcag

cctctggatt cactttcagt agetatggca tgtcttgggt tcgccagact 120 ccagacaaga

ggctggagtg ggtcgcaacc attagtagtg gtggtagtta cacctactat 180
combination in a single embodiment. Conversely, varicus features of the invention,

which are, for brevity, described in the context of a single embodiment, may also be

provided separately or in any suitable subcombination.

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and
variations will be apparent to those skilled in the art. Accordingly, it is intended to
embrace all such alternatives, modifications and variations that fall within the spirit
and broad scope of the appended claims.  All publications, patents and patent
applications mentioned in this specification are herein incorporated in their entirety by
reference indo the specification, to the same extent as if each individual publication,
patent or patent application was specifically and individually indicated to be

- incorporated herein by reference. In addition, citation or identification of any
reference in this application shall not be construed as an admission that such reference

is available as prior art to the present invention.



ccagacagtg tgaaggggcg attcaccatc tccagagaca atgccaagaa caccctgtac
240 ctgcaaatga gcagtctgaa gtctgaggac acagcecatgt attactgtgc aagaggtaac

wiPfld999aaggat ggtacttcga tgtctgggge caagggacca cggtcacegt clectcadat . o
360 ggaggcggtt caggcggagg tggcetctgge ggtggcggat cgaacatcga
gctcactcag 420 480 tctccagcaa tcatgtgtgc atctccaggg gagagggtca
ccatgacctg cagtgccagc tcaagtatac gt%acatata ttggtaccaa cagaagcctg
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Ala Thr Trp Asp Asp Asp Tel Ass Gly Tel lle 1510 <210> 11 <211>5
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WHAT IS CLAIMED IS:

1. An in vitro method of inducing apoptosis in cancer cells or pathogen infected cells,
the method comprising contacting, or expressing in the cells a recombinant, isolated toxin-free
antibody capable of specifically binding an MHC-peptide complex specifically expressed on the
cells, wherein said recombinant, isolated toxin-free antibody is selected from the group consisting
of a Fab fragment and a single chain antibody, thereby inducing apoptosis in the cancer cells or the

pathogen infected cells.

2. Use of a recombinant, isolated toxin-free antibody capabie of specifically binding
an MHC-peptide complex, said recombinant, isolated toxin-free antibody beimng capable of
inducing apoptosis of cancer cells or pathogen infected cells specifically expressing said MHC-
peptide complex, wherein said recombinant, isolated toxin-free antibody is selected from the group
consisting of a Fab fragment and a single chain antibody, for the manufacture of a medicament

identified for the treatment of cancer or pathogen infection.

3. A pharmaceutical composition for treating cancer or pathogen infection comprising
as an active ingredient a recombinant, isolated toxin-free antibody capable of specifically binding
an MHC-peptide complex in cancer cells or pathogen infected cells specifically expressing said
MHC-peptide complex, wherein said recombinant, isolated toxin-free antibody is selected from the
group consisting of a Fab fragment and a single chain antibody, said recombinant, isolated toxin-

free antibody



<220> <223> scFv G1 CDR <400> 12 Thr lle Ser Ser Gly Gly Ser Tyr Thr
Tyr Tyr Pro Asp Ser Val Lys 151015 Gil <210> 13 <211> 10 <212> PRT
<213> Atrtificial sequence <220> <223> scFv G1 CDR <400> 13 Gly
Asn'Trp Glu Gly Trp Tyr the Asp Val 1510 <210> 14 <211> 10 <212> PRT
<213> Artificial sequence <220> 64

being capable of inducing apoptosis in said cancer cells or said pathogen mfected cells and a

pharmaceutically acceptable carrier.

4. The use of claim 2, the method of claim 1, or the pharmaceutical composition of
claim 3, wherein said recombinant isolated antibody being capable of detecting apoptosis in said

cancer cells or pathogen infected cells |

5. The use, the method or the pharmaceutical composition of claim 4, wherein said
detecting apoptosis is effected by a method selected from the group consisting of propidium iodide
FACS analysis, Annexin V FACS analysis, Ethidium homodimer-1 staining, live/dead

viability/cytotoxicity assay and Tunne! assay.

6. The method of claim 1, the use of claim 2, or the pharmaceutical composition of

claim 3, wherein said single chain antibody is single chain Fv (ScFv).

7. The method, use or pharmaceutical composition of claim 6, wherein said ScFv is

OH (SEQ ID NO:1), G1 (SEQ ID NO:2) or CLA12 (SEQ ID NO:17).

8. The method of claim 1, the use of claim 2, or the pharmaceutical composition of
claim 3, wherein said peptide is derived from a polypeptide selected from the group consisting of
MUCI, gpt00, HTERT, TAX, MARTI.

9. The method of claim 1, the use of claim 2, or the pharmaceutical composition of
claim 3, wherein said recombinant antibody comprises the 6 CDRs set forth by SEQ 1D NOs:5-10,
11-16 or 19-24.



<223>.scFv Cl CDR <400> 14 Ser Ala Ser Ser Sec lie Arg Tyr lle Tyr
1510 <210> 15 <211> 7 <212> HIT <213> Atrtificial sequence <220>
<223> scFv G1 CDR, <400> 15 Asp Thr Ser Ass Val Ala Pro 15 <210>
16 <211> 9 <212> HIT <213> Artificial sgguence

10. The method of claim 1, the use of claim 2, or the pharmaceutical composition of

claim 3, wherein said cancer 15 melanoma or breast cancer.



<220> <223> scFv Cl CDR <400> 16 Gin Glu Trp Ser Gly Tyr Pro Tyr Thr
15 <210> 17 <211> 238 <212> PAT <213> Atrtificial sequence 9 <220>

2.Single chain Fr OLAI2 <220> <221> misc_feature <222> (1).
Wﬁggi\?{g%agment <220> <221> misc_feature %%r{&)mg%%gﬁm

i

SEQUENCE LISTING

<13i0> Reitexr, Yoram
Kalchevsky, Eynav
Denkbery, Gallt

<120> ANTIBODIES FOR SELECTIVE APOPTOSIS OF CELLS
<130> 29525

<i80> 24

<170> PatentIn version 3.3

<210> 1

<21ll> 248

<212> PRT

<213> Artificial seguence

<220>
<223> Single chain Fv 9H

<220>

<Z221> misc_feature
<222> (1).. (120}
<223> VH fragment

<220>

<221i> misc feature
<222> {31}..(36)
<223> CDR

<220>

<221> misc feature
<222>  {50)..(66}
<223> CDR

<220>

<221> misc_feature
€222>  {9%)..{109}
<223> CDR

<220>

<221> misc_feature

<222> (121}..{136)

<223> Single chain Fv linker

<220>

<221> misc_feature
<222> {(137)..1{248)
<223> VL fragment: -

<220>

<221> wmisc_feature
<222>  {160}..(3172}
<223> CDR

<220> -

<221> misc_feature
<222> (188B)..{138)
<223> CbR

<220>

<221> misc_feature
<222> (227} ..1(237)
<223> CDR

<400> 1

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 : 15



<222> (30)-(37) <223> CDR <220> <221> misc_featnre <222> (52)..(67)
<223> CDR <220> <221> misc_feature <222> (100)-(111) <223> CDR

SAfL> misc_feature <222> (112)..(127) <223> Singl
Ilnégr <520> <221> misc_feature <222> (128)..(238) <223> %"QLQ??%%G‘%%“

<220> <221> misc_feature <222> (150)..(162) <223> CDR <220> <221>
misc_feature <222> (178)-(184) <223> CDR

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thry Phe Gln Tyr Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Giy Leu Giu Trp Val
35 40 45

Ser Ser Ile Asn Trp Asn Ser Gly Thr Leu Asp Tyr ARla Asp Ser Val
50 5% 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyx Tyr Cys
85 90 98

Ala Arg Tyr Ser Asn Tyr Gly Leu Tyr Ala Met Asp Val Trp Gly Gln
iG0 105 110

Gly Thr Lew Val Thr Val Ser Ser Ser Gly Gly Gly Gly. Ser Gly Gly
115 120 . 12%

Gly Gly Ser Gly Gly Giy Gly Ser Ser Asp Iie Val Leu Thr Gln Pro
130 135 140

Pro Ser Ala Ser Gly Thr Pre Gly Gln Arg Val Thr Ile Ser Cys Ser
145 150 155 160

GLy ‘Ser Ser Ser Asn Ile Gly Ser Asn Pro Val Thr Tzp Tyr &ln Gln
165 17¢ 175

Leu Pro Gly Thr Ala Pro Lys Pro Leu Ile Tyr Gly Asp Ser Tyr Arg
180 185 180

Pro Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Lys Ser Gly Thr Ser
195 200 205

Ala fSer Leu Ala Ile Ser Gly Leu Arg Ser Glu Asp Glu Ala Asp Tyr
210 213 220

Tyr Cys Ala Thr Trp Asp Asp Asp Val Asn Gly vVal Ile Phe Gly Gly
225 230 235 240

Gly Thr &ln Leu Thr val Leu Arg
245

<210> 2

<21l1> 237

<212> PRT

<213> Artificial seguence

<220>
<223> S8ingle chain Fv Gl

<2z20>

<2Z21> misc feature
<222> (1}..(118)
223> VH fragment



<220> <221> misc_feature <222> (217)..(236) <223> CDR <400> 17 GIn

Len Gin Leu Gin Gin Ser Gly Pro Gly Len. Val Lys Pro Set Gin 15/015 Thr
w&Yees[heR Thr Cys Thr Val Ser Gly Gly Ser lle Ser Set Ser%%%%%%%ﬁw

Tyr Tyr Trp Gly Trp lle Arg Gin Pro Pro Gly Lys Gly Len Gin . Trp

lle Gly Set lle Tyr Tyr Set Gly Ser Thr Tyr Tyr Asn Pro Set 505560 Leu

Lys Ser Arg Val Thr lle 8cr Val Asp THr Set Lys Asn Gin Phe 657075BO

gro>
<221> misc_feature
<222»  (31)..(3%)}
<223> CDR

<220G>

<221> misc feature
<222>  {50)..({68)
<223> CDR

<220>

<221> misc_feature
<222>  (99)..({108)
<223> CDR

<220>

<2Z1> misc feature

<222>  {119..[134)

<223> 38ingle chain Fv linker

<Z20>

<221> misc_feature
<222>  (135)..(237)
<223> VL fragment

<220>

<2Z1> misc_feature
<222>  (158}..{18T)
<223> CDR

<2Z0>

<Z21>» misc_feature
<222> (183)..{3189)
<223> CDR

<220>

<221> misc feature
<222>  {227)..1230)
<223> CDR

<400> 2
Gin Val Lys Lew Gln Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly
1 5 10 15

Ser Leu Lys Leu Ser Cys Ala 2la Ser Gly Phe Thr Phe Sar Ser Tyr
20 25 30

Gly Met Ser Trp Val Arg Gln Thr Pro Asp Lys Arg Leu Glu Trp Val
35 40 45

Ala Thr Ile Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro Asp Ser Val
5¢ &5 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr
65 70 75 80

Leu GIn Meb Ser Ber Leu Lys Ser Glu aAsp Thr Ala Met Tyr Tyr Cys
B85 1) 95

Ala Arg Gly Asn Trp Glu Gly Trp Tyr Phe Asp Val Trp Gly Gln Gly
100 ' 105 110

Thr Thr Val Thr Val Ser Ser Gly Gly GLy Gly Ser Gly &ly Gly Gly
115 120 125



Cys Ala Arg His Val Gly His Gin Len Asp Tyr Trp Gly Gin Gly Her
100105110 G y Gly Gly Gly Her Gly Gly Gly Gly Her Gly Gly Gly Gly Her

' 25 Her Val Val Thr Gin Pro Pro Her Val Ser Ala, Ala |
v&i%b%ﬁ}(%% er Val Va r Gin Pro Pro Her Val Ser e?‘ﬁ@ﬁﬁ@%%ﬁ“

Arg Lys 130135140 Val Thr lle Her Cys Her Gly Her Ser S

Her Asn Tyr 145150155160 Val Her 'I:lrp Tyr Gin GIn Val Pro Gly Thr Ala
Pro Lys Leu Leu lle 165170175 Tyr Gin Asp Asp Lys Arg Pro Her Gly lle
Pro AP Rrg'Prey Her Bly'180185290HEr Eys HerrGlyFhr Her Ala Thr Len
Gly I]Ie Thr Gly Leu Gin Thr 195200205

Met Ser Ala Ser Pro GLy Glu Arg Val Thr Met Thr Cys Sexr

145

Ser Ser Ile

Pro Arg Leu

Phe Arg phe
1385

Asp Arg Metb
210

Ser Gly Tyr

150G

Arg Tyr Ile
165

Leu Ile Tyx

180

Ser Gly Ser

Gln Ala Glu

Pro Tyr Thr

225

<Z210>
<211>
<212>
<213>

<220>
<223%

<220%>
<221>
<222>
<FR3>

<220>
221>
<222>
<2Z3>

<220>
<221>
<222>
<223>

<220>

<221>-

222>
<223>»

<220>
<221>
<222>
<223>

220>
<221>
<222>
<223>

<220>

<221>
<A22>
<223>

<220>
<221i>

3
744
DNA

230

Tyr Trp Tyr

Thr Ser
185

Asp

Gly Ser Gly
200

Zsp Ala Bla

215

Phe Gly Gly

Artificial sequence

155

Gln
170

Gin Lys

Asn Val Ala

Thr Ser Tyr

Thr Tyr Tyr

220

Gly Thr Lys

235

Single chain Fv 90 coding seguence

misc_ feature
{1)..{360)

v fragment coding sequence

mis¢ featurs
{91)..(105)
CDR

misc_feature
{1487 ..(198)
CPR

misc feature
(295)..(327}
CDR

misc_feature
(361} .. (408)

Single chaine Fv linker coding sequence

misce feature
(409} .. {744)

VI, fragment coding sequence

misc feature
(478} ..(516)
CDR

misc_feature

Ala

Ser
175

Pro Gly

Pre Gily val
190

Ser Leu Thr

205

Cys Gln Glu

Lot

sen

169

Sex

Pro

Ile

Trp



Gly Asp Glu Ala Asp Tyr Phe Cys Ala Thr Trp Asp Arg Thr Val Asn
210215220 Val Val Arg Phe Gly Gly Gly Thr Arg Len Thr Val His Her

a36n028pc210> 18 <211> 714 <212> DNA <213> Artificial seguence. . .
<220> <223> Single chain Fp CLAI2 coding sequence misc_feature
(2)..(333) PH fragment coding sequence rdsc_feature (334),.(375) Single
chain FT linker coding sequence misé_feature (379)..(714) VL fragment
g sequerice

<220>

<221> misc_feature

<222>  (679)..({711)
1 <223> CDR

<400> 3
gaggtgeage tgttggagte tgggygagge ttggtacage cigggggoic coctgagacte &0

tectghgeag cctetggatt cacctiteag tactatgeoea tgagttgggt-ccgccaggct 129
ceagygaagg ggctggagig ggtctcaagt attaattgga atagtggtac cttagactat 180
goggactetg tgaagggeceg attcaccatc teccagagaca atbecaagaa cacgebgtat 240
ctgeaaatga acagoctgayg agocgaggac acggeegtgt attactgtge asgatacagt 300
aactacggac tctacgeaat ggacgtetgy ggccagggea coctggtoac gutctokhtea 360
tcaggtggag geggttcagyg cggaggtgge tctggeggbtyg goggatogtce cgatabcgtg 220
ctgacteoage caccctcage gbtoebgggace ccocgggraga gggtcaccat ctctitgetct 480
ggaageaget ccaacatcgg aagtaatcct gttacctgght accagecaget tccaggaacg 540
goccecaaac cocteattta tggtgacagt tatcggeect caggggteoe tgaceggtic 600
tetggeteca agtetggeac ctcagectee chggocatea gtgggotgey gbtoogaggat 660
gaggctgatt attactgtge cacatgggat gacgatgtga atggtgtaat attoggegga 720

gggacocage tcacogtoot cogl 744

<210> 4

<21%> Til1

<212> DNA

<213> Artificial sequence

<220>
<223>. 8ingle chain Fv Gl coding sequence

<220>

<221> misc_feature

<222>  {1)..1{354)

<223> VH fragmenit coding sequence

<220>

<221> misg feature
<222%  {91)..(105)
<223> CDR

<220>

<221> misc_feature
<222> (148} .. (1028)
<223>' CDR

<220>

<221> misc_feature
<22Z> (295)..(324)
<223> ChR

<220>

<221> misc_feature

<222> {355)..{378})

<223> 8Single chain Fv linker coding sequence

<2Z0>

<221> misc_feature

222> (379} ..(711)

<223>° VL fragment coding sequence



<400> 18 cagctgcagc tgcaggagtc gggcccagga ctggtgaagc

cttcggagac'cctgtccctc'60 acctgeactg tctctggtgg ctccatcage agtagtagtt

ctact
g

g%ctggatccgcﬂo cagcccccag ggaaggggct gga
2005 s
attatagtgg gagcacctac180 tacaacccgt ccctcaagag tcgagtcac

ok S

ga
C

tatct
JUGO0616

acacgtccaa gaaocagttc240 tccctgaagc tgagctctgt gaccgccgca gacacggctg
tgtattactg tgcgagacat300 gtgggccacg (é\acttgacta ctggggccag ggatcaggtg

gaggcggtrc aggcggaggt360 It ggctctggeg gtggcggatc gcagtetgte
éfgécg{g@g_@eggggctcagt gtctgcggec420 ccaggacgga aggtcaccat ctoctgctct
ggg}aggg@bm%acattgg gagtaattat480 gtgtcctggt accagcaagt cccagggaca
gcccccaaac tecctcatcta tgaagatgat540 aagcgaccct cagggattce tgaccgattc

Rtdocteca agtetgggac gtecgecacc600 ctgggceatea ccggactaca gactggggac

gaggceyait atitetgege cacgtgggat660

<220>
<221>
<Z222>
<223>

<400>

misc feature
(6643 .. (690)
CDR

4

caggtgaaac tgcaggaghe tgggggagge

tectgtgeay cotetggatt cactticagt

ceagacaaga ggctggagtg ggtegeaacce

ceagacagty tgaaggggeg aticaccato

ctgoaaatga goagtotgaa ghctgaggac

tgggaaggat ggtacticga tgtotgggge

ggaggeggit cagycggagy tggcictgge

tetecageaa beabtgtetge atctccaggy

teaagtatac gttacatata ttggtaccaa

~ atttatgaca catccaacgt ggetcetgga

gggaccteit abttctctcac aatcaaccga

Lgocaggagt ggagbtggtta tcegtacacg

<210>
<211>
<212>
<213>

<220>
<223>

<490>

Tyr Tyr Ala Met Ser
1

<210>
<211>
<212>
<ZI3>

<220>

. <223>

<400>

3

5

PRT

Artificial sequence

sc¥v SH CDR

S

5

6

17

PRT

Artificial sequence

scFv 9H CBR

6

ttagtgaage
agoctatggea
attagtagtg
teccagagaca
acagoeatgt
caagggacca
ggtggeoggat
gagagggtca
cagaagecig
gtecctttte
atggaggotyg

tteggagygy

ctggagggtc
tgtettygggt
atggtagtta
atgocaagaa
attactgtge
cggtcaccgt
cgaacatoga
ccatgaccty
gatecteeoce
gctteaghgg
aggatgctyge

ggacaaagtt

cotgaaacte
tegoeagact
cacctactat
cacectgtac
aagaggtaac
ctectcaggt
geteacteag
cagtgccage
cagactectyg

cagtgggtot

cacttattac )

g

Sexr Ile Asn Trp Asn Ser Giy Thr Deu Asp Tyr Ala Asp Ser Val Lys

1

Gly

5

10

15

&0
12¢
180
240
300
360

420

540
600
660

711



aggactgtca atgttgtacg tttcggcgga gggaccaggc tgaccgtcca cagt714 <210>

19 <211> 7 <212> PRT <213> Atrtificial sequence <220> <223> scPv

CLAI2 CDR <400> 19 Ser Ser Her Tyr Tyr Trp Gly 15 <210> 20 <211> 16
V& 1Y/ PR <213> Artificial sequence <220> <223> scEv CLA B pig5/000616

<400> 20

7
<210> 7

<23ii>» 11

<212> PRT

<213> Artificial sequence

<220>

223> scBv 9H CLR

<400> 7

Tyxr Ser Asn Tyr GLy Leu Tyr Ala Met Asp Val
i 5 10
<210> 8

<211> 13

<212> PRY

<213> Artificisl sequence

<220>

<223> scFv 9H CDR

<400> 8

Ser Gly Ser Ser Sexr Asn Ile Gly Ser Asn Pro Val Thr
1 5 10

<210> %

<211> i1

<2L2> PRT

<213> Artificial sequence

<220%

<223> scFv 9H CDR

<400> 9

Gly Asp Ser Tyr Arg Pro Ser Gly val Pro Asp
i 5 i0
<z2i0> 10

<211> 11

<212>  PRY

<213> Artificial sequence

<220>

<223> scFv SH CDR

C<400> 10

Ala Thr Trp Asp Asp Asp Val Asn Gly Val Ile
1 . 5 16
<210> 11

<Zil> 5

<2i2> PRT

<213> Artificlal sequence

<220> ‘
<223> scFv Gl CDR
<400> 11

Ser Tyr Gly Met Ser
1 5
<210> 12

<211> 17

<212> . PRT

<213> BArtificial sequence



Ser lle Tyr Tyr Ser Gly Ser Thr Tyr Tyr Asn Pro Her Leu Lys Her , 151015
<210> 21 <211> 12 <212> PRT <213> Artificial sequence <220> <223>
va?(? e h% CDR <400> 21 His Val Gly His Glu Leu Asp Tyr Tg;&z[ﬁil
Gly 1510 <210> 22 <211> 13 <212> PAT <213> Artificial sequence
<220> <223> scEhr CLAI2 CDR <400> 22 Her G y Her Her Her Asn lle
Gly Set Asn Tyr Val Her 1510 8

505}5&06}6

<A24>
<223> scFv Gl CDR

<400> 12

Thr Ile Sey Ser Gly Gly Ser Tyr Thrx Tyr Tyr Pro Asp Ser Val Lys
1 5 i0 15

Gly

<210> 13
<2il> 10
<212> ERT
C<213» BArtificial sequence

<Z20>
<Z23> scFv G1 CDR

<4060> 13

Gly Asn Trp Gilu Sly Trp Tyr Phe Asp val
1 5 10

<210 14

<211> 10

<212> FERT

<213> Artificial sequence

<220
<223>. seFv GL CDR

<400> 14

Ser Ala Ser Ser Ser Ile Arg Tyr Ile Tyr
1 5 14

<210> 15

<2il> 7

<212> PRT

<213> hArtificial sequence

<220>
<223> sCcFv Gi CDR

- <A00> 15

Asp Thr Ser Asn Val ala Pro
1 5

<210> 16

<21l1i> 9

<212> PRT

<Z13> Artificial segquence

<220>
<Z223> scFv Gl CDhR

<400> 16

&ln 6lu Trp Ser Gly Tyr Pro Tyr Thr
i 5

<210> 17
<211> 238
<212> PRT
<213> Artificial sequence



<210> 23 <211> 7 <212> PRT <213> Artificial sequence 12 <220>
<223> SOFV CLAI2 CDR <400> 23 Glu Asp Asp Lys Arg Pro Per 15

w‘;&ég@é%ég\%gé%;zo <212> PRT <213> Atrtificial sequence <%%%ﬁfz%@s§a>ooszﬁ
SC

<220>
<223> Single chain Fv CLAlZ

<Z20>

<221> misc feature
<222> {1}..(11l1)
<223> VH fragment

<220>

<223i> misc_feature
<222>  (30)..{37)
<223> CDR

<2Z0>

<221> misc_feature
222> {52)..(67)
<223> CDR

<220>

<221> misc feature
<222>  {100)..{11%}
<223> CDhR

<Z20>

<221> misc_feature

<222>  (112)..(127)

<223> Single chain Fv linker

<220>

<221> misc_feabure
<222>  {128)..1238)
<223> VL fraygment

<220>

<221> misc_feature
<222> (150} ..(162)
<223> CDR

<220G>

<22i> misc_feature
<222>  (178)..(184}
<223> CDR

<220>

<221> misc_feature
<222>  (217)..{236)
<223> CDR

<400> 17
Gln Leu Gln Leu Gln Glu Ser Gly Pro Giy Leu Val Lys Pro Ser Glu
1 5 10 i5

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly &ly Ser Tle Ser Ser Ser
- 20 25 30

Ser Tyr Tyr Trp Gly Trp Ile Arg Gin Pro Pro Gly Lys Gly Leu Glu
35 40 45

. fTrp Ile Gly Ser Ile Tyr Tyr Ser Gly Ser Thr Tyr Tyr Asn Pro Ser
50 55 60

Leu Lys Ser Arg val Thr Ile Ser vVal Asp Thr Ser Lys Asn Gln Phe
65 10 15 80

Ser Leu Lys Leu Ser Ser Val Thr Ala Ala Lsp Thr ala Val Tyr Tyr
85 29 95



<400> 24 Ala Thr Trp Asp Arg Thr Val Ass Val Val Arg Phe Gly sly sly Thr
151015 Arg Leo Thr Val 20

WO 2005/120166

Cys
Gly
Ser
val
145
val
Tyx
Ser

Gly

Val
225

Ala Arg

Gly Gly
1158

Val Val
130

Thr Ile

Ser Trp

Glu Asp

Iiys Ser
195

Asp @lu
210

val Arg

<210> 18
<211> 714
<212> DHA

<213>

<220>

<223>

<Z20>

<2Z21>
<222>
<223>

<220>

<Z221>
<222>
<223>

<220>

<2Z1>
<222>
<Z23>

<400> 18
cagotgoage

" acectgeoactg

cagecoccag

tacaaccegt

teectgaage

gtgggocacy

Hisg
Loe

Gly

Thr

Tyr

Asp

180

Gly

Ala

Phe

v a}‘
Ser
Gln
Cys
Gin
165
Lys
Thr

Asp

Gly

misc_feature
(1}..(333)
VH fragment coding seguence

misc_feature
(334} ..(378)
single chain FV linker coding seguence

mise _Ffeature
{379} .. {714}
VL fragment coding sequence

Gly

Gly

Pro

Ser

150

Gin

Arg

Sar

Tyr

Gly
23¢

His

Gly

Pro

135

Gly

Val

Pro

hia

Fhe

215

Gly

artificial seguence

Giu

Gly

120

Ser

Ser

Pro

Ser

Thxr

200

Cys

Thr

tgcaggagte gyggcccagga

ggaagggget gyagtggatt

ceetcaagag tegagteace

tgagetetgt gaccgeogea

10

Leu Asp Tyr
Gly Ser &Gly
Val Ser Ala

Ser Ser Asn
155

Gly Thr Ala
170

Gily Ile Pro
185

Len Giy Ile

Ala Thr Trp

Arg Leu Thr
235

Single chain Fv CLALI2 coding sequence

ctggtgaage

teteotggtgy ctecatecage agtagtagtt

gggagtatct
atatcegtag

gacacggetg

aacttgacta ctgyggocag ggatcagghtg

TED

Giy

Ala

140

ile

Pro

Basp

thr

Asp

220

Val

Giy

Gly

125

Pro

Gly

Lys

Arg

Gly

205

Ary

His

Gin Gly Sexr
116

Gly Ser Gln

Gly Arg Lys

Ser Asn Tyrx
160

Leu Leu Ile
175

Phe Ser Gly

190

Ley Gln Thr

Thr Val Asn

Sar

ctteggagac: cotgtecota’

actactgggy étggatccgc

attatagtgg gageacctac

acacgteeaa gaaccagttco

tgtattacty tgcgagacat

gaggeggttc aggeggaggt

PCT/IL2005/000616

&0
120
180
240
300

360



WO 2005/120166

ggctetggey
coaggacgya
gtgtoctggt
aagegaccct
ctyggcataa
aggactatca
<210> 138

211> 7
<212> PRYT

gtggeggate
aggtcaccat
accagcaagh
cagggatice
ceggactaca

atgttgtacg

i1

geagtetgte gtgacgeage
ctectgotet ggaagoaget
Cocagggaca goooocaaas
tgacegatte tcotggctoca
gactggggac gaggcecegatt

ttteguogya gygaccagge

<213> Artificial sequence

<220>
<223> scFv
<40C> 19
1

<210> 20
<211> 16
<2i2> PRYT

CLAlZ CDR

Ser Ser Ser Tyr Tyr Trp Giy
5

<213> BArtificial sedquence

<ZZ0>

<223> scFv CLALZ CDR

<4p0> 29

-1

<210> 21
<211>» 12
<212> PRT

19

<213> Artlficial sequence

CLALZ CDR

cgeeoctoagt
ccaacatigg
tceteatota
agtctgygac
atttctgege

tgaccgtcca

His Val Gly His Glu Leu Asp Tyr Trp Gly Gln Gly

<220>
<223> scPiv
<400> 21
1

<210> 22
<213> 13
<212> PRY

5

10

<213> Artificial sequence

CLA1Z CDR

Ser Gly Ser Ser Ser Asn Ile Gly Ser Asn Tyr Val Ser

<2Z20>
<223> scFvy
<400> 22
1

<Z2i0> 23
<2il> 7
<212> PRT

5

10

<213> Aartificial seguence

gtetgoggee
gagtaattat
tgaagatgat
gltecgooace
cacgtgggat

cagt

Ser Ile Tyr Tyr Ser Gly Ser Thr Tyr Tyr Bsn Pro Ser Leu Lys Sex
5

15

PCT/EL2005/000616

420
480
540
600
660

714
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12
<220>
<223> scFv CLAL2 CDR
<400> 23

Glu Asp Asp Lys Arg Pro Ser
1 5

<210> 24
<211> 20
<212>» PRT

<213> partificial sequence

<220>
<223> scFv CLALlZ CDR

<400> 24
Ala Thr Trp Asp Arg Thr Val Asn Val Val Arg Phe Gly Gly Giy Thr
1 5 i 15

Arg Leu Thr wval
. 20



