ANTAGONIST ANTI-NOTCH3 ANTIBODIES AND THEIR USE IN THE
PREVENTION AND TREATMENT OF NOTCH3-RELATED DISEASES
wiEbelERHPPLICATIONS [0001]This application claims th%gg/%@m %[087723
U.S. Provisional Patent Application No. 60/875,597, filed December R ,
2006, and U.S. Provisional Patent Application No. 60/879,218, filed
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amelioration, treatment, d disease or
disorder. BACKGROUND OF THE INVENTION [0003]The Notch gene

waEirstaEesenbadang917 when a strain of the fruit fly Drosophila

lanogaster was found to have notched wing blades (Morgan, Am Nat
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e different cell t d tissues, in Drosophila
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iNcogyR Rl Aareirbeyd sigiliryiméeliragnidnetnediated by cell-cell contact and

FiEnasheen eRIERAGN conserved from Drosophila to human. Notch
receptors have been found to be involved in many cellular processes,

[0002]ch as diffrBrRBRIEAT C@NtaRe dlakssidnariaampitii andeNisihaoshsdisiand
theimoetility ipselifesmsienionndanaasis b \adaus cell fyRet-HYliRtted disease or

%e\{_elopment and tissue homeostasis (For review, see
ﬁa‘vanis-Tsakonas, et al., Science 268:225 (1995)). [0004]Mammals

POSEHSE! NIDICONOTEhE dRE NIMpDXNeins (designated Notchl to Notch4) and

ing ligands (designated Delta-1 (DLL-1), Delta-3 (DLL-3), .
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2: ( oghem, at al.. Nafure 335:547 (1988)). [0005]At
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. expression patterns in different tissues or rent environmental cues.
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(1999@gged/Serrate and Delta/Deltalike, specifically bind to the EGF repeat

(000 gion w induce receptor-mediated Notch signaling (reviewed by Bray,
ature REG MBFCHPERISS 1876 JeceRi M ARAGTS I asignetat pieh 1 to

Notca@panDaoprrespoigding EaRdepeetyythed Ubite-12thlepeaterses (DLL-
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directly involved in ligand binding, they play important roles in maintai
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Biol. 24:9265 4); ar etal., Biochem. 42:7061 (2003)). [0006]The
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embryos interferes profoundly with normal development (Coffman, et al.,
Cell 73: 659 (1993)). A Notchl knockout was found to be embryonic lethal
in mice (Swiatek, eta'., Genes & Dev 8:707 (1994)). In humans, there
have been several genetic diseases, including cancer, linked to different
Notch receptor mutations




(Artavanis-Tsakonas, etal., Science 284:770(1999)). For instance,

aberrant activation of Notchl receptor caused by translocation can lead to

I blastic leukemia (Ellisen, etal., Cell 66:649 (1991)). Certain

mutaggﬂ‘%?\‘%he HD domains of Notch1 receptor enhance sigitdifHgz007/087723

without ligand binding (Malecki, et aL, Mol Cell 8/0/ 26:4642 (2006)),
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involving two Sroteol tic cleavages of the receptor followed by nuclear
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i u e flasma cell leukemia, and extramedullary

O e 1t L BTy Bttt 222 7o8 {30 aa e the
LINch e i dhectimeneatioudpasiv o (2005)ctndriaearulgand
bindMBRREY st ,l,%@ | < - ia, .Nail Acad Sci US
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(zeo@mor-specific mutations in the homeobox gene Phox2B (van Limpt, et al.,
azhcer Lett 228:59 (2005)). Other indications and diseases that have

[0006ken linkEdeteNotssBreckpiotexiession NogiHdedeuselagisal dispreers

t ; 96)), diabetes (Anastasi, et at, J Immunol
X e DR o e P o 51
Cell (30655, (J888harydatet icsmkes( Bweéneyd & bt EABESL lethal in mice
Swid@il 42142084 h. ad i e (Fl af,..J Pathol 204:55
(Sw 220 4)). [ooos]glb?r?&%r? %c@:%i%%&oﬁo%%@%fé@%@ﬁ%‘ﬁ%lu%?n“gsﬁé’ﬁéai
geney gl foh) AR REBIsSEiBaH (adbipsanintele neraptvatingations
(Artarartativasioave yet HeeHisRastegs 1 19 r@'ﬁy@?‘e Hoptddnereaseg leyel of

. Notch eptors in tumors can be activated by different ligands in stromal
el S (R GBI ferad GhriprtoeRAB g, Mliouiary
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- igenesis (Mailhos, et al., Differentjation )
e ST B egnos Bty Lithedbigeon
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receptor have been demonstrated in différent type of cancers oué’g, 2t
procegs ‘é)}’c%ﬂ%wy%ﬁ?ff{?@@ﬁ)‘?'?@ﬁaﬁe&@1?}"@6@5@&@3 fabneR094); deay,
transletcatioG antes Qe S L3208 RMinlnamased NOgh3 Rignaling caHsed Mhd Ho

r-expression, of intracellular Notch3  (Notch3-1C) can lead to

dome S et O RIS SRR AR s BRmiape RIdSaTVacks wilbwnciear
how iigseEMBINGABCHiGoeY RatB)! iHis, @baladereddhashol 168: 973 (2006)).

[0009]Notch signaling and its role in cell self-renewal have been

implicated in cancer stem cells, which are a minority population in tumors

and can initiate tumor formation (Reya, et al., Nature 414:105 (2001)).

Normal stem cells from many tissues, including intestinal and neuronal

stem cells, depend on Notch signaling for self-renewal and fate

determination (Fre, et al., Nature, 435: 964 (2005); van Es, et al., Nature,
ARE-QEQ (2008 Androiitealliec-Thentakic at al Natiire A42° Q22 (200R))



[0012a]In a first aspect, there is provided a variable heavy ("VH") chain

region comprising an amino sequence having at least 95% identity to that
Ve 2PeRth7IcSEQ ID NO: 2. [0012b]In a second aspect, there #& prossciedsr 723

variable heavy ("VH") chain region comprising an amino sequence having
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[ ided le id encoding one or more o O:
= e R Bt Pl SE A BT e el Doy 5619
{(19%0nysing! ahe GrmoEMUsleic %d@:a@’td&fﬁ@pﬁm@%{iﬂ@i@%@@mr is over-
' i cel iSin e vector as
o TS O (SRR MR S B S B0 LR ana

OvarEhSTSAG eV ehaln Feyicardses RimPRIIRIMEL Bethe aferlor@ancer Res
66:683paChod)ereindhs aatipodyRindsspesifically @Hﬂg%@%@%@&'ﬁ»s

inth aspect, there is provided an antibody comprising thé VH chain

S*Q“'&J’@af}gﬁ HoloTdiFRF PR SHpR AR SANErBimae. aRuBbagsivsNotch3
receppaciigatiysoNeich@d0ak]lin pidenth sspeehinaieds RrAGes Alitiple

T e ST )
Br J Haematol 122:728 (2003); pancreatic cancer (Buchler, ef al., Ann Surg 242791
(2005)); and T cell acute lymphoblastic leukemias (T-ALL) (Bellavia, et al., Proc Natl
Acad Sci USA 99:3788 (2002); Screpanti, ef al., Trends Mol Med 9:30 (2003)).
Notch3 receptor is also expressed in a subset of neurcblastoma cell lines and serves
as a marker for this type of tumor that has constitutional or tumor-specific mutations
in the homeobox gene Phox2B (van Limpt, et al., Cancer Lett 22859 (2005)). Cther
indications and diseases that have been linked to Notch3 receptor expression
include neurological disorders (Joutel, et al., Nature 383:707 (1996)), diabetes
(Anastasi, et al., J Immunol 171:4504 (2003), rheumatoid arthritis (Yabe, et af., J
Orthop Sci 10:589 (2005)), vascular related diseases (Sweeney, et al., FASEB J
18:1421 (2004)), and Alagille syndrome (Flynn, et al., J Pathol 204:55 (2004}).
[0008] Although Notch3 receptor over-expression (including gene
amplification) has been observed in various cancers, no activating mutations have
yet been reported. It is plausible that an increased level of Notch3 receptors in
tumors can be activated by different ligands in stromal cells or tumor cells and lead
to enhanced Notch3 signaling. Particularly, Notch ligands have been localized to the
vascular endothelium during both development and tumorigenesis (Mailhos, ef af.,
Differentiation 69:135 (2001); Taichman, et al., Dev Dyn 225: 166 (2002)),
suggesting endothelial cells could provide the ligands for Notch3 receptor activation
in tumors. Similar tumor-stroma cross-talk mediated by Noteh ligand and receptor
have been demonstrated in different type of cancers (Houde, ef al., Blood 104: 3697
(2004); Jundt, et al., Blood 103: 3511 (2004); Zeng, et al., Cancer Cell 8: 13 (2005},
Increased Notch3 signaling caused by over-expression of infraceliular Notch3
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[0012k]In an eleventh aspect, there is provided an antibody that binds to a

Notch 3 conformational epitope comprising a LIN12 domain haying at
Weastosgdequence identity with SEQ ID NO. 9 and a dimeFgationee7/687723

domain 2 having at least 90% sequence identity with SEQ ID NO. 18.

(NotiP@1A]ha RRIfth AsRSSEcNeSR b pravideshamanibednBrLRIRAS Rl

Notch 3 conformational epitope comprising amino acid residues
(Vacp3g8! Phod nEAgHER0Nnd AKo(20ABE B Bk IARLS FRAIAGSY 98 3
(20063EQ ID NO: 1) and amino acid residues 1576-1578 and 1626-1628 of the

dimerjzation domain of Notch3 (SEQ ID NO: 1). [0012ml]In a thirteenth
oo R A o R oot R o
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a sixteenth aspect, there is provided the use of an antibody as define

al., N e FRARURRIHEBPEIRRESICERREIREY Bletrefttent B % R3EcRB06)).
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. antibodies and fragments thereof that specifically bind to a conformationa

SN RE G BT NURITIVEE SN TR B e EIHRIATG R ATEDIOoK

engrdimain anehtbeybeteiedimearizatio(rdamaia/ Agather erabediment ofdne)).
isclosurg jncludes epitope hindjng site and antihodies that bind this

EOU'Enge eplfeo%nglg%ntﬁé%tﬁﬁosdgé?%?the‘gﬂr_éggﬁ?@%%w%’ TR AtIBEGies

antingbpiasbiestatdisclbsirk-aitisiganteansfocedsigaidingwimagt theenograft
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of the variable heag and light chain of tibodies and their
i

22: 8L 4AUEPL NMRTP nBCRlic2ERISB(BRAEES, (RRGtr MABbtReriibobtiesecretase
inhibHiSCHREUKR dRCHHEOM R R FerRRBUERAC RITHRRS SRUROAIBS ARS8 mice

(Vanggbodiment includes humanized forms of these antibodies. [0015]Another

bRReNE b thé e Serit el R s wnertisspdrve dBrsto its
effedharbnungdhstentizoidyaseqnenceibobiheipresentdBtiospethways, is very

narrow. Different from Noich, a Noich3 gene knockout in mice was not
embryonically lethal and had few defects (Domenga, et al., Genes & Dev 18: 2730
{2004)}, suggesting that Notch 3 provides a potentially better therapeutic target than
Notch1.

[0011] Tournier-Lasserve et al. (U.S. Application 2003/0186280) teach the
association of Notch3 receptor and CADASIL. The application discloses various
mutations in the Notch3 gene and their possible association with the disease
CADASIL. The application suggests the use of diagnostic antibodies to detect such
mutations. The application also suggests therapeutic antibodies to treat CADASIL,
i.e. agonistic antibodies, but no specific antibodies are disclosed nor how to make
such antibodies.

10012 In view of the large number of human diseases associated with the
Notch3 signaling pathway, it is important that new ways of preventing and treating



[0016]The present disclosure also includes the conformational epitope
recognized by the antagonist antibodies of the disclosure. The present
disclosure also includes antibodies that bind. this conformational epjtope.
eSS BBA R RETIL R o LR P NP By E RO EorRprrig
antibhedigh Li2edonainHiavingat teasic80A&e85%, 90%, or 95% sequence
% with SEQ ID NO. 9 and the dimerization domain 2 having at least
3096, g%, 90%, or 95% sequence identity with SEQ ID NO. 18. More
ticularl rogLinn SRitepRISEMBESINGAMIBRACIRgiorn
[Ggfé%jdues ggg%%%%%%&?%?o%@i% %; 422 of tpe L1 LINI2 do b
comgiah AN GaERD RESHETRES 157 S BT 18 BeTaBh 61 b T S b
No-demain. The present disclosure includes antibodies that bind this
conformational epitope. [0017]Another embodiment of the present
disclosure is the use of any of these antibodies for g?e re ar;;g of a .
100 blicameRtorSSBBERIH 1OFRE FEAHER COFHIRE RS M AR regior
corvRariaiecvwitd MNajcbrdedcapigrbamtiti: [dendhledimsehibooimem oD
the present disclosure is the use of any of these antibodies in the
tréatment of disorders associated with Notch 3 activation comprising the
inhibition of said activation by, e.g., inhibiting Notch 3 signaling, or
[poteytralization efihesesaptoersyihiockielig sfitidizding Motch Smelating SEQ
D iféscgflqg ?@gé}gplude,_but are not I!mlted_ to, 1-cell acute Iymphob_lastlc
eukemia, ymphoma, liver disease involving aberrant vascularization,
diabetes, ovarian cancer, diseases involving vascular cell fate,
rooTReUMatoigh artbiits, Jepectctliescancevidewhasrivaliicel keuy@acerplasma
oplasms (s as multiple myeloma, plasma cell leukemia, and
SEC@B&%E%@IIg%yaélfgggiacytoma), and neuroblastoma. BRIEF
DESCRIPTION OF THE FIGURES [0019]Figure 1 depicts the amino acid
[oo-gRgquence QfNag 3 pdhethé&E isgpevtsegionedxte ads feanvdingrumacidmore of
i 310.1383; th domain extends from amino acid residue
SE(&@%%@ %5%3? a'f:? 'tﬁ?ég m%]rol?zation domain extends from amino acid
residue 1504 to 1640. [0020]Figure 2 (A-H) depicts the amino acid
[ooATUENCe [poMmpan sepheteees ByremidbichetidlotehiRisigtoheSpandre
Notch 4. %0082 Figure 3 depicts the percent identity of Notch 1, Notch 2,
nuc{ﬁ‘Stﬁﬁ%ﬁ 0 ?cgrﬁRﬂﬁOZZ]Figures 4A and 4B depict the heavy and light
chain variable region sequences of anti-Notch3 monoclonal antibody MAb
[0012RAA-4 (SRQ YaWN@h Aspuith EERItegioNsdmdedinesmORR &) iguresdis
def ancfa%B depict the heavy and light chain variable region sequences of
SNEFiENBYEh3 monoclonal antibody MAb 256A-8 (SEQ ID NO: 4), with CDR
regions underlined.
[0012h] In an eighth aspect, there is provided an antibody comprising the VH

chain region according to the first or the second aspect, wherein the antibody binds

specifically to Notch 3.

{60125 In a ninth aspect, there is provided an antibody comprising the VH chain
sequence according to the third aspect, wherein the antibody binds specifically to
Motch 3,

[6012]] In a tenth aspect, there is provided an antibody comprising the VH chain
sequence according o the fourth aspect, wherein the aniibody binds specifically to
Noich 3.



[0024]Figure 6 depicts a luciferase reporter assay of Example 5 showing
inhibitory effects by anti-Notch3 MAbs on the Notch3 ligand Jagged 1.
[0025]Figure 7 depicts the luciferase reporter assay showing inhibitory
effects by anti-Notch3 MAbs on the Notch3 ligand Jagged 2. [0026]Figure
8 depicts the luciferase, reporter ass ing inhiby f
o o h NAGEIR hea%%%e%ﬁ?@%&%ﬁ'@%@i@%f:%%ﬁ%%%ﬁ%%;?h%Nm
3 denfiterasioneleptopasrysisiwiad-INADRBRARHERRNG Fdfe! RBtRs8HeNce

ideP¥A ihoanearoets by:aat Metehsalibhhs 24 Huuiag avaran IEmeruence
cell line, OV/CAR:éag (9B) Human ovarian cancer cell line, A2780.
pi

deie kit 1o o the apoptosis assay of Example 6 showing that
cell survival effect induced by Jaggedl was inhibited by anti-Notch3
rodYAPs. [003915igiuie dgepiciadhadnhiitesny affestipbapt-boseii MASotch 3
on ceII_mi%rati_on (11A) and invasionﬁ%.#B%? Eé@%&%@&%&]ﬂ% élr%d
CoRjRIMALon GRleRet CUTHYIART PR RBTHTIRIGZN3 domain: swap protein
14 Expresseitiasia UBGR protein ofitthobam3el® REGIF K0S Gridrmasissresidues

15 QP52808(0 16980RCH 11132007 10/ 1eF 2300 dbIFigEe L3hiemiets an NO: 1),

ELISA using anti-human Fc control antibody as the detection antibody
showing that the proteins of Figure 12 were expressed in conditioned
ootmdium. Figwehi8Rabpictsahn BEEISK peiviglabe matagdiier gedution an

an an:{:@gc?ﬁ@%& GRGriePIcS AN LldSthatp N ¢8 GAdR AsMBHBELIM priate for

y. Figure 13D dépicts an ELISA using a positive control antibody
fhezisesi\uq@aso%ﬁ?@ aetiatParBYalS008 AFIGEr &2%8%%‘?625 the

.comparison of the engineered Notch3 leader peptide coding sequence to

{ooiigggaﬂve %Oé%%ﬂf‘é%gﬂ( peRtidecading seALERCHNGRLSE RBANS the

/ ssion No. NM_000435) showing the changes of nucleotides (14A)
antiiedies gariestéBARino acid sequence of the engineered Notch leader

[00120] In a fifteenth aspect, there is provided the use of an antibody as defined

above in the preparation of a medicament.

[0012p] in a sixteenth aspect, there is provided the use of an antibody as defined

above in the manufacture of a medicament for the treatrent of a Notch 3 related
disease or disorder.

(0013} The present disclosure provides novel antibodies and fragments thereof
that specifically bind to a conformational epitope of the human Notch3 receptor, the
epitope comprising the LIN12 domain and the heterodimerization domain. Ancther
embodiment 6? the disciosure includes the epitope binding site and antibodies that bind this
same epitope as the antibodies of the present disclosure. The antibodies of the

present disclosure inhibit ligand-induced signaling through the Notch3 receptor.

[0014] The disclosure includes the amino acid sequences of the variable heavy
and light chain of the antibodies and their corresponding nucleic acid sequences.

Ancther embodiment of the disclosure includes the CDR sequences of these
antibodies. Another embodiment includes humanized forms of these antibodies.

[0015] Another embodiment of the present disclosure includes the cell lines

and vectors harboring the antibody sequences of the present disclosure.
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peptide sequence (14B). [0033]Figure 15 depicts the generation of
domain swap construct by PCR- SOE method. Arrow bars represent PCR
primers. Open bar, Notch3 sequence. Filled bar, Notchl sequence.

4]Figu ints;the amingsacithseayensesiseddndhg siotehs
Igﬁ[lﬁ%lz dompa%‘r% 2’;%%%@ c:1111%1(1'pping of the MADb 256A-4 and 256

A-8..
reciapgsi iy testanthpion aTRARIRD LERe SRIRTERs LEBETRTHE NBRTRS"™ #°°
incHIMRerZatgN MR SREORR: apking=ithe MAlRs6A Meammiastindts include

0036]Figure 18 depicts a schematic. of the epi binding si o
o NSO TEAOB DR ARE DS MO 0 TR 1 oAt lgest 0%,
g5Nobimites tnthe sartcwardantipadlodsi:frifobils Telhdinbe, disutorstion
reagents described herej e . ;
cor R A E T B SR R LR i s
NCermbadine s dalyasyd teeniotatedded i matians! ssui6 BREBEEEREBMINO

.nventjon. reinandint 0 imacthe sipgagdaras and
ac"%ﬁfm e ?ﬁ%é%qe%%é%gﬁgﬁg?%ﬁggﬁggdﬁ%gs%%ﬁeec%itext clearly e

amitictatss oibisveisd 57.6- 1 B rnbd 886al Radrdidneimtidiestizliongospain. The
pre%%ﬁp fostsslsHnless defingd othaniseu#ll dechmicalians ssippific terms

any acronyms used herein have the same meanings as commonly
[00GTderstoodibytbereeofrordinery @kine prerealHirclpiifre I8 BrtHEs Miémich these

anf¥iRMghrR-RthadsRRtoMateaalesinritarcproeauieaitint ioothbeetreatment of
described herein can be used in ttgﬁl &@(ﬁ:;ﬁlcsg of thet (g)rr s%nt invention, the

disEREATIREY WRAFRRIS, RRARCLCY 1Y AR bed Rerein. WO
[004998/0769GABRL/ S RAAFORTF 26 poasyAlbjsatestseandhsurtrfiay of these

tioned herein are | ted herein hy ref ~
T e

coPRAdnghedaiotsihost cels antiratiethbrotogiel rdptined\eiste i sigaeling, or
might be used, with t r ' i NekRing, hetgirds toded
nelég% ﬁqt}éod"é)zqg]nez{g?n|§S@6ﬁ]@§%¥eﬂ#\%ﬁt{?§%ﬁ Erglf(?’){tgentitled to antedate o8

masuicleidise)dstrarbywirtireiistiiaor eedrpHe HENRRRIS FOIsIoerRie. huaghoma,
ivaPERsEhout Hhis Anp igRlieetai Reeaneif eflabites, ovarian cancer, diseases
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ordinary and typical meaning to those of ordinary skill in the art. However,
Applicants desire that the following terms be given the particular
wiefimtionsas defined below. [0040]The phrase "substantiallyideptigal os7723
with respect to an antibody chain polypeptide sequence may be construed
; ' [n.exhibifi I .710%, or 80%, or 90%, or 95%
Rl RS R e e e I
lungregpeet tBlashiitial RerPRsUR (Bechay neitipistnyetbatsa eguenceliof
é)r 97%

leukBHEIEAidle s @ANUINGAY 15RO BRY0 Rk 9'%)6}’0%8%5@?{81 .

equence identity to the referencé nucleic acid sequence. [0041]The term

S
BRIEEdAGS Y BIFAY BhyF dR'Be B Strued to mean the percentage of
[004@mino acHgesidugsintheneandiciataseauanen dbareddenticabwiBihe eat

.re5|dyen$f i_correspondlr.lF? se%%%]to which it is corjggared, after
reYIGligning the Sey HEHAR S Sid it & daps iFrecbbkanprralpristrntsdrom
amimediues pecé AtHentisDirdhe LrtiihseueneciGnginbEONSIORINGamino

acid@@Xi&BQ%ﬂ@?gel éggstitutions as part of the sequence identity. Neither N-
nor C-terminal extensions nor insertions shall be construed as reducing

10028 ntity of isoisolody Heemiets relavinputst pogrents fortimmeaignmenteen
humBFENERHHKRONALIA aRibSeaLeNeE identity may be measured using

sequence_ analysis software. [0042]The term "antibody" is used in the

10028 )02 dest 'SE8HER SHRPGHR SicRByCEA g HiBHoCNMah dhtibeisie s (Neltabifigand
Notdwltlength monoclonal antibodies), polyclonal antibodies, and multispecific

tibodies. (e.q., hispecjfic antibodies), and antibody fragments so long as
[002g}., exhigié'tﬁ%éd%gi BI3I0GRISH DEi0e7 VX AMSLIEES eis) Griable region
sequiemmem of il dishareglycaprotéiogyaMibRiersarBEsirustiE! 2), with

isticss; While antibodies exhibit binding specificity to a specific

CDR‘t:ar &ﬁ%ﬂ%%%@%%u”ns include both antibodies and other antibody-like
[0028]oleculekiguirm Fackna gl dspecificiyhcive antbintieshafitheitasatiogisan
seqURe & LBY INBNG s |&@md&§mé@%tlg&ﬂmﬁ%@&% %@U Oéﬁ'%@lg Lith

19G2, 1903, I1gG4, IgAl and IgA2) or subtlass. Native a les and ”’
CORISan54I8aGIHREEre usually heterotetrameric glycoproteins of about

E@O?@PO,SOOI Pigliesns, @@ﬁhlms)%el@@fﬁ@é%ﬂgﬁ%!r|%§a@-%@§§5?ﬁg¥@%%\6\1ing

.. identi eavy (H. ins. eavy chain has at one end a variable

inhib} 8%5%%?’%%%@8%5%‘%%% 3% Sielel epndirieoese Jight chain

[002Bhs a valighleedbdwiiviatthadueifdride) rapdriecapsantianamadisiitscihefects
4] rein,..anti-Notch3 antibody” means an antibody

oY aﬁhﬁ%ﬁ%ﬁéﬁgﬁéﬁﬁyﬁt@ﬁﬁwlﬁ?ﬁéﬁ%@# ?u‘ch a manner so as to inhibit

[0028} substdrigieley fetfmieisibaindifeyaseNerch®taisdigsinoising tofiititbity effects

by af¥oredichsianaling,, IO4GIINE teyandvaiihle” in the context of variable

domain of antibodies, refers to the fact that certain portions of the variable
1002 mainsfdare Sfshie e seiiriened aBag arsmoiewnsdtib teodkfects
to nathe bioting angvepreificincel ear masiculas s batyJordie) RATHEAHS v arian

tar ¥ Howgv?# t va%a&l%#ﬁ/}_lls not evenly distributed through the
canc%ngebfe Gormaims 6P STHREEMEE R t8aGRthFddIe8 gfivef 8 called
EOGZ&bmplen’fegml ioasityCosteintning aggﬁnsi@@&s_,zbbeg;@a?ﬂa_ %&F@%ﬁ_@@%gt ﬁell

- var regions both in ight chain and the
S R e L R B TR b o
[002%%riable GiswAind seviatndbanehitinanasikgRR prthdotari At demaiosiof

migratasiver haawnand igli-cheias speRfapIpgse four FR regions, largely a

dopting a p-sheet configuration, connected by three CDRs, which form

[00308 0ps conldEEBing, RRIGH SRt AsES fasing paiherNeis!s INetsh3 domain-

swapstroctinexphesSRs in RrRwhGhaRArRie kL iagathrs iR PIEMIRNINUS.
the FR regions and, with the CDRs from the other chain, contribute to the
formation of the target binding site of antibodies (see Kabat, et a/.
Sequences of Proteins of Immunological Interest, National Institute of
Health, Bethesda, Md. (1987)). As fised herein, numbering of
immunoglobulin amino acid residues is done according to the
immunoglobulin amino acid residue numbering system of Kabat, et al.,
unless otherwise indicated. [0045]The term "antibody fragment" refers to a

portion of a full-length antibody, generally the target binding or variable
raninon EFvamnlec of antihndy fracomente inchiide Efahy Efah'Y E(ah1)Y2 and



antigen-binding sites, which fragments comprise a heavy chain variable
domain (VH) connected to a light chain variable domain (VL) in the same

wpolypeptideschain. By using a linker that is too short to allow paiingseg7es7723
between the two domains on the same chain, the domains are forced to

ir with t domains of another.changing and create two
O e b B o o A B8 oo as
the gginalivnembrghtstisaimarnbiahibdstateinstant-ipmai(Get ekthedseauy

j Jifrag Hter I : e addiion of a .
O DF s RSP CPaih Gt hiifiection
antipaGiaig BRe B ABRICE SRS froainse2aRtd di insgdategiom MiabYdy.

Figdragrsientssicesproduaes hisisleavasa:nktbe dish fide,Bapd  the-hinge. .
detecéf%g'gg ]bofpthe F(abl)2 pepsin digestion product. Additional chemical
couplings 0 ghtibody fragments are known to those of ordinary skill in the

(o034}, [0049!Frgle°¢e‘rm;immwml m%dwg&'&weﬁ.daﬁé%mm%ﬁ% Mbder
i n m.a population stantially homogeneous
Pep B e R el e e
(NCRichgealanicapeessisoshinléivatOPABo chrimgaribiationsdhaomaychetides
14./0r ToPell ibpdies herein spgecificall
o B e R e
PePiRe §oURIE? ighBehain is identical with or homologous to corresponding
E%ﬁqUenC@Sg'Or@M@@ékﬁétQﬂﬁé’@@ﬁ@?ﬁ%iW@%‘ﬂx‘%ﬁr?Q%S%&ﬁstﬁ?&?@ﬁi@@i%’—
s

SOé"rﬁa{ﬁnglﬁ‘{ anti%o?%class or subclass, while the remainder of the chain
id iqentical WY 87 FoRBiEEoUsE B rbeptnding 2 ogndNed ihsastitsogies
Filled drvetidtont aeatisicpecies or belonging to another antibody class or

bclass ell .as fragments of such antibodies, so long as they exhibit
0
00 ool S ST T AP R I o 4% 5 B PR LI 12
demgin ppdensam aneSY HSNBL:B86A-1884)356igoclonal antibodies are
[0038ohly spegifics Reing ditecied againsi 4 sngle farget site, ﬁ%ﬁh‘i{» o
contrast to conventional (polyclonal) antibody preparations Whic ?y?n ally

dimSHERige dReRIRCAaBSIRangIRGE Fdnebine: HifdrenaneRatfnants

[003@pitopesyieach messrRianLanERRMY & de esth g PRSI %or MAb
256 ﬁteg%lrge%gé? the target. In addition to their specificity, monoclona
D ‘6 advantageous in that they may be synthesized by the

ntibo
dLRiPdIDNcontaminated by other immunoglobulins. The

i

gHoiitass

odifie 5 I" indicates.the character of the antibody as being
[Oagg%tainedﬁo%ﬂﬁg éqj’b%srt]é%tf!a(f?;}! 5r%@é%@e%ﬁ@ﬁ’%ﬁ%ﬂlﬁ%%cﬁé@%ﬁ@
cell IiRasotrrifsceriseaganis deqoiiirey prasicbenaftbenantinady by amirther, the

term ALY B SRRl OO AR Bl o BRI SRRSO SR s oniy

the present invention may be isolate g antftf);g(?f fbrRR

and i§, pliRnT seerigub b ersropaei i s oreseon i amisodids tosse iseeiirand in
the appeorsaner with the AresRAivREtAN may bemade by theldwbridama ...
unles@?ﬁhc’domsg({jﬁ]sc”[b?ﬁj Kohler, etal., Nature 256:495 (1975), or may be

made By récompiharit’ QL9 BHE6 RiGmEHFEaC IS BPsbASHMakdes
a piu(aligy, oherice pastibaities mlesshifafisd mimenngtoulias nimvaLAKY e

' s of (such as Fv, Fab, Fab', F(ab1)2 or other

T S e A S bt b e U ER R G b AP
unde §goe Rvecsrived foannskitHortenarimune dielduwirthinigeaeriah thethough

any rdimanizasant il [ i | t least,one, and
’ typically two, v%%%lbﬁn%?rg %r% @vﬂ?&%ﬁﬁéﬁ%s@égﬁﬁi@aﬁ%@ t‘ﬂecebtﬁ?

used B d[uhEIaSHER BOHRPIB RS BV Hm snammancyieibalis ahevilbsrand

matlesalkstantiRlicall«ef thediR regions are those of a human immunoglobulin
template sequence. The humanized antibody may also comprise at least a
portion of an immunoglobulin constant region (Fc), typically that of a
human immunoglobulin template chosen. [0051]The terms "“cell," "cell
line," and "cell culture" include progeny. It is also understood that alll
progeny may not be precisely identical in DNA content, due to deliberate
or inadvertent mutations. Variant progeny that have the same function or
biological property, as screened for in the originally transformed cell, are

included. The "host cells" used in the present invention generally are
nrolkkarviotic or erilkarviotic hnete TOOR21"Trancfarmation” nf a calliilar



composition which can be conjugated directly or indirectly to a molecule or
protein, e.g., an antibody. The label may itself be detectable (e.qg.,
vradinmsotepe labels or fluorescent labels) or, in the case of ar-¢REMIAIGT723
label, may catalyze chemical alteration of a substrate compound or
Go8gMPpositign %%Qsi%rqlg %%O[%O s used herein, "solid phase" .
[ 3?ﬁﬁeans a norﬁy-gaqueous atrﬁ? 0 wsif%%t@é"é’r?ﬁbo%fﬁ %ﬁﬁee'%?gs%?ﬁrta%d herein

by refigrangenie dreariens atigwahlsianvdondishasumeacitpesisddensin
disci@ﬁ%@%@?ﬁ%@@f@%@ﬁﬁﬁ@%t%@&@@jrﬁ%?&&ﬁ@?ﬁﬁ&'ﬁéﬁﬁ% dPUE e

glass), polysaccharides (e.g., agarose), polyacrylamides, polystyrene,
thergiBiRyT SRbRB USR] \gfrfeé%@rw@r@w@mom@m@még@«u@mq@emimﬁ@ to
be constexdthe selidiphasecancomprismite wellafanassay Alaleaia athers
disclit IS a %Jrifi atiortco.lumn g?g? an affinity chromatography column).

f@%g?] S SEE R Pélﬂr: HECREIT “Notch3-mediated disorder” means a
Defipthiwlition or disease which is characterized by the overexpression and/or
0 persensiiivi 0 receptor. cifically. it would be construed
E e3?0Y incIud?%%%ﬂ%égquggé%%gg%\}%aggr[?c‘fae%r'g '$G¢ tgsbﬁo%qg?ﬁ%?éqe Imng
ordingi@1d dvRifahreancing nthTseaif acdiralynapiobldstiafeukemavether
AppIfRiSSBFlLginoRaRIISR RIRRIAIR CANSS RIASPIR.fS! NSORIASITS s

_(e.g., multiple myeloma, plasma cell leukemia and extramedullary

deﬁ’}ﬁg ’Q(Ythoma), neuroblastoma and extramedullary plasmacytoma are

[0648]s0 encampassesimnidesibeisapRecplits WM r&3hat tPss S HisRgSsSin
| w&clg{gie%émphoma, Alﬁgllle S ?drcgéne, liver disease |nvoIV|n%I_aberrant
POVRIAR a7 Ao, Bl g HREARS &S RaRREE Odis a8 s HYOng at least
70%yaséiidr, celbiiite, aritbPhesmatoich addriity. i QECEFREE BHY5Btide
IMMU ! NERATING ANTIBODIES [0058]Soluble targets or
sea R R T R A e dalang SmuBBreses o
sequeResptindeeoidhe erddbiligmit erstatpet @aliecs SO Rrefe Bty 4he7 %

sequERBE AR AR A ARPREMIRAY RERIIS, ABA Administration of the

antibody to a mammal sufferln% from a disease or disorder can result in a

10043 erapeuliBHSTETTFPHEY TRanisRopmo i snaliiBaway B esde swarethe

percémiagn0geminG MOk RgsRIE0AIGS: EBRJIMARBEEENEAYRE HOMMERR Al with
the rttrse%)l»jmkg)q}nant(l{}/ror made usmgéis%g%retlc methods. The immunogen may

210 Bl DTS TRt (R WOBEIIrS FRARSRsERfighaligning the
sequatalesded, istrohasie geprs feagnenisiobiitesec the. nibeiexiaeelubat
: in of af he immunogen. Alternatively, cejls
o R e D e S o B e R DR s
as pasyehteeIreenaNme déevin. fidgitaandiurndsCrren(pay exdansemsetldinesgions

shall B hes6eke whirkhawe hesniansiarmad Ry rﬂ%@?@éﬂ&%ﬁ@@%‘?s to

over-_express the transmembrane molecule. Other forms of t

Prog G [Rb e 2 SERANK HReBEIHG ANBHBATES Al BeayRRmeivastiuses e
meastef006AY Heruativelynagene oma#BNA encoding human Notch3

ceptormay, _be ¢loned info a plasmid or other expression vector and
[OMéeipressét‘JlH A oﬁ@%ﬂ?&béﬁ' Pk IdAEiBReapGRImE RS Fathepecifically
covenrnethodsioel kmbbodietiivstdirgkillinghgtanddethonts: aholoming and

' c the pucleic acid sequence for huma

o are e e i BEIRE £ SRR BB s
antibggly rrgres sy oBeka @S it tixkib i dhe desiretthdgaistiactdl,. aAntibodies

(Abs yarliitude @i syislantide SRIURDERR-EPRALIAY Mﬁ@%ﬁ%%%%%%ﬁ&?ﬂé@ r

_polypeptides may be used. One may vary the nucleotide sequence
charagllishiog-chImanbhediss e tinidasipg sermiictmiras prséisarget,
immucomiblnatiensaelgece Bnaseaidaner) Wb thag iRLtERieE QRBEthich

de as applied tg,the nucleotide uence that codes for naturall
ok e R o L P Lo VSrUAB FoTEs BErtbmaRRlec Al
one of these polypeptides may be used in the immunization of an animal
to generate antibodies that bind to Auman Notch3 receptor.
[0061]Recombinant Notch3 proteins from other species may also be used
as immunogen to generate antibodies because of the high degree of
conservation of the amino acid sequence of Notch3. A comparison

between human and mouse Notch3 showed over 90% amino acid
canliance ideantitvy hetween the two ecnecieae [ONDA21The immiinodean



[0063]Recombinant Notch3 receptor protein as described in Example 1
was used to immunize mice to generate the hybridomas that produce the

waonogioeadeantibodies of the present invention. Exemplary phpepligess 723
comprise all or a portion of SEQ ID NO. 1 or variants thereof. ANTIBODY

e L M N A oo
SubQ%MaH%Mtb@ﬁe@smmwpo@abﬁmsaarmuemyl\neﬂammmenc
gsycefﬁeﬁéiﬁlga%@&m%@@%%%%%}ﬂ é%tﬂﬁt@? ?ﬁbﬁbﬁgrﬁ L

Antibodies: a Laboratory Manual C spring

and SgsCioniaal ea068)) s BWWb@rat@asr@r@rwwﬁeaeveﬁa@!m
dom@remmwmom@@f@rr@m@ SEnETHRHRSERINAS @%%,@nﬁggqt&maﬁwg's

e admlnlstered,tg) varfgus host animals including, not limited

varigs! ra%}b AR PO &wﬁﬁﬁ%ma%ﬁtdﬁs@ﬁe&@ﬁ%mmg
{%@}chlonaﬁamﬁl&d&mﬁmﬁn f@ot&tﬁmﬁ@@ﬁﬂh@@ﬁlwﬁfﬂm@m@h binds

spe g R e VB e D s e
redupe Wﬁrﬁﬁﬁbl‘@b%é‘ﬂ@éﬁp%ﬁs@ depedsintomttibihtstgpddesaing include
foodayt are neilimied {0, FAelNgSHeompiRle %gdHSBQQSFﬁ%ﬁng@b%e s,

such as aluminum hydroxide, surface active substances suc

refefsdgiiatian! PlatGiRcaiBnBIsopsIyhHisnerisoitdes ane lientsriaybile
seqdm@@tdﬁﬁ@ﬂ@cymmrm%@%ﬂ@eéw ReteMHiaiy YseTUbBLMER of each

c as BCG (bacille Calmette-Guerin) and Corynebacterium

pa“'ﬁ%ﬁhﬁ? %\8%}‘[ iGhASSRAMHEL B 88uVARNENRicH R4S 30 Epioyeicevenly

dtstrlhuta?éh@MﬂheTW%ﬂ@m@(WW@éyl itpﬁbﬁnwﬁféﬂﬁé in three
mmunization proto re.we wnin

seg SR%%aﬁecéJ%% ?ém/g ggl%termum%z{ﬁ é)rﬁ:a eﬁ?@% a%l ﬁ}é‘) CDR2,

e art and may e per orm
and ﬁé@ﬁ?&)ﬁsm kﬁ@\mmsdnwmasmegmusmmamtmwmm ntbe

head EHQP\G\@HBIQ%Um@ﬁémW%?Q It LoNEBRN, 39%) lacb?e

into the mammal b%/ multiple subcutan ous or intraperiton njec Ions, or

dompifisATGeealianyfis oy (FRE ifiarogbleriayRicr Genetvsttsavy and
light pabiReRids, @oma%emtem eEyRHants-darrerhddpRRgUNILRAR the
fnaturle of the %ﬁ? Fﬁé % ercent hydrophobicity, percent
con W&?&SHH%‘&T]‘Q EY £ r%?ggé OB ERR B EONNeMIRY RN ddBfEPme
casetd foomjugaterths, ithen Bredgen $ma:mroieumﬂm@mmnb@amwmawaséﬂe
h.con t I r ch
o A i A e R
chainmpROHBYSE ErieHermetion sfdhictprostipindibg smajugmedmﬂeh thad &Kabat,
et al CQUAIRBA S AER L ARSI OLE MBS RE MRIGRC e G,

other methods known to the skilled artisan. Examples o

BelhpafuMdeifd el Yaekferaiot aH@ﬁéf'D&%MWum@@iimmno acid

res,ldh@mwmaxal@u@t@ tRErkAMAIRSETIB RO YRRHWAEIRNe SOMIREMg
|nh|b|t<fr and romﬂﬁézuous elper peptides. Various adjuvants

sysi may be u{éieoe c? n&’é%& %’H‘Wﬁﬁﬁ%%“gq response as described above.
[004@3067]Th§warmbmdiestmfoturpfpargsmtﬁm@q@ eqpapliise sNararRn

: b n are ntlbodles ich recognize a single
anhba@? ggﬁ?t@c}@%g? %rrﬁngg ECIfICI makrgg ﬂpor\:\gcf%mT %B%'&I@
fragl‘ﬂw@ﬁ fﬁ?&ﬁé@Eéfplm}xrféaqablﬁﬁs@rialmuﬁmegmhteh Useallyrssatiimctional
fragriibacien bt spspumzacyy Rt euahdilprentaniosnin siigs Mopedgnal

ogy, suc

antibodies may be prepared using hybridoma te ose

activiie i ABEHGY N’éﬁ‘%ﬁ@rﬂé{é@ﬂwa@?@%@ﬁ@f(ma)p@ 3. Pagtivoe! fragment or
analdgfﬁ)?@iibﬂhlfﬂaﬂ@m @Eﬁlboﬁ@ﬂ@%@ﬁvf»ﬁch%@f%‘iﬁﬁ’tﬁﬂé%br%oﬂé’c%%‘i@gm such

o ma él{)gr Lat\orat%g Press, 2nd ed. E&l if ) and Hammerling, eta!,,

SHSAS AN SHY &1 Sfaétéﬂ yBRdtHiaE @g@(,@frt(@gageptor fo bind to
recombinant DNA methods, or other methods known to the artisan. Other
examples of methods which may bé& employed for producing monoclonal
antibodies include, but are not limited to, the human B-cell hybridoma
technique (Kosbor, etal., Immunology Today 4:72 (1983); Cole, et al.,

Proc Natl Aced Sci USA 80:2026 (1983)), and the EBV-hybridoma

technique (Cole, etal., Monoclonal Antibodies and Cancer Therapy, pp.
77_-0RA Alan R |l ice (102K} <;irh antibodieae mav he nf anv



[0070]Preferred immortalized cell lines are those that fuse efficiently,
support stable high-level production of antibody by the selected

vantibagypreducing cells, and are sensitive to a medium SUCP@ﬁz%&Immm
medium. Among these myeloma cell lines are murine myeloma lines, such

s e B S O S 5 el BTG kv By gspect to

antigmieg, dﬂ%@%iﬁﬁ&éﬁahﬁeﬂ&hﬁmﬂaMém@m@m AaretioanrBgpeetiutiieists of a
| | d

di m&%ﬁ%@ﬂé él ﬁv%r%%aé*&éﬂ% rm ¢ qmg égg%b gax@gﬁe

mouse- human heterom oma cell lines also have
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oD D I L BRI SR SR o eiGiar et ot 2
lowehredintedhey hybddtndteisgriebe determined by immunoprecipitation
[004@ by an "a;mg@ MW@W&?’%F—S\}LC%%%% 'grlﬁ'ﬁ%é?u SRS(?mé\]gﬁ %%Réﬁeand Vi

enzyme-linked immunoabsorbent assa
domgifsviat AN tRBtRAGH MARKTI the kit eneies artis ane Tve birdenyaffinityrefotide

th | !
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bmdd@wed specificity, affinity, and/or act|V|ty the clones may be subcloned by
andard methods (Godin

t d
1004 o on A AR B R B B P AL AU PREMEAIE P o
antigey$idog @%whmmbmamammgd@farﬁémgaumeaﬁdu@aﬁﬁfam (Vi)
(B ME or RPMI-1640
conrfRXRERRIS s YINesLas MA %Hfs%d&?hgiﬁcz\{ymay 8 \%%dgscggglte§y

medium. In“addition, the hybrido gro
using aritvesintiamt ﬁwﬁﬁ?aﬂ@@?@]ﬂihwmﬁﬁmdﬁwm)ﬂﬁﬂw@@dmmmdmm same

chaisUBeleasMe sutehbeaapasaiediay éﬁ@'é&%ﬁ@%ﬁl&ﬁ pun%tmseg%%other

h asci gagﬁjlrwd or serum by conventional immunoglobuli cation
Changing A SLeali e RS ISSRARNG RiRSn A-Sepharose, hydroxylaptite
gemapromatﬁgmﬁmmhgmusmmmaéQw&mt@@n@éﬁh@%@ﬁ#@ﬁ@%‘ﬁeham and

finity ty of method tinth
the A T Bt B ) B R TS
F(abhagmizets tovtitfedr atdéiprooiue iew reigbeislemiag Eabexaneiids of the
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as those described in U. |s cont

regiofy diakibiasaimedre r@f@@sw@céhyaﬁﬁaaagejeﬁvwdmﬁsa@u@e at the hinge
cysteRukaBrate, FF{EBQ?p@b@@ﬁ@’é@ﬁ&r‘?lﬁe@uQN'A@&]EQQQ%HE%?QI%BH%S of

tihodies of the invention Is readq%/ isolated and sequenced using

anhbggﬁv@%mﬁﬁ {SoPR &893 (R 1§o%%) é?ﬁ@‘?ﬂfdo?ﬁﬁ:!@dﬁé@ Brobes that are
[004%hpable Brhé)ltmimgrﬁpectﬂca&}/émﬂﬁi@s socrding dhemeawrsaRdligitibody

obtalﬁ glf}sr%f urln ntlb h chains from human, humanized, or
er sourced) Tnncl’g %tsa @‘?@W&&?@E”%&m‘& BONREhbRs W
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isolated, the DNA ma Into expression vec {orsWhic

antiberigsfagtal srEHbce! |l§3§lﬂi€:h s@sme&r@h@@mgomwmmﬁhum@ﬁﬂ
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corremhegv rﬁagroduce |mmuno%lobulln protein, to obtain the synthesi

N toli PGS R HESRhYRh RS P dARiCriag BIAIRESY may
be modified, for example, by substituting the coding sequence for human
heavy and light chain constant doni&ins in place of the homologous
murine sequences (U.S. Pat. No. 4,816,567; Morrison, etal,, Proc Nat/
Acad Sci USA 81:6851(1984)) or by covalently joining to the
immunoglobulin coding sequence all or part of the coding sequence for a

non-immunoglobulin polypeptide. Such a non-immunoglobulin polypeptide
ran he crithetitiited for the concetant domaine nf an antibody of the



[0077]For some uses, including in vivo use of antibodies in humans and in
vitro detection assays, it may be preferable to use chimeric, humanized, or

vhsimanoastibodies. A chimeric antibody is a molecule in which-difeiemog 7723
portions of the antibody are derived from different animal species, such as

bl A S e ket g 7 todmageray e
chaipfstiscitr danrheiib entibouiagats knommaanhedny Seruergedorastimodies

censeSSR SRS GRS AR A BSR F ERAA UEED) GRe o
well 2B IEEE? R 2 rleativamiinen s done e trareehiréih oy esimd higdgical

actitheieBlirlyet0iE3lA duaTsaYZad ARiasY s desigpedtahave . greater s 4
81:6§§Ta§%y )t)o uman |mmutné)globulln than animal-derived monoclonal
tbodies) HYIRERPARBHARICY e AlG Mol FRRAFalefa stiesierbresinst
singleHereén sﬁn@smﬁﬂaﬁy’ﬂ@ss,tmnﬁt&ctWEwﬁam%%Mf) RAgHRREN
itut .corresponding.seqguence frgm a non-human species.
BT T S e B iy et v
detespériadstienibindthedesinec antigen taing oitednentetescaimptemsmiarity
.. . ( R - 8 S i frame Ork
O e R BRBA IR e

advapigaaeLsinHehiifymparhe Furkhesjiesdyithee st dulitrethe

uncaREiesREBEing sesiduRRORLEISHERR denarRNRRAYS Aleh et s the
rovaeé antlﬁfﬁ% inding. These framework substitutions are identified by

chargElg S G URBMAGR B S DRl o6, BB R BN BRAE OGRS

popm_amfoe_ﬁaumﬁe& ' geresidmem@msem‘ iﬁgtﬂm%&%t@fs&@ Q@FPB%F@B? fE?é
+antigen binding.and sequence comparisgn to identify unusual framewor
At TR R QAR e Bl st gt fgos for use
with thiegasem rewantiotatny B84s8234d 988), Mizigh antitindyrjiorated herejiwell

knowRY tERISRENG& INFhE] iret] ihodi ] nized usin ,
e variety of techniggeésﬁaﬁﬁgﬁ%n%%%ﬁggiﬁ%%grsnergfel? éfﬁgrg?%é” it

the griepesBgIBOtBCTYURRCRABR RYdNe TTpoidTe Setrad fiss BRIH 6oy

KohlBr58PaO N 256%989) ovenesing Phéasia g dES kP frdifods.
9,596, Padlan, Molecular Immunology 28:489 ( 9911; Studnicka, et al.,

10050 1ein ERUIRELITR7/ROBT RIS RIFHEE S MURHSE FEposiaR asei
chimeSAina68ybBAHY), dmdrchnaigishuffiogaibsDrRaligNent B8&:&3buch as Fv,

[80/9 rally. manized antibody has one or more amino acid ,
P e e LR AP D atIRa Rt & o AL A g contai
minirAghsBgrensa sty etidonsiduesLame o ftem uefsy keiokton adr iggpants residues,
i A\VDi " vali in. anizatio
o S o) S AR
variapie ferRaiRs B vdychall onmtbréantialis 2 afdBe)CRRcrgians cetsgspond to
thosd\eturactBRiBAS FABRINYAEMENEIh LIAl o SSIBREM B3R L3 (88D rdYons
g

tsubsti%ﬂin% non-human CDRs or CDR sequences for the correspondirg
2re 143 8hEe Bt HINTAR SHABLHY. XEPGR R RagUSIER “Hithahmagized antibody
may aisibootiesraeeathimeris potilbodies (Unsn aigNBuA-BAsHBEN;: whRIGIrC),

- jally | han an intact human variable domain has been
typacé&k}ﬁﬁ%ﬁ%‘?‘%ﬁ ﬁ%&c%?rnjlggg %’?ﬁﬁ'@e“&ﬂ” rll%{eef?g%sgrhon-human species. In
[005Hractice, Thenteimscwelhtiboslidinareaypitaly dulinan motintEsdgenvhichis also

unde QB GRRACSIUEs ARMpossile ﬁ@@vggﬁcfsm%%‘?%n%ﬁi% futed,from,

__analogous sites in rodent antibodies.
deliboisip pr7E60 eI AIN0S7 ¥25300 800888 YURRRR A Sitasethefunction or
bicloflumanizashanabediesretriahighalBRin i theaniesaRRg OtheNnciuded.
favorable biological properties. To achieve this goal, according to a
preferred method, humanized antibodies are prepared by a process of
analysis of the parental sequences and various conceptual humanized
products using three-dimensional rhbdels of the parental and humanized
sequences. Three-dimensional immunoglobulin models are commonly
available and are familiar to those skilled in the art. Computer programs
are available which illustrate and display probable three-dimensional

conformational structures of selected candidate immunoglobulin
canliancece lnenectinn nf thece dienlavve narmite analvveie nf the likelvy role



are incapable of expressing functional endogenous immunoglobulins, but
which can express human immunoglobulin genes. For example, the

wsignesoheayy and light chain immunoglobulin gene compIexg&rﬁ%gul@;%ﬂs7723
introduced randomly or by homologous recombination into mouse

embryonic.stem cel AIterna ively, the human yariable region, constant
e R e Sy Eo VT HEQBE 6 RGN B karvoti
h05t§tem cells in addition to the human heavy and Ilght chaln genes The
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exir RNRAALGBHTAEIEHRN QS BY ohoRABRER YRR ARAPICENS ARIIBRYY: o cell

roduction. The modified embryonic stem cells are expanded an

Or OGRSTHAEER PR TBiEE0R e tBKINEHRE! PR fesitl SrRESERIfEYREtor, by

the cmllceracr@Qﬂﬁsmbfr&e?étﬁd?r@dH@EWW%@T&&RJ@%%V@!M&%%&%%SSM
uman,.anti Proc Nat! Aced Sc! USA

bov
The R RS At PR T TS5 55 25065 P e blAh wes
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selected antigen, e.g., all or a portion o eOf the inve
eu k%@%@d@ﬁéﬂ@ﬂﬁ@ﬁ@r@@r@mi@a ég@mﬁﬁtﬁ@laﬁﬂgdwnmam)MMfi@of

humﬁ?fﬁ‘dﬂ@?ﬁ#nﬁfﬁﬁnﬁr@@ﬁ%ﬂ@N‘N@é&%@ﬂc@ﬁz‘é‘?ﬂﬁ'@%rﬂm@%‘%@@ sgf)osﬁ:les as the

technology. The human immunoglobulin transgenes harbored b
oSt 55 dhit TATER rEBFrART SlrG BoSsIFRlEranmRIoRe e Stdatienty
sequandergmclassrandteningangrsampsisriukaionodbus. meing such a

hniqu |t| os.S|bI tQ roduce ra eutlcall useful 1gG, IgA, IgM
1005 4] o N bEBe P RS e DY e FBAOH  Gelgeauence

whichusrzpesaitily didies] sme BorhM&goen’abl mqaevommpablel&w&ﬁuﬁ@&aé)
I i or ucm uman
o R e e s e nguce

a praflielhMiBHar e R PN PETSIBINEA KORSANOSS] R BE3I0/F0N0RIGLEAT;

trans8HiRH(34 4A01MNE A SRy SN IRFRAUEAL MR IRR A ’shje% gr?é
NoS. 5,413.923: 5 625,126; 5 633,425, 5,569,825 5.661,016. 5,54

sequUERGEP WRHCH earebRIssieBatonAtnBsYIBYe) WAk 2Rs!Hiserpanraatctor

may by efseance, rmpeiag@ ﬂmtrcwtwﬁbwﬂ)ﬁﬁ%%ht@@@%}ﬁ@ S Dnce

enix, Inc. F I| Genpha an Jose, Calif.)
trans@ﬁ)rgn d'hl(fhc rlncet ﬂﬁe) AN, d&é@ﬁ%ﬁ%d‘&ﬂmwem“dmﬁy
of th@hﬂb@@@mﬂm@@emagamsomeeimdmmge@mm@@mQIQWﬂOin

the piRLAESEABRAARRY oo [EORHARRMYMARMADS codliae Made BY

immunizing mice transp lanted with hUiman perlp era €ukocytes,

interchinarsaplys as heridasaitbivdie gostrismaneuinigee swofxailyector.
HowéemplRiahlawBaANsARtRMes YNGR JEQRRIZRR SRIERLEHSRILORS GRfRe

generated using a technique referred to as "guided selection.” In this

SeNVeBRIOGEAY LLIEH AT RNRIED rﬁ’@né@l@ﬁﬁ‘l’ﬁi@u%’ﬁv’%'@ the @iduse

[0054ntibody; N@m@ttd@wm§@eﬁ%@mﬁrﬂ %’@'%%M)hﬁm%ﬁﬁﬁ@ﬁﬂ%d as a
io/technology 12:899

R RN HaD ECa TS PO A Dutd oS AeAtEn ear
Z00, §paita, @enﬁlmmaiﬁgenemae dogsidianges ar&tbodsumstkat: mimic"
[oosgPPePtigeRL e AL B RERDIOHGR Sl KR Oé&r?‘;c#%?g or

in the art (See, e.g., Greenspan, et NiSe]

Comﬁﬁ%%dvm&f? Qa@%fel@@m;ﬁaioﬁ @%@Fﬁb’l@@Nﬂl’b@ﬁlbéﬁ/\mmbmdet@tap@tem

e.g.. 6ATBRGHHYSIVTINGIBEAolALRide BRUIMRBRAALQR. ANARN DN L Bsis or
polypeptide of the invention to a ligand can be used to generate
antiidiotypes that "mimic" the polypeptide multimerization and/or binding
domain and, as a consequence, bind to and neutralize polypeptide and/or
its ligand. Such neutralizing anti-idiBtypes or Fab fragments of such
anti-idiotypes can be used in therapeutic regimens to neutralize
polypeptide ligand. For example, such antiidiotypic antibodies can be used
to bind a polypeptide of the invention and/or to bind its ligands/receptors,
and thereby block its biological activity. [0086]The antibodies of the

nracant invventinn mavy he hienecifir antihndicee Ricenecific antihndiac are



[0091]One can also create a single peptide chain binding molecules in
which the heavy and light chain Fv regions are connected. Single chain
wahiihedirs:('scFv") and the method of their construction areglesgeihgd,in.-»3
U.S. Pat. No. 4,946,778. Alternatively, Fab can be constructed and
fiuores [OSSE d E%Lsmll means. AII of the wholl a% tlal human
BRI et RS2 a8 Y WAy g nica
aite%@nr@ﬂgabdtmr@t@mﬂmﬁ'mbodmscmmwwssmmen@@mlc
roos§0921niaofles RE ARGy ITBMMEnIa can e ispisies Lo AR, et

age libraries generate usin niques aescr C erty
the %t&aodmweemm (rgIORrORark sohcetal F e 9523614 (198} and

encd¥iss &l Ahrd ML Big! %@%t@&?ﬁéﬁ%ﬁ{%ﬁﬁé !ﬂt% pQf myrine

and human antibodies, respectively, usin e libraries ubse uent

contlerRAFHE RS LML RS HIRERRR R 8f m@ﬁramtpqwma@@?%man
polygiihasliesibyiefainshuffing iRt at al cSigihesipalogual ébending on

mbinatorial infection and.in vivo recombination as a.

Il
the Qeat ) B SR G A B LAl CIP TS 11
purifidaicohadiiRes 2.2 265 (1983 rhugothest techmagues are viable

joosfifernatves io iapitionsl monseoral antldy Ny doma dechaigues o

olation o monoclonal antlbo aiso may be moglfled
Cﬂﬂ%ﬂ@%ﬁrﬁﬁl@aﬁh"@/Wh@tl@ﬁhgrﬂféafmﬁ@$é@@mwwmﬁmnaﬁ@éwy and

hypetabi&hair) epRsiaubHamalRs i 'a%EéEIﬁEEIIWm%%WHé EUHERed 1o Sinclude

sequences (U.S. Pat. No. 4, Morrison, etal., Proc Nat! Aced

condifigISEASARL R PHOWilH) CRISSATANGHEF ARatk 68 td neecarsaricaraision
cancé@theidhabaphesnieal fsiabiastarmedndridomaserThindesmanaiifg Yethcreatic,

established. Instead o Afusm one can also transform a B cell to make it
p“’s TGRS PIGSFIR SRAMERE SRS ISt BHITRIG Y/ P 2% SHerr R
Ieuk@ameaﬁéemegnémmmpmmeymmatmi-dmmaimf@allahmeﬁrameduliary
e T

d 'Se@%mywwmmmmwé@gz%m hHEdssed, byemam@voM9®ga ni
vascllifdas, RRMeIEE: And SRR INALER3 RIQIEHY IO R O Rate
or its fragments expressed by either eukaryotic or prokaryotic systems.

and BgiEraiaithai ¢S -be used for immunization, e.g., non-human primates,

Nomsgeﬂcgmeiagnginﬂsmm:mmal%m%ﬂm@wmthms?

muno clen ce tran nte | uman ocytes.

1005 o UL GG B U Lo R0 P as Mg s for

generatiph @nytiesdiemm ﬁh@lmmmde dineois aathinsytlonzacgelts (etgreﬁpZ/O
51495 (1975)).

P B, MR e LR DR SR adm it bt e

antibashoiaTaANSTRYIBUERSIOFOT B aliskarsiesdiserdsnnei Bstyliprotyeeasieutic

bencPPROBrANSREM MO W%Q@E@é%@@%@%?&%éﬂé\%ﬂ%? Bliking

specificit kg\]/ of the mAbs to Notch3 can be tested by ELISA stern
antibopRiggn StEH@U&OSﬁ{bm?drﬁﬁrﬁf&%ﬁﬁ@mﬁlﬁ@éﬁym@mﬂﬁﬂg

syntraglivityeeidhs. anﬂbom@@@@g@@mwﬁw e IAHEsIGAPE ASRASSEdYe.
hlcken or sheep RBCs for the

lyt t
EOOS%e?Sga'l B TR P SR ot A R oo ek o rese
(e.g. sibawﬂwdmwmammﬂmeaapmaim dre maiied foe dharacteyization

R L T e T

'mmqﬁ96ﬁﬁor5¢¥§\/ﬁfé§ &Ataberistiveshiversrianahibbshesoh e ighibaraead cell lines)

or m&PBEIAR DRiacieRObBRIGR o RALICH IR R BIHRAdISH AL NS REPSEOL.
invention bind to and inhibit the activation of Notch3. The antlbodles of the
present invention include the antibodies designated 256A-4 and 256A-8,
which are disclosed herein. The present invention also includes antibodies
that bind to the same epitope as oné of these antibodies. [0096]Candidate
anti-Notch3 antibodies were tested by enzyme linked immunosorbent
assay (ELISA), Western immunoblotting, or other immunochemical
techniques. Assays performed to characterize the individual antibodies

are described in the Examples. [0097]Antibodies of the invention include,
hiit are not limited to nolvvelonal



monoclonal, monovalent, bispecific, heteroconjugate, multispecific,
human, humanized or chimeric antibodies, single chain antibodies,

veihglgdamain antibodies, Fab fragments, F(ab’) fragments, ents
produced by a Fab expression library, anti-idiotypic (anti-1d) %%ﬁ@?alé}gmmns

gndltlﬁﬁn e.g., anti-ld antibodies tg antibodies of the invention), and
XD oS BN RGNS, oP (her 86V, qoUoI T BreBbaieekay
prefeeihgmsiibadiegenibing ingoarditad tHeagmemis efthe present invention
dinclu nat limited to, Egb, Fab' and F(ab")2, Ed, single-chain

100 e e AR S S SN AR FA Al Adgreior may
be %ﬁ@@iﬁm@niﬁgm@@we@mmm@wm_tam@revmmmm.any_ of a
nunBBReeR:PIRER P BIbeR EAmENS {0 PG SAIFKERIR AORRORISR iy i,

may comprise the variable region(s) alone or in comBma ion-with thé
the 2t MEHa9S 56,418 68 PrOrEHETARY B AgicTEIeneTBIlaCHR eandiBld Zoid
sequiniaifs. MIFRMNNYRRD 12 BeHNVARIRLAS RRIIGH-BINAINGTAORERIS + Nos.

omprising any combination of variable region(s) with a hingé region,
5820412 G PP CHR dRETHS ST I ABB NS BhRb e @6 orityibes
multfeanie aﬁ.ymm%e@@iﬁu@mi@g@%mdtﬁﬂm@%@@%? Eﬁfﬁ%@f‘?% Bfypeptides
ti S om human, non-human primates, rodents (e.g., mouse
e P R rR R arrircceb B ErERen.
basgdeyopasigecchersintioman restbontiest incudeanikedies hesingdhe: with
j ' I lobulin and include antibodie
e T e A A 00 e e aies
for nedesily BESHETEhDIRIERIFRRBRISEIBBUIR anehhardtionst meyrbssonsidered.
Any BREQgenesis MW@@Q%%@@%%@QHQRQ iRfra AR %%Wg}ﬁrﬂé]g {
U.f. P%t No. 5,939,598 by Kucherlapati, etal. [0100]The antibodies 0 tﬁe
GeNSIFe AR %Q&V‘%é%ﬁ&bm%??b@&@@m& trispecific or of greater
[006]ultispecHiicitynbhudiispesiticcaniisidiesorai e sassificsTarAifREMe used as

- ' of Notch3 or may.be specific for both. Notch3 as well as for a
R e A B R e P Db G pLRg s & et
the améterkticSws uegceRt Rpabicdticos e as08/h@RilE: WOr9MQa8D ZiolVa

/ ; 0 . ; I . 60 (1991); U.S. .
ol S RS B LTI R
[0062] 5 immitigdMmenpsen (oshR [eceriamibydivtet ieagiicisbriténvembsned

mewhedeskibed RsspRCilew: ' iBPuL f
as a PR prCilledin Wﬁﬁglyﬁggﬁﬁigﬁ%ﬁgﬁ?ﬁ@ﬁ The

fusi Notch3 which they recognize or speciti _
“S‘OBoﬁ%@ﬁg& %’Ptélﬂfsﬂﬁé?}%@ BHEERE At s SRR HERE® teeglugign protein
to beNBmamhhaha{nmﬁﬁmrmv'@‘iﬁ%c?ﬂtiﬁfrﬁnaxcgi@' pgmimg%g@@gsz%gqo

- i WLl in the Tables.and Figures. [0102]Antibodies of the
mcreé%%%ﬂ?urﬁ)%‘%ﬁfn;%ay%]S%n é%g@c%iﬁégj TR g& e BoBeir

present inv

recorgriggeesitiviansioimtigiéthaatbind Natehs amlypeplicess whichble ak
tel®askRriAs 0 2 t 80%, at least 75%, at least
PO e Rl TN B B b
termings eafafdteirisiRg mBusiRIs IeBWRNES the)ainclnded sstrbe ddigieindddo,
immuNotbBAreFis@ dRshed gl 1B HRSHRIESH R BNRIIOT: Anit; hadies
histidhaY. also b?i}?d yéit;%a KI% of I_eiss than‘about%i%gb. , Ie%é}%gr%%a%%?%glﬁ
'SUCKI® PRI SR BB L Bie oy Fritbingtadien aodmekeseranding
proteamtibodies from species other than that against which the anti-Notch3
ntibody-js directed, specific empodiments, antibodies of the
1006%resentyﬁm%%ﬁgﬁﬁg%[&%%g ev%ﬁﬁtﬁ{o%rl? 5/ hEmIRRTIBE SihbrRR o fchas
used ihinAe eEe eBjsending epittd tthgrecotnea Spegifiscembadimeniothenal

y sspridiag egtpéhyte baskmeiotional
j ’“biﬁﬁg@ﬁ@%ﬁ%%ﬂ?éﬁﬁ%@&%%ﬁ?ﬁéﬁoﬁﬁﬁﬁéﬁﬁﬁ?ﬁﬁﬁ%ﬁﬁéE%é‘éiﬁ@mw

of SEGhiId Vit ArispiiantfeRienlc polypeptides disclosed herein.
[0104]Further included in the present invention are antibodies which bind
polypeptides encoded by polynucleeétides which hybridize to a
polynucleotide encoding Notch3 under stringent hybridization conditions.
Antibodies of the present invention may also be described or specified in
terms of their binding affinity to a polypeptide of the invention. Preferred

binding affinities include those with an equilibrium dissociation constant or
KD from 10-2tn 10-1E M 1 0-21tn 1012 M 10-2+n 1010 NIA aor 1010 tn




sequences encoding an antibody as disclosed herein, vector constructs
comprising a nucleotide sequence encoding the antibodies of the present

wavaniierkehpst cells comprising such a vector, and rec:ombir]ig;;(pémSmﬂmw723
techniques for the production of the antibody. [0106]For recombinant

[ Ihody, the nucleic acid encoding it is isolated and
ANﬂ%gﬁ%%gﬁﬁgﬁﬁe vector for further cloning (amplification of the
[00EBNA) or fonexptissias GA enesdingtheaotibedy is ieadhuiselatedand

- ing.conyentignal procedures (e.g,, by using, oligonucleotide
s N S i Seesin Go e ah e ey
CompEaePalysiight enbihesiefthblafitistedy) pStaadagdrieighhigaies firacleringe
knowR ¥BAtoR in th lon,of cell lines expressin
o ot e e o R R oMy Con
SD“%&%‘?@%@Mﬁ%@%v@&@b@@oﬁ%mighrﬁ%rmr@wm;)mat@@erem

by rétetdinaiad 1 anedymore of the following: a signal sequence, an origin of
I IicatioE,gone or more marker genes, an enhancer element, a promoter,

199834 a trahSERSABIPIErAMENIOHTELRIL AR SaREUBRbIR AN PIR 4Ry be

admirestersdcontaining acmg@lﬂmﬂéi% szﬂmngemrﬁq&wglmm ﬁeﬂ%@%ﬁ%ﬁ ﬁfié‘@‘? rats,
e inyention,c e prepared using we own techniques. The.
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antiggiitableetrsinserigitioied of trenstationagesgulataytailclestidersequgacesns of
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. Examples of regulatory sequences mlclu_etranscrlptloﬂaypromofl s,

‘”Cfe@&@rgtsﬁﬁ?@#ﬁglﬂ%@} RIS GSeRd Bin gindhsiteesbsrizotesthend include

but ABROPIAIREeIBRLRRIW NI RIBIE AERPSEIRERAANG HaRs gleN:nisiaton
and termination. Nucleotide sequences are "ogerabfy linked"“when the

alunpoy YA R b RRY Pelanss AiclKerigeibduRHEBr
polyde mgmlmmgwwemiﬁﬁeew;ﬁgaaﬁm@&é n#@eoﬁ@mewnge is
- I Inked to, e.q., the 100 eavy chain sequepce If the
dm!t%ﬁﬁmo g{r%qjéc e(gﬁggag‘é}qﬂse%@emcuom r%l%cﬁﬁgquﬁg i qi%%%?fﬁé%i%priate
Calmnitgetiaasepiehosyebosiatianditon seqadditien eneatingeppfagfiatents
6 ' t, | ' ] ibody heavy. .
B o e I SR Ao i &
syntiiesicdiehiaings £isarrsstecaEiebnketonizaiipiapiepaole @ecnsiblyown in the

art alRPARF) BRYDRHRRAID-Siamededaanalunertides sealencrshat theane
._antibody is secreted to the periplasmic space or into the medium. A signal
ammﬁﬂéﬂﬁ%&ﬁ%ﬁg'ftﬁ%ﬁgﬁﬁfﬁr?fﬁeaiﬁ?e\“{%cﬁ‘mf‘d@lFE%ﬁﬁances extracellular

Eoosepcretri]oﬁ*p@mnﬁ%pmmimg&hqdw}me«%tgaatf@@pﬂ%@fp@m rﬁ@cﬁ&ﬁr\/ﬁ@ t]pe
eptide upon secretion of antibody from the cell. Examples o
man T AT AR R REC PGS, o RCETRT o

throughU\s. Fag. imﬁs;rmges,m B89/ Kot 20k e2R404 ¥0§Idrepreton, or
variamé‘lfﬂé‘?e%lpl%%ﬁﬁ%%paﬂﬂglﬁé%[lr%objﬁﬁé\ig@l%gggtﬁgggeve%%ég{ a

single or double-stranded RNA or DNA viral ctors’may be
hydroRheh ¥ dRRTEHIRYEEpBiRtc skibly pyelenagewsaetssiliguesitbetc.), it
may BETOSLItiNG BAwuaar RNAGMRGEYEN Th% YREIRNS HINIR (758 MhRRABGenic in

and viral vectors also may be introduced into cells as packaged or
the RS S S By bel R SR GacE i rekiient Shamica
conjUgatisduntiderivatal ve cictiseut ices plicationat graete s BefieEaNinogen

fective. | latter. iral ti lly will nly i
and Qe R e DR G P S ey B formea,
or threngidyspronpedeit deatas preteivdesioy. RNAS eemettoitorkriberpteseatskilled
artisaANAGARSIEAGES ot YSCHss ERaY ARGliAS fhe mieigot ?e%‘?&‘iﬁﬂigeegfo,

encoding the constant region of the antibody molecule (see, e.g.,
keyh I HiREFOHRITEY BBIDSR G AR WES BYAIDYE: AnBaYirs fatomlebuiin,
5,122,464) and the variable domain of the antibody may be cloned into
such a vector for expression of theiéntire heavy or light chain. WO
2008/076960PCT/1JS2007/087723 [0111]HOST CELLS [0112]The
antibodies of the present invention can be expressed from any suitable
host cell. Examples of host cells useful in the present invention include

prokaryotic, yeast, or higher eukaryotic cells and include but are not
limited to micronoraaniceme cirich ae hactaria fe a E enil 2 c<rihtilie)



negative or gram positive organisms such as E. coli, B. subitills,

Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, Serratia, and
wagslla@agwell as Bacilli, Pseudomonas, and Streptomyces - 2p€,447/087723
preferred E. coil cloning host is E. coli 294 (ATCC 31,446), although other

50 strair}(sgjsuch. s.E. coli B, E. coli X1776 (ATCC 31,537), and E. coli W3110
R OB B B 1 SR F 2 ArpIBE PRl e PR BEIHAR S
mayibsitirpd 01 KjEgse Ssiomvaatolsdios Uses o psekasyii:Hbsti eallsve .
nerally | r.more phenotypic. selectable marker genes. A
Lo oty P SCIL A ALY B L. e A B S DGRy =
antibpgiem Manesisfess amilvidirsressaatibedie shat shpplies airaatsimglshicitigenic

site,rel%fﬁﬂ%‘%?ﬂ?éﬁ@@ﬁ@ﬁ%‘&%@W&éﬁ@%ﬂ%@é@?ﬁﬂwmg@ﬁ%‘fﬁ;gwarz

cells include those derived from commercially available plasmids su
POVIRIBKKBLPAGPHARRB LA AN CoRkt caISb oips dlat Sorswisive sENAIY Of

diffe(BroeregrBivtuesMadisass YiscanmadibSMhAng thedkd (NYVE9$Bridoma
SET (Invitrogen, Carlsbad, CA) series

Madi i in, USA) . R
o oty RRIEP oS ot SI0P3 RSP Lo Serbiiar CeAe19 gD 0 S.
Pat. (1993)37Brotiotéarsequenat siaibouindy AsetbienregommbinantGsekarypic

t i ctors i 17, . (Rosenperg, etal., Gene 56:125
M et ko o BN g kb e
Antiegienrndré-2p8: Bybrdonir Cieridet (£0af. ) Netore 2845 DNA o7& eds, o

aphan f e ' 4057
Ot“egl’g*%og A S S S A A
eMp[Cys6r HRORIMEALIA RRrs e aiatioprlisg Mstuer Labreagt (rodey)io, the
humBH B astsiablamaniaus suraisseeldrinthepresemdoventigningydeg ).

TS ST T
techiNgueokpaien cdiad flldonentous! finghediels asdearasporae ReRigdiunT.-g6, Alan

Tol R%:gdi sherqillus. Yeast vectors will gften contain an origin
R L%? r%pllc ib%gﬁ%&,@e??g%n@aﬁ 3@2&“&5@%89%@%@%3 8@&&9'”&%9 I9G,
IgM, rigblicatin dose gudrrny (BRSRSs phersofer egibyh seomenaesifoing the mAb of
this IROBRASIMET SERYSREES DL aRSANIRMPN termination, and a selectable

marker gene. Suitable promoter sequences for yeast vectors include,

[9068Ihong otRAdRE PYBAANEIR fordRbiaIAiGHERM 23-plibepRDGR uras RRthEwUSE,

a mdibizeman, rRirabn Jieiieharpo 124 3iét 98 orather ayealytither
enz{g{n?gj Holland, et at, BIOCh?ﬁ 17:4900 (1878) such as enolase,
approR LT b UP AR R R Rl ER nReY G Rk PRRca® are
capa@m:amﬁ;dkm'egmnkmmmﬁtakmm@egﬁﬂceﬁﬁﬁ@@ﬁ@@Eﬁdﬁ&ﬂ‘@é@é&or
; - 0, ] inase, triosephosphate isomerase,
B B i LKL e e o o
then grgrfistesswah lﬁ@éﬁ@?@a@@@pﬁm?@ﬁtat@ﬁerfh&ingmmwun?ﬁiﬁer, et at,
poly&e@REnEd 2 3p (4984 SR BiRbISPIRBAIRE AL YEGIE ARLYEaRLand

yeast transformation protocols are well known'in the art. Yeast

PrinciRlag Bnsh S1iBRtiskBEAREENE WENSn BSOS £18BDMotocol is described
[0069Y HinneBeatakiyRCrNAIrgcactiSsHY Db ridBe FNBRNPILABAL ral
b!ooé?l.ecf for THT tléilrﬁgljormantsq{rri\ a siel%gtlve medium. [0116]Mammalian
DPIMEENER E&IFET) AV YSRIME SRy A18H B L RTISIBy BEPE eSS spleen
celis idympmantantifiedies ukeprinegid anyrhigbeTmesliansic as gelwesiisd.
T B RS oy T
agenRisiTre oS BYEn e1988)] NillerneadiyiGdnetic sdingineerindiSeitdoal

AntibkRbseABNYPle8 PR BilchedRRT: RIDPREMY (1986); %sm§%al -

Nature 315:592 (1985)). For example, Baculovirus system e used
ImMGgaKrEH RAOHEF ReteriUEaISRme ammatiap Saitervartisutagyapha
califomica nuclear polyhedrosis virus (AcNPV) may be used as a vector to
express foreign genes. The virus gééws in Spodoptera frugiperda cells.
The antibody coding sequence may be cloned individually into
non-essential regions (for example the polyhedrin gene) of the virus and
placed under control of an AcNPV promoter (for example the polyhedrin

promoter). Other hosts that have been identified include Aedes,
Drocennhila metannaacter and Rombyvy mori A varietyy of viral ctraine for



POLYNUCLEOTIDES ENCODING ANTIBODIES [0120]The invention
further provides polynucleotides or nucleic acids, e.g., DNA, comprising a

witeiggtiflgsequence encoding an antibody of the invention %@q E%m]}%g%m
thereof. Exemplary polynucleotides include those encoding antlf)o y

&pains mPris(E one qr more of the amino acid sequences described
MYeEP& T eTRE Y ﬁ%i%ﬁ%w’beé?{éwm%&@é@'Bmg}‘ﬂa&@&id%%& MptEEi Faveloma
cell imezley stniigeat! oMosveytstingen oyl kybegipationtaendiiens tpdpnynualest

ibody of th i ion,
med B e G o heataL Gb e g or
survty@mim@m@se@mmmmiﬁmﬁ anlysméttroekkntie initregateffot cells lack the
enzyRaMpRsd RsLGIRatde 598%@%8%?33’ g @@é/e'gﬁg%% & HPRT) the

polynucleotide encoding the antibod assem from chemically
cultueg retipadas) ?@@H@@@gﬁw@@@@é@ Hasrbeds hyansasibinetaminopterin,
and BigiTiapnjauas hsd{(299ddh e thaiefheJaNpines e synihesist.
d ﬂcovetrla ing ollgo_nucleotldes containing portions of the sequence
SN ﬁ the antibody, annealing and ligating of those oligonucleotides,
[0078hd thenRrlplfieatiomofitiz digatedioiganudestidessbyBE Biciently, support

A ively,. leqti d tib b
st h Rt L Ry e Soa e R Bt R Al
and AlRRIo%itIe é@@d@i@@ita“rpamﬁ:uﬁr %ﬁﬁb@dﬁi@mc%ﬂgh@%&@pma cell
inesSERRRAROHIE ARENRL MOIaTUIE iR HEIR ACK SBEOdINg 5 pc

immunoglobulin may be chemically synthesized or obtained from a
T m@iiedhinasifcyqdad edroantivo SpkOnstituis £re! PiatdDNinniBemer, San
DiegBe URliates-anmoun tHoleis-Agidlaare tiabh sy B R NAdsalate oM oe

any tisgsue_ or;ells expressing the antibody, such as hybridoma cells

CUltyG CRUATPRPYESE A a5 of fhd bl tlbmasy Peiemmprcamsise-
humasihgteymtheticrpael siybritizatiododee dradizentsial hedaauense

loni i - Oli leoti b fic. for t ticul
o R R 0h LRIR G o I3 R o .
MoneglesabAnhbashtiBoeuction Masttmgolescad dogbrmiated dgie@ R aker, Inc,
A : . . . b I
pp.si 68 bos ﬂe‘#ﬂ'étﬂwlfﬁ@éo:ﬂ?e&[ﬁmg'g%EW%%%%@SW%%%%% 10d v gH rppean

nown in the ad. [0123 e nucleotide seque corres o]

ColleglinRrhGiglseyligise SetisbuniMbianiediéimined, the nucleotide
[007$pquence s tenaativrd may hneRRRHatRLUSING HEHRIFWELKIQNN for

in the art for the manipulation of nucleotide sequences, e.g., recombinant
ProdRNELAMGGE ,f’é’%ea aifeReeP iR asRINsCrtels: (Sé8, Ridinampaelicity
of mehe textaiguidisodésciibedlire s amhipokicsiakeloiesyios GLONIRNAY by

- . 2 d...Cald ing Harb boratory (1990);

A A s B e TSttt 5 G ok Athneg

(RIA Borer@99syink it frire: bosysocoepd rxteal iz kéSerpnBe dieteiminivsrare

moufeliesk ihasngiae RARUERDAYNG A CifIEN AT SsAuence.
for example to create amino acid substitutions, deletioris, and/or

MONGGIRLARIPO Ty AR NRISHE Ghe dRlbdtamels, Becdgtamonridoset Geatehafd
anaiybie aary@Ndonlighhsheibiriiabligderoainsgmgy be inspected to identify
{007 Ee sequ ﬁﬁfﬁ %gg;e CDR %well known methods, e.g., by comparison
ot RS SBRACHE BTGP iR ER LG SR G ABIE
desireegipesifaidetefining telfegiansinf sequenes: WQ?wf@éabﬂibhééﬂsbygirgitmg
. ' inant DNA techniques, one or mare of the CDRs may be
LA Ve 8 N AU Fe RAIREions to
Antibrdinantéaipien-husharaaiitihobiye dendesurisedsupeal Theieasiewstitable
1av; ; | n - n
e e e A E e R
278: 457 (1998) for a listing of human framework regions). Preferably, the
polynucleotide generated by the combination of the framework regions
and CDRs encodes an antibody that specifically binds a polypeptide of the
invention. Preferably, as discussed supra, one or more amino acid
substitutions may be made within the framework regions, and, preferably,

the amino acid substitutions improve binding of the antibody to its antigen.

Additionally, such methods may be used to make amino acid substitutions
WO 2002/ 7AAROPCT/IIKR20N7/027722 nr deleatinne of nne Nnr more



antibodies (U.S. Pat. No. 4,946,778; Bird, Science 242:423 (1988);
Huston, et al., Proc Nail Acad Sc! USA 85:5879 (1988); and Ward, etal.,
whAIe 334 P44 (1989)) can be adapted to produce single C%Pmszmm 87723
antibodies. Single chain antibodies are formed by linking the heavy an
(ﬂahtﬁ in_fragments of the Fv region via an amino acid bridge, resulting
el SAHE MR Rt R iR el e WSS BIRBISh A frRAfoRED be

grovity ifragroentastifesaoimayiralee Hersed (Skerra, et al., Science 242:1038
88)). THODS OF PRODUCING ANTI-NOTCH3 ANTIBODIES

100 3 5 B ARG BR AL OGRS AR T ool By Ao iaD Y

sepwmmmimm fopith éﬁsymhem&nﬁbmﬁemeﬁlpmmnmm bhemical

con@ﬁﬁ@ﬁ@!sirﬁﬁﬁrr%gfm n@u@f&%@%’?&@éa (Fj%lggl?ﬁtﬁri%%b S Em ple, protein

[0128]Recombinant expression o antibo Invention, o

A-SeRigies, BeiienirRter ahespinarashy«e! sxtesiop ohiigmedberanslyage!
elecBBpRersRf thajavensionmig shele shaiaamyibody of the invention),

requires construction of an expression vector containing a polynucleotide

1007ht encoble@is ATIBEHPES Stfelgmi et liniBs Baréimonocional
antipalynugleptide: ehecdingac-astisdyrmedeeulschasoheprebigingsh the

vector for_the production of the antibody may .be produced by recombinant
LRl R iRt e e e g R
DNAcuditpdeqtierites tudapprapibiatd itrdhSciifsional. dnghBdttationalcontieb:,

the SNARRBESRANENBURACIR, (8B AMRS IR ISOMBIAY PNA
techniques, synthetic teghnlques, and in vivo 6enetlc fecombination.
sukgp/Rlig IR espRe S5 ust i cletmnBlifran todintmitaaibbpdonekativpedies of

the iGN S RAd P adasiesedeslletedNathg WRHEL-B% CaHeREANALs (0.9,

techniques to produce an antibody of the invention. In one aspect of the
oy URRAIBRTYEIGBHE S RERRSY B8 tA R EaRERIE AneiNYRe dnardivally Begenes
encatirgxpre seedymitieignstaelhiooexuiassigniebihescalirs tnnapglebMin
m

cule, as detailed below. [0 A varijety of -expression vector
Systems may be'u ﬁﬁzleerqs %uregé)sr]@%qﬁe %}rﬁ(\é%é %%Ie&%@%oi?tﬁeeu’de fo

ol
human ﬁumahlze

Methnderitish/rptesivited\abdeaic (thYstaxpeessian. sPstemintepreschti
74:s4RAieien Py D s eRdiaa aRguenres oL Ialeredt ipay bediaduggg.and

subsequefitly purified, but also represent ce ch may, w

isolafachdfstHBH P B RefBlaeecite thespyropricetonsclebifteasadhe) transfected

into RESUEARCSEXBEEES &) ABHE OB NAkaE UG AT HYERLIRN Hhfilkke hamster
OVEQE%%S erial cells such as E. coli, and eukaryotic cells are commonly used for

EESRIPIMY FUBmBRIENT EhHB AU ABRIW(RE, iGN B ARgIobUIin

protenptessicinohekRgleessnabmanbantikodyipelasyle. theresampifant host
ian ?ells suc@ as C in con unct"on with a ¥ﬁctor such ag, the

10 '
ool DA A1E L) AL B TR IR e 2oaing
sequ@;nomfgg@vaiaushwemne‘fi@ﬁh@ekpnesstamswmmmwﬁbedjéme
hom&?c%%%ﬂﬂuﬁ%s%ﬁ%%&Jg%.@ﬁ@ﬁz&%%%,%@'N@@#Régﬁ"%?c%:ﬂ%gézf\faﬁ

. [0131]In ition, a host cell sfraih- mady be chosen w

Acadrrsibiate ShEEpFE381on off echsterily seiginshisetheimmvdibeiolntin coding
seqURIRGEERRS Hﬁgﬁrﬂw&eew@t Q&H‘L%ﬁ@@‘?gﬂ%fﬁ@ﬁ@ﬁrﬁ@%&%@%%@iypeptide.
modifications (e.g., qucosy atligt)ggaﬁand processm_Bg (e.g., cleavageggo .
Sucfb?o?&ma‘?aaﬁ‘éte 'hEGMPBRLR fAHRE RHRSHEHTRA (06 PoraRsBiftclemeins
of anhastipells bave tharaitterisiicandspeeidurneshanisarsdestiedomains of one

. post-translational processi nd modification of proteins and gene, .
et R B ol e S g SRa o PSR b
antibp@/correct modification and processing of the foreign protein expressed.

this e YOl I j cell inery for

OO et P e L 1015706 g
mon §Bh6Wl%ﬁ6ﬁ%ﬁfﬁéN§éPﬁ@%w lictmaytbé oewarsnih anenneiien iRvetves

cells include, but are not limited to, CHO, COS, 293, 3T3, or myeloma

cells. [0132]For long-term, high-yiel@ production of recombinant proteins,

stable expression is preferred. For example, cell lines which stably

express the antibody molecule may be engineered. Rather than using

expression vectors which contain viral origins of replication, host cells can

be transformed with DNA controlled by appropriate expression control
alemente (e A nromoter enhancar cediriencec trancerintinn terminatare



to the herpes simplex virus thymidine kinase (Wigler, et al., Cell 11:223
(1977)), hypoxanthine-guanine phosphoribosyltransferase (Szybalska, et
w206 Nas Acad Sci USA 48:202 (1992)), and adenine
phosphoribosyltransferase (Lowy, et al., Cell 22:817 (1980)) ger{%gzg%ﬁggzs

din tk, rt or aprt-cells, respectlvely Also, antimetabolite
recq AR, AR IS0 TR B9 01 SBlbenin Rrdiadafion hgayerersin.

Thedhda\wmmmwfmsdm@tg@ﬁ@rmmtﬁﬁy suaieifAgles Rigihn sﬁ)ﬁé\{étbrevent
h%%?ﬂ% LiJ A 77kr’!’>,§57 &%l. % @) Har I Proc Nat! Acad Sci USA
(TSeiliRiR: feYs e Sﬁﬁaitﬁvw&?pf?e%ﬁ%sa%sa
Subwuiﬁgawﬂetaapﬂmmrmad ﬁ@dd&&ﬂﬂim B 2U24EBLI: reerWBghcross-
hnklﬁ nfers resistance to the aminoglycoside G-418 (Wu, et al., Biotherapy

7 (1991)); and hygro, which confers resistance to hygromycm
i@@?’@anterreAaffB@d@%ﬁwmwmommccﬁmmmmmmg methe

gen@rfét@ﬁrgwmmﬂgc@mhﬁ?g?ﬂ%%% blﬂé%%é‘g%@?iﬁ%; Orgll‘ﬁ/cet 3E

eswed recombinant clone, and such methods are exampl

ProtolX S (IR SEPRICT S Ci G erR iBFdessdI€ # Msisntie BibRIgy/ BmmWﬂey
Bfon%ﬁdwslﬁsﬁ?%m@mgg enoBpme chiansien Car?det@f@ﬁfgsz@% % kg@@&%‘orrlyor t

OC n re n apters an racopaoill, e
ex@ ’WQ s g%ur%’g‘&?ﬁ?r& ot EXRBHEE EN PR ECER Y @otanyiic
cleawseﬁmafapgmmw mbldoligf)/ k5t le(k98ios whish-are ApegiNer defuce

| n 34 Th slon levels of an

Fab %@%@%@Iﬁ% e caﬁ%ﬁ%@é—gaesﬁ?}d% b)%i Vaeiora I%@? %?[@@F?FE%SWE’”
the \wiablegsrigtorihetight chein m@ﬁavécmsmasedm@em@amamatm heavy

chai mrﬁaﬁmafeﬁ%%@% I9Bs A Clonin
eElsl 5??, Academlc Presgs (%9%%%%\?@?&%% rker |n e‘PFr rec?mb"%nt host

[ XM En it AP HEEH STt crstbe iﬁdﬁéﬂéﬁ@%f&m mmwmge
libraip. cAlteraafvadstielb yilRcragaesthe Wﬂ@ééﬂ%&&f&% PBIKSE. cori

associated with'the antibody gene,

Slnce the am ied region i
o G R0 (Rl HEPBEL (e ot Gl o ey
10:1 @@gp@gsmpm@@]rmemse celbpnayche mﬁrwﬁgﬁﬁ@ﬁtwﬁb W@ isolated

d Erec%ﬁﬁ?@ﬁ?'r%’&yr%%ﬁﬂ%%&? cé“’(?@ﬁt' O the rStie er?n:[tor o Jo pfé%@mq%\%mn of

ain derived polypeptide a e secon FUectorEy
aﬂf@@@&hﬁ&ﬁﬁéﬁ%‘émwéeﬂ@@ww&tbssa#n&gdcpmaumodennd}aloseaectable

emb&RBFKEIS WHICRanRle &%@f@é%%%iﬂ@lé’ Hgﬂu\/ é@%?gﬁ\ﬂ NPT gatent

| @6) @é es. Alternatively, a single vector may e uséd whi code
app ’gﬂ d %agt% Bfg%ressmg both heavy and light chain polypeptides. In
[0078hch situatiossmibedighticbaiishiov e pced ipiiR e REAAHShAR 19
vitro %)é%%rﬁ%%%ess o %cq)xm free h gjéhaln Proudfoot, Nature 322:52

BB R G bl ARSI EAISR 95,307 T S8 Ofy TP ERdRiguman
antibgdifisentat meﬂmmwsarwdugmmaémmmwcmmm@at%%@ gefMIc

cul of the invention has be

antnb&%r@&éﬁ@@?ﬁ) dﬂ*fg‘%ﬂg}é :es SHC%@F‘e%waﬂgﬁt ving a

roduced by an ani emic eS|2e

varla&@pff%@%ddﬁrmmarﬁiéﬂfwraﬁmﬁm&hnm iartthe adrform

immupldfieation éﬁrﬁs’ﬁa‘ﬁi‘W'%éﬂ%ﬁ?@?ﬁ%ﬁ@élﬁg%ﬂ}mgr@%n odies age
krmwchro ato%ra (e.g., lon exchange, affinit icular |n|t or the
§08 g%ﬂgaeft@r DRSO, %ﬁ@@@@%&&@@%ﬂ@ﬁ%@m@aphy)

Bio T@xefmmjgatdm d?@%}tl@aﬁ@#l ity oy mﬁgmggﬁ&g&%ﬁg ép#rgigﬂ'tge@)f% S.
Pt N O G S AT S b oeh o Ree PRt 6 e

referapeguisnied dediceityed herein or otherwise known in the art, to facilitate
urificati nt on.en ass antibodies
[GGTQEecomblfﬁlﬂ%ﬁé&??rﬂﬁég cg y‘%&ﬁ%% edf c(?u o DS USGH hdy
“maQHWW€8W§EWIV@@r®”g§ﬁbﬁ§IFE@d mw@pnaéamm@ cdnjugatestion is
antibodies of the present invention may be used for ease in purification.
See e.g., PCT publication WO 93/24232; EP 439,095; Naramura, etal.,
Immunol Lett 39:91 (1994); U.S. Pat. No. 5,474,981, Gillies, et al., Proc
Nat! Acad Sci USA 89:1428 (1992); Fell, et al., J Immune! 146:2446
(1991), which are incorporated by reference in their entireties.

[0138]Moreover, the antibodies or fragments thereof of the present
iNnvvention can he fiiced tno marker caariencece <irich ac a naentide tn



intracellularly, in the periplasmic space, or directly secreted into the
medium. If the antibody is produced intracellularly, as a first step, the
wRasHeaLesgebris, either host cells or lysed fragments, may e removed.. ..
for example, by centrifugation or ultrafiltration. Carter, et al.,
i %iﬁ/Tec nology 10:163 (1992) describe a procedure for isolatin _
2 teiIBHGEY MR e A BRRE b ABE  epaniabeces atienytect
humesllvasistel ésciraaiechisthedpreabptitiriisodim asesatsotRlhd SegEBHA from a
n hylsulfonylflyaride (PMSF) over.abput 30 minutes. Cell |
ron e R o S A iy & strlechin
nonihdrgie snediedihsupe sharte e suieexpressiomsystemsaare
j t ' i@ aj tein
C o e or Dale e o I Ibalh el and

framgifraflitkE o AasiRn A hoteaemMambner irsicRubMBPleasE bdfeludedriawork
resiciias Of the faregpingsiens o bhbisRiaieRsis andantihiatice @@Ye@%ondiﬂg
e

.d;%l%ded %o prevent the r%royvth of adventitious contaminants. [0140]The
resIayGBgaY 8&&6@%% BIRAOMGAIRE ISRV BRI d iSRG BEIng.
Thesxamplayiydsokylitpttite cheonmatogsapy ngahelectiephenesis, idialysis:, o g.,

ini g t hy,. wit init t hy being the .
oy S O R R e ey
framﬁagwfﬁ_ t@@@imm@sb&mestw isotyipe eiansemenseogioudingse to
iden@%ﬁ%ﬂ@?r‘é@Wt%ﬁgﬁ%mcﬁi%%@es@% éb’%%sgd ORPWIR ¢ No.

antibodies that are based on human 1gG1, ea\%'/ chains

5,580 EnBIRCRINENN frahuhGlue 832310888, MuekimE iscorporated herein

by reéRgeRBENARY foRH RRUSEBOIRSS BRCHEHINMARIGGR NG YT a RER of
EMBO J 5:1567 (1986)). The matrix to which the affinity ligand is attached

feChiigHas FERLR Sy S5t Bty FREHESRIF SPRBRIINEEFRABRIRC0; PCT
publstaive WarEHeERRTy &S aPoless PHIE28I3SD05,530,101: and 5,585,089),

styrenedivinyl low.for_f lay rates and shorter
e e ab e, GR Ry i Braesyoy
28:4881tistEes A B domaw,, tReoBikErhona xBY TN0SSITOMM )T RBgkeka, et al.,
ProcipR B9 sety (rsuigaiiena R AR Iguesiay Rigtein
urification such as fractionation’on an ion-exchange column, e€thanol
g itation, Reverse Phase HPLC, chromatography on silica,

[oo7ghromatagahInNeRAHR = AMGP B MR 8MANEr aRN PR residues

int nio&or cation exchangze resin (such_as a polyaspartic acid column), .
NOAHESHAGHSILRG SYEPREES ARF-AMRRIhiuM SRR hetigRaainaracid
residalse aveaithblerdpentiogonithsoantibeidyde beniesarersgidaihd kel awingan

" v prelimin urification step(s), the mixture comprisipg the gntibody of
B TS o0 s RS S0 R LRV GrERR Gblg e e
methpdisratiointenidaograteyubingem etutionvbafferitiasad bid®esen about

' 4.5, prefer r . tration Lrom t
el i O R R DN U e
(19883 by sHBRE BHIS BB EIH & BRErpIbBBRRsjuRn peepardbd@ostesagading
sequasdgenitiizeg-iarmiatiens. OA@&@MQ?K?%%WWMQ%@ IheRlyneptide

wi

.__having the d d f purit ti |
o Y S R s A ——
intacemypiayedairithie adriaiinof setic ar tenadd excinieatsiisbendnifedatence

ilizing agents, preservatives, .isotonifiers, non-ionic.

from B e P B B g i hagaly human

antibe@asingtonis Périma 40 btikes: G oierares po6tibbel ke O8bteEduESR).

subsRUEUIAHIESBYRILSBAHOG AR RSIRIGNS at the dosages and
concentrations employed. [0143]Buffering agents help to maintain the pH
in the range which approximates physiological conditions. They are
preferably present at concentration ranging from about 2 mM to about 50
mM. Suitable buffering agents for w8e with the present invention include
both organic and inorganic acids and salts thereof such as citrate buffers
(e.g., monosodium citrate-disodium citrate mixture, citric acid- trisodium
citrate mixture, citric acid-monosodium citrate mixture, etc.), succinate

buffers (e.g., succinic acid-monosodium succinate mixture, succinic
acid-coditim hvdrovide miviiire <iriccinie acid-diceodinim <ricecinate mivtiire



WO 2008/076960PCT/US2007/087723 [0147]Non-ionic surfactants or
detergents (also known as "wetting agents") may be added to help
w9 hsbllizgdhe therapeutic agent as well as to protect the therﬁ@?/ﬂ@%ﬁm 087723
protein against agitation-induced aggregation, which also permits the
0 08fgi?imulati n tQ beﬂexposed to shear surface stressed without causing
I naturatidh B THE" proreed iiabiv M mficasiivgeian etk fieh affinity for
the Migs?rbatest(%,fsﬁf)mé, okyoxkametpEkids 189 eighle UrNigRTM.
thylene sorpitan monoethers (TWEEN-20(r),
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necessary for the particular indication being treated, preferably those with
DIl A AR SR COTATER HOE A r iy S Heee E5ia Ges g

immaxagiphes it seyubedesinabletaidurtitan pse ViRV DENASHRRIRSS Methe

. t ch molecyles are suitably present in combination in amounts
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ydroxymethylcellulose or gelatin-microcapsule

the gsiididaésrgImentghily indioeassanmioespdetiisiyvan. dfloesitidasgean be

sclelelivany SyptemedieoaxMERKLIHRISARE Fndlby .@e@%ﬁ@iﬁé%@ heI8%at the desired

_microemulsions, nano-particles and nanocapsules) or in macroemulsions.
antibgy PR ARIGTRC AR iR BEEERSRE RityB o PR drrast @tissnédidfices,
maxibfittee ditivaugsal iEthe LIBA)rdSib48 TR fairablations feoRedisreiordny
inﬂue\;/:iw\f:% aadwinins%r)ati(?rq should be sterile. This is readily accomplished, for

exampr?e,g%y ifratich through sterile filtration membranes.
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hydrophobic polymers containing the antibody, which matrices’are i the
AcCaptiRgopshiapsarapliris s ellodsiihe serenllsd capsiiés methnsp e sequence of

the VBB RrRIPASEMRIRGRRBAI YRR 681G R AN QRBIR LI OB Sibrary of
ethylmethacrylate), poly(vinylalcohol)), polylactides (U.S.

poly(2-hydrox €S |
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that oiohategradatte ethyleneyioyt asatey degratabie|asticacidealyerlis atidor
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iy e lic.acid o .
e e b A A ST s

heavyRBaetiod S SVWREE ERcApaariatymfheshesipeseraral ditaseal fomandres
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a r ing.in.a loss of biological activity and possible changes in
lmm’i’ﬂ%aﬁagﬁé'ﬁg{gﬁﬁonm strategies can be devised for stabilization
[0082ependiporpibieinbchanismiibediee dré gaexample dédhe megmdaliemeutic

hanism is di to be int lecular S--S baond f tj
S T e
methasdifging solfiwdeyt redidiies, ihephilitntefrone thoidiciesiotions atontralking
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olymer matrix compositions. [0150]The amount erapeutic
Pat. {68 ShAMASSaBRdy! 6F HAdan FtcetbiRRIPIAIVNS SRELHvESHANR
treatment of a particular disorder or condition will depend on the nature of
the disorder or condition, and can 3¢ determined by standard clinical
techniques. Where possible, it is desirable to determine the
dose-response curve and the pharmaceutical compositions of the
invention first in vitro, and then in useful animal model systems prior to

testing in humans. [0151]In a preferred embodiment, an aqueous solution
nf tharanaiitic nolvvnaentide antibody or fracomaent therenf ic adminictarad hyv



WO 2008/076960PCDUS2007/087723 [0154]An antibody, with or without
a therapeutic moiety conjugated to it, administered alone or in

vRORRNALY with cytotoxic factor(s) can be used as a therapﬂ#jﬁrs ‘ﬁb% 087723
present invention is directed to antibody-based therapies which involve
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diseases, and Alegille symdrome in‘ miammals, including
(0088 ws, pigduAmRestbsdiasnsaralscdsyBaibse NBingans@snatenies which

are WEHRBRBUNBRS: =R ANEIBRY SHMINRIRING ARG Rﬁ)‘ﬂﬁiﬁ?@%ut which can

accehptable dose of an anti-Notch3 antibody, or antibodies, of the present

SXPTRRR AU LA LE AP Thashiese ALARIBOWS, bR iR wBAbIRROrRRA gt

chaiothenantiotiesaj e yiog SRES A SeARaSYIRIERS BN DS r by
[ mammal, particularly humans.

hom@ eliorarted ortpre}/.ente%)ln the treat%d n mans
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___prevent diseases, disorders, or conditions associated with aberrant
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present invention provides a method for preventing or treatin ,
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. antipody to the mamm e anti-Notch3 antibo inds to Notch3 an
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Pat. Nsoradr! 3562 6 WitRGfefriht 8RpFede bR 2 &/ 66A ity DF N B can
be determined by standard clinical techniques. The dosage will depend on
the type of disease to be treated, the severity and course of the disease,
whether the antibody is administered for preventive or therapeutic
purposes, previous therapy, the patient's clinical history and response to
the antibody, and the discretion of the attending physician. The antibody

can be administered in treatment regimes consistent with the disease,
nn acinale or a few dnceac nvvar Nnne to ecavvaral dave tno amelinrate a



[0161]In a preferred aspect, the antibody is substantially purified (e.g.,
substantially free from substances that limit its effect or produce undesired

woldssefesls). [0162]Various delivery systems are known ang &agdg.488623
to administer an antibody of the present invention, including injection, e.g.,

5 01 BT P en et IR OrAADNE, HELCIE et By tosi

refersers leegei W et sriRit]. Oherd 26314489 (983 sLeom sty édiemid, inc.

e aci ; ’ T
ey P S e R R o ceon
can becsgagie nanneidefuthods Ditihedeactistiadiadeibst assisstdimmitelotn
usin® BERRIBLSUPGIRRLRLS JBEARSIIQNRAL Intrapulmonary, intranasal,

eﬁldural, inhalation, and oral routes, and if desired for immunosuppressive
[0084 b atment S HESEHRARIRIE RS TR PR RA IBYRLAKISH AYGA dagerlanted

with iﬁgm_ﬁawéntme&%@@@e{n?ud@&w@,nﬂuénﬁgttw@ét@fiabtr)@r ﬂ%ﬁr@;@@étitfmgd@gﬂioma
administrauon. e ant €S Or composiuons may be administere
techBEB AL A uht FEUTD RTS8y PR a T Ll Se R oBpeted
epitoglescaptionghneugh¢ pithrejial echmimos utdsresti sdinintp(eegl setatioucosa this
rectal and intestinal C. administered t her with
et g St S N S S
useddidditions ihmnag beidesifabhetorisicidicende ihdtasbutcoptiogidsosame

epitdpRITRASIPRSRLINGIRMSRIAR HYPY {Beseentapagyvous system by any

suitable route, including intraventricular and intrathecal injection;

[008Rtraventfietheinmediod srmlprBs Raliatslidsse! the AVepmien sPtathdir, be

utilizE ©1genRietatiaghebipoe LERIYEIEsHEN SR OIBRIBYBIESEBIOHE IRvention
addition, the anii ulse infusion,

) ibody is sujtably administered by
using, IS GROIAHGS MR (?é@%%ﬁ’&%%%gf'pﬁg é(h%b%ﬁ?. Fétefaity PTREGSERY & &/
FASgRenTbyRnjEaieY) s Nisestaif eferablyriolréd/E3d@s ¢t S@bgutBoeexsmpie,

. Injections, depending in part on,whether.the administration.is brief or
At B e R B a2 o grovor
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in need of treatment; this may be achieved by, for example, and qgt bﬁ
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therapay s TRAIEAR0R, ota lieRogHEAFs ioh b HTERIBrS U AR
idiotydia satbetéeshyambansef acspippasipotypeptijeroe dnsiotemtimplantpsaidind
ol | f Q Nn-pErouU tinous material, including
ts l'ﬂ%@mggr%%g E,grs%c%‘gcs%hs?i%g%l?ﬁgrﬁ rsa{(r)]?égg? %%?%glyﬁyp referably, when
[008aHmMInistdmpatitadied oy betheerrrtritiven tararaydicbeisareifitanibodies.
BEsp@&‘?ﬁ@rm%@%'ﬂet?r%ﬁ%@ﬂagog%@%@ $IRa P humanized, antibodies
2008/076960PCT/US2007/087723 [0166]In another embodiment, the
that Bayp SddinsnesibflieRiPiralfasidwoinieanit ARHSEMSo SHrte (BERSENt
inveAgeh SeRes #HhEEhe iR Ms Hegth eliiledR 4 RORIMERNHIARS, the other
hefrap of Infectious Disease and (hafm er, Lopez-Berestein, etal., eds.,
may B5 5B ATShR T E05) bl BE AR MR 2 50 P55 EERBnEsany o
recefbi. sUOL6GY | tis yet-apethis entbedimealyttieramtibodyiaianvielietivereddn a

e s Syl e AR R
[00811:201 (Mapdsiienwelinet kirpStifgertBedios erosn) Saudek, Beditjavally,
the B DM SELSIHHLSEONLY A AN BAWRREMBIEEaIS of

can be used (see Medical Applications of Controlled Release, Langer, et
WO IgIMERRYI e PIRRY/ (02U, ritha e PRIt BIRR K bRy S5 iR RdeRIBE Ve

Design and Performance, Smolen, et al., eds., Wiley (1984); Ranger, et

al., J Macromol Sci Rev Macromol &hem 23:61 (1983); see also Levy, et

al., Science 228:190 (1985); During, et al., Ann Neurol 25:351 (1989);

Howard, et al., J Neurosurg 71:105 (1989)). In yet another embodiment, a

controlled release system can be placed in proximity of the therapeutic

target. [0168]The present invention also provides pharmaceutical
comnocitinne



Such compositions comprise a therapeutically effective amount of the
antibody and a physiologically acceptable carrier. In a specific

whkRdiment, the term "physiologically acceptable” means approved by a
regulatory agency of the Federal or a state government or lis gg’%fﬁ‘ﬁ‘*””

... U.S. Pharmacopeia or other generally recognized pharmacopeia for use in
diffefrh SREfitivR AMsiRIRuRI R/ iMNRima RS STa eI 8 3 hriRacausersitha
ranzﬂtﬂmea&sad}ﬁmﬂbfemmjﬁﬂgI@%Mﬂhh‘é%\yy“éhwm'%m B iheraplic Sridomas
(quggminis:?ered. Such %i[‘i?]%) ical carriers can be sterile liquids, such as

P HP O il iRl T RRARRsuBe ules, of

water al

whigyethigtimerigin, tseclvasghédensoik: seylbeas oilhaeralibrsesamesitect
lj is.a preferred. carrier when the pharmaceutical.

oL e B B B & & BBl B e s

Progrsitres & kndi trsad ISl Gasivalsoctie dmployekbasdiquidewmsiors,

10;3@5§iq@@5lm_for injectable solutions. Suitable pharmaceutical excipients
include starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk,
[0088ca gel AOHRGRY MtRARkIE dAVERRS Wibhiasiesifedthlrdinshneciittitde,
(antibiel-skingenilko GIERAG| sRERPYIEN B GlYSEY, tWateh #1HERYL ARLINRUE domain
se Jet]neccgnlpggl ion, if de we%, can also contain minor amounts of wetting or
YEmGfetying a@'&fﬁg,%ﬁ%ﬁﬁ VHEMHY e sREaidin hesvisrE 2arrradant
dorthie fonmpfisiolytio e sspsperistansirepuisim, 4ablefsapdsieapstlesy have

ined-release f i d the like. Th ition,
e el A LLSHSLIG i PAHGh B s BB ot
chaig RdisamiRrssH de st (Grdifonawbitionfosiniacl idé’stamdattirzatiiers such
immasdhiapmacaElcal gares Qb Rannitok Jacase wianeh, }%?‘(;%,%g?eslijﬁ{rﬂ flight chain,

stearate, sodiumsaccharine, cellulose, magnesium ca
are BERaHGsdRiBcshaie expRTS AR/ aBEAbRTIN M rRepmirafteivEmed into a suitable

host%ngamageuﬁaakw@mméi@/&g\%%ﬂ@b@k&%i%%}%@?&y&@,‘%{?]Ptai”

exa r%nief ﬁ_tlvaar?%mer the antlbodg pgreferabl in purified form, together
With 2R Al EaRE 0 28BEEVRR the form for proper

[008&fiministreittercodhie gattemttiBbeidermulationcehestehratisdhsy mrderedent

. ini I 1In embodiment, the composition is formulated in

itk b o or A e

antibggépte Sl irpdbedinshamifisteationple, nereamiogiogsd Typicgdyimmune

syst&ARRASIHONSRhIBHRMRqUsAdmiNigitay %@f&&!uﬂqg%ﬁ%tﬁtﬁ%ﬁ% 5338 P0Cne
_aqueous buffer. Where necessary, the composition may also include a
ant‘béjgﬂ?éiI@%%%ﬁ%ﬁ%’%@@dﬁé@&%ﬁ@%@ﬁﬁmacﬁm@ﬁiieaw@'ain
cheralsthg mmt@ﬁﬁ@gﬂa&ﬁm;@@@r@é@ﬂﬁm@ﬁ@@é‘&r&%ﬁtﬁz@%%ﬂ&!isﬁ either
imm sgg{slre}}]ely or \r/glxed together in unit do,sa%e orm, for example, asa dry
WOPRIZRA BT BT A e e RN AURERS RS Pt fRAMCoeatldty forming
a thicesteinensudhbasareampsuitetsie saahetts indivasinaihesauaptivyeof active

i o) ition.is to be.administered by infusion, jt can be
i e R o R ARl e et o S
in U.Ralt oleaftsel &/@86re the composition is administered by injection, an
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e
ingredients ma}/}#e mixed prior to administration. e’ invention also

ExamplRR RS IRERalosleaY D Rerd RS G Rp HRINGSHE2E5RbTercoritanttes

deriviletionitiCane i ok of tieingredenisiohtirsphasRAceMEEAkescribing the

: ompositions ,of the inyention. Optionally associated with such
solaligh LS S5TBE LSRR HoRR BrelSerbekPsg Agauemmenta
[0098gency regelatingthe createfactingle yspidsalenf phaimaeiEealsonh which

' ical S, Whi ice reflects roval by the agency of ,
e B R R R TR s G
and thatipeHied ef theipresshtriiamdendnaybedonjugateditd\ariobsserfegtor
molecules such as heterologous polypeptides, drugs, radionucleotides, or
toxins. See, e.g., PCT publicationsM/O 92/08495; WO 91/14438; WO
89/12624; U.S. Pat. No. 5,314,995; and EP 396,387. An antibody or
fragment thereof may be conjugated to a therapeutic moiety such as a
cytotoxin (e.g., a cytostatic or cytocidal agent), a therapeutic agent, or a

radioactive metal ion (e.g., alpha-emitters such as, for example, 213Bi). A
rvvtotavin Aar oviotovie anent inchiidace anyvy anant that iec detrimental to cealle



containing materials useful for the treatment of the disorders described
above is provided. The article of manufacture comprises a container and a

wabghsRyitahle containers include, for example, bottles, vials, SyHnges, ne77-5
and test tubes. The containers may be formed from a variety of materials

Alt suih as g%a s or plastic. The container holds a composition which is
LRV TP rUCHH G BT HEIShG WG SOIRaRM ey RIS, Sk the
wholhceestaotia(fiphexempletitbd iesrtaines mayrhe ageint aven QU9 lkinhe

a i Vi ierceable by.a hypodermic injection :
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comprise a second container comprising a pharmaceutically acceptable
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performed by the administration to a subject of an expressed or
alterggiivyesdmisaniliger! sonoram anhbed oome iesBhileaier iewrlion of
mondEiesaVeaderideir encoded protein that mediates a therapeutic effect.
009 y of th_? methods for gene therapy available can be used accordingto
[ e presentd ﬁ‘ti%'ﬁ?é%%hﬂﬂa{ﬂpm ol sregwienbeaurabivtineLte earing
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_nucleic acid sequences encoding an antibody, said nucleic acid
fusiondg Bl BEmyTt ShédsrerivnevBtisi ehiatdizhrsss mieastinbision, one

can 419G MERiToRmchIPEsicBretekasIOR ey AsteltehalnstBeesh B ftein Barr
swtabbg h%ft. Inf&artlcular such nucleic acid sequences have promoters
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encoding nucleic acids (Koller, etal., Proc Natl Aced

either RyEGyYRlissaaP@karyNistEYatens 453 e080INals Specic weBtiments,
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. the n cl(?.ic aciddsecvences include sequences lencodin%both the heavy
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In adé@%@%ﬂﬁﬂé(&b%ﬂo@é@%&ﬂvﬁé’gQﬁé%yé&%ﬁrs%\éﬁ%g%@?e%mf;am

_[0180]In a specific embodiment, the hucleic acid sequencés are
Singlesghafisteret IRRNRT AR FEOMIS eXsre SR BrotRcE tHaasscdisetpy
product. This can be accomplished by any of numerous methods known in
the art, e.g., by constructing them &8 part of an appropriate nucleic acid
expression vector and administering it so that they become intracellular,
e.g., by infection using defective or attenuated retrovirals or other viral
vectors (see U.S. Pat. No. 4,980,286), or by direct injection of naked DNA,

or by use of microparticle bombardment (e.g., a gene gun; Biolistic,
Diinont) or coatina with linide ar call-crirfare recentare or trancfactinn



(1993) present a review of adenovirus-based gene therapy. Bout, et al.,
Human Gene Therapy 5:3 (1994) demonstrated the use of adenovirus
W@%@ﬁ,;@%ansfer genes to the respiratory epithelia of rhes %Q VA .
Other instances of the use of adenoviruses in gene therapy can oun
in Rosenfeld, et al., Science 252:431 (1991); Rosenfeld, et al., Cell 68:143
sysiefefo ) S0P sHidN Qille T'ARS inhiichs:588 beossiepbstiiBnealicstern

immMaRsL26 % \Mabg iretalinézereniheiapl g€ (I8R5 NsienNg-assoriaiethe

i |(éjs (AAV ha also be osed for use in ene ther (Walsh, et al.,
e A e SO b 1058 P CP eSOk DK BT 28915 Ui
senwlizaa, GW 0kaml@M&Em&ECWSMﬁmn@pmaﬁeﬂmgepetﬂm@pyfhe
oGRS aRsIRingGA anne e el s e By Sush Telade s

electroporatio ectlon calcium h s ha ated transte on or
purffhﬁbhﬁew@ﬁteﬂgaaw f@re‘smﬁ@aydmmmm M@igfd@@yﬁéerames olescribed
abowglectable marker to the cells. The cells are then placed under selection to

isolate those cells that have taken up and are expressmg the transferred

IDERERACAICH @hisAN it Hetos B8 T4

EOO%@NbOdImEm @P@@H@iﬂlﬁéﬁﬁéﬂwl&r@ﬁ@@@@?ﬁa@é@s@t%&iﬁ@éﬁ@l antibodies that
mlnlstr n in vivo fthe recombln nt cell. Such introduction

mh[bgtan eﬂggr fj '&%d%%? O WS%OWI‘PWH %rﬂtlﬁc%”amlﬁﬁ fothe present
invefitivitedino transtetiobi électdpeatition] MitcobjeThior ritifecien ovitheapvireént
inve P OB Ag & B LA R e B o e e e 5 2B

romosome-mediate gene transier mICI‘OCG lated gene tra
heregph@%ﬁ%mﬁum%mmmm@@mmméwm ifo tihe aarfor epstope

as oHireduetionatifygign genes into cells (see, e.g., Loeffler, etal., Meth
Enzymol 217:599 (1993 2i Cohen, eta!,, Meth Enzymol 217:618 (1993);

[0096}ine, PHaRRRICAtRESNEYDESPaKiEmupIsciesied by anrasrinkedtn

;mmmwmta@gemau Prgvidedithatithe nessssany, devalenmentahablemical
siological functions of the eC| ient cells are not disrupted. The

oo NSRS U 5 e BB Bt e AR BRERTS the
descc@k&dsm tihat Exampaisic aC|d is expreSS|bIe by the cell and preferably

[ﬂﬁg?f'table %SGE?I%@%?'%' ﬁ%%" Eﬂ%een%lj{‘? 185 T@?met t&(ﬁgpdos &%89\%

ombinant cells can ede ered 0 a patien yvanous me

mongeigiah N Eisbin ARs66d, dute tecgn eatatopdisie siémumeogenitor
hum&RIDEe sHpfRrabhnadRiRistess |én£r@ym9ﬂwd&e URLAL SR Sntibodies,

envisioned for use depends on the desired effect, patient state, etc., an

Fab EaerBe RS RmEesy SRS sRmBE N R REULHDY a Fab expression library,
anti- a@ﬁ@weaﬁamwsaa@g/@wza%o%B@l%ﬂ{siwmqma’e@ RUsIRIB AL of

.can trod cel erapy encompass any desired,

f f the
the I@(/%i? @e yBg Or Oseg %Ogﬂgge%%% fARLYS 8BRKBIIal cells,
[GGQ&hdothel"ﬁh@aHs blcehaannaytee Hibralastsgemdbtidiog s thepbtoagasints of
the p*?é%%?\t‘%ﬁ\éﬁr‘&%‘ éﬁdTr\ BQ%}{ %%ﬁ&fmmgagbespgﬂoag%yg% (ke Fd.

macrophages, neutrop s éosinophils, megakaryocytes, granul

SUEE T Et@rﬁSers}o@eliﬁor:i&emsam:baanmlanané‘nﬁatb@m@kﬁ\etm fov) and
sing|O1Q8RRIOLARNS RS- c S HURIGRAHGT RONG R Y HMPRISAL CRIGH IR

peripheral blood, fetal liver, etc 0187]In one embodiment, the cell used

am'bﬁﬁyg%@?ﬁ@ﬁapm%ﬁa|8&ae %Hb%&tﬁaﬁieﬁua@vccaawgféwmagab
regiogeoslingean antbedyretithewitasestdavantian aredﬂt@@défqﬂ@ Rivinasalinge

o e et T e R

bindispduificnemisartimprisjsteamocqrageation oelizaselosediohly) stemahiige

re ;oﬂ”&%"tglwgflhsn‘éfgi‘f%%h%‘?n@mﬂ%d hgl daaiata (j‘ncﬁg 10\ r;:?oﬁarﬂa be from
potentially bé used in ‘accordance Wlth IS embo iment o Rt

any aﬁveﬁheﬁgeeeeqétgtrr@dclmmnéammwesgmgegabetélnepmt@patem from
71:973 (1992); Rheinwald, Meth Cell Bio 21A:229 (1980); Pittelkow, et al.,
Mayo Clinic Proc 61:771 (1986)). EXAMPLES EXAMPLE
1.GENERATION OF IMMUNOGEN: NOTCH3 EXTRACELLULAR
DOMAIN-FC FUSION PROTEIN [0188]Anti-Notch3 monoclonal
antibodies that specifically bind to the LIN12/dimerization domain (herein

after "LD") of human Notch3 were generated using a recombinant
Noteh?2-Ee- fiicion nrotein ac immiinonen comonricina Noteh?2 1 D fiiced tn a




[0190]To facilitate the plasmid construction and to enhance the expression
of the various Notch 3 recombinant proteins, oligonucleotides

waEsheRsing to the leader peptide sequence comprising the first 135
base pairs of the Notch3 nucleic acid coding sequence were JeHBrat&Y"87723
These oligonucleotides contained some changes in the wobble coding
NUMESifORS T BRI TR 6T Esifis (A-nIukistRNsle tos kharspes arbbit,
goasilgmhd€ pigocamino msisksequense shanges (Figure 14A). After annealing
oligonycleotides together, the engineered leader peptide coding
[Ogéégjquenceg\ﬁéé‘sﬁ Eé%? theYEEHIARECSIRRG SekiEnaiBpBesFhaorE the
amitdaait abpGeme 07 5 h(h289%)rHernegiceldah, HieTeahnsHes?e28 isolated
( ' ..rhis.leader peptide coding sequence was used in
o R R e e einaon Bt o o'
hunze fiiosewedidErcentbiiies dosighabpeptise itkeehmutheNwexmiobsliacss
desé&BEmAIY SriSeAUSaERIsAd todhe &-tggmi no.acid
o seiquence of Notch3-LD, ﬁ%:slﬁdl[hpgé ih%%ég@éérggge%?ige@,%ié% g&iﬁn%aﬁagtﬂrr@f al
010} and SEBRIBRyEep2bTERRESsI0N GBI B EBFFoasdecific,
bisphlote 3-cPéritusian proseinsivpeyesier Dyiansienitransiecion. of e,
%oé(%hggeég'[essmn Iasmlgs into 293T (ATCC Number CRL-11268,
SPERIENEESASTVR) HPBEIS R tAVi BianP © aRE B, Terdpte diietivery. well as

for a#nmetoimﬁmﬁwpe;&ﬂmm@acu&wﬁﬁb@o@ME@W@MI@@%&@%@%
gEQwith medi ontainin % 1, If S S).2mMao

i) STy e R e B P ST ST S ooooo
WG SBERIBX108. eI/ perimetinob IWEIplI§teany Yrewing fioapprrdnstly
4714680 IBERBA0GIaME AN AHBISAIGIE TUron BIRIe XPIERsIe;

lasmids were transfected into cells in each well’'using’a Llpoféc amine

00 transfection system (Invitrogen, Carlsbad, CA) following the

[010omRNUfactureESPEY et ohARRLEANBIRS IR Fhéf@é!%\é@éﬁb%t&f%%égﬁr&g%
term%roy\@h met ium .nd F:ultu_red ina CO2 mcubatpr for approximately 40-4

SB SRIBRGIB RGNS H RIS WrithithexpressiBiranagResifically
bindAftéwatitelys @fter rahsfeotion pixeicely wekemulpERe i GrOwil B AL rein,

oo AU I SR AR T o g e
residueslign ifseedeibrdahisemaniiysiss[0192]Stable cell lines were

t - is-F . o
E@'lﬁl%?nera el {0p AR NPIRRI LIS &#Ué)rﬁé% &’?aﬁpa\fggc?é)&% ribed ar specified

otch3-EGF/Fc (His-Fcy/pSec vector plasmid was trans

in tleE3§dERY AresraRdintvor tHacsins hatd patiaiena mNyERPiRertwhich
havenaectias oesnighéathesnswviteheskiaemwin medignwith 800 vg L o as

70% Rggrom\@i f‘md iulturg At least two weeks until the ceLIs not carrying
NotS %és@? R AR dimmira st s dritibivitenitofstioned
calcutatelismy thetistalsl@roplitine she/ere subiestea o Vesain BINARYSIS. aiso

: ient transfec Is were assayed for expression
el A A AR ok PAROBID Wi & Ko of
less thamsteeibd CEM. hessdbmuidbont dOTURS disless trare abashad dnteowither

f I ' ded i ionized water, , .
P o A B SR Bld f ETa Spicn
the anfihlgicSERRAY HiedinmeREd at about 100C for 10 minutes. Secreted

[0103¥0tein waseaetzeshbsie sprdiaMsSHIBE GHMI MRS WITH AR S Bl oss-
me of 2 x‘frotein sample loading buffer and heated at 100C for 10

vol
react Wi ISP RY LaMRIRAUGE Y SupaaBeaam 870 185 grRreR SnG PrcEes
theredhelprateiesiticesrtratsternediitoabthe gelderipdMPbsiembrang BipRad,

& | locked in 5% non-fat dry milk jn PBST (PBS
resD%ﬁ??ﬁi‘%%@Eﬁ%%%%& 7 ar 18T O %%ﬁ?'ﬁr? )fBe(PéH&e "of protein.
[0194]Notch3-EGF/Fc and Notch3-LD/Fc fusion proteins were detected by
incubating with yFc-specific, HRP-conjugated antibody (Sigma, St Louis,
MO) in blocking buffer for one hourzat room temperature. The membrane
was washed three times in PBST and developed with a chemiluminescent
substrate. [0195]For Notch3 domain/Fc fusion protein purification, CHO
stable cell lines as described above were cultured in DMEM with 2% FCS

for up to 5 days. One liter of conditioned medium was collected and
cribiected tn nrotein-A head-nacked coliimn chromatoaranhy for affinity



Laboratories, Chantilly, VA) were coated using 100 pl of Notch3-EGF/Fc
or Notch3- LD/Fc (0.1 pg/ml) in (PBS) containing 1 x Phenol Red and 3-4

witaRs RRbyliter (Pierce, Rockford, IL) and incubated overnight-a4,t90Mag 7723
temperature. After the coating solution was removed by flicking of the

late, 200, pl of blocking buffer containing 2% BSA in PBST containing
cor B g AL 35 WES AR S-ERUEI TP RBGREL RO MRRIIdes dclosed

heramn-specific binding. The wells were then washed with PBST. Fifty

01O wit B S e DEar S e Al e PR ghe
polypétieeaicroneep kias Aiter ertedhowrtotlincyiadian, ithe pellsuwesstide
! . . = L o _ q

=ne reacti%%ﬁ;yv}liﬁ% ”h@%i?gé@%e%@%?%ﬁgéﬁ%%ﬁr%ﬁ%éé%ﬁ Cﬂggrigﬁ%i?eg@aé[sent
inveRigimiRise'sgh g ARIGSEthamEPRRRR K éarmsbel sheiduntraatirsydp a
polyPADkidERR dubslateselutinnganiaiipthg dintidsnasled@metVitn an

penzidine and 0.0003% hydrogen peroxide was added tq the wells for
e B AER oSN ol e e . M Rl A" o
10" dlitiono’ 56 nar B2, MMk SRdvish aTé@gﬁﬂi&éél@im?M@fggi@Mm fvely
. ELISA plate del lecular Devices, Sunnyvale, CA). mon
o A2 EBiAU S Sl o WAL S AR e
methethionaiwedrwitie Riotch3ieBrFirgeneratps iiotc b dintagoniziagraitbdies,
mmiieReLeBuhBC ARSI ethoiRd R pdinina UPgioafantdipm the

two hybridoma clones producing MAbs 256A-4 and 256A-8 showed strong
cCompRidivR)YIBINRNSLE ifiKENsUBHEE Reters b At derIBR Pratbipas Aiehat wast

asoaggﬂ@@éﬁemggaﬂigé@tmw, @ rt:u-amrg%@ﬂ&?!éa@(%@)%] N!@m&;&ﬁm. .
omain fused to Ec region at the carboxyl terminus) or a control human Fc
Vgc&%@%ﬁ%ﬁ%@%ﬁb able 1). Later studies using functional assays

[0108ks0 demonstatent thalMAe 264edt and3B6ABepesHiraitentagapigacid
seq Rl B e G B B e R A e orsing
readings of antiZNotc S Usi Sh‘ii%? HorrSpematan
nucie@sidh 3adDArsalorsetinD ffe mbhods:DoMban &2 564 id)00€.6010
com&r%%%@&wﬂ'a vector, and recombinant technigues for the production of the
antibody.
[0106] For recombinant production of an antibody, the nucleic acid encoding
it is isolated and inserted into a replicable vector for further cloning (amplification of
the DNA) or for expression. DNA encoding the antibody is readily isolated and
sequenced using conventional procedures (e.g., by using oligonucleotide probes that
are capable of binding specifically to genes encoding the heavy and light chains of
the antibody). Standard techniques for cloning and transformation may be used in
the preparation of cell lines expressing the antibodies of the present invention.
[0107] VECTORS
[6108] Many vectors are available. The vector components generally include,
but are not limited to, one or more of the following: a signal sequence, an origin of
replication, one or more marker genes, an enhancer element, a promoter, and a
transcription termination sequence. Recombinant expression vectors containing a
nucleotide sequence encoding the antibodies of the present invention can be

prepared using well known techniques. The expression vectors include a nuclectide
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256A-8 4.000 0.000 0.115 0.014 Control IgG1* 0.064 0.006 0.066 0.006 *
Control IgG was an irrelevant gG1 monoclonal antibody. [0200]The

W | s pri i further
Sifi@ fykhridoma clones from this primary ELISA screening were
V%%Iai?\eéd by single colony-picking and a second ELISA assay%asr%es’%(c’:?'i?t/)ﬂé‘ 723

b as done to verify specific binding to the chosen immunogen. The
Seq@%ﬁ%/?erﬁvéﬁrﬁ%%ﬁ'mg Effg‘%&é %F@@ﬁﬁﬁﬁ%’ﬂa@r@@ﬁ@éw%mﬁ%@Me
nuckmoliiEc kenplamnidsoslies éﬁlﬂbﬁwm@ugf@ﬂ wmﬁiﬁlﬁ%@pﬁé{lﬁ%l, or
S le-cultures usin rotein A affinity column. The anti-Notc
S R er TR o AT WG I BR e BiRdTAg el promoters,
operaiereseopgniesterRBlotarxh FAG S aia)ysiss EXAIMP LI &: appropriate

BASED. ANTI-NOTCH3 MA 0201]The
Seq%ﬁl%gsed bind%ﬁ%ﬁ%y%ﬁ@%ﬁ% Eﬁg%% %ﬁ?@ til;net '%H%ﬁ\?&%f%[m'}iﬁim

NuclerfififosesBaing 2 30h-lengtathufinke N ovohs dpereedalioy Samesine a

i i : i , A). The.
s e b oo S Al e
Th“?u%BFW,&e(ﬂ%ﬁﬁﬂqﬁé?%{%iﬁﬁ iBYoP§EeR e s RAdOT A tinae siatipady heavy

chaioorsfraticNotbbIHyanee expersars adulldergthdNeiob 3N AR @tion of the
%pictted in F{ij(%u e 1. A stable cell line expressing Notch3 was generated
appr%y trans gg{?on' of ﬁl%%ﬁ@ﬁ?ygro plasmid construct into 2931 cells (ATCC

[0108b. CRLInE2BB)arsisga@ tipafeetarniie 2800 Kiirfattowimethe SAMRE that are

I in le 1. After transfection, the cells were
o Rl R Al TR R ae e be
incorpRARA Ritheoessian nsoimyEier axdopltredfoafidd staysnce for a

signMVBlpsalaigdsielo RAIABISFWEERIRkad AL AW EWeeg%quence
7 e

until enough clonal cells were amplified. Stable 2931 « were
50 ”\%‘s‘i@?aﬁ?*ﬂg?%I%ﬁﬁfé‘ﬂ%‘é@c%%ﬁ@iéﬁﬁwés%wmghméisecm@wns A
sighgirpigitidaereidenifiedhy) Vﬁ&ﬁ%fﬁ@ﬁ@%@ﬁ%ik?f%%ﬁ%%&D Sgey Sutue!%s

lectrami copy using p: onal anti-Notch3 antibodies ,
A Ck R R A ey L
polyreijidae NotcteLidtk ) difveriiatitynfid:D X oo ogalin BMP%§m§WDN%ﬁ3>q
i I .constructed hy PCR and subclonjng.jnto pc .
S'9“%“éi’%wé‘i”éﬁ‘:?ﬁb%%?&“%i%%laﬁi/s.s SRRy S ant kS5 tag

5,69880 CHBARLE and R294eBRBA Notch3- LDTMNS. A stable cell line
[0118KpressinGdnis qlasiis. AeAchAdRd MR, VRS AENELA G BreQirding phage
vectgpeopraog%%%%p Sggg%%gt;gn%)é%m!?p?\ﬁlér DNA viral vector. Such vectors may
be introduced into cells as polynucleotides by well known techniques for introducing
DNA and RNA into cells. The vectors, in the case of phage and viral vectors also
may be introduced into cells as packaged or encapsulated virus by well known
techniques for infection and transduction. Viral vectors may be replication
competent or replication defective. In the latter case, viral propagation generally will
oceur only in complementing host cells. Cell-free transiation systems may also be
employed to produce the protein using RNAs derived from the present DNA
constructs. Such vectors may inciude the nucleotide sequence encoding the
constant region of the antibody molecule (see, e.g., PCT Publications WO 86/05807
and WG 89/01036; and U.S. Pat. No. 5,122,464) and the variable domain of the
antibody may be cloned info such a vector for expression of the entire heavy or light
chain.
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[0203]Human Sup-T1 cell line (ATCC No. CRL-1942) naturally expressing
Notch3 was also confirmed by Western blot. Sup-T1 cells were grown in

wWiMipAGsmedia containing 10% fetal calf serum, 2 mM of glutamine.and .
1 X essential amino acid solution. [0204]Cell-based antibody-binding was

sessed using FMATT" (fluorescence macro-confocal high-throughput
gm@ reeninﬁ}@%go%%ystem (Applied Biosystems, Foster City, CA)
[0 1i2]lowing The pirstibodlearovigiechbysthe: Masniaatuser e elkbineseats/any
, ressin h3 or stably transfected with Notch3 expression
sut g e R oo SLIIER T i LReL AR PR ATty cluce
prokeaysfecyed 1981 HugiGiH Ouseligniie rebeadddrinl thie 96:wed platémTbe eells
i I 0Q-5 _pear.well.. After 20-24
o N b Bk Pk R e IR B e

FeCORSHN P RTCEIIRREATE NG HiBs R REACY-sosoTifl GitédsanteaiusedgBrs

BRI AR Rddathd a i ibedjes, , WO
T B Dl was
tranglREneSWiBIE BMRIBRARS HEREE SXBIREIEY HeFiSHHEPIATY asiRpen coding

sequsterag]ly genesaiegs193t/ Nasehd: siahlecealine-andilng Saness resectors
(e_ghﬁga%%yﬁégloanrﬂ%égm%tcgwes UK ECACC No. Cat. N?. 93112519),
Which Both Ratirafy SxpraseRBY B RYPLATTHmY TR PR, infected
with irsivalathnitirantb NoessRM s dnsl o P BSuAflewthrep seashessiieaeels
iNCL i le-conjugated secondary antibody.
v G A AR R L Y
VeCygr tfelfmaldpTaE] R g ea By A GBI (B Stiences; Pafoahital) cell
systdii§ (8o indicatry, BADAGIMARS Hind INRIGRS fggngHFlﬁﬁ%%%i%%ign

either from recombinant plasmid constructs or as native protein
CoNSEES PABIADYHIRBRF pissi¥ad Bisfshswasnanae whewtraalisrerg!ls (6.9,
metaiesiepineiorghendeiehd- o eriusiompsatainses depatweddaRRPaBARE
o %Qg trﬁ;]rés‘fl%rcred to ngélo? %!gt membrane, the anti-Notch3 MAbs no longer
P nbmJ,’ suggesﬁlnmgaé”c Aot A tope. Transiently transfected 2931

[0118lls contivhagyatsotchSiHggioosiasstidimtre @issestameshtio include gram
' r e | v, ser by fluorescent

e e S tot e SR e o e A B

Erwip|-bielsetadtolrisly SalsswiasSaisinflaoteStaaintessitg!l as Bacilli,

PselMenrAlanab Ay RRR N oSS StakieL e I ling/Sups b #REAEE %1394
(ATCZ(IfS %’%\484168)39 a‘ilt%gueg ag%/f"?e?gtr}g%l; such as E. coli B, E. coli X1776 (ATCC
31,537), and E. coli W3110 (ATCC 27,325) are suitable. These examples are
iustrative rather than limiting.

16114} Expression vectors for use in prokaryotic host cells generally comprise
one or more phenotypic selectable marker genes. A phenotypic selectable marker
gene is, for example, a gene encoding a protein that confers antibiotic resistance or
that supplies an autotrophic requirement. Examples of useful expression vectors for
prokaryotic host cells include those derived from commercially available plasmids
such as the pKK223-3 (Pharmacia Fine Chemicais, Uppsala, Sweden), pGEM1
(Promega Biotec, Madison, Wisconsin., USA), and the pET (Novagen, Madison,
Wisconsin, USA) and pRSET (invitrogen, Carlsbad, CA) series of vectors (Studier, J
Mol Biol 219:37 (1991); Schoepfer, Gene 124:83 (1993)). Promoter sequences
commonly used for recombinant prokaryotic host cell expression vectors include T7,
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21 23 positive control™ 198 74 [0207]The cell-based FMAT and FAGS
analyses confirmed that both MAbs 256A-4 and 256A-8 indeed bind to the

wWRlEhAsesgptor expressed either from recombinant plasmid %QEP }ér%%t%%rmi
as nativegprotein in cultured cells (Table 2 and Table 3). [02(5) abfa’3.

Summary of anti-Notch3 MAbs binding activity in cell-based FMAT mAb
(ROSADRT RAR 2 56X B TR AR T Ritidh §%ﬁm€1€}ﬁﬁﬁ)@93ﬁ! ipasejiectose
proraORs/O M6 0REEAI SO/ BRTIZ3275:615 (1978); Goeddel, et al., Nature

281:544 (1979)), tryptophan (trp) promoter system (Goeddel, ef al., Nuc! Acids Res
8:4057 (1980)}, and tac promoter (Sambrook, ef al., Molecular Cloning, A Laboratory
Manual, 2nd ed., Cold Spring Harbor Laboratory (1990)).

[0115] Yeasts or filamentous fungi useful in the present invention inciude
those from the genus Saccharomyces, Pichia, Actinomycetes, Kluyveromyces,
Schizosaccharomyces, Candida, Trichoderma, Neurospora, and filamentous fungi
such as Neurospora, Peniciffium, Tolypociadium, and Aspergiflus. Yeast vectors will
often contain an origin of replication sequence from a 2p veast plasmid, an
autonomously replicating sequence (ARS), a promoter region, sequences for
polyadenylation, sequences for transcription termination, and a selectable marker
gene. Suitable promoter sequences for yeast vectors include, among others,
promoters for metallothionein, 3-phosphoglycerate kinase (Hitzeman, et al., J Biol
Chem 255:2073 (1880)) or other glycolytic enzymes (Holland, ef al., Biochem
17:4900 (1978)) such as enolase, glyceraldehyde-3-phosphate dehydrogenase,
hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate
isomerase, 3-phosphoglycerate mutase, pyruvate kinase, triosephosphate
isomerase, phosphoglucose isomerase, and glucokinase. Other suitable vectors
and promoters for use in yeast expression are further described in Fleer, ef al., Gene
107:285 (1991). Other suitable promoters and vectors for yeast and yeast
transformation protocols are well known in the art. Yeast transformation protocols
are well known. One such protocol is described by Hinnen, et al., Proc Natl Acad Sci
75:1929 (1978). The Hinnen protocol selects for Trp* transformants in a selective
medium,

01161 Mammalian or insect host cell culture systems may also be employed
fo express recombinant antibodies. in principle, any higher eukaryotic cell culture is
workable, whether from vertebrate or invertebrate culture. Examples of invertebrate
cells include plant and insect cells (Luckow, et al., Bio/Technology 6:47 (1988);
Miller, et al., Genetics Engineering, Setlow, ef al., eds. Vol. 8, pp. 277-9, Plenam
Publishing (1986); Mseda, ef al., Nature 315:592 (1985)). For example, Baculovirus
systems may be used for production of heterologous proteins. in an insect system, -
Autographa californica nuclear polyhedrosis virus (AcNPV) may be used as a vector
to express foreign genes. The virus grows in Spodoptera frugiperda cells. The
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[0209]03 is a negative control human IgG1 Mab. A positive binding signal
was determined based on the FMAT signal read-out that was significantly
el 003 and other negative hybridoma clones (p > 0.01). The
negative signal of 03 FMAT binding read-out was considered b&¢RgPEURA 723
Transiently transfected 2931 cells with Notch3/Hygro plasmid were also
antikpsin 69t setHancaubRYSeeslned istdrbetabtyeandssisseinieddigns (for

exafhEQBessiITHSIRRFeaN e FAAMRIE S a%&%@%@fﬂr@%@&%%y%%%PV

ANTI-NOTCH3 MADb BINDING ACTIVIT 210]Western was
ProrRRiFEARs #Y¥5 aRiR RetRe RGO RIENVIRDS BHbsidasthitiptdmEden

idenrﬁﬁdenmaam@qsmrmmﬁm@SM@M@%%Q%@%§Mﬁid§}&0fiﬁﬁﬁéclﬁt3sf/%ﬂgty of
oicho- C

ViraIOthr N?tct%-relaftechgroteins ie\ﬁh man.%gl lines. Purifie _
I A S U B R S ALRP B el Kier! bAoA QLARHBY and
the Rieré alssimpréBoed fromahdiFansientycr stablydnmasieetedaels the virus

ihed.i | i h f lture dish
e B e R DR e RS e sepdnarere
frugigsiere & afoddRIRRVE), Blsdeli®duTe9 Of fortkininutescafter, adiegn,

petuRfHabMolwNg Qf BXRIEIN FamR'sdQaging biffer All samples were
separated by electrophoresis in a 4-15% gradient SDS-PAGE. The

1% oteins WEfEPhEHSIER ST HishPERIae 30D PTiveamie eals dnteNbiahissue
cu!tUVb?lbﬁisvsée@ﬁ@'@MﬁiﬂfQﬁ&é@_ﬁfEbl@g’@%@%@”@Lﬂﬁjf%??gﬂ%@% al. g eds.,
etecuon anti . -conjugatea seconaary antino was used 1or
Aead e R T Rl RS e b Se i Gaoakey
kidnelgSavitpe m@oﬁmmmdmeom@w@@gamgmgmn ¥setR8mster
3 purcnasea-Iiro NVITYO ; t , nta_
ova AT e LA a2 s e
MougfaIiRh S 256 AmEndce e Bodocisirbindatts NdiEh8) | YFoaihderey cells;
i itions; ichds. in.disti [ 0 rved
P e e
[0118b mains HRshraliareHaRsiamnethsb iR cbsRHRstIIPed eREIcH d0It is

antibeaiycjudeddiiei MAbsuRBEA hansheSfndabindiednylinle ARIORSS R
apprglé)rtl(:h -LD.Kt)gé‘aétchave to be maintained in their native conformation. This
con

3 [ .
O VLS CS PRl ey e eciRianahrepils lRignahgMkelissed
sequerEranysiie @ibgloansEXAMMRL BSaABBHSSINGELMNGRENAL hE Bsired

:N A ASE REPORTER ASSAY [0212]A.
So L 1021 PR ALt Ao S Eace EOHelte o
derivggsErferoiyERanipis 3 dprverwag coiniamedrby $8dB¥HENgahiLisan
il X i icted.in Ei _ d|
e SR e O SO e

p A ]
be uxd (RAEAYY S LShECASHOGINTRIDS 1or (NEEBSen BaAIcHessssbgene

sequenteDe )k Beeaustidhaesicene.nogedb plasmi¢ sig BaLhaveRBmoter,

anh %ntlblotlcl: selection marker, the Nc%l fra\gm nt containing Jaggedl1 coding
aSGletie s W&l ﬂgﬁﬁgﬂ%ﬂyﬁﬂﬁ Rﬁ&s.iﬁﬁ@%ﬁ/&%t.a/%ﬁ’?mﬂ%@%e

partiofiatynaselddged? aDbiihwas gesityated by dirsbstrantoDhiosmthesis

fragrﬁ@{f‘\pilﬂi'g?ﬂ"‘ﬂwg'c %Ae g”,@ cg] Iineg_i 'TlnH igAT(.}C li\lo. C EZlCig and .
FOR-ampI_iflea’? & Jagged? CONR WAs EUBEEGREHy SBIBIREY SYREgssion

VECIOER pRsEiBrinofRBteHBialduepidic ihdrdagyed i wenfidalisy. transient

[o1dpnstectioRanf WERAIBIo Braiere B iR ORIn G AT Pmay be

enerate a luciferase reporter plasmid for Notch signaling, two

CU'tu%ﬁﬁ%@ﬁﬁ%ﬁ%f&n&ﬂ{ac@&m@m@&ysa&ammﬁ@e@am@pmw F10
(SignBE1 Inindinympifivere sysseasmaddmyinginaviotaying sequenceso)

' AGC TGG AATACCGTGGGAAAATGAACCGTGGGAA
RPMW@%@%&%&&%%WJ Dulbecco's Modified Eagle's Medium
(DMEMGHIgCE ACAITT BCT ACGAGATETHT AROAGEGT KBIKSEHR 4BuNen8hny of

[0215]These two oligoprimers were annealed at 65C in 100 mM of NacCl
with each oligo at a concentration g4 mM. After annealing to each other,
the primers were extended by PCR. The FOR product was cloned into a
commercially available vector. The insert was verified by sequencing,

which contains four tandem repeats of CBF1 binding motif and two

flanking Xho I sites. The insert was excised using Xho | and ligated
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Jagged-I-coated plates. In the presence of MAbs 256A-4 and 256A-8,

up-regulation of HESS and HEY2, tgzo Notch target genes, was inhibited,

as measured by quantitative RT-PCR (data not shown). [0224]To verify
whether the anti-Notch3 MAbs can bind to native Notch3 expressed in
human cancer cells and block the receptor signaling, a reporter assay was

performed using two ovarian cancer cell lines, OV/CAR3 and A2780. Both
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apoptotic cell population can be marked by fluorophore-labeled
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activation of Notch3 signaling significantly increased cell migration, an
MADbs 256A-4 and 256A-8 clearly inhibited the migration (Figure 11A). The
invasion experiment showed a simifar trend (Figure 11B).
[0229]Additionally, the effect of MAbs 256A-4 and 256A-8 on Jagged-1-
induced formation of cell "spheres" was examined. When 293T cells
over-expressing Notch3 were cultured on Jagged-1-coated plates, the

cells formed loosely attached "cell balls" or "spheres." In the presence of
MAhe 2EARA-A and 2BARA-Q hnwever formation of thece rell enharac wac



[0232]B. Generating Domain Swap Fusion Protein Constructs

[0233]Sequence analysis indicated that Notch3 has three LIN12 repeats
wahiitgrdhivherization domain is divided into two segments. TRERTSASO #7723
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Dilution N1-LD N3-LD L1-swap L2-swap L3-swap D1-swap D2-swap
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signals. These methods include, for example, in vitro recombinant DNA technigues,
synthetic techniques, and in vivo genetic recombination.

10129] The expression vector is transferred to a host cell by conventional
techniques and the transfected cells are then cultured by conventional techniques fo
produce an antibody of the invention. In one aspect of the invention, vectors
encoding both the heavy and light chains may be co-expressed in the host cell for
expression of the entire immunoglobulin molecule, as detailed below.

[0130] A variety of host-expression vector systems may be utilized to express
the antibody molecules of the invention as described above. Such host-expression
systems represent vehicles by which the coding sequences of interest may be
produced and subsequently purified, but also represent cells which may, when
transformed or transfected with the appropriate nucleotide coding sequences,
express an antibody molecuie of the invention in situ. Bacterial cells such as E. coli,
and eukaryotic cells are commonly used for the expression of a recombinant
antibody molecule, especially for the expression of whole recombinant antibody
molecule. For example, mammalian cells such as CHO, in conjunction with a vector
such as the major intermediate early gene promoter element from human
cytomegaiovirus, are an effective expression system for antibodies (Foecking, et al.,
Gene 45:101 (1986); Cockett, et al., Bio/Technology 8:2 (1900)).

(01311 In addition, a host cell strain may be chosen which modulates the
expression of the inserted sequences, or modifies and processes the gene product
in the specific fashion desired. Such modifications (e.g., glycosylation) and
processing {e.g., cleavage) of protein products may be important for the function of
the protein. Different host cells have characteristic and specific mechanisms for the
post-transiational processing and modification of proteins and gene products.
Appropriate cell lines or host systems can be chosen to ensure the correct
modification and processing of the foreign protein expressed. To this end,
eukaryotic host cells which possess the cellular machinery for proper processing of
the primary transcript, glycosylation, and phosphorylation of the gene product may
be used. Such mammailian host cells include, but are not limited to, CHO, COS,
293, 3T3, or myeloma cells.

[6132] For long-term, high-yietd production of recombinant proteins, stable
expression is preferred. For example, cell lines which stably express the antibody
molecule may be engineered. Rather than using expression vectors which contain
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virel origins of replication, host cells can be transformed with DNA controlled by
appropriate expression control elemenis (e.g., promoter, enhancer, sequences,
franscription terminators, polyadenylation sites, etc.), and a selectable marker.
Foliowing the introduction of the foreign DNA, engineered cells may be allowed to
grow for one to two days in an enriched media, and then are switched to a selective
media. The selectable marker in the recombinant plasmid confers resistance to the
selection and allows cells to stably integrate the plasmid into their chromosomes and
grow to form foci which in turn can be cloned and expanded into cell lines. This
method may advantageously be used to engineer celi lines which express the
antibody molecule. Such engineered cell lines may be particularly useful in
screening and evaluation of compounds that interact directly or indirectly with the
antibody molecule.

[0133] A number of selection systems may be used, including but not fimited
to the herpes simplex virus thymidine kinase (Wigler, ef al., Celf 11:223 (1977)),
nypoxanthine-guanine phosphoribosyltransferase (Szybalska, ef al., Proc Natl Acad
Sci USA 48:202 (1992)), and adenine phosphoribosyltransferase (Lowy, f al., Celf
22:817 (1980)) genes can be employed in tk, hgprt or apri-celis, respectively. Also,
antimetabolite resistance can be used as the basis of selection for the following
genes: dhir, which confers resistance to methotrexate (Wigler, et al., Proc Nat! Acad
Sci USA 77:357 (1980); O'Hare, et al., Proc Natl Acad Sci USA 781527 (1981)); gpt,
which confers resistance to mycophenotic acid (Muiligan, et al., Proc Natl Acad Sci
USA 78:2072 (1981)); neo, which confers resistance to the aminoglycoside G-418
(Wu, et al., Biotherapy 3:87 (1991)); and hygro, which confers resistance to
hygromycin (Santerre, et al., Gene 30:147 (1984}). Methods commonly known in the
art of recombinant DNA technology may be routinely applied to select the desired
recombinant clone, and such methods are described, for example, in Ausubel, et al.,
eds., Current Protocols in Molecular Biology, John Wiley & Sons (1993); Kriegler,
Gene Transfer and Expression, A Laboratory Manual, Stockton Press (1990); and in
Chapters 12 and 13, Dracopoli, ef a/., eds, Current Protocols in Human Genetics,
John Wiley & Sons (1994); Colberre-Garapin, et al., J Mo/l Biol 150:1 (1981), which
are incorporated by reference herein in their entireties.

[G134] The expression levels of an antibody molecule can be increased by
vector amplification (for a review, see Bebbington, ef al., "The use of vectors based
on gene amplification for the expression of cloned genes in mammalian cells,” DNA
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Cloning, Vol.3. Academic Press (1987)). When a marker in the vector system
expressing antibody is amplifiable, increase in the level of inhibitor present in culture
of host cell will increase the number of copies of the marker gene. Since the
amplified region is associated with the antibody gene, production of the antibody will
alsc increase {Crouse, et al., Mol Cell Biol 3:257 (1983)).

[0135] The host cell may be co-transfected with two expression vectors of the
invention, the first vector encoding a heavy chain derived polypeptide and the
second vector encoding a light chain derived polypeptide. The two vectors may
contain identical selectable markers which enable equal expression of heavy and
light chain polypeptides. Alternatively, a singie vector may be used which encodes,
and is capable of expressing, both heavy and light chain polypeptides. In such
situations, the light chain should be placed before the heavy chain to avoid an
excess of toxic free heavy chain (Proudfoot, Nature 322:52 (1986); Kohler, Proc Natf
Acad Sci USA 77:2187 (1980)). The coding sequences for the heavy and light
chains may comprise cDNA or genormic DNA.

10136) Once an antibody molecule of the invention has been produced by an
animal, chemically synthesized, or recombinantly expressed, it may be purified by
any method known in the art for purification of an immunoglobulin molecule, for
example, by chromatography (e.g., ion exchange, affinity, particularly by affinity for
the specific antigen after Protein A, and size-exclusion chromatography),
centrifugation, differential solubility, or by any other standard technique for the
purification of proteins. In addition, the antibodies of the present invention or
fragments thereof can be fused to heterologous polypeptide sequences described
herein or otherwise known in the art, to facilitate purification.

[01371 The present invention encompasses antibodies recombinantly fused or
chemically conjugated (including both covalently and non-covalently conjugations) to
a polypeptide. Fused or conjugated antibodies of the present invention may be used
for ease in purification. See e.g., PCT publication WO 93/21232; EP 439,095
Naramura, et al., Immunol Lett 39:91 (1994); U.S. Pat. No. 5,474 ,981: Giliies, et al,
Proc Natl Acad Sci USA 89:1428 (1992); Fell, et al., J Immunofl 146:2446 (1991),
which are incorporated by reference in their entireties.

0138] Moreover, the antibodies or fragments thereof of the present invention
can be fused to marker sequences, such as a peptide to facilitate purification. In
preferred embodiments, the marker amino acid sequence is a hexa-histidine peptide,
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such as the tag provided in a pQE vector (QIAGEN, Inc., Valencia, CA), among
others, many of which are commercially available. As described in Gentz, et af.,
Proc Natl Acad Sci USA 86:821 (1989), for instance, hexa-histidine provides for
convenient purification of the fusion protein. Other peptide tags useful for purification
include, but are not limited fo, the "HA" tag, which corresponds to an epiiope derived
from the influenza hemagglutinin protein {Wilson, et al., Cell 37:767 (1984)) and the

"flag" tag.
ANTIBODY PURIFICATION
[0139] When using recombinant techniques, an antibody can be produced

intraceliularly, in the periplasmic space, or directly secreted into the medium. i the
antibody is produced intracellularly, as a first step, the particulate debris, either host
cells or lysed fragments, may be removed, for example, by centrifugation or
ultrafittration. Carter, ef al., Bio/Technology 10:163 (1992) describe a procedure for
Isolating antibodies which are secreted fo the periplasmic space of £. coli. Briefly,
cell paste is thawed in the presence of sodium acetate (pH 3.5), EDTA, and
phenylmethylsulfonylflucride (PMSF) over about 30 minutes. Cell debris can be
removed by centrifugation. Where the antibody is secreted into the medium,
supematants from such expression systems are generally first concentrated using a
commercially available protein concentration filter, for example, an Amicon or
Millipore Pellicon ultrafiltration unit. A protease inhibitor such as PMSF may be
included in any of the foregoing steps to inhibit proteclysis and antibiotics may be
included to prevent the growth of adventitious contaminants.

[0140] The antibody composition prepared from the cells can be purified
using, for example, hydroxylapatite chromatography, gel elecrophoresis, dialysis,
and affinity chromatography, with affinity chromatography being the preferred
purification technique. The suitability of protein A as an affinity ligand depends on
the species and isotype of any immunoglobulin Fc domain that is present in the
antibody. Protein A can be used to purify antibodies that are based on human igGH1,
IgG2 or IgG4 heavy chains (Lindmark, et al., J Immunol Meth 621 (1983)). Protein
G is recommended for ail mouse isotypes and for human 1gG3 (Guss, et al., EMBO J
511567 (1986)). The matrix to which the affinity igand is attached is most often
agarose, but other matrices are available. Mechanically stable matrices such as
controlled pore giass or poly(styrenedivinylibenzene allow for faster flow rates and
shorter processing times than can be achieved with agarose. Where the antibody

39



0.0315 '1.526E-05 0.0975 0.0165 0.0205 0.0430 0.0180 0.0400 0.0155
0.0220 13.815E-06 0.0580 0.0140 0.0135 0.0300 0.0150 0.0425 0.0235
W20 79988 7E-07 PCT/USZ007/687723

comprises a CH3 domain, the Bakerbond ABXTM resin (J. T. Baker, Phillipsburg,
N.J.) is useful for purification. Other technigues for protein purification such as
fractionation on an ion-exchange column, ethanol precipitation, Reverse Phase
HMPLC, chromatography on silica, chromatography on heparin SEPHARQSE ™
chromatography on an anion or cation exchange resin (such as a polyaspartic acid
column), chromatofocusing, SDS-PAGE, and ammonium sulfate precipitation are
also available depending on the antibody to be recovered.

[0141] Following any preliminary purification step(s}), the mixture comprising
the antibody of interest and contaminants may be subjected to low pH hydrophobic
interaction chromatography using an elution buffer at a pH between about 2.5-4 .5,
preferably performed at low salt concentrations (e.g., from about 0-0.25M salt).
PHARMACEUTICAL FORMULATION

[0142] Therapeutic formulations of the polypeptide or antibody may be
prepared for storage as lyophilized formulations or aqueaus solutions by mixing the
polypeptide having the desired degree of purity with optional "pharmaceutically-
acceptable” carriers, excipients or stabilizers typically employed in the art (all of
which are termed "excipients”), i.e., buffering agents, stabilizing agents,
preservatives, isotonifiers, non-ionic detergents, antioxidants, and other
miscellaneous additives. See Remington's Pharmaceutical Sciences, 16th edition,
Osol, Ed. (1980). Such additives must be nontoxic to the recipients at the dosages
and concentrations employed.

(01431 Buffering agents help to maintain the pH in the range which
approximates physiological conditions. They are preferably present at concentration
ranging from about 2 mM to about 50 mM. Suitable buffering agents for use with the
present invention include both organic and inorganic acids and salts thereof such as
citrate buffers (e.g., monosodium citrate-disodium citrate mixture, citric acid-
trisodium citrate mixture, citric acid-monoscdium citrate mixture, etc.), succinate
buffers {e.g., succinic acid-monosodium succinate mixture, succinic acid-sodium
hydroxide mixture, succinic acid-disodium succinate mixture, ete.), tartrate buffers
(e.g., tartaric acid-sodium tartrate mixture, tartaric acid-potassium tartrate mixture,
tartaric acid-sodium hydroxide mixture, etc.), fumarate buffers (e.g., fumaric acid-
monosodium fumarate mixture, fumaric acid-disodium fumarate mixture,
monosodium fumarate-disodium fumarate mixture, etc.), gluconate buffers (e.g.,
gluconic acid-sodium glyconate mixture, gluconic acid-sodium hydroxide mixture,
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gluconic acid-potassium glyconate mixiure, etc.), oxalate buffer (e.g., oxalic acid-
sodium oxalate mixture, oxalic acid-sodium hydroxide mixture, oxalic acid-potassium
oxalate mixture, etc.), lactate buffers (e.g., lactic acid-sodium lactate mixture, lactic
acid-sodium hydroxide mixture, lactic acid-potassium lactate mixture, etc.) and
acetate buffers (e.g., acetic acid-sodium acetate mixture, acetic acid-sodium
hydroxide mixture, etc.). Additionally, there may be mentioned phosphate buffers,
histidine buffers and trimethytamine salts such as Tris.

[0144] Preservatives may be added to retard microbial growth, and may be
added in amounts ranging from 0.2%-1% (w/v). Suitable preservatives for use with
the present invention include phenal, benzy! aicohol, meta-cresol, methyl paraben,
propyl paraben, octadecyldimethylbenzyl ammonium chloride, benzalconium halides
(e.g., chioride, bromide, iodide), hexamethenium chloride, and alkyt parabens such
as methyi or propyl paraben, catechol, resorcinol, cyclohexano!, and 3-pentanol.
[0145] Isotonicifiers sometimes known as "stabiiizers™ may be added to
ensure isotonicity of liguid compositions of the present invention and inciude
polhydric sugar alcohols, preferably trinydric or higher sugar alcohols, such as
glycerin, erythritol, arabitol, xylitol, sorbitol and mannitol.

[0146] Stabilizers refer to a broad category of excipients which can range in
function from a bulking agent to an additive which solubilizes the therapeutic agent
or helps to prevent denaturation or adherence to the container wall. Typical
stabilizers can be polyhydric sugar alcohols (enumerated above); amino acids such
as arginine, lysine, giycine, glutamine, asparagine, histidine, alanine, orithine, L-
leucine, 2-phenylalanine, giutamic acid, threonine, etc.; organic sugars or sugar
alcohols, such as lactose, trehalose, stachyose, mannitol, sorbitol, xylitol, ribitol,
myoinisitol, galactitol, glycerol and the like, including cyclitols such as inositol;
polyethylene glycol; amino acid polymers; sulfur containing reducing agents, such as
urea, glutathione, thioctic acid, sodium thioglycolate, thioglycerol, aipha.-
monothioglycerol and sodium thio sulfate; low molecular weight polypeptides (e
<10 residues); proteins such as human serum albumin, bovine serum albumin,
gelatin or immunoglobuiins; hydrophylic polymers, such as polyvinylpyrrolidone
monosaccharides, such as xylose, mannose, fructose, glucose; disaccharides such
as lactose, maltose, sucrose and trisaccacharides such as raffinose: and
polysaccharides such as dextran. Stabilizers may be present in the range from 0.1
to 10,000 weights per part of weight active protein.
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{0147} Non-ionic surfactants or detergents {also known as ‘wetting agents")
may be added to help solubilize the therapeutic agent as well as to protect the
therapeutic protein against agitation-induced aggregation, which also permits the
formuiation to be exposed to shear surface stressed without causing denaturation of
the protein. Suitable non-ionic surfactants include polysorbates (20, 80, efc.},
polyoxamers {184, 188 etc.}, Pluronic.RTM. polyols, polyoxyethylene sorbitan
monoethers (TWEEN-20®, TWEEN-80°, etc.). Non-ionic surfactants may be present
in a range of about 0.05 mg/ml to about 1.0 mg/mi, preferably about 0.07 mg/ml to
about 0.2 mg/ml.

[0148] Additicnal miscellaneous excipients include bulking agents, (e.g.,
starch), chelating agents (e.g., EDTA), antioxidants (e.g., ascorbic acid, methionine,
vitamin E), and cosolvents. The formuiation herein may also contain more than one
active compound as necessary for the particular indication being treated, preferably
those with complementary activities that do not adversely affect each other. For
example, it may be desirable to further provide an immunosuppressive agent. Such
molecules are suitably present in combination in amounts that are effective for the
purpose intended. The active ingredients may also be entrapped in microcapsuie
prepared, for example, by coascervation techniques or by interfacial polymerization,
for example, hydroxymethylcellulose or getatin-microcapsule and poly-
(methylmethacylate) microcapsule, respectively, in colloidal drug delivery systems
(for example, liposomes, albumin micropheres, microemulsions, nano-particles and
nanocapsules) or in macroemuisions. Such technigues are disclosed in Remington
's Pharmaceutical Sciences, 16th edition, Osal, Ed. (1980).

[0149] The formulations to be used for in vivo administration should be sterile.
This is readily accomplished, for example, by filtration through steriie filtration
membranes. Sustained-release preparations may be prepared. Suitabie examples
of sustained-release preparations include semi-permeable matrices of solid
hydrophobic polymers containing the antibody, which matrices are in the form of
shaped articles, e.g., films, or microcapsules. Examples of sustained-release
matrices include polyesters, hydrogels (for example, poly(2-hydroxyethyl-
methacrylate), poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,819), copolymers
of L-glutamic acid and ethyl-L-glutamate, non-degradable ethylene-vinyl acetate,
degradable lactic acid-glycolic acid copolymers such as the LUPRON DEPQT™
(injectable microspheres composed of lactic acid-glycolic acid copolymer and
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leuprolide acetate), and poly-D- (-)-3-hydroxybutyric acid. While polymers such as
ethyiene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for
over 100 days, certain hydrogels release proteins for shorter time periods. When
encapsulated antibodies remain in the body for a long time, they may denature or
aggregate as a result of exposure to moisture at 37° C resulting in a loss of biological
activity and possible changes in immunogenicity. Rational strategies can be devised
for stabilization depending on the mechanism involved. For example, if the
aggregation mechanism is discovered o be intermolecular S--8 bond formation
through thio-disulfide interchange, stabilization may be achieved by modifying
sulthydryl residues, lyophilizing from acidic solutions, controlling moisture content,
using appropriale additives, and developing specific polymer matrix compositions.
[6180] The amount of therapeutic polypeptide, antibody, or fragment thereof
which will be effective in the treatment of a particular disorder or condition will
depend on the nature of the disorder or condition, and can be determined by
standard clinical fechniques. Where possible, it is desirable to determine the dose-
response curve and the pharmaceutical compositions of the invention first in vitro,
and then in useful animal mode! systems prior to testing in humans.

10151} In a preferred embodiment, an aqueous solution of therapeutic
polypeptide, antibody or fragment thereof is administered by subcutaneous injection.
Each dose may range from about 0.5 ug to about 50 ug per kilogram of body weight,
or more preferably, from about 3 ug to about 30 ug per kilogram body weight.

[0152] The dosing schedule for subcutaneous administration may vary from
once a month to daily depending on a number of clinical factors, including the type of
disease, severity of disease, and the subject's sensitivity to the therapeutic agent.
THERAPEUTIC USES OF ANTI-NOTCH-3 ANTIBODIES

[0153] It is contemplated that the antibodies of the present invention may be
used to treat a mammal. In cne embodiment, the antibody is administered to a
nonhuman mammal for the purposes of abtaining preciinical data, for exampie.
Exemplary nonhuman mammals to be treated include nonhuman primates, dogs,
cats, rodents and other mammals in which preclinical studies are performed. Such
mammals may be established animal models for a disease to be ireated with the
antibody or may be used to study toxicity of the antibody of interest. In each of these
embodiments, dose escalation studies may be performed on the mammal.
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[0154] An antibody, with or without a therapeutic moiety conjugated to it,
administered alone or in combination with cytotoxic factor(s) can be used as a
therapeutic. The present invention is directed to antibody-based therapies which
involve administering antibodies of the invention to an animal, a mammai, or a
human, for treating a Notch3-mediated disease, disorder, or condition. The animal
or subject may be a mammal in need of a particular treatment, such as a mammal
having been diagnosed with a particular disorder, e.g., one relating to Notch3,
Antibodies directed against Notch3 are useful against cancer and other Notch3-
associated diseases including neurclogical disorders, diabetes, rheumatoid arthritis,
vascular related diseases, and Alagilie symdrome in mammals, including but not
limited to cows, pigs, horses, chickens, cats, dogs, non-hurnan primates etc., as well
as humans. For example, by administering a therapeutically acceptable dose of an
anti-Notch3 antibody, or antibodies, of the present invention, or a cocktail of the
present antibodies, or in combination with other antibodies of varying sources,
disease symptoms may be ametiorated or prevented in the treated mammal,
particularly humans.

[0155] Therapeutic compounds of the invention include, but are not limited to,
antibodies of the invention (including fragments, analogs and derivatives thereof as
described herein) and nucleic acids encoding antibodies of the invention as
described below (including fragments, analogs and derivatives thereof and anti-
idiotypic antibodies as described herein). The antibodies of the invention can be
used 1o freat, inhibit, or prevent diseases, disorders, or conditions associated with
aberrant expression and/for activity of Notch3, including, but not limited to, any one or
more of the diseases, disorders, or conditions described herein. The treatment
and/or prevention of diseases, disorders, or conditions associated with aberrant
expression and/or activity of Notch3 includes, but is not limited to, alleviating at least
one symptom associated with those diseases, disorders, or conditions. Antibodies of
the invention may be provided in pharmaceutically acceptable compositions as
known in the art or as described herein.

[0156] Anti-Notch3 antibodies of the present invention may be used
therapeutically in a variety of diseases. The present invention provides a method for
preventing or treating Notch3-mediated diseases in a mammal. The method
comprises administering a disease preventing or treating amount of anti-Notch3
antibody to the mammal. The anti-Notch3 antibody binds to Notch3 and antagonizes
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its function. Notch3 signaling has been linked to various diseases such as various
cancers (Haruki, et al., Cancer Res 65:3555 (2005); Park, et al., Cancer Res
66:6312 (2006); Lu, et al., Clin Cancer Res 10:3291 (2004)); Hedvat, et al., Br J
Haematol 122:728 (2003); Buchler, et al., Ann Surg 242:791 (2005)); Bellavia, et af.,
Proc Natl Acad Sci USA 89:3788 (2002); Screpanti, et al., Trends Mol Med 9:30
(2003)); van Limpt, et al., Cancer Lett 228:59 (2005)), neurological disorders (Joutel,
et al., Nature 383:707 (1996)), diabetes (Anastasi, ef af., J immunol 171:4504
(2003), rheumatoid arthritis (Yabe, et al., J Orthop Sci 10:589 (2005)), vascular
related diseases (Sweeney, ef al., FASEB J 18:1421 (2004)), and Alagilie syndrome
(Flynn, et al., J Pathol 204.55 (2004)). Anti-Noich3 antibodies will also be effeciive
ic prevent the above mentioned diseases.

[0157] The amount of the antibody which will be effective in the treatment,
inhibition, and prevention of a disease or disorder associated with aberrant
expression and/or activity of Notch3 can be determined by standard clinical
techniques. The dosage will depend on the type of disease to be treated, the
severity and course of the disease, whather the antibody is administered for
preventive or therapeutic purposes, previous therapy, the patient's clinical history
and response to the antibody, and the discretion of the attending physician. The
antibody can be administered in treatment regimes consistent with the disease, e.g.,
a single or a few doses over one to several days to ameliorate a disease state or
periodic doses over an extended time to inhibit disease progression and prevent
disease recurrence. In addition, in vitro assays may optionally be employed to help
identify optimal dosage ranges. The precise dose o be employed in the formulation
will also depend on the route of administration, and the seriousness of the disease or
disorder, and should be decided according to the judgment of the practitioner and
each patient's circumstances. Effective doses may be extrapolated from dose-
response curves derived from in vitro or animal model test systems.

[0158] For antibodies, the dosage administered to a patient is typically 0.1
mg/kg to 150 mg/kg of the patient's body weight. Preferably, the dosage
administered 1o a patient is between 0.1 mg/kg and 20 mg/kg of the patient's body
weight, more preferably 1 mg/kg to 10 mg/kg of the patient's body weight. Generally,
human antibodies have a longer half-life within the human body than antibodies from
other species due to the immune response to the foreign polypeptides. Thus, lower
dosages of human antibodies and less frequent adminisiration is often possible.
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Further, the dosage and frequency of adminisiration of antibodies of the invention
may be reduced by enhancing uptake and tissue penetration (e.g., into the brain) of
the antibodies by modifications such as, for example, lipidation. For repeated
administrations over several days or longer, depending on the condition, the
treatment is sustained until a desired suppression of disease symptoms occurs.
However, other dosage regimens may be useful. The progress of this therapy is
easily monitored by conventional technigues and assays.

[0159] The antibody composition will be formulated, dosed and administered
i & manner consistent with good medical practice. Factors for consideration in this
context include the particular disorder being treated, the particular marmmal being
treated, the clinical condition of the individual patient, the cause of the disorder, the
site of delivery of the agent, the method of administration, the scheduling of
administration, and other factors known to medical practitioners. The
"therapeutically effective amount” of the antibody to be administered will be
governed by such considerations, and is the minimum amount necessary to prevent,
ameliorate, or freat a disease or disorder. The antibody need not be, but is
opticnally formulated with one or more agents currently used to prevent or treat the
disorder in question. The effective amount of such other agents depends on the
amount of antibody present in the formulation, the type of disorder or treatment, and
other factors discussed above. These are generally used in the same dosages and
with administration routes as used hereinbefore or about from 1 to 99% of the
heretofore employed dosages.

101607 The antibodies of the invention may be administered alone or in
combination with other types of cancer treatments including conventional
chemotherapeutic agents {paclitaxel, carboplatin, cisplatin and doxorbicin}, anti-
EGFR agents {gefitinib, erlotinib and cetuximab), anti-angiogenesis agents
(bevacizumab and sunitinib), as well as immuno-modulating agents such as

interferon-o. and thalidomide.

[0161] In a preferred aspect, the antibody is substantially purified (e.g.,
substantially free from substances that limit its effect or produce undesired side-
effects).

[0162] Various delivery systems are known and can be used to administer an

antibody of the present invention, including injection, e.g., encapsulation in
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liposomes, microparticles, microcapsules, recombinant cells capable of expressing
the compound, receptor-mediated endocytosis (see, e.g., Wu, et al., J Biol Chem
262:4429 (1987)), construction of a nucleic acid as part of a retroviral or other vector,
etc.

[0163] ‘The anti-Notch3 antibody can be administered to the mammal in any
acceptable manner. Methods of introduction include but are not limited to parenteral,
subcutanecus, intraperitoneal, intrapulmenary, intranasal, epidural, inhalation, and
oral routes, and if desired for immunosuppressive treatment, intralesional
admainistration. Parenteral infusions include intramuscular, intradermal, intravenous,
intraarterial, or intraperitoneal administration. The antibodies or compositions may
be administered by any convenient route, for example by infusion or bolus injection,
by absorption through epithelial or mucocutaneous linings (e.g., oral mucosa, rectal
and intestinal mucosa, etc.) and may be administered together with other biologically
active agents. Administration can be systemic or local. In addition, it may be
desirable to introduce the therapeutic antibodies or compositions of the invention into
the central nervous system by any suitable route, including intraventricular and
intrathecal injection; intraventricular injection may be facilitated by an intraventricular
catheter, for example, attached to a reservoir, such as an Ommaya reservoir. In
addition, the antibody is suitably administered by pulse infusion, particularty with
declining doses of the antibody. Preferably the dosing is given by injections, most
preferably intravenous or subcutaneous injections, depending in part on whether the
administration is brief or chronic.

[0164] Puimonary administration can also be employed, e.g., by use of an
inhaler or nebulizer, and formulation with an aerosolizing agent. The antibody may
also be administered into the lungs of a patient in the form of a dry powder
composition (See e.g., U.S. Pat. No. 6,514,496).

[0165] In a specific embodiment, it may be desirable to administer the
therapeutic antibodies or compositions of the invention locally to the area in need of
treatment; this may be achieved by, for example, and not by way of limitation, local
infusion, topical apptication, by injection, by means of a catheter, by means of a
suppository, or by means of an implant, said implant being of a porous, non-porous,
or gelatinous material, including membranes, such as sialastic membranes, or fibers.
Preferably, when administering an antibady of the invention, care must be taken to
use materiais to which the protein does not absorb.
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L1-cluster4 swap had no inhibition 8h all three MAbs binding. The
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anti-Notch MADs binding. Thus, those four clusters of amino acid residues
represented four different epitopes to which the MAbs bind. L1-cluster3

(amino acids: DRE) and L1-cluster5 (amino acids: SVG) are required.
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[0246]Because antibody binding properties are dependent on the variable

regions of both heavy chain and light chain, the variable sequences of

wEesiasd256A-8 were subtyped and sequenced. The antibggyde$aros7733

subtype was determined using a Isostrip Mouse Monoclonal Antibody kit
susPBASRADIBENASHRS {ABIANAARIS AN EBEJEFHISS 4 Hoth

MAbs, 256A-4 and 256A-8 %@Vé anﬁ%‘ei hggx‘?&géi%i%%ﬁ%g%%?p%%aﬁgeht
formuyiahipne 207, e igriabie regrmeatigicmesaiaanlgteran anttighsitinvith
traciere: dacosiechi QueheRTsRGR: aneaRMysloNB, Tatl RNAS &9Mnciude

¢ h bgdoma clones 256A-4 and 256A-8 were isolated using an RNeasy
SRS 2 RARGTASEHUPS SR ATAGER, (RReias RS
magrie first strarda BdAvasssynthesized ising theBNAtleMpRR ARG aic.

I Il kit.. The variable.regjon of light chajn apd heavy chain
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hicBHislisyr, ni h \ roduct. Notch
AT e et Tsrioed (oSl 58 At 26 ggomen
adMiRStEHE Bxtracellular subunits in the conditioned medium, whereas
[o17ipn-funciioaed detchishindingrribogiesiuenld ROLAASRAIL Bg%ﬁbgugated
© Va(riretect]gpetsz clq[ava%e fragﬁment, an 7.5% SDS PAGE electrophoresis
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R o R N SRRt NTR O A 3ol or
ligand-induced metalloprotease cleavage of Notch3 at 52, 2931 cells
expressing recombinant Notch3 wére treated with the ysecretase inhibitor
compound E (1 pM) for 4 hours, which stabilizes the product of cleavage
at site S2, allowing it to accumulate. In the presence of MAbs 256A-4 and

256A-8, Jagged-1-induced metalloprotease cleavage of Notch3 at S2 was

inhibited (data not shown). WO 2008/076960PCMIS2007/087723
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HCC95 may be obtained from Academic Institutes, or from the ATCC. The
293T/pcDNA3.1, and 293T/Notch3 (NC85) are generated by transfecting
VI Zmafitherélated genes and selecting with hygromycin as desavitredng/os7723
previous sections. All cells are cultured in DMEM or RPMI 1640 medium
fragmiisht 1B detah B WERSGIYBIcRPH RN, ARAISSSENRLATIBR RIS,
(e.g::%m mine, vitamin solution, and penicillin-streptomycin (Flow
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may be removed from the study should it be déemed necessary. Body
form \?/'éiéﬁﬁ??&&%%ﬁf@&%&aé%c fifeck Yuking- thatibiguf i 88Rcer tissues

[0173jom eacthmeuspigalereavailableniae harvrsiedans sierge iy pojarlial
. , i ica), characterization. EXAMPLE 12:ASSAY FOR NOTCH3
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limitegrie classisqlenemita Neoteh8ujierrmyfrots. patieexaamiplesepetformddSHnay

be a HURIRSSERSR Y2 sifvcybeidization) and CEH: Ivegeaomic,

ybridizati%n g%}iilysis to %ok f%ransioc%ﬁéén%%g%%ngﬁaﬁp%HggtPorr? teins

using patient cells, or perform immunohistochemistry to check for the
over-expression of Notch3 receptor using patient tissue or tumor sections.
In addition, one can isolate and culture cells from a patient suspected of
having a Notch3 associated disease and study the impact of an

antagonistic antibody of the present invention on cell migration, invasion,

survival and proliferation. Protocols for cell migration and invasion assay
are decerihed in Evamnle 7 and the nrotoenl for an anantAcic acceAayvy ic



more than routine experimentation, many equivalents to the specific
embodiments of the invention described herein. Such equivalents are
Wiritefthetfderbe encompassed by the following claims. What iscalaimed;gko733
A variable heavy ("VH") chain region comprising an amino sequence

mamwm@tf@a&@ﬁe{péd@%&mtgmgé%aﬁﬁtm&éﬁ%&%dﬂ&’m%@srex

chain region of claim 1, further comprising a constant region

dipreRsiie (OFIBn b PIISRA SUCH BB YRR PRSI, f@@grawm#sr@ommmm

nengoyssant: iagion. ;ﬂaf@l& H@lﬁ@@'@f@ﬁ!@%@i&'%@h@@ ‘ﬁ!fé%‘?ﬁlﬂé@@r?@@ﬂ%%r, an

f e VH chain re lon of claim 4, wherein
apoﬁw(g%?gn % i L“oé‘;‘ i ﬁ%y tibY %ﬁ?f’gc’ﬁqﬁﬁ 889! BHOtesMso YO

9?/3&8&%@% ahgmyn&rmmbmmmw')mwggm carapr ﬁg&gw

et fo th i
(Tamg&mgiﬁql@ aﬁxﬁgﬁﬁné%?s alm %%r@g% H 0&%1? 4R scatlon
No. ﬁ@é?o?ﬂfg3%)\ﬂ-¢*@m!ﬂ®églﬁg@5ﬁcmmﬂ7i -B0gIDYISITY aQerCEHelg Chi%&mlatm or

end@fﬁzﬁ‘%%‘%@fcﬁaF@%ﬂ&%é%&s%@ﬁlﬁcﬂw&ggﬂﬁqf&s %klhes

wherein the constant region is from an IgG antibod
intergyidhr b dlai)oNiisrdiintid Iy Antiedsukiag |@@16ahmadyloazyt@ez

mamﬁl@@b’c@@#@%ﬁrﬁﬂlﬁ?@@ﬁa@f@@"@@”@%ﬁ'@ C?%é‘lr&%%@ A\é\'}@%ﬁg‘ﬁtsmulahng

SE ID NO: 32, 33, an
facm'"g ﬁ%% %N@S% 39 and 40. 13. A nucleic acid
ARTéatERg oM r ID NO: 2, 4, 33-34, and 39-40. 14. A vector

mprisi ne.c clel acids of clajm 13. 1 comprising
Eﬂ'ﬁ?%(ie vectc?rgo%q%ﬁé;%ﬁ %% AN ant %g ay'Com ﬁ?glﬁ&tﬂﬁ%%ﬁaﬁ{“fﬁa%%f
conigigifg ImeieliEin Walindasifh ehecattisod phind sl spedifisallystoibaicibdve is
provided. The article of manufacture comprises a container and a label. Suitable

containers include, for example, bottles, vials, syringes, and test tubes. The
containers may be formed from a variety of materials such as glass or plastic. The
container holds a composition which is effective for preventing or treating the
condition and may have a sterile access port (for example, the container may be an
intravenous solution bag or a vial having a stopper pierceable by a hypodermic
injection needie). The active agent in the composition is the antibody. The label on,
or associated with, the container indicates that the composition is used for treating
the condition of choice. The article of manufaciure may further comprise a second
container comprising a pharmaceutically acceptable buffer, such as phosphate-
buffered saline, Ringer's solution, and dextrose solution. It may further include other
materials desirable from a commercial and user standpoint, including other buffers,
diluents, filters, needles, syringes, and package inserts with instructions for use.
ANTIBODY-BASED GENE THERAPY

[0175] in a another aspect of the invention, nucleic acids comprising
sequences encoding antibodies or functional derivatives thereof, are administered to
treat, inhibit or prevent a disease or disorder associated with aberrant expression
and/or activity of Notch3, by way of gene therapy. Gene therapy refers to therapy
performed by the administration to a subject of an expressed or expressible nucleic
acid. In this embodiment of the invention, the nucleic acids produce their encoded
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17. The antibody of claim 16, further comprising a VL chain region
comprising (a) an amino acid sequence having at least 95% identity to

Wieertegt Tergh in SEQ ID NO:3, or (b) an amino acid sequencedaviagaios 723
least 95% identity to that set forth in SEQ ID NO:5. 18 The antibody of

ek 2k 7y, in.t ANeg .n%m_)qr{ jr%ﬁ% ’ the
ore \6/3 Tr?gin %\gggig%r?o?n%};?s?égéDSEC) III?NO. 2. 1§%r e antﬁ?o%lyp %?:?c]:%arﬁe ’y
avaighis SATTRE VEedhamveEdRshiedhfpRese S ey entien: Sxsrintsenretheds are
destdgianmamprises SEQ ID NO: 4. 20 The antibody of any one of claims
Em%@-l& further comﬁ% ising%a constant light chain region and a constant

vy chi RETI5HE T KR Rty CORA R AR Gk SeadaaEist, of
al., Claimal Phatesein 1hel aatbody binds @p@ijMgé@MOmB?B(@@ﬂ,hﬁqlstoshev,

i i . f C Ising.a. VL chajn. sequence prising
A Tt S g e e
Morgaguente dnaldier ionhercli2 the lafifssdy Mind STeB eEiGeAlly tEB 01l 3).

. Th j ' , isi in nce
M N e
eNCogiig 8 AIBROR IR E SHMSINGE SonLEAtERgPR ibEama Tayienraassimavectors

that exprsaptheavyishaioresion & beaniBadL Al ams e oL HAMR A0 ins
n_fd 21-24 Wgﬁein the antibody is a single chain Fv. 27 The ‘antibody of

a - |
IRy oA SFERARNE A6 D5 HIIHET CBMTBH iHLRic 1881 528 e eatibaYy Rramoters
opetbinigdinaeNotoa ammﬁdmaﬂ@@t@&apmm&ﬁmg@éﬁ%l%&mmr

' a %,sequence identity with SEQ ID NO. 9 and a
Con%lﬁ’gégigiza;ﬁogﬁ %%?%gé(i%@gg\%%sa%gaﬁsc{ 90% sequence identity with SEQ ID
[0178D. 18. 29 amhEhantBoti i claiogBnertiereinitieddi Taotamiain sensiwis in

hicBltREH SAE: IR lhadyof claim,28, wherein the dimerization
v [Cdomain cl%cr!l}i?sts of gEQSIl%mIiI% 18[’.1%1 .he_a%t'lé\g %e%f% éﬁlﬁ‘?'}%e,sw Erefn ked
by reRIOTINIS BEMEHEIRISIBIRISIUS Feson TR tioanel e efirestiziigidn therpairome,
thus ¢RosigiscoioP FRJEN NiRickB A Apraslpadyy that hindsdg @r‘m&ﬁ%nucieic

. copformational epitope comprising amino acid reS|due,s 1395-1396,

acio I Bl 1450 TA A5 e Lo RS oA REsh NAleHs (St ature
342:M85:1) 489} Jartirap aciticresidogBrikinté; 1% 8:@m8s5636:A B89 HBAe is a
singig'%ﬁ%%?@gc?ymgfpegal}l;%?ﬁ?’ck@%gcfeacl\é%f& )s'equences include sequences
encoding both the heavy and light chains, or fragments thereof, of the antibody.
[0179] Delivery of the nucleic acids info a patient may be either direct, in
which case the patient is directly exposed to the nucleic acid or nucleic acid-carrying
vectors, or indirect, in which case, cells are first transformed with the nucleic acids in
vitro, then transplanted into the patient. These two approaches are known,
respectively, as in vivo or ex vivo gene therapy.
{01803 In a specific embodiment, the nucleic acid sequences are directly
administered in vivo, where it is expressed to produce the encoded product. This
can be accomplished by any of numerous methods known in the art, e.g.. by
constructing them as part of an appropriate nucleic acid expression vector and
administering it so that they become intracellular, e.g., by infection using defective or
altenuated retrovirals or other viral vectors (see U.S. Pat. No. 4,980,286), or oy
direct injection of naked DNA, or by use of microparticle bombardment (e.g., a gene

gun; Biotistic, Dupont), or coating with lipids or celi-surface receptors or transfecting
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33. A method for producing an antibody comprising culturing the cell of

claim 15 under conditions appropriate for the production of an antibody
wEhehisolaiing the antibody produced. 34. The antibody of anyones#o7/087723

claims 16-25 and 27-32, wherein the antibody is an antibody fragment. 35.

ageriid) WMEsNZaRk{RFM Pl iBSARER R Y PEE1IMS LR 3920k 84,38y Use

of an antibody of any one of claims 16-32and 34-35 in the preparatlgn of a

admpisREadie i 11529% 4p 2RERGHS BNER 'BhereIEmateshe ardesany
adminighermanufagtuer;ofia m%ﬁﬁaf@ﬁﬂj@f&ft&@?@w Re %%M@M?ﬁﬁ%@eéee,
[ isprder. 38.. The | 0 claim 37, wherein the

B R T A RS A

typeephdiigabhetrant veisgulasizatiopiodiapetes o vakidncancesddisegsascleic
il ' | fat (d.arthriti ncreatic cancer L

A o R LR RS i goonc via

Pepliggdivfiarunaende e ksuldmid) a fteexteeiedaithly plasmgsytumea), and

degraggfRblas amARePBHNOSRRLSERE ENGELISEING 5 JEQFgr%-:-ted in vivo for
GENENTECH, INC. LI, Kang ZHOU, Bin-Bing Stephen LI, Yucheng

cell FRINEC SERIGRIMY BINEAS I DaRjalA sl P2 A AGORISTIXNTRNOYCHE T

PUbIANTIBOMIE SAND S0;RIR UBEANS T HERREYENT IW@@QVL% 1 237 8@?597
93/25%@T%%g%§/%9‘<%5%%§%g@gggf%g E@r% uscggf ?r?t?aceiluiarly and

incorporated within host cell DNA for expression, by homologous recombination
(Koller, et al., Proc Nail Acad Sci USA 86:8932 (1989); Zijlstra, ef al., Nature 342:435
(1889)).

16181] In & specific embodiment, viral vectors that contain nucleic acid
seqguences encoding an antibody of the invention are used. For example, a retroviral
vector can be used (see Miller, et al., Meth Enzymol 217:581 (1993)). These
retroviral vectors contain the components necessary for the correct packaging of the
viral genome and integration into the host cell DNA. The nucleic acid sequences
encoding the antibody fo be used in gene therapy are cloned into one or more
vectors, which Tacilitate the delivery of the gene into a patient. More detail about
retroviral vectors can be found in Boesen, et al., Biotherapy 6:291 (1994), which
describes the use of a retroviral vector to deliver the mdrl gene to hematopoietic
stem cells in order to make the stem cells more resistant to chemotherapy. Other
references illustrating the use of retroviral vectors in gene therapy are: Clowes, et al.,
J Clin Invest 83:644 (1994); Kiem, et al., Blood 83:1467 (1994); Salmons, ef al.,
Human Gene Therapy 4:129 (1993); and Grossman, et al., Curr Opin Gen and Dev
3:110 (1993).

f0182] Adenoviruses may also be used in the present invention.

Adenoviruses are especially attractive vehicles in the present invention for delivering
antibodies to respiratory epithelia. Adenoviruses naturally infect respiratory epithelia.
Other targets for adenovirus-based delivery systems are liver, the central nervous
system, endothelial cells, and muscle. Adenoviruses have the advantage of being
capable of infecting non-dividing cells. Kozarsky, et al., Curr Opin Gen Dev 3:499
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<151> 2007-01-06 <130> P4059R1 WO <160> 43 <170> PatentIn version
3.4 <210> 1 <211> 2321 <212> PRT <213> Mus musculus <400> 1 Met

WEIYIPE7&Ke Ala Arg Gly Arg Arg Arg Arg Arg Arg Pro Met S@CIBIDIE Pror23
Pro Pro Pro Pro Pro Pro Val Arg Ala Leu Pro Leu Leu Leu Leu 202530

(10085 vRREY RIGLN-ARIWaaRIdeNe ket ARP Bl BesRIo oA
é_s Ala Asn GI?/ GI;i)dAé%C s Thr GIn Leu Pro Ser Arg Glu Ala Ala 505560

C
GengJOPEPLEYSRIE: R GRPERP APESEYIRE deURsAgransier
gendoiOFRER freatys Histbelidaly iRes Gysdadsly, Anehelynéaliers Glheelse of

adenso%riruses in gene therapy can be found in Rosenfeld, ef al., Science 252:431
{1991); Rosenfeld, ef al., Cell 68:143 {1992); Mastrangeli, et al., J Clin Invest 91:225
(1983}); PCT Publication WO84/12649; Wang, ef al., Gene Therapy 2:775 (1995},
Adeno-associated virus (AAV) has also been proposed for use in gene therapy
(Walsh, et al., Proc Soc Exp Biol Med 204289 (1983); U.S. Pat. Nos. 5,436,146;
6,632,670, and 6,642,051).

[6183] Another approach to gene therapy involves transferring a gene to cells
in tissue culture by such methods as electroporation, lipofection, calcium phosphate
mediated transfection, or viral infection. Usually, the method of transfer includes the
transfer of a selectable marker to the cells. The cells are then placed under
selection to isolate those cells that have taken up and are expressing the transferred
gene. Those cells are then delivered to a patient.

10184] In this embodiment, the nucleic acid is introduced into a cell prior to
administration in vivo of the resulting recombinant cell. Such introduction can be
carried out by any method known in the art, including but not limited to transfection,
electroporation, microinjection, infection with a virat or bacteriophage vector
containing the nucleic acid sequences, celi fusion, chromosome-mediated gene
transfer, microcell-mediated gene transfer, spheroplast fusion, etc. Numerous
technigues are known in the art for the introduction of foreign genes into cells (see,
e.g., Loeffler, et al., Meth Enzymol 217:598 (1993); Cohen, et al., Meth Enzymo/
217618 (1993); Cline, Pharmac Ther 29:69 (1985)) and may be used in accordance
with the present invention, provided that the necessary developmental and
physioiogical functions of the recipient cells are not disrupted. The technigue should
provide for the stable transfer of the nucleic acid to the cell, so that the nucleic acid is
expressible by the cell and preferably heritable and expressible by its cell progeny.
[0185] The resulting recombinant cells can be delivered to a patient by various
methods known in the art. Recombinant blood ceils (e.g., hematopoietic stem or
progenitor cells) are preferably administered intravenocusty. The amount of cells
envisioned for use depends on the desired effect, patient state, etc., and can be
determined by one skilled in the art.
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859095 Val val Ala Gly Thr Ala Arg Phe ser Cys Arg Cys Pro Arg Gly Phe
100105110 Arg Gly Pro Asp Cys Ser Leu Pro Asp Pro Cys Leu Ser Ser

YErGW§e 126120125 Ala His Gly Ala Arg Cys Ser Val Gly ProwsspuStyoAigr 723
Phe Leu Cys 130135140 Ser Cys Pro Pro Gly Tyr GIn Gly Arg Ser Cys

[01690 Ser AsRiNahRASpRaos &uaéQ%lmr?t%&%dS%}gg@é%gg %.f[%ene

Arg val Gly Glu Pro Cys Arg His Gly Gly Thr Cys Leu Asn 1 T
therppy @W@@P%ﬂ?eaﬂvgd@%@é% R RRCAIENEIg BRICTREIGHE brs aBD18BlIpled
to epEtelycely, Asadireilecy R Sys AR EHRSSRIR GHa Y Al
hepl ?%@é)ﬁzgfggg&%ﬂ% -SrLr}] cr:hcgs? ?AIr m%ﬂo%?t’ég%ﬁfrﬁ pLheochjtgrs T r}{/}rééggy%gss , Al
macrophages, neufrophils, eosinophils, megakaryocytes, granulocytes; various stem
or progenitor cells, in particular hematopoietic stem or progenitor celis, e.g., as
obtained from bone marrow, umbiiical cord blood, peripheral bload, fetal liver, etc.
10187] In one embodiment, the cell used for gene therapy is autologous to the
patient. Nucleic acid sequences encoding an antibody of the present invention are
introduced into the cells such that they are expressible by the cells or their progeny,
and the recombinant cells are then administered in vivo for therapeutic effect. In a
specific embodiment, stem or progenitor cells are used. Any stem and/or progenitor
cells which can be isolated and maintained in vitro can potentially be used in
accordance with this embodiment of the present invention (see e.g. PCT Publication
WG 94/08588; Stemple, et al., Cell 71:973 (1992); Rheinwald, Meth Cell Bio
21A:229 (1980); Pittelkow, ef al., Mayo Clinic Proc 61:771 (19886)).

EXAMPLES
EXAMPLE 1: GENERATION OF IMMUNOGEN: NOTCH3 EXTRACELLULAR
DOMAIN-FC FUSION PROTEIN
[0188] Anti-Notch3 monoclonal antibodies that specifically bind to the
LIN12/dimerization domain (herein after "LD") of human Notch3 were generated
using a recombinant Notch3-Fc fusion protein as immunogen comprising Notch3 LD
fused to a gamma 1 Fc region at the carboxy terminat end. Specifically, the
immunogen comprised amino acid residues 1378 to 1640 of Notch3 LD (See Figure
1) and human y1Fc fusion protein (Notch3 LD/Fc). A control antibody was
generated comprising the Notch3 EGF repeat region from amino acid residues 43
101377 (designated 255A-79).
16189] Notch3 protein sequence was analyzed using an internet-based
research software and service (Motif Search, ftg://imotif.genome.jp/). Human liver

and pancreatic RNAs (Ambion, Inc. Austin, TX) were used as templates fo
synthesize the first strand of cDNA using a standard commercially available cDNA
synthesis kit. The cDNAs encoding the Notch3 LD and the EGF repeat region were
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Leo Pro Gly Phe Glu Gly GIn Asn Cys Glu Val Asn Val Asp Asp Cys
225230235240 Pro Gly His Arg Cys Leo Asn Gly Gly Thr Cys Val Asp Gly

WiaPme 7248250255 Thr Tyr Asn Cys GIn Cys Pro Pro Glu Tur-Thrsehyr ity s
Phe Cys Thr 260265270 Glu Asp Val Asp Glu Cys GIn Leu GIn Pro Asn

PO malnine GucEieasata Bl HoGYS RIBS T el Hi

Ser Cys val Cys Val Asn 290295300 Gly Trp Thr Gly In
SYNRER RO RS (S DN H49Ta08 57058 S92 o AVoiEyE GhesRraG ta

fragiianClysiHis) Arpr AL NEad Mas 3Rp i@@gi&g5§§§gf§ A?:Sa?: r’)éﬁa%’lsﬁpgé‘ﬁg@g% P\i;fael ?}é'é?frﬁe

o A Y TN HEp MBI i RSP SE G e v VopRGH.
eaciGhpangtaditeCys ThiityscPnamRes. GIvi ket IE037e380two expression
plasmids, one expressing a Notch3-LD/Fc fusion protein and the other exXpressing a
Notch3-EGF/Fc fusion protein.

61901 To facilitate the plasmid construction and to enhance the expression of
the various Noich 3 recombinant proteins, oligonucleotides corresponding to the
leader peptide sequence comprising the first 135 base pairs of the Noteh3 nucleic
acid coding seguence were generated. These oligonucleotides contained some
changes in the wobble coding positions to lower the GC content. All nucleotide
sequence changes were silent, i.e., no amino acid sequence changes (Figure 14A).
After annealing the oligonuclectides together, the engineered leader peptide coding
sequence was linked to the rest of the coding sequence by PCR-SOE (Ho, et al.,
Gene 77:51 (1988); Horton, et al., BioTechniques 8:528 (1990)) (See Figure 15).
This leader peptide coding sequence was used in Notch3-LD/Fe and Notch3
expression constructs. Therefore, both of the Fc fusion proteins comprise a signal
peptide linked to the N-terminus, and a human y1Fc sequence fused to the C-
terminus. The amino acid sequence of Notch3-LD, including the leader peptide, is
shown in Figure 14 and SEQ ID NO:6.

[0191] Expression of Notch3-EGF/Fc and Notch3-LD/Fc fusion proteins was
verified by transient transfection of the Notch3 expression plasmids into 2837 (ATCC
Number CRL-11268, Manassas, VA) and CHO cells (Iinvitrogen, Carisbad, CA),
respectively. Prior to fransfection, cells were cultured in DMEM (Invitrogen,
Carlsbad, CA) growth medium containing 10% fetal calf serum (FCS), 2 mM of
glutamine, and 1 x essential amino acid solution followed by seeding about 3-5x10°
cells per well in 6-well plate and growing for approximately 24 hours. Three
micrograms each of the Notch3 fusion protein expression plasmids were transfected
into celfs in each well using a Lipofectamine 2000 transfection system {Invitrogen,
Carlsbad, CA) following the manufacturer’s protocel. After transfection, the cells
were cultured in fresh growth medium and cultured in a CO» incubator for
approximately 40-48 hours before subjecting to Notch3 fusion protein expression
analysis. Alternatively, after transfection, the cells were cultured in growth medium
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Gly Gly Ala Cys Asp Gin Asp val Asp Glu Cys Ser lle Gly Ala Asn
385390395400 Pro Cys Glu His Leo Gly Arg Cys Val Asn Thr GIn Gly Ser

vRienlemr¢@b410415 P4059R1w05m 420425430 Asn Glu Cﬁ%‘%’éz@ﬁ@s’ms
Gly Pro Cys Arg Asn Gin Ala Thr Cys Leu Asp 435440445 Arg lle Gly Gin

| he Thr Gly Thr 450455 Tyr Cys Glu
o SO e R S A AR
appeninvaletyel-98 hepra ks ivas Asmdly PordSieneysEailGysoPsacreted protein

ana8p490495 Ser Gly Phe Ser Gly Ser Thr cys Gin Leu Asp Val Asp Glu .

%%s Ala 500505510 Ser Thr Pro Cys Arg Asn Gly Ala Lys Cys val Asp Gin
101950 Asp GiipBlEsebings TrerrcsaIadg foy s RtaGIs G PeGlisalgiThs ec
vechelOY NASAIBGF/Fo (His-FeyipSec vector). Each plasmid was transfected
into CHO celis. After transfection, the cells were culiured in DMEM growth medium
overnight, then switched fo growth medium with 800 Ha/mi hygromycin and cultured
at least two weeks until the cells not carrying Notch3 expression plasmid were
eliminated by the antibiotics. Conditioned media from the stable cell lines were
subjected to Western blot analysis.
101931 Stable or transient transfected cells wera assayed for expression and
secretion of Notch3-LD/Fe or Notch3-EGF/Fc fusion protein. Transfected cells
harvested from culiure dishes were washed once with phosphate buffered saiine
(PBS) and resuspended in deionized water, mixed with an equal volume of 2 x
protein sample loading buffer (BioRad, Hercules, CA) and then heated at about
100°C for 10 minutes. Secreted protein was analyzed using conditioned medium
mixed with an equal volume of 2 x protein sample loading buffer and heated at
100°C for 10 minutes. The samples were separated using 4-15% gradient SDS-
PAGE. The proteins were transferred from the gel to a PVDF membrane (BioRad,
Hercules, CA), which was blocked in 5% non-fat ary milk in PBST (PBS with 0.05%
TWEEN-20%) for at least one hour prior to transfer of protein.
{0194 Notch3-EGF/Fc and Notch3-LD/Fc fusion proteins were detected by
incubating with yFe-specific, HRP-conjugated antibody {Sigma, St Louis, MO} in
blocking buffer for one hour at room temperature. The membrane was washed three
times in PBST and developed with a chemiluminescent substrate.
[0195] For Notch3 dorain/Fe fusion protein purification, CHO stable cell lines
as described above were cultured in DMEM with 2% FCS for up to & days. One liter
of conditioned medium was collected and subjected to protein-A bead-packed
coiumn chromatography for affinity binding. The column was washed with PBS, and
the bound proteins were eluted in 50 mM citrate buffer (pH 2.8}, and the pH was
brought to neutral by adding 1 M Tris-HCI buffer (pH 8). Purity of the protein was
assessed by protein gel analysis using 4-15% gradieni SDS-PAGE. Protein
concentration was assayed using Coomassie blue reagent following the
manufacturer’s protocol (Pierce, Rockford, IL). Through this procedure, milligram
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530535540 Asn val Asp Asp cys ser Pro Asp Pro cys His His Gly Arg cys
val 545550555560 Asp Gly lle Ala ser Phe Ser Cys Ala cys Ala Pro Gly
WEy TR Ghy0565570575 Thr Arg Cys Glu Ser Gin Val Asp GledGyssArer 587723
Gin Pro Cys Arg 580585590 His Gly Gly Lys cys Leu Asp Leu val Asp Lys
, / Cys Glu
§ua€}§§é§?g ﬁ?ﬁ@@% #g;%sﬁ %ﬁ%%%%go Ala %‘%@%’%%%ﬁyﬁér@ kA Gly val
immgsygaiien gl gﬁy’ﬁg REWIREES38880635640 Tyr Asp Cys val cys Gin Pro

EXA@y BheThr GlyRmiten Brsvise XNH4565Q625 Gidle Asn Glu Cys Ala
r Ser Pro Cys Gly Glu GI}/ Gl)ﬁger Cys 660665670 val Asp Gly Glu Asn
F)

[0198ly phe MITYSIBIFEIBRI PP Sl Ko Pebws6k8S!d, were injected
subcutaneousty with 25 ug of Notch3-EGF/Fe or Notch3-LD/fFc in complete Freund's

Lo

adjuvant (Difco Laboratories, Detroit, M1} in 200 ul of PBS. Two weeks after the
injections and three days prior to sacrifice, the mice were again injected
intraperitoneally with 25 pg of the same antigen in PBS. For each fusion, single cell
suspensions were prepared from spleen of an immunized mouse and used for fusion
with Sp2/0 myeloma cells; 5x10° of Sp2/0 and 5x10° of spleen cells were fused in a
medium containing 50% polyethylene glycol (MW, 1450} (Kodak, Rochester, NY)
and 5% dimethylsulfoxide (Sigma, St. Louis, MO). The cells were then adjusted to a
concentration of 1.5x10° spleen cells per 200 pl of the suspension in Iscove medium
(Invitrogen, Carlsbad, CA), supplemented with 10% fetal bovine serum, 100 units/mi
of penicillin, 100 pg/mi of streptomycin, 0.1 uM hypoxanthine, 0.4 piv aminopterin,
and 16 uM thymidine. Two hundred microliters of the cell suspension were added to
each well of about sixty 96-well plates. After around ten days, culture supematants
were withdrawn for screening their antibody-binding activity using ELISA.

[0197] The 96-well flat bottom Immulon Il microtest plates (Dynatech
Laboratories, Chantilly, VA} were coated using 100 pi of Notch3-EGF/Fe or Notch3-
LD/Fc (0.1 pg/ml) in (PBS) containing 1 x Phenol Red and 3-4 drops pHix/liter
(Pierce, Rockford, IL) and incubated overnight at room temperature. After the
coating solution was removed by flicking of the plate, 200 ul of biocking buffer
containing 2% BSA in PBST containing 0.1% merthiclate was added to each well for
one hour to block non-specific binding. The wells were then washed with PBST.
Fifty microliters of culture supermatant from each fusion well were collected and
mixed with 50 pi of biocking buffer and then added to the individual wells of the
microtiter plates. After one hour of incubation, the wells were washed with PBST.
The bound murine antibodies were then detected by reaction with horseradish
peroxidase (HRP)-conjugated, Fc-specific goat anti-mouse 1gG (Jackson
ImmuncResearch Laboratories, West Grove, PA). HRP substrate solution
containing 0.1% 3,3,5,5-tetramethyl benzidine and 0.0003% hydrogen peroxide was
added io the wells for color development for 30 minutes. The reaction was
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which were further characterized. The ELISA using supermnatant from the two
hybridoma clones producing MAbs 256A-4 and 256A-8 showed strong binding
activity to the purified Notch3 LD/FC fusion protein to which it was generated and did
not bind to human Notch1-LD/Fe (LIN/dimerization domain fused to Fo region at the
carboxyl tferminus) or a control human Fe protein {data not shown) {Table 1). Later
studies using functional assays alsc demonstrated that MAbs 256A-4 and 256A-8
specifically antagonize Notch3 relative to Notch1 and Notch?2 (data not shown).

[0199] Table 1. ELISA QD readings of anti-Notch3 Mabs using hybridoma
supernatant
Notch3-LD/F¢ Notch1-LD/Fc
Mean S.D. Mean S.D.
256A-4 4.000 0.000 0.106 0.004
256A-8 4.000 0.000 0.115 0.014
Control lgG1* 0.064 0.006 0.066 0.006
* Control IgG was an irrelevant igG1 monoclonal antibody.

102001 The positive hybridoma clones from this primary ELISA screening were
further isolated by single colony-picking and a second ELISA assay as described
above was done to verify specific binding to the chosen immunogen. The confirmed
hybridoma clones were expanded in larger scale cultures. The monoclonal
antibodies (MAbs} were purified from the medium of these large scale cultures using
a protein A affinity column. The anti-Notch3 MAbs were then characterized using
cell-based binding assays, microscopy, Western blot, and FACS anaiysis.
EXAMPLE 3: CELL-BASED BINDING ASSAYS FOR ANTI-NOTCH3 MABS

[0201] The cell-based binding assays used to characterize the anti-Notch3
MADs required cloning a full-length human Noich3 open reading frame into a vector,
in this case pcDNA3.1/Hygro (Invitrogen, Carlsbad, CA). The Notch3-coding region
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Asp lle Asn Asp Cys Asp Pro Asn Pro Cys Leu Asn Gly Gly Ser Cys
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(AT MepCRP-CY8eSeudirg Ginighiteclamine 2000 kit following the same

procedure as described in Example 1. After transfection, the cells were cultured in
DMEM growth medium overnight, then reseeded in growth medium with 200 pg/mi
hygromycin and culiured for 12-14 days. Well-isolated single colonies were picked
and grown in separate wells until enough clonal cells were amplified. Stable 2937
clones that were resistant to hygromycin selection and expressed high levels of
Notch3 protein were identified by Western blot analysis, and by flusrescent
electromicroscopy using polyclonal anti-Notch3 antibodies (R&D Systems,
Minneapolis, MN).

[0202] A partial Notch3 expression plasmid containing only the Notch
LIN1Z/dimerization (L.D) domain and the transmembrane (TM) domain was also
constructed by PCR and subcloning into pcDNA3.1 (invitrogen, Carisbad, CA). This
plasmid construct also contains a V5 tag at its C-terminus and was termed Notch3-
LDTM/VS. A stable cell line expressing this plasmid, Notch3-LDTM/V5, was
generated according to the procedure described in Example 1.

10203] Human Sup-T1 cell line (ATCC No. CRL-1942) naturally expressing
Notch3 was also confirmed by Western blot. Sup-T1 cells were grown in RPMI1640
media containing 10% fetal calf serum, 2 mM of glutamine and 1 X essential amino
acid solution.

102047 Cell-based antibody-binding was assessed using FMAT™
{fluorescence macro-confocal high-throughput screening) 8100 HTS System
(Applied Biosystems, Foster City, CA) following the protocol provided by the
manufacturer. Cell lines naturally expressing Notch3 or stably transfected with
Notch3 expression constructs were seeded in 96-well plates. Alternatively,
transiently transfected 293T or CHO cells were seeded in the 96-well plate. The
cells were seeded at a density of 30,000-50,000 cells per well. After 20-24 hours,
anti-Notch3 MADbs and 1 x PBS reaction buffer were added to the welis and
incubated for one hour at 37°C. Cy-5-conjugated anti-mouse IgG antibody was
added in the wells after removal of primary antibodies.
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99510001005 Cys GIn Asn Gly Gly Arg Cys Val GIn Thr Gly Ala Tyr Cys
Lou 101010151020 Cys Pro Pro Gly Trp Ser Gly Arg Leu Cys Asp lle Arg
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Lou Glu GIn 104010451050 Lou Cys Gin Ala Gly Gly Gin Cys Val Asp Glu

|
o e oo el AR VAR B v odeesncero
acf'@@fé;ﬁ@'i—ﬁ@@y (G&Cﬁ?rmwg@tmwtmgmmw 298 TesiGhp Gtytly el
lineBBHGYs GMH Y tau ﬁd&ﬁ%&%@%%%%é%ﬁyéﬂﬁﬁgﬁﬁ F‘%é ’%8 Lat.

u Asp Asp val Asp Glu Cys Ala Ser 11151120
No & 3 5 el IAE el ervss Hosbitibin dorRhenon CysiBorere

firstGysuBeecRraitBly T nNbath SIMABS oY C¥YBEIUATer three washes. the cells were
incubated with flucrescent molecule-conjugated secondary antibody. The cells were
resuspended, fixed in 1 x PBS with 0.1% paraformaldehyde, and analyzed by FACS
(BD Sciences, Palo Alto, CA). The results indicated that both MAbs bind to Notch3
receptor expressed either from recombinant plasmid constructs or as native protein
in cultured cells (Table 2). However, Westemn biot showed that when the Noteh3
receptor or the Notch3-LD/Fc fusion protein are denatured in SDS-PAGE and
fransferred to nylon blot membrane, the anti-Notch3 MADbs no longer bind,
suggesting a conformational epitope. Transiently transfected 293T cells containing a
Notch3/Hygro plasmid were also stained with immunofluorescence as described
above and observed by fluorescent microscopy.

[0206] Table 2. Binding activity of anti-Notch3 MAbs in cell-based EACS
analysis shown as mean fluorescent intensity
Monoclonal Antibody 293T/Notch3-stable cell line Sup-T1
256A-4 195 43
256A-8 189 45
negative control* 21 23
positive control** 198 74
[06207] The celi-based FMAT and FACS analyses confirmed that both MAbs

256A-4 and 256A-8 indeed bind to the Notch3 receptor expressed either from
recombinant plasmid constructs or as native protein in cultured cells (Table 2 and

Table 3).
[0208] Table 3. Summary of anti-Notch3 MAbs binding activity in cell-based
FMAT

mAb 256A-4 ! mADb 256A-8 mAb G3
Notch3 (full-length)/ + i + -
2937 J
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114511501155 lle Asn Glu Asp Asp Cys Gly Pro Gly Pro Pro Lou Asp Ser
Gly 116011651170 Pro Arg Cys Lou His Asn Gly Thr Cys Val Asp Lou Val

vahy2688/03de4b 11801185 Phe Arg Cys Thr Cys Pro Pro Gly Typ- %gf% o]V
Arg Cys Glu 119011951200 Ala Asp lle Asn Glu Cys Arg Ser Gly A
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Fiv Seé}g{é@%%géoout wasyconSIdered background. Transaeni‘iy transfected 203T
cells with Notch3/Hygro plasmid were also stained with immunofluorescence as
described above and observed by flucrescent microscopy.

EXAMPLE 4: WESTERN BLOT ANALYSIS OF ANTI-NOTCH2 MADL BINDING
ACTIVITY

{02101 Western blot was performed to assess the anti-Notch3 MAbs' binding
activity to Notch3 under denaturing conditions, as well as expression levels of
Notch3 and other Notch-related proteins in human cell lines. Purified Notch3-LD/F¢
fusion protein was combined with protein loading buffer. Protein samples were also
prepared from the transiently or stably transfected cells described in Example 1,
which were harvested from culture dishes, washed once with PBS, resuspended in
total celiular protein extract buffer (Pierce, Rockford, [L), and heated at 100°C for 10
minutes after adding equal volume of 2 x protein sample loading buffer. All samples
were separated by electrophoresis in a 4-15% gradient SDS-PAGE. The proteins
were transferred from gel to PVDF membrane and anti-Notch3 MAbs were applied to
the Western biot membrane as the primary detection antibody. An HRP-conjugated
secondary antibody was used for detection and the signal generated using a
chemiluminescent substrate as described above. Positive controf antibodies against
human Fe, V5 tag, Notch3 and Notch1 were purchased from invitrogen, R&D
Systems, Santa Cruz Biotechnologies, and Orbigen.

0211} Western blot analysis showed that MAbs 256A-4 and 256A-8 do not
bind to Notch3-LD/Fc under denaturing conditions, which is in distinct contrast to the
results observed in ELISA and FACS analyses where Notch3
LIN12/heterodimerization domains are maintained in native molecular conformation.
Therefore, it is concluded that MAbs 256A-4 and 256A-8 bind to multiple epitopes in
Notch3-LD that have to be maintained in their native conformation. This conclusion
was confirmed by the results from epitope mapping discussed in Example 8 below.

62
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depicted in Figure 1. Human Jagged1 plasmid was obtained from CriGene
{RRockville, MD), and verified by sequencing as identical to NM_000214
(NCBl/GenBank accession number). Because the OriGene Jagged1 plasmid did not
have an antibiotic selection marker, the Not | fragment containing Jagged1 coding
sequence was transferred into pcDNA3. 1/Hygromycein. A 3.7 Kb subclone of human
Jagged2 cDNA was generated by first strand cDNA synthesis from human T-cell
leukemia cell line, HH (ATCC No. CRL-2105) and PCR-amplified. The Jagged2
cDNA was subsequently subcloned. The expression of Notch3, Jagged1, and
Jagged2 was verified by transient transfection and Western blot as described in
Example 4.

[0214] To generate a luciferase reporter plasmid for Notch signaling, two
complementary oligonucleotide primers containing tandem repeats of CBF1 binding
motif were synthesized having the following sequences:

5'GCTCGAGCTCGTGGGAAAATACCBTGGGAAAATGAACCGTCGGAAATCTCGTGG (SEQ ID
NO 7)

S'GCTCGAGATTTTCCCACGAGATTITCCCACGGTTE (SEQ ID NO 8)

10215] These two oligoprimers were annealed at 65°C in 100 mM of NaCi with
each olige at a concentration of 4 mM. After annealing to each other, the primers
were extended by PCR. The PCR product was cloned into a commercially available
vector. The insert was verified by sequencing, which contains four tandem repeats
of CBF1 binding motif and two flanking Xho | sites. The insert was excised usmg
Xho I and ligated downstream of the firefly luciferase reporter coding segquence.
After luciferase reporter assay and sequencing analysis, plasmid clones with eight
repeats of CBF1 binding motifs were selected and designated CBF1-Luc.

[0216] 8. Stable cell line generation

[0247] Two stable cell lines were generated for functional assays using human
embryonic kidney cell lines (HEK293). One cell line contained the Notch3-
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Hg/riblYadigein in DMEM growth medium, and screened by luciferase reporter
assay and Western blot. A cell line with relatively high level of Notch3 expression
(based on Western blot) and luciferase activity was selected for use in functional
assay, and designated NC85.

[6218] The second stable cell line contained a Notch figand expression
construct, such as Jagged1 or Jagged2, or pcDNA3.1 as negative control. Stable
celi lines expressing human Jagged1 or harboring pcDNA3.1 were generated by
transfection into 283T cells and selection against hygromycin as described above.
Jagged?2 was subcloned, transfected into a 2937 cell line and expected to be
integrated into a specific locus in the genome. Hygromycin-resistant cells were
selected as above.

[0219] C. Luciferase reporter assay under coculture conditions

[6220] NC85 cells were mixed and cocultured with another 293T cell line
stably expressing human Jagged1 (Jagged1/293T), Jagged2/293F, or
PCDNA3.1/293T, respectively, for 24 to 48 hours. At the end of the co-culture, the
media was removed by aspiration, cells were lysed in 1 x Passive Lysis Buffer
(E1501, Promega, Madison, W1} and luciferase activities were assayed using the
Luciferase Assay System following manufacturer’s protocol (E1501, Promega,
Madison, W1} in TD-20/20 luminometer (Turner Designs Instrument, Sunnyvale, CA).
As illustrated in Figure 6 and Figure 7, when NC85 cells were cocultured with
Jagged1/293T or with Jagged2/293F, the luciferase activity was increased 2-4 fold
as compared to that of coculturing with pcDNA3.1/293T cells. To assess the
inhibitory effect of anti-Notch3 MAbs, the antibodies were added to the cell culture at
beginning of seeding and mixing of cocultured cells. (256-A, 256A-8 and an EGF-
Repeat Domain control 255A-79).

10221] D. Luciferase reperter assay by culturing celis on Notch ligand-
coated plates

[0222] Regular 96-well tissue culture plates from Becton Dickinson Labware
(#18779, Palo Alto, CA) were coated with rat Jagged1/Fc¢, human DLL-4 {R&D
Systems, Minneapolis, MN) or Human Fc (Jackson ImmunoResearch, West Grove,
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were performed as described in Section C above. The luciferase reporter assay
demonstrated the two MAbs 256A-4 and 256A-8 binding to LIN12/dimerization
domain almost completely blocked Jagged1 and Jagged2-induced luciferase
reporter activity (Figure 6 and 7). In contrast, a MAD specifically binding to Notch3-
EGF domain (255A-79), as a control, only inhibited Jaggedi-induced luciferase
reporter activity (about 60% inhibition, Figure 6), but not Jagged2-induced luciferase
reporter activity (Figure 7). The ability of MAbs 256A-4 and 256A-8 to block DLL-4-
induced luciferase reporter activity is shown in Figure 8.

[6223] Additional functional assays demonsirated that MAbs 256A-4 and
256A-8 inhibited ligand-induced up-regulation of Notch target genes. 293T cells
expressing recombinant Notch3 were cultured on Jagged-1-coated plates. In the
presence of MAbs 256A-4 and 256A-8, up-regulation of HESS and HEY2, two Notch
target genes, was inhibited, as measured by gquantitative RT-PCR (data not shown).
f0224] To verify whether the anti-Notch3 MAbs can bind to native Notch3
expressed in human cancer cells and block the receptor signaling, a reporter assay
was performed using two ovarian cancer cell iines, OV/CAR3 and A2780. Both
256A-4 and 256A-8 significantly blocked Jagged1-induced Notch signaling mediated
by native Notch3 in OV/CARS cells (Figure 9a). Similarly, both MADs inhibited about
50% of luciferase activity induced by Dll4 coated on the plate (Figure 9b). The latter
result is consistent with the fact that both Notch1 and Notch3 are expressed in
AZ780 cells. These results suggest that the anti-Notch3 MAbs can inhibit native
Notch3-mediated signaling in cancer celis.

EXAMPLE 6: APOPTOSIS ASSAY

{0225] Annexin V is an early apoptotic marker on the cell surface, and the
apoptotic cell population can be marked by fluorophore-labeled anti-Annexin V
antibody and guantified by FACS analysis. NCB85 cells were seeded at 5-6 x 107
cells per well in Fe- or Jagged1/Fc-coated 96-well plate as described above and
maintained in serum-free DMEM medium for 24 hours. Apoptotic cells were stained
by FITC-labeied anti-Annexin V antibody (BD Biosciences, Palo Alto, CA) and
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MADbs 256A-4 and 256A-8 blocked about 50-65% of the cell survival effect induced
by Jagged1.

EXAMPLE 7: CELL MIGRATION ASSAYS, INVASION ASSAYS, AND
MORPHOLOGY ASSAYS

[0228] In vitro cell migration and invasion assays are frequently used to
assess metastasis potential of cancer cells. These assays were performed to assay
the inhibitory effect exerted by the anti-Notch3 MAbs on the tumorgenic
293T/Notch3-stable cell line (NC85). The invasion assay was performed using
Costar 48-well insert plate (Sigma-Aldrich, St. Louis, MO). The insert divides the
well into upper and lower chambers which are separated by a porous membrane
(pore diameter = 8 um) at the bottom of the insert. Notch ligands, Jagged1/Fc, DLL-
4, or human Fc, were immobilized on the membrane surface as describe in above
sections. NC85 celis were seeded at 100,000 cells per well and maintained in
serum-free DMEM in the upper chamber and 10% FCS/DMEM in the lower chamber.
After 10-24 hours, cells that remained on the top surface of the insert membrane
were removed, and the cells that passed the membrane adhering on the bottom of
the insert membrane were stained by 0.05% crystal velvet in PBS. The dye was
extracted from the cells by 30% acetic acid and absorption readings at 590 nm were
recorded. The anti-Notch3 MAbs were added to celt culture 24 hours before seeding
NC85 cells in the Costar assay plate and all MADs were added to the cell culture 24
hours before seeding NC85 cells in the Costar assay plate. Fresh MAbs were added
to maintain the same congceniration in the migration assay plate. Experimental
results are shown in Figure 11A.

[0227] The invasion assay was performed using Becton Dickinson 48-well
matrigei plate (BD Labware, Palo Alto, CA). The cell culture well was divided by an
insert well into upper and lower chambers, which are separated by a porous
membrane (pore diameter = § um) at the bottom of the insert well. An optimized
density of matrigel was coated on the membrane top surface and fibronectin was
coated on the membrane bottom surface by the manufacturer. NC85,
Jagged1/293T, and pcDNA3.1/293T cells were mixed pair-wise such as indicated in
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by 0BIB% crystal velvet in PBS. The dye was extracted and absorption
measurements were as described in the previous section. MAbs were added at the
beginning of the mixed cell culiure. The results are shown in Figure 11B.

[0228] The cell migration assay results showed that when NC85 cells were
cultured on Jaggedi-coated membrane, the activation of Notch3 signaling
significantly increased cell migration, and MAbs 256A-4 and 256A-8 clearly inhibited
the migration (Figure 11A). The invasion experiment showed & similar trend (Figure
11B).

[0229] Additionally, the effect of MAbs 256A-4 and 256A-8 on Jagged-1-
induced formation of cell “spheres” was examined. When 293T cells over-
expressing Notch3 were cultured on Jagged-1-coated plates, the cells formed
loosely attached “cell balls” or “spheres.” In the presence of MAbs 256A-4 and
256A-8, however, formation of these cell spheres was inhibited {data not shown).
EXAMPLE 8: MAPPING THE BINDING EP{TOPE OF ANTI-NOTCH3 MABS

[0230] A. Domain Swap Strategy and Rationale

16231] First, the antagonist Notch3 MAbs bind to Notch3 LIN12/dimerization
domain (LD), but not to the homologous human Notch1 LIN12/dimerization domain
(See Figures 12 and 13). Second, the anti-Notch3 MAbs do not bind to denatured
Notch3 protein in Western blot as discussed in Example 4, indicating the MAbs bind
to conformational epitopes. Third, Notch3 and Notch1 share approximately 55%
amino acid sequence homology in the LIN1 2/dimerization domain, and therefore it
was concluded that a domain swap between Notch3 and Notch1 within this region
would not disrupt the protein conformation.

[0232] B. Generating Domain Swap Fusion Protein Constructs

[0233] Sequence analysis indicated that Notch3 has three LIN12 repeats and
its dimerization domain is divided into two segments. Therefore, five domain swap
protein constructs were generated with each of the three LIN12 repeats and the two
dimerization segments replaced by the corresponding domains of Notch1. The
domain swap constructs were generated using PCR-SOE (Ho, et al., Gene 77:51
(1989); Horton, et al., BioTechniques 8:528 (1990)) as illustrated in Figure 12. PCR
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excise the insert, which was gel-purified and subcloned. The five Notch3/Notch 1

dornain swap constructs are illustrated in Figure 12. To facilitate the epitope
mapping, the human IgG kappa chain signaling peptide was used as leader peptide
in the domain swap constructs. The amino acid sequences are shown in Figures 16
and 17.

[0234] Notch1-LD cDNA was PCR-amplified using PCR and methods
described in the above section. The first sirand cDNA template was synthesized
from PA-1 cell total RNA (ATCC No. CRL-1572). The human igG kappa chain
leader peptide coding sequence was PCR-amplified, used as leader peptide to link
to the 5" of Notch1-LD by PCR-SOE and subcioned in His-y1 FelpSec.

[0235] Based on ELISA analysis results, target domains LI, D7 and D2 were
further divided into subdomains. ELISA binding analysis using the subdomain
expression constructs showed that only L1 and D2 were required for the Notch3
MAb binding. The D1 domain was not required. Therefore, L1 and D2 domains were
divided into clusters of amino acid mutations for further analysis of the specific
binding site. Constructs containing L1 and D2 subdamain swap or clusters of amino
acid mutations as shown in Figure 16 and Figure 17 were generated.

[0236] C. Expression of Notch3/Notch1 Domain Swap Fusion Protein

[6237] Notch3/Notch1-LD domain swap plasmids were transiently transfected
in CHO cells using LipoFectamine 2000. CHO cells were seeded in DMEM growth
medium with 10% FCS at 0.8~1 X 10° cells per well in 6-well plate, maintained in
CO; incubator overnight before transfection. The cells were recovered after
transfection in the growth medium for about 3 hours, then switched to DMEM with
2% FCS, and cultured for three days. The conditioned media were harvested and
centrifuged at 3500 rpm for 10 minutes. The supernatant containing Notch3-L.D
domain swap protein secreted from CHO was collected and prepared for Western
blot and ELISA binding analyses. ELISA showed that all the domain-swap fusion
proteins were expressed and secreted in conditicned medium (Table 4), which was
further confirmed by Western blot analysis (data not shown).
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Statistics: mean
Dilution N1-LD | N3-LD | Lt-swap | L2-swap | L3-swap Diswap | DZ-swap | higG-Fe
1 3.2000 | 3.3445 | 34380 | 3.0970 | 3.2910 3.2870 3.4110 3.5510
0.250000 | 31305 | 2.7625 | 29880 | 27380 | 2.9050 3.0225 2.9570 3.4995
0.062500 | 2.3785 | 1.3870 ;| 2.8145 1.2835 | 2.6855 2.2575 2.3240 3.5805
0.015628 | 1.0085 [ 0.3860 | 1.5245 | (.3865 1.7350 0.9110 0.8800 3.2358
0.003806 | 0.3300 | 0.1075 | 0.4755 | 0.1220 | 0.5970 0.3450 (.2130 1.8585
0.000077 : 0.2095 | 0.0400 | 01640 | 0.1105 | 0.1780 0.1635 0.0615 0.5865
0.000244 | 0.1340 | 0.0225 | 0.0500 | 0.0595 | 0.0575 0.1045 (4.0275 0.1445
6.104E-05 | 0.1000 | 0.0135 | 0.0405 0.0505 | 0.0230 0.0575 0.0305 0.0315
1.526E-05 | 6.0975  0.0165 | 0.0205 | 0.0430 | 0.0180 0.6400 0.0155 | 0.0220
3.815E-06 | 0.0580 | 0.0140 | 0.0135 | 0.0300 | 0.0150 0.0425 0.0235 0.0230
9.537E-07 | 0.0540 | 0.0125 | 0.0155 | 0.0245 | 0.0215 0.0480 0.0145 0.0165
2.384E-07 | 0.0415 | 0.0125 ¢ 0.0145 | 0.0305 | 0.0155 0.0370 0.0150 0.0180
Statistics: 8.D.
Dilution N1-LD | N3-LD | L1-swap | L2-swap | L3-swap Di-swap | D2-swap | higG-Fc
1 0.0778 | 0.0280 | 0.067% | 0.0255 | 0.0933 0.1018 0.0283 0.0071
0.250000 | 0.0191 { 0.0304 | 0.0354 | 0.0396 | 0.0693 0.1619 0.1202 0.0148
0.062500 | 0.0898 | 0.0818 | 0.0067 | 0.1096 | 0.0318 0.0021 0.0071 0.0280
0.015825 | 0.0474 | 0.0354 | 0.0106 : 0.0417 | 0.1075 0.0071 0.0325 0.1450
0.003906 ; 0.0523 § 0.0177 | 6.0460 | 0.0113 | 0.0453 0.0339 0.0057 0.0573
¢c.o00977 | 0.0092 | 0.0057 | 0.0042 0.0191 0.0156 0.0205 0.0007 0.0955
0.000244 | 0.0226 | 0.0092 | 0.0074 0.0106 | 0.0064 0.0035 0.0049 0.0276
6.104E-05 | 0.0113 | 0.0007 : 0.0064 | 0.0035 | 0.0057 0.0134 0.0064 | 0.0064
1.526E-05 | 0.0021 | 0.0035 | 06.0049 | 0.0042 | 0.0000 0.0028 0.G007 0.0028
3.815E-06 | 0.0113 | 0.0028 | 0.0021 0.0000 | ©.0042 0.0064 0.0007 0.0057
8.537E-07 | 0.0014 | 0.0007 | G.0007 | 0.0007 | 0.0064 0.0057 0.0021 0.0078
2.384E-07 : 0.0120 | 0.0035 | 0.0049 | 0.0021 0.0007 0.0113 0.0014 0.0127

[0239] Abbreviations for proteins used in the ELISA binding assays of Table 4
include: N1-LD, Notch1-LD/Fc. N3-LD, Notch3-LD/Fe. L1-swap: 1st LIN12 domain
swap. L2-swap: 2nd LIN12 domain swap. L.3-swap: 3rd LIN12 domain swap. D1-
swap: 1st dimerization domain swap. D2-swap: 2nd dimerization domain swap.
higG-Fc, human igG Fe.
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RY 24q R RfAHheEE thgranibedy (0.1 ug/mi) in phosphate

buffered saline (FBS) containing 1 x Phenol Red and 3-4 drops pHiwliter (Pierce,
Rockford, IL), and incubated overnight at room temperature. After the coating
solution was removed by flicking of the plate, 200 yl of blocking buffer containing 2%
BSA in PBST and 0.1% merthiolate was added to each well for one hour to block
non-specific binding. The welis were then washed with PBST. Fifty microliters of the
above conditioned medium from each transfection of Notch3/Notch1 domain swap
construct were collected, mixed with 50 pl of blocking buffer, and added to the
individual wells of the microtiter plates. After one hour of incubation, the
Notch3/Notch1-LD domain swap protein was captured by the coated anti-Fe¢
antibody, and the wells were washed with PBST. Anti-Notch3 MAbs and isotype-
matched control MAbs were serially diluted in blocking buffer as above, and 50 yl of
the diluted MADs were added in each well to assess binding to the bound
Notch3/Notch1 domain swap protein. Horseradish peroxidase (HRP)-conjugated,
Fe-specific goat anti-mouse IgG was used for detection. HRP substrate solution
containing 0.1% 3,3,5,5-tetramethyl benzidine and 0.0003% hydrogen peroxide was
added to the wells for color developrent for 30 minutes. The reaction was
terminated by addition of 50 ml of 2 M H2S0Q, /well. The OD at 450 nm was read with
an ELISA reader. Subdomain swap constructs and clusters of mutations were
simitarly examined by ELISA analysis above.

[0242] ELISA binding experiments using MAbs 256A-4 and 256A-8 against
the domain-swap proteins showed that the swap of the 1st LIN12 domain (L1) and
2nd dimerization domain (D2) completely abolished ali the three MAbs binding, while
the swap of 1st dimerization domain (D1) abolished binding of MAbs 256A-4 and
256A-8 (Figure 13 B&C). Swap of the 3rd LIN12 domain (L3) significantly weakened
the binding. Nevertheless, both MAbs were still able to bind to the fusion protein.
The swap of the 2nd LIN12 domain had no interference with the binding of the MAbs
(Figure 13B and C). A positive control antibody, which was previously mapped to
bind to the 1st LIN12 domain, bound to all domain swap fusion protein except L1
(Figure 13D). In conirast, isotype control negative antibody, G3, does not bind to
any of the domain swap fusion proteins in the ELISA assay (data not shown). It was
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859095 Thr Arg Leu Asp Tyr Phe Gly Gly Ser Pro Tyr Phe Asp Tyr Trp
Gly 100105110 Gin Gly Thr Thr Leu Thr Val Ser Ser Ala 115120 <210> 3
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[0241g Ser Lysd-glAdR Agh &% YatEeframird Sheer SR (L1) to which anti-
Notch3 MAbs bind, the L1 domain was further divided into three subdomains, L1-
sub1, L1-sub2 and L1-sub3, and swapped with the corresponding seguences in
Notch1 (Figure 16). An ELISA binding assay showed that L1-sub1 swap has no
inhibitory effects on binding activity, and L1-sub2 and L1-sub3 swap abolished
binding (Figure 16). In L1-sub2 and L1-sub3 regions, there are five clusters of amino
acid residues that differ between Notch3 and Notch1. Therefore, swap fusion protein
constructs were generated within these five clusters of amino acids (Figure 16).
ELISA analysis demonstrated that L1-clusterd swap had no inhibition on all three
MADs binding. The remaining four clusters of swap partially or completely abolished
the anti-Notch MAbs binding. Thus, those four clusters of amino acid residues
represented four different epitopes to which the MAbs bind. L1-cluster3 {amino
acids: DRE) and L1-cluster5 (amino acids: SVG) are required. L1-cluster1 (amino
acids: AKR) and cluster2 (amino acids: DQR) also played a role in anti-Notch3 MAb
binding, whose mutations significantly weakened the MAb binding.

[6244] To map the epitopes in the 2™ dimerization (D2) domain of Notch3 to
which anti-Notch3 MADbs bind, the D2 domain was further divided into five
subdomains, D2-sub1, D2-sub2, D2-sub3, D2-sub4 and D2-sub5. The sequences in
those subdomains were swapped with the corresponding sequences in Notch
{(Figure 17). An ELISA binding assay showed that MAbs 256A-4 and 256A-8 have
strong binding to D1-sub2 and D2-sub3 swap, but not to D2-sub1 and D2-sub4
swap. Both MAbs showed weak binding to D2-sub5 (Figure 17). Therefore, the data
suggested that D2-sub1 and D2-sub4 are required for the anti-Notch3 MAb binding
and D2-sub5 may help the binding activity.

[0245] Both MAbs 256A-4 and 256A-8 are antagonistic antibodies binding to
the conformational epitope comprising L1 and D2, while another antibody 256A-13
that binds only to L1 is agonistic (See co-pending U.S. Application No. 11/874,682,
filed October 18, 2007). Furthermore, agonistic 256A-13 competes with antagonistic
256A-4 for an epitope within L1, and the epitope mapping studies suggest that they
bind to an overlapping epitope on L1. The major difference is that the antagonistic
antibodies also bind to D2, while the agonistic antibody does not. To test the
hypothesis that simultaneous binding to L1 and D2 is responsible for the antagonistic
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simyjigneously. Furthermore, 256A-2 and 256A-13 individually can partially
compete with 256A-4, however, in combination these two antibodies completely
block binding of 256A-4 to Notch3 (data not shown). Studies also showed that
separate binding of two antibodies to the epitopes in L1 and D2 does not lead to the
inhibition of ligand-dependent Notch3 activation, suggesting that the antagonistic
antibodies form a bridge, possibly locking and stabilizing the L1 and D2 interaction,
and preventing the ligand induced conformational changes. (See Figure 18)
EXAMPLE 9: SEQUENCING OF ANTI-NOTCH2 MABS

[024¢] Because antibody binding properties are dependent on the variable
regions of both heavy chain and light chain, the variable sequences of 256A-4 and
256A-8 were subtyped and sequenced. The antibody IgG subtype was determined
using a Isostrip Mouse Monaclonal Antibody kit (Roche Diagnostics, Indianapolis,
IN). The results showed that both MAbs, 256A-4 and 256A-8 have an lgG+ heavy
chain and a kappa light chain.

10247} The variable region sequences of heavy chain and fight chain were
decoded through RT-PCR and cDNA cloning. Total RNAs from hybridoma clones
256A-4 and 256A-8 were isolated using an RNeasy Mini kit following the
manufacturer's protocol (QIAGEN, Valencia, CA). The first strand cDNA was
synthesized using the RNA template and Superscriptase Ill kit. The variable region
of light chain and heavy chain cDNAs were PCR-amplified from the first strand cDNA
using degenerative forward primers covering the 5-end of mouse kappa chain
coding region and a reverse primer matching the constant region at the juncture to
the 3"-end of the variable region, or using degenerative forward primers covering the
5™-end of mouse heavy chain coding region and a constant region reverse primer in
mouse heavy chain. The PCR product was cloned into a commercially available
vector and sequenced by Lone Star Lab (Houston, TX). The nucleotide sequences
were anatyzed utilizing the computer software program DNAStar (DNASTAR, Inc.,
Madison, W1). Each anti-Notch3 MAb sequence was determined by sequences from
multiple PCR clones derived from the same hybridoma clone.

[0248] MAD 256A-4 contains 123 and 116 amino acid residues, respectively,
in its variable region of heavy chain and light chain (Figure 4A and 4B). MAD 256A-8
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METALLOPROTEASE CLEAVAGE OF NOTCH3
102497 Notch receptor activation involves ligand induced metatioprotease

cleavage at juxtamembrane site (82) generating an extraceliular subunit. This
cleavage is an essential prerequisite to S3 cleavage to release the activated Notch
intraceliutar region. Both 256A-4 and 256A-8 were found to require the presence of
atleast a portion of the Notch3 L1 and D2 domains for their bindings. These two
domains are not located in close proximity in the linear sequence, but rather are on
two separate polypeptides, suggesting these antibodies may stabilize an inactive,
autoinhibited Notch configuration. To test whether the antagonizing antibodies can
inhibit sequential Notch activation events, including two proteolytic cleavages, 293T
cells stably expressing a recombinant Notch3 receptor (NC85 cells) are treated with
either immobilized recombinant Jagged-1 or cocultured with 293T cells expressing
Jagged-1. The soluble extracellular subunits generated by proteclytic cleavage in
the culture medium are detected by an ELISA assay using an antibody bound to a
solid surface that recognizes the Notch3 cleavage product. Notch3 antagonistic
MAbs are expected to decrease the generation of soluble Notch3 extracellular
subunits in the conditioned medium, whereas non-functional Notch3 binding
antibodies would not.

[0250] To directly detect the S2 cleavage fragment, an 7.5% SDS PAGE
efectrophoresis and Western blot with Notch3 C-terminal antibody are performed.
The 52 fragment is 57 amino acids residues smaller and migrates slightly faster than
the non-cleaved Notch3 small subunit (transmembrane subunit).

[0251] To examine whether Notch3 antagonistic MAbs inhibit ligand-induced
metalloprotease cleavage of Notch3 at S2, 293T cells expressing recombinant
Notch3 were treated with the ysecretase inhibitor compound E (1 uM) for 4 hours,
which stabilizes the product of cleavage at site S2, allowing it to accumulate. In the
presence of MAbs 256A-4 and 256A-8, Jagged-1-induced metalloproiease cleavage
of Notch3 at S2 was inhibited (data not shown).
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XENOGRAFT MICE
i0252] A. Human cancer cells and tumorigenic cells
i0253] Human cancer cell lines with Notch3 expression such as HCC2429,
HCC95 may be obtained from Academic institutes, or from the ATCC. The
293T/pcDNASZ. 1, and 293T/Noteh3 (NC85) are generated by transfecting 2937 with
related genes and selecting with hygromycin as describe in previous sections. All
cells are cultured in DMEM or RPMI 1640 medium with 10% fetal bovine serum,
sodium pyruvate, nonessential amino acids, L-glutamine, vitamin solution, and
penicillin-streptomycin (Flow Laboratories, Rockvilie, MD). Cell lines are incubated in
a mixture of 5% CO2 and 95% air at 37°C in an incubator. Cultures are maintained
for no longer than 3 weeks after recovery from frozen stocks. Logarithmically growing
single-cell suspensions cells with >80% viability are used for tumor cells injection
after washing with PBS.
[6254] B. Animals
10255] Mice are obtained from, for example, the Animal Production Area of the
National Cancer Institute at Frederick Cancer Research and Development Center,
Frederick, MD. The animals are purpose-bred and are experimentally naive at the
outset of the study. Mice selected for use in the studies are chosen 1o be as uniform
in age and weight as possible. They are 6-8 weeks of age and their body weights at
initiation of weight range from approximately 18 to 25 grams. Records of the dates
of birth for the animais used in this study are retained in the study raw data, and the
weight range at the time of group assignment is specified in the report. Each animal
is identified by a numbered ear tag. The animais are group housed by treatment
group (4 mice/cage) in polystyrene disposable shoe-box cages containing cellulose
bedding, meeting or exceeding NIH guidelines. During the course of the study, the
environmental conditions in the animal room is menitored and maintained within a
temperature range of 18-26°C, and the relative humidity is recorded daily. A
12-hour light/dark illumination cycle is maintained throughout the study. Animals
have irradiated food. No contaminants are kriown to be present in the food at levels
that would interfere with the resuits of this study. Autoclaved water is available to
each animal via water bottles. No contaminants are known to be present in the
water at levels that would interfere with the results of this study. Prior to assignment
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to the study, all study animals are acclimatized to their designated housing for at
least 7 days prior to the first day of dosing.

025867 C. Tumor models and efficacy studies

(0257} Mice are anesthetized using sodium pentobarbital (50 mg/kg body
weight) and placed in the right iateral decubitus position. Cancer cells, such as non-
small cell lung cancer (NSCLC) cell lines, HCC2429 (Haruki, et al. Cancer Res.
65:3555 (2005})), HCCY5 (From Dr. John Mina), and H2122 (ATCC No. CRL5885), in
50 pt Hank’s containing 10% Matrigel are injected into the left lobe of the lungs. After
the turmor-cell injection, the mice are turned to the left lateral decubitus positicn and
observed for 45-60 min until they recover fully. Records of tumor cell injections are
maintained in the raw study data.

[0258] All animais are observed within their cages at least once daily during
study and clinical findings recorded in the study raw data. Animals that show
proncunced detrimental effects may be removed from the study should it be deemed
necessary. Body weight is measured once each week during the treatment. Cancer
tissues from each mouse, where available, are harvested and stored for patential
future biological characterization.

EXAMPLE 12: ASSAY FOR NOTCH3 RELATED DISEASES

[0259] To identify other Notch3 related diseases, one can seguence the
Notch3 gene from patient samples, perform FISH (fluorescence in situ hybridization)
and CGH (comparative genomic hybridization) anaiysis to look for translocation and
gene amplification using patient cells, or perform immunohistochemistry to check for
the over-expression of Notch3 receptor using patient tissue or tumor sections. In
addition, one can isolate and culture celis from a patient suspected of having a
Notch3 associated disease and study the impact of an antagonistic antibody of the
present invention on cell migration, invasion, survival and proliferation. Protocols for
cell migration and invasion assay are described in Example 7 and the protocol for an
apoptosis assay is described in Example 6. For the cell proliferation assay, cells
cultured from patient samples are be seeded in 96-well plate coated with and without
Notch ligands. Antagonistic antibodies are added at the beginning of the culture.
Cell numbers are counted at specific time points using trypan blue staining. Notch3
FISH and CGH analysis may be performed using the published protocols of Park, et
al. {Cancer Res, 66: 12 (2006)).



<400> 6 Met Gly Pro Gly Ala Arg Gly Arg Arg Arg Arg Arg Arg Pro Met
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f0260] Those skilled in the art will recognize, or be able to ascertain using no
more than routine experimentation, many equivalents fo the specific embodiments of
the invention described herein. Such equivalents are intended to be encompassed
by the following claims.
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Leu 202530 Leu Ala Gly Pro Gly Ala Ala Ala Pro Pro Cys Leu Asp
3540 45

What is claimed:

1. Avariable heavy ("VH") chain region comprising an amino sequence having at
least 95% identity to that set forth in SEQ 1D NO: 2.

2. The VVH chain region of claim 1, further comprising a constant region.
The VH chain region of claim 2, comprising the CH1, CH2 and CH3 domains of 2

constant region.
4. The VH chain region of claim 2, wherein the constant region is from an lgG

antibody.
5.  The VH chain region of claim 4, wherein the IgG antibody is an 1gG1 antibody, an
igG2 antibody, an 1gG3 antibody, or an igG4 aniibody.
6.  Avariable heavy ("WH") chain region comprising an amino sequence having at
least 95% identity to that set forth in SEQ 1D NO: 4.
The VM chain region of claim 8, further comprising a constant region.

The VH chain region of claim 7, comprising the CH1, CH2 and CH3 domains of &

® o~

constant region.
9. The VH chain region of claim 7, wherein the constant region is from an IgG antibody.

10. The VH chain region of claim 9, wherein the 1gG antibody is an 1gG1 antibody, an
IgG2 antibody, an igG3 antibody, or an 1gG4 antibody.
11. A VH chain sequence comprising SEQ ID NO: 32, 33, and 34,

12. A VH chain sequence comprising SEQ 1D NO: 38, 39 and 40.
13. A nucleic acid encoding one or more of SEQ 1D NO: 2, 4, 33-34, and 39-40.

14. A vector comptising one or more nucleic acids of claim 13.

15. A cell comprising the vector of claim 14.
16. An antibody comprising the VH chain region of claim 1 or claim 8, wherein the

antibody binds specifically to Noich 3.

77



17.

18.

19.

20.

21,

22

24,

25.

20.

27.
28.

29.
30.

31.

32.

<210>7 <211>55 <212>DNA  <213>ARTIFICIAL

The antibody of claim 16, further comprising a VL chain region comprising (a) an
amino acid sequence having at least 95% identity to that sat forth in SEQ ID
NO:3, or (b} an amino acid sequence having at least 85% identity o that set forth
in SEQ D NO:s.

The antibody of claim 17, wherein the VL chain region comprises SEQ ID NO: 2
and the VH chain region comprises SEQ 1D NO: 2.

The antibody of claim 17, wherein the VL chain region comprises SEQ 1D NO: 5
and the VH chain region comprises SEQ ID NO: 4.

The antibody of any one of claims 16-19, further comprising a constant light chain
region and a constant heavy chain region,

An antibody comprising the VH chain sequence of claim 11, wherain the antibody
binds specifically to Notch 3.

The antibody of claim 21, further comprising a VL chain sequence comprising SEQ
> NO: 35, 36, and 37.

An antibody comprising the VH chain sequence of claim 12, wherein the antibody
binds specifically to Notch 3.

The antibody of claim 23, further comprising a VL chain sequance comprising SEQ
D NO:41, 42, and 43,

The antibody of any one of claims 21-24, further comprising a constant light chain
region and/or a constant heavy chain region.

The antibody of any one of claims 16-19 and 21-24, wherein the antibody is a
single chain Fv,

The antibody of any one of claih}s 16-25, further comprising a label.

An antibody that binds to a Notch 3 conformational epitope comprising a LIN12
domain having at least 90% sequence identity with SEQ 1D NO. 9 and a
dimerization domain 2 having at least 90% sequence identity with SEQ iD NO.
18.

The antibody of claim 28, wherein the LIN12 domain consists of SEQ I[D NO 9.

The antibody of claim 28, wherein the dimerization domain consists of SEQ D NO
18.

The antibody of claim 28, wherein the LIN12 domain consists of SEQ 1D NO'9 and
the dimerization domain consists of SEQ ID NO: 18.

An antibody that binds to a Notch 3 conformational epitope comprising aminc acid
residues 1395-1396, 1402-1404 and 1420-1422 of the L1 LIN12 domain of
Notch3 (SEQ ID NO:1) and amino acid residues 1576-1576 and 1628-1628 of
the D2 dimerization domain of Notch3 (SEQ 1D NO:1).
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33.

34.

35.
36.

37.

38.

<220> <223>0OLIGONUCLEOTIDE PRIMER  <400>7 gctcgagctc
gtgggaaaat accgtgggaa aatgaaccgt gggaaaatct

A method for producing an antibody comprising culturing the cell of claim 15 under
conditions appropriate for the production of an antibody and isoiating the
antibody produced.

The antibody of any one of claims 18-25 and 27-32, wherein the antibody is an
antibody fragment.

A humanized form of the antibody of any of claims 16-32 and 34,

Use of an antibody of any one of claims 16-32and 34-35 in the preparation of a
medicament.

Use of an antibody of any one of claims 16-32 and 34-35 in the manufaciure of a
medicament for the ireatment of 2 Notch 3 related disease or disorder.

The use according to claim 37, wherein the disease is T-cell acute tymphoblastic
leukemia, lymphoma, liver disease involving aberrant vascularization, diabetes,
ovarian cancer, diseases involving vascular cell fate, rheumatoid arthritis,
pancreatic cancer, non-smalt cell iung cancer, plasma cell neoplasms (such as
muttiple myeloma, plasma cell leukemia, and extramedullary plasmacytoma), and

neuroblastoma.

75



<110>

<120>

<150>
<151>

<150>
<151>

<130

<160>
<170>
<210>
<211
<212>
<213>

<A400>

cgtgg 55 210> 8 <211> 35 212> DNA <213> ARTIFICIAL 220> <223>
OLIGONUCLEOTIDE PRIMER <400> 8 gctcgagatt ttcccacgag attttcccac
ggttc35 <210> 9 <211> 39 <212> PRT 213> ARTIFICIAL 220> <223>
NOTCH 3 LIN 12 DOMAIN <400> 9 Glu Pro Arg Cys Pro Arg Ala Ala Cys
Gln Ala Lys Arg Gly, Asp Gin Em];&’f‘bg@s Asp Arg Glu Cys Asn Ser
Pro Gly Cys Gly Trp Asp Gly Gly

GENENTECH, INC.

LI, Kang

ZHOU, Bin-Bing Stephen

LI, Yucheng

FUNG, Sek Chung
SINGH, Sanjava

ANTAGONIST ANTI-NOTCH3 ANTIBODIES AND THEIR USE IN THE PREVENTION AND
TREATMENT OF NOTCH3-RELATED DISEASES

us 60/875597
2006-12-18

us 60/879218
2007-01-06

P40G59RT WO

43

PatentIn version 3.4
1

2321

PRY

Mus musculius

1

get Gly pro Gly Ala Arg Gly Arg Arg Arg Arg Arg Arg Pro Met Ser
5

Pro

Leu

Cys

Cys

65

Pro

val

Arg

Ala

Ser

Pro

Ala

Ala

50

Leu

Cys

va'l

Gly

His

130

cys

10 15

Pro Pro Pro Pro Pro val Arg Ala Leu Pro lLeu Leu Leu Leu
20 25 30

Gly Pro Gly Ala Ala Ala Pro Pro Cys Leu Asp Gly Ser Pro
35 40 45

Asn Gly Gly Arg Cys Thr GIn Leu Pro Ser Arg Glu Ala Ala
55 60

Cys Pro Pro Gly Trp val Gly Glu Arg Cys Gin Leu Glu Asp
70 75 80

His Ser Gly Pro Cys Ala Gly Arg Gly val Cys Gln Ser Ser
85 90 95

Ala Gly Thr Ala Arg Phe Ser Cys Arg Cys Pro Arg Gly Phe
100 105 110

Pro Asp Cys Ser Leu Pro Asp Pro Cys Leu Ser Ser Pro Cys
115 120 125

Gly Ala Arg Cys Ser val Gly Pro Asp Gly Arg Phe Leu Cys
135 140

Pro Pro Gly Tyr GIn Gly Arg Ser Cys Arg Ser Asp val Asp
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202530 Asp Cys Ser Leu Ser Val Gly 35 210> 10 <211> 39 212> PRT
<213> ARTIFICIAL <220> <223> NOTCH 3/ NOTCH1 LIN 12 DOMAIN
SWAP (FIG 16 Ll-susl) <400> 10 Glu Glu Ala Cys Glu Leu Pro Glu Cys
GIn Ala Lys Arg Gly Asp GIn 151015 P4059R1WOSEQ Arg Cys Asp Arg
145 Glu Cys Asn Seg Pro Gly Cys BIf*PHALFRly Gly 202530 Agp Cys Ser
Leu Ser Val Gly 35 <210> <211> <212> <213> <220> <223> <400> 11

Erggp\lfgl? '%RJIQ%I%IFON yECA_:Lg:g {ﬁs Gly Gly Thr Cys Leu Asn

165 170 175

Glu Cys

Thr Pro Gly Ser Phe Arg Cys GIn Cys Pro Ala Gly Tyr Thr Gly Pro
180 185 190

Leu Cys Glu Asn Pro Ala val Pro Cys Ala Pro Ser Pro Cys Arg Asn
195 200 205

Gly Gly Thr Cys Arg Gin Ser Gly Asp Leu Thr Tyr Asp Cys Ala Cys
210 215 220

Leu Pro Gly Phe Glu Gly GlIn Asn Cys Glu val Asn val Asp Asp Cys
225 230 235 240

Pro Gly His Arg Cys Leu Asn Gly Gly Thr Cys val Asp Gly val Asn
245 250 255

Thr Tyr Asn Cys Gln Cys Pro Pro Glu Trp Thr Gly Gln Phe Cys Thr
260 265 270

Glu Asp val Asp Glu Cys Gln Leu GIn Pro Asn Ala Cys His Asn Gly
275 280 285

Gly Thr Cys Phe Asn Thr Leu Gly Gly His Ser Cys val Cys val Asn
290 295 300

Gly Trp Thr Gly Glu Ser Cys Ser Gin Asn Ile Asp Asp Cys Ala Thr
305 310 315 320

Ala val Cys Phe His Gly Ala Thr Cys His Asp Arg val Aala Ser Phe
325 330 335

Tyr Cys Ala Cys Pro Met Gly Lys Thr Gly Leu Leu Cys His Leu Asp
340 345 350

Asp Ala Cys val Ser Asn Pro Cys His Glu Asp Ala Ile Cys Asp Thr
355 360 365

Asn Pro val Asn Gly Arg Ala Ile Cys Thr Cys Pro Pro Gly Phe Thr
370 375 380

Gly Gly Ala Cys Asp GIn Asp val Asp Glu Cys Ser Ile Gly Ala Asn
385 390 395 400

Pro Cys Glu His Leu Gly Arg Cys val Asn Thr GIn Gly Ser phe Leu
405 410 415

Cys Gln Cys Gly Arg Gly Tyr Thr Gly Pro Arg Cys Glu Thr Asp val
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11 NOTCH 1 LIN 12 DOMAIN SWAP (FIG.16 L1-SUB2) Glu Pro Arg Cys
Pro Arg Ala Ala Cys Gin Glu Asp Ala Gly Asn Lys 151015 Val Cys Ser Arg
Glu Cys Asn Ser Pro Gly Cys Gly Trp Asp Gly Gly 202530 Asp Cys <210>
<211> <212> <213> <220> <223> <400> Ser Leu Ser Val 35 12 39 PRT

4059
ARTIRGIAL a5 IRINOSEQ 430

Asn Glu Cys Leu Ser Gly Pro Cys Arg Asn Gln Ala Thr Cys Leu Asp
435 440 445

Arg ITe Gly GIn phe Thr Cys Ile Cys Met Ala Gly phe Thr Gly Thr
450 455 46

fa]

Tyr Cys Glu val Asp Ile Asp Glu Cys GTn Ser Ser Pro Cys val Asn
465 470 475 480

Gly Gly val Cys Lys Asp Arg val asn Gly phe Ser Cys Thr Cys Pro
485 490 495

ser Gly Phe Ser Gly Ser Thr Cys GIn Leu Asp val Asp Glu Cys ala
500 505 510

ser Thr Pro Cys Arg Asn Gly Ala Lys Cys val Asp GIn Pro Asp Gly
515 520 525

Tyr Glu Cys Arg Cys Ala Glu Gliy phe Glu Gly Thr Leu Cys Asp Arg
530 535 540

Asn val Asp Asp Cys Ser Pro Asp Pro Cys His His Gly Arg Cys val
545 550 555 560

Asp Gly ITe Ala Ser phe Ser Cys Ala Cys Ala Pro Gly Tyr Thr Gly
565 570 575

Thr Arg Cys Glu Ser GIn val Asp Glu Cys Arg Ser GIn Pro Cys Arg
580 585 580

His Gly Gly Lys Cys Leu Asp Leu val Asp Lys Tyr Leu Cys Arg Cys
595 600 605

Pro ser Gly Thr Thr Gly val Asn Cys Glu val Asn Tle Asp Asp Cys
610 615 620

Ala ser Asn Pro Cys Thr phe Gly val Cys Arg Asp Gly Ile Asn Arg
625 630 635 640

Tyr Asp Cys val Cys GlIn Pro Gly Phe Thr Gly Pro Leu Cys Asn val
645 650 655

Glu Ile Asn Glu Cys Ala Ser Ser Pro Cys Gty Glu Gly Gly ser Cys
660 665 670

val Asp Gly Glu Asn Gly Phe Arg Cys Leu Cys Pro Pro Gly Ser Leu
675 680 685

Pro Pro Leu Cys Leu Pro Pro Ser His Pro Cys Ala His Glu Pro Cys
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NOTCH 3/NOTCH 1 12 Gly LIN 12 DOMAIN SWAP (FIG.16 L1-S1J33)
Glu Pro Arg Cys Pro Arg Ala Ala Cys Gin Ala Lys Arg Gly Asp Gin 151015
Arg Cys Asp Leu Gin Cys Asn Asn His Ala Cys Gly Trp Asp Gly Gly
202530 Asp Cys Ser Leu Asn Phe Asn 35 <210> 13 <211> 39 <212>
PRT <213> ARTIFICIAL <220¥4Z2B3WISETNCH 3/ NOTCH 1 LIN12
AMINO ACID SWAPFIG 16 L1-AA SWABY) <400> 13 Glu Pro Arg Cys

Pro Arg Ala Ala Cys Gin Glu Asp Ala Gly Asp Gin
ser His Gly 1Te Cys Tyr asp Ala Pro Gly Gly phe Arg Cys val Cys
705 710 715 720

690

Glu Pro Gly Trp ser Gly Pro Arg Cys Ser Gin Ser Leu Ala Arg Asp
725 730 735

Ala Cys Glu Ser Gln Pro Cys Arg Ala Gly Gly Thr Cys Ser Ser Asp
740 745 750

Gly Met Gly Phe His Cys Thr Cys Pro Pro Gly val Gln Gly Arg Gln
755 760 765

Cys Glu Leu Leu Ser Pro Cys Thr Pro Asn Pro Cys Glu His Gly Gly
770 775 780

Arg Cys Glu Ser Ala Pro Gly GIn Leu Pro val Cys Ser Cys Pro Gln
785 790 795 800

Gly Trp GIn Gly Pro Arg Cys GIn GIn Asp val Asp Glu Cys Ala Gly
805 810 815

Pro Ala Pro Cys Gly Pro His Gly Tle Cys Thr Asn Leu Ala Gly Ser
820 825 830

Phe Ser Cys Thr cCys His Gly Gly Tyr Thr Gly Pro Ser Cys Asp Gln
835 840 845

Asp Ile Asn Asp Cys ASp Pro Asn Pro Cys Leu Asn Gly Gly Ser Cys
850 855 860

Gln Asp Gly val Gly ser phe Ser Cys Ser Cys Leu Pro Gly Phe Ala
865 870 875 880

Gly Pro Arg Cys Ala arg Asp val Asp Glu Cys Leu Ser Asn Pro Cys
885 890 895

Gly Pro Gly Thr Cys Thr Asp His val Ala Ser Phe Thr Cys Thr Cys
900 905 910

Pro Pro Gly Tyr Gly Gly Phe His Cys Glu Gln Asp Leu Pro Asp Cys
915 920 925

ser Pro ser Ser Cys Phe Asn Gly Gly Thr Cys val Asp Gly val Asn
930 935 940

ser Phe Ser Cys Leu Cys Arg Pro Gly Tyr Thr Gly ATa His Cys GIn
945 950 955 960

His Glu Ala Asp Pro Cys Leu Ser Arg Pro Cys Leu His Gly Gly val
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151015 Arg Cys Asp Arg Glu Cys Asn Ser Pro Gly Cys Gly Trp Asp Gly
Gly Page 14 P4059R1WOSEQ 2530 Asp Cys <210> <211> <212>
<213> <220> <223> <400> Ser Leu Ser Val Gly 35 14 39 PRT
ARTIFICIAL NOTCH 3/ NOTCH 1 LIN12 AMINO ACID SWAP (FIG 14 16
L1-AA S 2) Glu Pro Arg 8 PfoigFAla Ala Cys Gin Ala Lys Arg
Gly Asn \I%%P %%? 975

Cys Ser Ala Ala His Pro Gly Phe Arg Cys Thr Cys Leu GTu Ser Phe
GEO G85 990

Thr Gly Pro Gin Cys GIn Thr Leu val Asp Trp Cys Ser Arg Gin Pro
995 1000 1005

Cys GIn Asn Gly Gly Arg Cys val GIn Thr Gly Ala Tyr Cys Leu
1010 1015 1020

Cys Pro_ Pro Gly Trp Ser Gly Arg Leu Cys Asp Ile Arg Ser Leu
1025 1030 1035

Pro Cys Arg Glu Ala Ala Ala GlIn Ile Gly val Arg tLeu Glu Gln
1040 1045 1050

Leu Cys Gln Ala Gly Gly Gln Cys val Asp Glu Asp Ser Ser His
1055 1060 1065

Tyr Cys val Cys Pro Glu Gly Arg Thr Gly Ser His Cys Glu GIn
1070 1075 1080

Glu val Asp Pro Cys teu Ala Gln Pro Cys GIn His &Ty Gly Thr
1085 1080 1095

Cys Arg Gly Tyr Met Gly Gly Tyr Met Cys Glu Cys Leu Pro Gly
1100 1105 1110

Tyr Asn  Gly Asp Asn Cys Glu Asp Asp val Asp Glu Cys Ala ser
1115 1120 1125

Gln Pro Cys Gln His Gly Gly Ser Cys Ile Asp Leu val Ala Arg
1130 1135 1140

Tyr Leu Cys ser Cys Pro Pro  Gly Thr Leu Gly val Leu Cys Glu
1145 1150 1155

ITe Asn  Glu Asp Asp Cys Gly Pro Gly Pro Pro Leu Asp Ser Gly
1160 1165 31170

Pro Arg Cys Leu His Asn Gly Thr Cys val Asp Leu val Gly Gly
1175 1180 1185

Phe Arg Cys Thr Cys pPro Pro Gly Tyr Thr Gly Leu Arg Cys Glu
1190 1195 1200

ATa Asp TIle Asn Glu Cys Arg Ser Gly Ala Cys His Ala Ala His
1205 1210 1215

Thr Arg Asp Cys Leu GIn Asp Pro Gly Gly Gly Phe Arg Cys Leu
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151015 Val Cys Asp Arg Glu Cys Asn Ser Pro Gly cys Gly Trp Asp Gly
Gly 202530 Asp Cys Ser Leu Ser Val Gly 35 <210> 15 <211> 39 <212>
PRT <213> ARTIFICIAL <220> <223> NOTCH 3/ NOTCH 1 LIN12
AMINO ACID SWAP (FIG 16 L1-AA SWAP 3) <400> 15 Glu Pro Arg Cys
Pro Arg Ala Ala Cys GIn Ala Ly4®ErG9 GIn 151015 Arg cys Ser Leu
1220GIn Cys Asn Ser Pr%zéﬁy Cys Gly Trp Asp %ﬁ%ly 202530 Asp Cys Ser
Leu Ser Val Gly <210> <211> <212> <213> <220> <223> <400> 35 16

Cys His aal v 1y Pro Arg Cys Gln Thr wval Leu Ser
12353@ PFET AFQETEFF?@TA%@O 1245

Pro Cys Glu Ser Gln Pro Cys  GIn His Gly Gly GIn  Cys Arg Pro
1250 1255 1260

Ser Pro_ Gly Pro Gly Gly Gly tLeu Thr phe Thr Cys His Cys ala
1265 1279 1275

GIn Pro rPhe Trp Gly Pro Arg Cys Glu Arg val Ala Arg Ser Cys
1280 1285 1290

Arg Glu teu GIn Cys Pro val &ly val Proe Cys GIn Gln Thr Pro
1295 1300 1305

Arg Gly Pro Arg Cys Ala Cys Pro Pro Gly Leu Ser Gly Pro Ser
1310 1315 1320

Cys Arg sSer pPhe Pro Gly Ser Pro Pro Gly Ala Ser Asn Ala Ser
1325 1330 1335

Cys Ala Ala Ala Pro Cys Leu His Gly Gly Ser Cys Arg pro Ala
1340 1345 1350

Pro Leu Ala Pro Phe Phe Arg cCys Ala Cys ala GIn Gly Trp Thr
1355 1360 1365

Gly Pro Arg Cys Glu Ala pro Ala Ala Ala Pro Glu val Ser Glu
1370 1375 1380

Glu Pro  Arg Cys Pro Arg Ala Ala Cys GIn Ala Lys Arg Gly Asp
1385 1390 1385

GIn Arg Cys Asp Arg Glu Cys Ash Ser Pro Gly Cys Gly Trp Asp
1400 1405 1410

Gly Gly Asp Cys Ser Leu Ser val Gly Asp Pro Trp Arg Gln Cys
1415 1420 1425

Glu Ala Leu GIn Cys Trp Arg Leu Phe Asn Ash Ser Arg Cys ASp
1430 1435 1440

Pro Ala_ Cys Ser Ser Pro Ala Cys Leu Tyr Asp Asn Phe Asp Cys
1445 1450 1455

His Ala Gly Gly Arg Glu Arg Thr Cys Asn Pro val Tyr Glu Lys
1460 1465 1470

Tyr Cys Ala Asp His Phe Ala Asp Gly Arg Cys Asp Gln Gly Cys
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NOTCH 3/ NOTCH 1 LIN12 AMINO ACID SWAP (FIG 16 16 L1-AA
SWAP 4) Glu Pro Arg Cys Pro Arg Ala Ala Cys GIn Ala Lys Arg Gly Asp
GIn 151015 Arg Cys Asp Arg Glu Cys Asn Asn His Ala Cys Gly Trp Asp
Gly Gly 202530 P4059R1WOSEQ Asp Cys Ser Leu Ser Val Gly 35
<210> 17 <211> 39 £212> PRFIIRIU0R IAL <220> <223>
NOTCH 3/ NOTCH 1 LIN12 AMINO ACID (FIG 16 L1-AA SWAP 5)

00>_17 Glu P 0 Arg Cys Pro Arg Ala Ala Cys GIn Ala Lys Arg Gly Asp
(5‘4““ 18101y %r@ Eyk, §pAﬁ§?gCt1aVu %’% Neh %(P BREEYS Bly Trp Asp
Gly Gly 202530 Asp Cys

val Pre Ala Leu Lteu Ala Arg Gly val iteu val Leu Thr val Leu
1505 1510 1515

1475

Asn Thr
1490

teu Pro Pro Glu Glu Leu Leu Arg Ser Ser Ala Asp Phe Leu Gln
1520 1525 1530

Arg Leu Ser ala Ile Leu Arg Thr Ser Leu Arg Phe Arg Leu Asp
1535 1540 1545

Ala His Gly GIn Ala Met val Phe Pro Tyr His Arg Pro Ser Pro
1550 1555 1560

Gly Ser Glu Pro Arg Ala Arg Arg Glu Leu Ala Pro Glu val Ile
1565 1570 1575

Gly Ser val val Met Leu Giu Ile Asp Asn Arg Leu Cys Leu Gln
1580 1585 1590

Ser Pro Giu Asn Asp His Cys Phe Pro Asp Ala Gln Ser Ala Ala
1595 1600 1605

Asp Tyr Leu Gly Ala Leu Ser Ala val Glu Arg Leu Asp Phe Pro
1610 1615 1620

Tyr Pro  Leu Arg Asp val Arg Gly Glu Pro Leu Glu Pro Pro Glu
1625 1630 1635

Pro Ser val Pro Leu Leu Pro Leu Leu val Ala Gly Ala val Leu
1640 1645 1650

teu Leu val ITe Leu val Leu Gly val Met val Ala Arg Arg Lys
1655 1660 1665

Arg Glu His Ser Thr teu Trp Phe Pro Glu Gly Phe Ser Leu His
1670 1675 1680

Lys asp val Ala Ser Gly His Lys Gly Arg Arg Glu pPro val Gly
1685 1690 1695

Gin Asp Ala Leu Gly Met Lys Asn Met Ala Lys Gly Glu Ser Leuy
1700 1705 1710

Met Gly Glu val Ala Thr Asp Trp Met Asp Thr Glu Cys Pro Glu
1715 172G 1725

Ala Lys Arg Leu Lys val Glu Glu pro Gly mMet Gly ala Glu Glu
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<210> <211> <212> <213> <220> <223> <400> Ser Leu Asn Phe Asn 35
18 69 PRT 2 (FIG 17 D2) ARTIFICIAL NOTCH 3 DIMERIZATION
DOMAIN 18

P4059RIWOSEQ
1730 1735 1740

Ala val Asp Cys Arg Gln Trp Thr Gln His His Leu val Ala Ala
1745 1750 1755

Asp Ile Arg val Ala pro Ala met Ala Leu Thr Pro Pro 6ln Gly
1760 1765 1770

Asp Ala Asp Ala Asp Gly Met Asp val Asn val Arg Gly Pro Asp
1775 1780 1785

Gly Phe Thr Pro Leu Met Leu Ala Ser Phe Cys Gly Gly Ala Leu
1790 1795 1800

Glu Pro  Met Pro Thr ¢lu Glu Asp Glu Ala ASp Asp Thr Ser Ala
1805 1810 1815

Ser Tle TIle Ser Asp Leu Ile Cys GIn Gly Ala Gin Leu Gly Ala
1820 1825 1820

Arg Thr Asp arg Thr Gly Glu Thr Ala Leu His Leu Ala Ala Arg
1835 1840 1845

Tyr Ala Arg Ala Asp ala Ala Lys Arg Leu Leu Asp Ala Gly ala
1850 1855 1860

Asp Thr Asn Ala Gln Asp His Ser Gly Arg Thr Pro Leu His Thr
1865 1870 1875

Ala val Thr Ala Asp Ala GIn Gly val Phe Gln Ile Leu Tle Arg
1880 1885 i8%0

Asn Arg Ser Thr Asp Leu Asp Ala Arg Met Ala Asp Gly ser Thr
1895 1900 1905

Ala Leu Ile reu Ala Ala Arg Leu Ala val Glu Gly wmet val Glu
1810 1915 1820

Glu Leu TIle Ala Ser His Ala Asp val Asn Ala val Asp Glu Leu
1925 1930 1935

Gly Lys Ser Ala Leu His Trp Ala Ala Ala val Asn Asn val Glu
19490 1945 1950

Ala Thr Leu Ala Lteu Leu Lys Asn Gly Ala Asn Lys ASp Met Gln
1955 1960 1965

Asp ser Lys Glu Giu Thr Pro  Leu Phe Leu Ala Ala Arg Glu Gly
1370 1975 1980

Ser Tyr Glu Ala Ala Lys Leu Leu Leu Asp His Phe Ala Asn Arg
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Glu Leu Ala Pro Glu Val lle Gly Ser Val Val Met Leu Glu lle Asp 151015
Asn Arg Leu Cys Leu Gin Ser Pro Glu Asn Asp His Cys Phe Pro Asp
202530 Ala Gin Ser Ala Ala Asp Tyr Leu Gly Ala Leu Ser Ala Val Glu Arg
354045 Leu Asp Phe Pro Tyr Pro Leu Arg Asp Val Arg Gly Glu Pro Leu
Glu 505560 Pro Pro Glu Pro Se#®®r2ddr=d9 <211> 69 <212> PRT
1985.213> ARTIFICIAL ¥95b> <223> NOTCH 3 NOTCH 1 DIMERIZATION
DOMAIN SWAP (FIG 17 D2-SUB1) <400> 19 Glu Leu Ala Pro Asp Val

Gl 1 ; £0
U e ATOTGAF Bt e el 1L et Gluetle FspPagests P405IR 10ios

Glu Arg Leu His GIn Aasp Tle val Arg Leu Leu Asp Gln Pro Ser
2015 2020 2025

Gly Pro Arg Ser Pro Pro Gly Pro His Gly Leu Gly Pro Leu Leu
2030 2035 2040

Cys Pro Pro Gly Ala Phe Leu Pro Gly Leu Lys Ala Ala Gln Ser
2045 2050 2055

Gly Ser Lys Lys Ser Arg Arg Pro Pro Gly Lys Ala Gly Leu Gly
2060 2065 2070

Pro Gin Gly Pro Arg Gly Arg Gly Lys tys Lteu Thr Leu Ala Cys
2075 2080 2085

Pro Gly Pro Leu Ala Asp Ser Ser val Thr Leu Ser Pro val ASp
2090 2095 2100

ser Leu Asp Ser Pro Arg Pre phe Gly Gly Pro Pro aAla Ser Pro
2105 2110 2115

Gly Gly Phe Pro Leu Glu Gly Pro Tyr Ala Ala Ala Thr Ala Thr
2120 2125 2130

Ala val ser Leu Ala Gln Leu Gly Gly Pro Gly Arg Ala Gly Leu
2135 2140 2145

Gly Arg Gln Pro Pro Gly Gly Cys val teu Ser Leu Gly Leu Leu
2150 2155 2160

Asn Pro val Ala val Pro Leu Asp Trp Ala Arg Leu Pro Pro Pro
2165 2170 2175

Ala Pro  pro Gly Pro Ser Phe Leu Leu Pro Leu Ala Pro Gly Pro
2180 2185 2190

GIn Leu Leu Asn Proa Gly Thr Pro val Ser Pro Gln Glu Arg Pro
2195 2200 2205

Pro Pro Tyr Leu Ala val Pro Gly His Gly Glu Glu Tyr Pro val
2210 2215 2220

Ala Gly Ala His Ser ser Pro Pro Lys Ala Arg Phe Leu Arg val
2225 2230 2235

Pro Ser Glu His Pro Tyr teu Thr Pro Ser Pro Glu Ser Pro ¢lu
Page 9



His

151015 Asn Arg Leu Cys Leu Gin Ser Pro Glu Asn Asp His Cys Phe Pro
Asp 202530 Ala Gin Ser Ala Ala Asp Tyr Leu Gly Ala Leu Ser Ala Val Glu
Arg 354045 Leu Asp Phe Pro Tyr Pro Leu Arg Asp Val Arg Gly Glu Pro
Leu Glu 505560 Pro Pro Glu Pro Ser 65 <210> 20 <211> 69 <212> PRY
<213> ARTIFICIAL <220> <223t0MNBTE@EER NOTCH 1 DIMERIZATION

2240 0MAIN SWAP (FIE4Y D2-suB2) <400> 27&lu Leu Ala Pro Glu Val lle
Gly Ser Val Val Met Leu Glu lle Asp 151015 Asn Arg Gin Cys Val Gin Ala

0P Afd AlaSef @eﬁ@ngﬂégg Bhe Prs Asp Z0Z5800AIT Gins8er@lla Ala Asp Tyr
Leu Gly Ala Leu Ser Ala Val Glu Arg 35404571%u Asp Phe Pro Tyr Pro
Leu Arg Asp Val Argh(aly Glu Pro Leu Glu 505560

ser Thr Pro Ser Pro Ala Ala Thr Gly Ala Met Ala Thr Thr
2270 2275 2280

Thr Gly Ala Leu Pro Ala Gln Pro Leu Pro Leu Ser Val Pro Ser
2285 2290 2295

Ser Leu Ala Gln Ala GIn Thr GTn Leu Gly Pro GIn Pro Glu val
2300 2305 2310

Thr Pro Lys Arg 6In val Leu Ala
2315 2320

<210> 2

<211> 122

<212> PRT

<213> ARTIFICIAL

<220>

<223> HEAVY CHAIN VARIABLE REGION OF MAB 256A-4

<400> 2

Glu val GIn teu val Glu Ser Gly Gly Gly Leu val GIn Pro Gly Gly

1 5 10 15

5er Leu Lys Leu Ser Cys Ala Ala Ser Gly phe Thr Phe Ser His Tyr

20 25 30
Tyr Met Ser Trp val Arg Gln Thr Pro Glu Lys Arg Leu Glu Trp val
35 40 45
Ala Tyr Ile Ser Asn Gly Gly Gly Arg Thr Asp Tyr Pro Asp Ser val

Lys
65

Leu
Thi

Gin

50 55 60

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

Gln Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Met Tyr Tyr Cys
85 30 95

Arg Leu Asp Tyr Phe Gly Gly Ser Pro Tyr phe Asp Tyr Trp Gly
100 105 110

Gly Thr Thr teu Thr val Ser Ser Ala
115 120

<210> 3
<2311> 114
<212> PRT
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<213>

<220>
<223>

<4030
Glu Ile
1

Gln Lys

His Trp

Glu Ile
50

Gly ser
65

Asp Ala

Phe Gly

Thr val

<Z210>
<211>
<212>

Pro Pro Glu Pro Ser 65 <210> 21 <211> 69 <212> PRY <213>
ARTIFICIAL <220> <223> NOTCH 3/ NOTCH 1 DIMERIZATION
DOMAIN SWAP (FIG 17 D2-su83) <400> 21 Glu Leu Ala Pro Glu Val lle
Gly Ser Val Val Met Leu Glu lle Asp 151015 Asn Arg Leu Cys Leu Gin Ser
Pro Glu Asn Asp His Cys Phe 83185830 Ala Thr Asp Ala Ala Ala
"BhE EetfEly Ala Leu Ser Ala Val Glu Arg Page 17 P4059R1WOSEQ
354045 Leu Asp Phe Pro Tyr Pro Leu Arg Asp Val Arg Gly Glu Pro Leu
LERISOH5EY P16 - GRFOCIESEF 6482106 224<211> 69 <212> PRT

3

val Leu Thr Gin Ser Pro Ala Ile Thr Ala Ala Ser Leu Gly
5 10 15

val Thr Ile Thr Cys Ser Ala Ser Ser Ser val Ser Tyr Met
20 25 30

Tyr GIn GIn Lys Ser Gly Thr Ser Pro Lys Pro Trp Ile Tyr
35 40 45

ser Lys Leu Ala Ser Gly val Pro Pro Arg Phe Ser Gly ser
55 60

Gily Thr Ser Tyr Ser Leu Thr Ile Ser Ser Met Glu Ala Glu
70 75 80

Ala Ile Tyr Tyr Cys Gln GIn Trp Asn Tyr Pro Leu Ile Thr
85 40 95

Ser Gly Thr Lys Leu Glu Ile Lys Arg Ala Asp Ala Ala Pro
100 105 110

4
122
PRT

<213> ARTIFICIAL

<220>
<223>

<400

Glu val
1

Ser Leu
Tyr Met

Ala Tyr
50

Lys Gly
65

HEAVY CHAIN VARIABLE REGION OF MAB 256 A-8

4

GIn Leu val Glu Ser Gly Gly Gly Leu val G1n Pro Gly Gly
5 10 15

Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser His Tyr
20 25 30

ser Trp val Arg Gln Thr Pro Glu Lys Arg Leu Glu Trp val
35 40 45

Ile Asn Ser Gly Gly Gly Arg Thr Asp Tyr Pro Asp Ser val
55 60

Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Thr Leu His
70 75 80
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<213> ARTIFICIAL <220> <223> NOTCH 3/ NOTCH 1 DIMERIZATION
DOMAIN SWAP (FIG 17 D2-SUB4) <400> 22 Glu Leu Ala Pro Glu Val lle
Gly Ser Val Val Met Leu Glu lle Asp 151015 Asn Arg Leu Cys Leu Gin Ser
Pro Glu Asn Asp HiS Cys Phe Pro Asp 202530 Ala Gin Ser Ala Ala Asp
Tyr Leu Gly Ala Leu Ala Ser Let0GH B€6884045 Leu Asn lle Pro Tyr Pro

e In k6 490 89P VAL AGLGILG Prodew Gl APSRG0.B10 Rip Gl Pro Ser 65
<210> 23%211> 69 <212> PRT6&213> ARTIFICIAL <220> <223>
NOTCH 3/ NOTCH 1 DIMERIZATION DOMAIN SWAP (FIG 17 02-SUB5)

ala arg 40Q3RFGIukeuNa LR &lW ¥ablleGlyRenVal Mal Met lay Glu lle Asp
151098 Asn Arg Leu Cys LE#Gin Ser Pro Glu Asdl&sp His Cys Phe Pro
Asp

Gln Gly Thr Thr Leu Thr val Ser ser aAla
115 120

<210> 5

<211> 114

<212> PRT

<213> ARTIFICIAL

<2 20>
<Z223> LIGHT CHAIN VARIABLE REGION OF MAR 256 A-8

<400> 5
Glu Ile val Leu Thr GIn Ser Pro Ala ITe Thr Ala Ala Ser Leu Gly
1 5 10 15

GIn Lys val Thr ITe Thr Cys Ser Ala Ser Ser Ser val Ser Tyr Met
20 25 30

His Trp Tyr GIn GIn Lys Ser Gly Thr Ser Pro Lys Pro Trp Ile Tyr
35 40 45

Glu %8@ ser Lys Leu Ala Ser Gly val pro Ala Arg Phe Ser Gly Ser
55 60

Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser Ser Met Glu Ala Glu
85 70 75 80

Asp Ala Ala Ile Tyr Tyr Cys GlIn GIn Trp Ash Tyr Pro Leu Ile Thr
85 90 g5

Phe Gly Ser Gly Thr Lys Leu Glu Ile Lys Arg Ala Asp Ala Ala Pro
100 105 110

Thr val

<210> ©

<211> 45

<212> PRT

<213> ARTIFICIAL

<220>
<223> MODIFIED NOTCH 3 LEADER SEQUENCE

<400> 6

Met Gly Pro Gly Ala Arg Gly Arg Arg Arg Arg Arg Arg Pro Met Ser
1 5 10 15

Page 12



202530 Ala Gin Ser Ala Ala Asp Tyr Leu Gly Ala Leu Ser Ala Val Glu Arg
354045 Leu Asp Phe Pro Tyr Lys lle Glu Ala Val Gin Ser Glu Thr Val Glu
505560 Pro Pro Ala Pro Ser P4059R1WOSEQ 65 <210> 24 <211> 69
<212> PRT <213> ARTIFICIAL <220> <223> NOTCH 3/ NOTCH 1
DIMERIZATION DOMAIN AMIRFO5AEIBOSSNIAP (FIG 17 D2-AA SWAP1)

Pro pro FAOOR-346 Aeu Ala Bra Ash MalATg By Seryal Yl Met Leu Glu lle
Asp 261015 Asn Arg Leu Cg5 Leu Gin Ser Pro GluzAsn Asp His Cys Phe
Pro Asp 202530 Ala Gin Ser Ala Ala Asp Tyr Leu Gly Ala Leu Ser Ala Val

Leu Ala Glyu A 3540454 el Asp Phe £ra-d e Rra LgiApg Asp Val Arg Gly Glu
P¥o Leu Glu 40 45

<210> 7

<211> 55

<Z212> DNA

<213> ARTIFICIAL

<220>
<223> OLIGONUCLEOTIRE PRIMER

<400- 7
gcrcgagetc gtgggaaaat accgtgggaa aatgaaccgt gggaaaatct cgtgg 55

<210> 8

<211> 35

<212> DNA

<213> ARTIFICIAL

<220>
<223> OLIGONUCLEOTIDE PRIMER

<400> 8
gctcgagatt ttcccacgag attitcccac ggtic 35

<210> 9

<211> 39

<212> PRT

<213> ARTIFICIAL

<220>
<223> NOTCH 3 LLIN 12 DOMATIN

<400> 9
Glu Pro Arg Cys Pro Arg Ala Ala Cys GIn Ala Lys Arg Gly Asp GTn
1 5 10 15

Arg Cys Asp Arg Glu Cys Asn Ser Pro Gly Cys Gly Trp Asp Gly Gly
20 25 30
Asp Cys Ser Leu Ser val Gly
35

<Z210> 10

<Z211> 39

<23iZ2> PRT

<213> ARTIFICIAL

<220>
<223> NOTCH 3/ NOTCHI LIN 12 DOMAIN SWAP (FIG 16 L1-suBl)

<400> 10

Glu GTu Ala Cys Glu Leu Pro Glu Cys Gln Ala Lys Arg Gly Asp GIn
1 5 10 15
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505560 Pro Pro Glu Pro Ser 65 <210> 25 <211> 69 <212> PRT <213>

ARTIFICIAL <220> <223> NOTCH 3/ NOTCH 1 DIMERIZATION

DOMAIN AMINO ACID SWAP (FIG 17 D2-AA SWAP2) <400> 25 Glu Leu

Ala Pro Glu Val lle Gly Ser lle Val Tyr Leu Glu lle Asp 151015 Asn Arg

Leu Cys Leu GIn Ser Pro Glu AQit RegudSCys Phechr;? A:p %%i%i%,tla

la Asp.Ty ly Al #euégAlaVa r eu

e ,%% %E%A%?éﬁ %@P%Eéﬁ%%s%ﬁ\ga 5fb'\srg IyTéPu %ﬁ% Eué}j é]ﬁf 505560

Pro Pro Glu Pro Ser 65 <210> 26 <211> 69 <212> PRT <213>

asp cys ARTIRICIALP4QPIRIWOSEQ <220> <223> NOTCH 3/ NOTCH 1
BIMERIZATION DOMAIN AMINO ACID SWAP (FIG 17 D2-AA SWAP3)

<210> 11

«<21il> 39

<212> PRT

<213> ARTIFICIAL

<220>
<223> NOTCH 3 / NOTCH 1 LIN 12 DOMATN SWAP (FIG. 16 L1-SUBZ)

<400>- 11
Glu Pro Arg Cys Pro Arg Ala Ala Cys Gln Glu Asp Ala Gly Asn Lys
1 5 10 15

val Cys Ser Arg Glu Cys Asn Ser Pro Gly Cys Gly Trp Asp Gly Gly
20 25 30
Asp Cys ser Leu Ser val Gly
35

<210> 12

<211> 3¢

<212> PRT

<Z213> ARTIFICIAL

<220>
<Z223> NOTCH 3 / NOTCH 1 LIN 12 DOMAIN SWAP (FIG. 16 Ll—SUB3)

<400> 12

Glu Pro Arg Cys Pro Arg Ala Ala Cys GIn Ala Lys Arg Gly Asp Gln
1 5 10 15
Arg Cys Asp Leu Gin Cys Asn Asn His Ala Cys Gly Trp Asp Giy Gly
20 25 30
ASp Cys Ser Leu Asn Phe Asn
35

<210> 13

<211> 39

<Z212> PRT

<213> ARTIFICIAL

<220
<223> NOTCH 3/ NOTCH 1 LINI2 AMINO ACID sWAP (FIG 16 L1-AA SWAP 13

<400> 13
Glu Pro Arg Cys Pro Arg Ala Ala Cys Gln Glu Asp Ala Gly Asp G1In
1 5 10 15

Arg Cys Asp Arg Glu Cys Asn Ser Pro Gly Cys Gly Trp Asp Gly Gly
Page 14



AsSp Cys

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

<220
<223>

<400>

<400> 26 Glu Leu Ala Pro Glu Val lle Gly Ser Val Val Met Leu Glu lle Asp
151015 Asn Arg Leu Cys Leu GIn Ser Pro Glu Asn Asp His Cys Phe Pro
Asp 202530 Ala GIn Ser Ala Ala Asp Tyr Leu Gly Ala Leu Ala Ser Leu Glu
Arg 354045 Leu Asp Phe Pro Tyr Pro Leu Arg Asp Val Arg Gly Glu Pro
Leu Glu 505560 Pro Pro Glu Pré0SerB®sR10> 27 <211> 69 <212> PRT
<213§}ARTIFICIAL <220> £523> NOTCH 3/ NOT&H 1 DIMERIZATION
DOMAIN AMINO ACID SWAP (FIG 17 D2-AA SWAP4) <400> 27 Glu Leu
PRY GItNVéR [le5®ly Ser Val Val Met Leu Glu lle Asp 151015 Asn Arg
eu Cys Leu GIn Ser Pro Glu Asn Asp His Cys Phe Pro Asp 202530 Ala
1?in Ser Ala Ala Asp Tyr Leu Gly Ala Leu Ser Ala Val Gly Ser 354045
39

PRT
ARTIFEICIAL

NOTCH 3/ NOTCH 1 LIN12 AMINO ACID SWAP (FIG 16 L1-AA SWAP 2)
14

§1u Pro Arg Cys §ra Arg Ala Ala Cys Gln Ala Lys Arg Gly Asn Lys
15

val Cys

ASp Cys

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

<220>
<223>

<400>

10

Asp Arg Glu Cys Asn Ser Pro Gly Cys Gly Trp Asp Gly Gly
20 25 30

ggr Leu Ser val Gly

15

39

PRT
ARTIFICIAL

NOTCH 3/ NOTCH 1 LINI2 AMINO ACID SWAP (FIG 16 L1-AA SWAP 3
15

Glu Pro Arg Cys Pro Arg Ala Ala Cys GIn Ala Lys Arg Gly Asp Gln
1 5 10 15

Arg Cys Ser ESU GIn Cys Asn Ser Pro Gly Cys Gly Trp Asp Gly Gly
30

ASp Cys

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

<220>
<223>

<400>

25

ggr Leu Ser val Gly

16

39

PRT
ARTIFICIAL

NOTCH 3/ NOTCH 1 LIN1Z AMINO ACID SWAP (FIG 16 L1-AA SWAP 4)
16

§1u Pro Arg Cys gro Arg Ala Ala Cys GIn Ala Lys Arg Gly Asp GIn
15

Arg Cys

10

Asp Arg Glu Cys Asn Asn His Ala Cys Gly Trp Asp Gly Gly
20 25 30
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Phe Pro Tyr Pro Leu Arg Asp Val Arg Gly Glu Pro Leu Glu
IgggS'AG\SSC)pPro Pro Glal Pro Ser 65 <210> 28 <211> 69 <212> PRT <213>
ARTIFICIAL <220> <223> NOTCH 3/ NOTCH 1 DIMERIZATION
DOMAIN AMINO ACID SWAP (FIG 17 D2-AA SWAPS)
P4059R1WOSEQ <400> 28 GlevbegrAlw£e Glu Val lle Gly Ser Val Val

In Ser Pro Glu Asn
Asp cys Met '—@éb@b’r”@ﬁs 7151015 Asn Arg Leu Cys Leu GIn

<210>
<Z21i>
<212
<213>

<220>
<223>

<400

A$p His Cys Phe Pro Asp 202530 Ala GIn Ser Ala Ala Asp Tyr Leu Gly
Ala Leu Ser Ala Val Glu Arg 354045 Leu Asn lle Pro Tyr Pro Leu Arg Asp
ival Arg Gly Glu Pro Leu Glu 505560 Pro Pro Glu Pro Ser 65 <210>29

*011>69
PRT
ARTIFICIAL

NCTCH 3/ NOTCH 1 LIN12 AMINO ACID SWAP (FIG 16 L1-AA SWAP 53
17

Glu Pro Arg Cys Pro Arg Ala Ala Cys GIn Ala Lys Arg Gly Asp Gln
1 5 10 15

Arg Cys Asp érg Glu Cys Asn Ser pro Gly Cys Gly Trp Asp Gly Gly
0 25 30

Asp Cys Ser Leu Asn Phe Asn
35

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

<220>
<223>

<400

i8

69

PRT
ARTIFICIAL

NOTCH 3 DIMERIZATION DOMAIN 2 (FIG 17 D2)
18

Glu Leu Ala Pro Glu val Ile Gly ser val val Met Ley Glu Tle ASp
1 5 1¢ 15

Asn Arg Leu Cys Leu Gln Ser Pro Glu Asn ASp His Cys Phe Pro Asp
20 25 30

Ala GTn ser Ala Ala Asp Tyr Leu Gly Ala Leu Ser ala val Glu Arg

35 40 45

Leu Agp Phe Pro Tyr Pro Leu Arg Asp val Arg Gly Glu Pro teu Glu
5 60

55

Pro Pro Glu Pro Ser
65

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

<220
<223>

<400

19

69

PRT
ARTIFICIAL

NOTCH 3/ NOTCH 1 DIMERIZATION DOMATN SWAP (FIG 17 D2-SUBL)
19

Glu Leu Ala Pro Asp val Arg Gly Ser Ile val Tyr Leu Glu Ile Asp
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Asn Arg
Ala Gln

Leu Asp
50

Pro Pro
65

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

220>
<223>

<400>

Glu Leu
1

Asn Arg
Ala Glin
Leu Asp

50
Pro Pro

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

<220>
<223>

<400>
Glu Leu
1

Asn Arg

Ala Thr

<212>PRT <213>ARTIFICIAL <220> <223>NOTCH 3/ NOTCH 1
DIMERIZATION DOMAIN AMINO ACID SWAP (FIG D2-AA SWAPG6)
<400>29 17 Glu Leu Ala Pro Glu Val lle Gly Ser Val Val Met Leu Glu lle
Asp 151015 Asn Arg Leu Cys Leu Gin Ser Pro Glu Asn Asp His Cys 'he
Pro Asp 202530 Ala Gin Ser ATA0RIRRASPSEQr Leu Gly Ala Leu Ser Ala Vall
Glu Arg 354045 Leu Asp Phe P}(S)Tyr Lys lle Glu Asp vl Arg Gly Glu Pro

Leu Glu 50 Pro Pro Glu Pro Ser 65 <210>30 <211>69 <212>PRT
Leu gés Leu Gin Ser Pro g?u ASh Asp His Cys gge Pro Asp
5

ser Ala ala Asp Tyr Leu Gly Ala Leu Ser Ala val Glu Arg
35 40

Phe Pro Tyr Pro Leu Arg Asp val Arg Gly Glu Pro Leu Glu
55 60
Glu Pro ser

20

69

PRT
ARTIFICIAL

NOTCH 3/ NOTCH 1 DIMERIZATION DOMAIN SWAP (FIG 17 b2-suB2)
20
Ala Pro Glu val Ile Gly Ser val val Met Leu Glu Ile Asp

5 15

10

GIn Cys val GIn Ala Ala Ala Ser ser Gln Cys Phe Pro Asp
20 25 30

ser Ala Ala Asp Tyr Leu Gly Ala Leu ser Ala val Glu Arg
40 45

Phe Pro Tyr Pro Leu Arg Asp val arg Gly Glu Pro Leu Glu
55 60

Glu Pro Ser

21

69

PRT
ARTIFICIAL

NOTCH 3/ NOTCH 1 DIMERIZATION DOMAIN SWAP (FIG 17 B2-SuUB3)
21

Ala Pro Glu val Ile Gly ser val val Met Leu Glu ITe Asp
5 10 15

Leu Cys Leu Gln Ser Pro Glu Asn Asp His Cys Phe GIn ser
20 2 30

Asp Ala Ala Ala phe Leu Gly Ala Leu ser Ala val Glu Arg
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<213>ARTIFICIAL <220> <223>NOTCH 3/ NOTCH D2-AA SWAP7)
<400>30 1 55 DIMERIZATION 60 DOMAIN AMINO ACID SWAP (FIG 17
Glu Leu Ala Pro Glu val lle Gly Ser Val Val Met Leu Glu lle Asp 151015
P4059P1wO0SEQ Asn Arg Leu Cys Leu Gin Ser Pro Glu Asn Asp His Cys

g’gﬁe Pro Asp 202530

40

P4059RIWOSEQ

45

Leu ASQ Phe Pro Tyr Pro Leu Arg Asp val Arg Gly Glu Pro Leu Glu
3 55 60

Pro Pro Gluy Pro Ser

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

<220>
<223>

22

69

PRT
ARTIFICIAL

NOTCH 3/ NOTCH 1
<400> 22

Glu ey Ala Pro gtu val
1 5

Asn Arg Leu Cys Leu Gin

20

Ala Gin Ser
35

Ata Ala Asp

Leu Asn Ile Pro Tyr Pro

50
Pro Pro Glu Pro Ser
65
<210> 23
<211l> 69
<212> PRT
<213> ARTIFICIAL
<220>
<223> NOTCH 3/ NOTCH 1
<400> 23

Glu teu Ala Pro Glu val
1 5

Asn Arg Leu Cys Leu Gln
20

Ala Gln Ser Ala Ala Asp
35

Leu Asp Phe Pro Tyr Lys
50

Pra Pro Ala Pro Ser

DIMERIZATION DOMATN
1le Gly ser val val
10
Ser Pro Glu Asn Asp
25

Tyr Leu Gly Ala Leu
40

Ley Arg Asp val Arg
55

DIMERIZATION DOMATIN

I'le Gly ser val val
10

Ser Pro Glu Asn Asp

Tyr Leu Gly Ala Leu
40

ITe Glu Ala val Gln

SWAP (FIG 17 DZ2-SUBR4)
Met teu Giu Ile Asp
15
His Cys Phe Pro Asp
30
Ala Ser Leu Gly ser

45

Gly Glu Pro Leu Glu
60

SwaP (FEG 17 DZ2-SUB3)
Met Leu Glu Ile Asp
15
His Cys Phe Pro Asp
30
Ser Ala val Glu Arg

ser Glu Thr val G¢lu
60
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Ala GIn Ser Ala Ala-Asp Tyr Leu Gly Ala Leu Ser Ala Val Glu Arg 354045
Leu Asp Phe Pro Tyr Pro Leu Arg Ala val Gin Ser Glu Pro Leu Glu 505560
Pro Pro Glu Pro Ser 65 <210> 31 <211> 69 <212> PRT <213>
ARTIFICIAL <220> <223> NOTCH 3/ NOTCH 1 DIMERIZATION

65

DOMAIN AMINO ACID SWAPPEIGRENEFENA SWAPS) <400> 31 Glu Leu

Ala Pro Glu Val lle Gly Ser Val Val Met Leu Glu lle Asp 151015 Asn Arg

<210> 2
<211
<212>
<213>

<220>

<Z223> NOTCH 3/ NOTCH 1

DZ-AA SWAPL)

<400> 24

Glu Leu Ala Pro Asp val
1 5

Asn Arg Leu Cys Leu Gin
20
Ala Gln Ser Ala Ala Asp
35

teu Asp Phe Pro Tyr Pro
50

Pro Pro Glu Pro Ser

<210> 25

<21l> 69

<212> PRT

<213> ARTIFICIAL

<220>

<223> NOTCH 3/ NOTCH 1
DZ2-AAM SWAPZ)

<400> 25

Glu Leu ala Pro Glu val
1 5

Asn Arg teu Cys Leu Gln

20

Ala Gin ser
35

Ala Ala Asp

Leu Asp pPhe
50

Pro Tyr Pro

Pro Pro Glu
65

Pro Ser

<210>
<211>
<212>

26
69
PRT

DIMERIZATION DOMAIN

Arg Gly ser val val
10

Ser Pro Glu Asn Asp
25

Tyr Leu Gly Ala Leu
40

%gu Arg Asp val Arg

DIMERIZATION DOMAIN

ITe Gly Ser Ile val
10

ser Pro Glu Asn Asp
25

Tyr Leu Gly Ala Leu
40

%eu Arg Asp val Arg
5

Leu Cys Leu Gin Ser Pro Glu Asn Asp His Cys Phe Pro Asp 202530 Ala

@in Ser Ala Ala Asp Tyr Leu Gly Ala Leu Ser Ala Val Glu Arg 354045 Leu
pi#ysp Phe Pro Tyr Pro Leu Arg Asp val Arg Gly Glu Thr val Glo 505560 Pro
APrE AfdPro ser 65 <210> 32 <211> 10

AMEINO ACID sSwap (FIG 17

Met Leu Glu ITe
15

Asp
Asp

His Cys Phe Pro
30

ser Ala val Glu
45

Arg

Gly Glu Pro Leu Glu

60

AMINO ACID SwAP (FIG 17

Tyr Leu Glu Ile
i5

ASp
Asp

His Cys Phe Pro
30

Ser Ala val Glu
45

Arg

Gly Glu Pro Leu Glu
60
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<212> PRT <213> ARTIFICIAL <220> <223> CDR-H1 OF MAB 256A-4
. <400> 32 Gly Phe Thr Phe Ser His Tyr Tyr met Ser. 1510 <210> 33 <211>
.12 <212> PRT <213> ARTIFICIAL <220> <223> CDR-H2 OF MAB
256A-4 P4059R1WOSEO <400> 33 lle Ser Asn Gly Gly Gly Arg Thr Asp

<213>

<220>

<223> NOTCH

D2-AA SWAPZ)
<400> 26

Glu Leu Ala Pro Glu val

1 5

Asn Arg Leu Cys Leu Gln
20

ala GIn ser aAla ala Asp
35

L.eu Asp Phe Pro Tyr Pro
50

Pro Pro Glu Ppo Ser
65

<210> 27

<211l> 69

<21Z2> PRT

<213> ARTIFICIAL

<220>

<223> NOTCH 3/ NOTCH 1
D2-AA SWAP4)

<400> 27

Glu teu Ala Pro Gilu val
1 5

Asn Arg Leu Cys Leu GlIn
20
Ala GIn ser Ala Ala Asp
35

Leu Asp Phe Pro Tyr Pro
50

Pro Pro Glu Pro Ser

<210> 28

<211l> 69

<212> PRT

<213> ARTIFICIAL
<220>

<223>

D2~-AA SWAPS)

Ile Gly ser val val
10

Ser Pro Glu Asn Asp
25

Tyr Leu Gly Ala Leu
40

Leu Arg Asp val Arg
55

DIMERIZATION DOMAIN

Tie Gly Ser val val
10

Ser Pro Glu Asn Asp
25

Tyr Leu Gly Ala Leu
40

Leu Arg Asp val Arg
55

Met Leu Glu

Phe
30

His Cys

Ala ser
45

Gly Glu Pro
60

Ile
15

Pro

Leuy Glu

Leu

AMINO ACID SWAP

Met Leu Glu

His Cys pPhe
30

ser Ala vai
45

Gly Glu Pro
60

Page 20

Ite
15
Pro

Gly

Ley

E r Pro Asp 1510 <210> 34 <PRO5IRIWEER> PRT <213> ARTIFICIAL
A<§EF $¥923> CDR-H3 OF MAB 256A-4 <400> 34 Arg Leu Asp Tyr Phe

Gly GI?/ Ser Pro Tyr Phe Asp Tyr
/ NOTCH 1 DIMERIZATION DOMAIN AMINO ACID SWAP (FIG 17

ASp

ASD

Arg

Glu

(F1G6 17

Asp

ASD

Ser

Glu

NOTCH 3/ NOTCH 1 DIMERIZATION DOMAIN AMINO ACID SWAP (FIG 17



<400>

i

1510 <210> 35 <211> 10 <212> PRT <213> ARTIFICIAL <220> <223>
CDR-L1 OF MAB 256A-4 <400> 35 Ser Ala Ser Ser Ser Val Ser Tyr met
His 1510 <210> 36 <211> 7 <212> PRT <213> ARTIFICIAL <220> <223>
CDR-L2 OF MAB 256A-4 <400> 36 Glu lle Ser Lys Leu Ala Ser 15 <210>
,87 <211> 9 <212> PRT <213FKRTHENCHAR

Glu Leu Ala Pro Glu val 1le Gly Ser val val Met Leu Glu Ile Asp
5

10 15

Asn Arg Leu Cys Leu Gln Ser Pro Glu Asn Asp His Cys Phe Pro Asp
3¢

20 25

Ala GIn Ser Ala Ala Asp Tyr Leu Gly Ala ieu Ser Ala val Gliu Arg

35 40 45

Leu Asn Ile Pro Tyr Pro Leu Arg Asp val Arg Gly Glu Pro Leu Glu
55 60

50

Pro Pro Glu Pro Ser

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

<220>
<223>

<400>

29

69

PRT
ARTIFICIAL

NOTCH 3/ NOTCH 1 DIMERIZATION DOMAIN AMINO ACID SwAP (FIG 17
D2-AA SWAPG)

25

g1u Leu Ala Pro Glu val ITe Gly Ser val val Met Leu Glu Ile Asp

5 10 15

Asn Arg Leu Cys Leu GIn Ser Pro Giu Asn Asp His Cys Phe Pro Asp
25 30

20

Ala GIn ser Ala Ala Asp Tyr Leu Gly Ala Leu Ser Ala val Glu Arg

35 40 45

Leu Asp Phe Pro Tyr Lys Ile Glu Asp val Arg Gly Glu Pro Leu Glu
50 55

60

Pro Pro Glu Pro Ser

<210>
<2311>
<212>
<213>

<220>
<223>
<400>

1

30

69

PRT
ARTIFICIAL

NOTCH 3/ NOTCH 1 DIMERIZATION DOMAIN AMINO ACID Swap (FIG 17
DZ2-AA SWAPY)

30

Glu Leu Ala Pro Glu val Ile Gly ser val val Met Leu Glu Ile Asp
5

10 15
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Asn Arg

<220> <223> CDR-L3 OF MAB 256A-4 <400> 37 Gin Gin Trp Asn Tyr
Pro Leu lle Thr 15 <210> 38 <211> 10 <212> PRT <213> ARTIFICIAL
P4059R1WOSEQ <220> <223> CDR-H1 OF MAB 2564-8 <400> 38 Gly
' Phe Thr Phe Ser His Tyr Tyr Met Ser 1510 <210> 39 <211> 12 <212>
RY. <21L3> IFICIAL <220R4 TBR-H2 OF MAB 256A-8 <400>

L36£51T(:y@y§slle er &Iy CER/ y ,&rg Thi*a8 %&yﬁr@%fﬁ %318> 40 <211>

12 <212> PRY <213> ARTIFICIAL <220>

Ala Glin Ser Ala Ala Asp Tyr Leu Gly Ala teu Ser Ala val Glu Arg
35 40 45
Leu Asp Phe Pro Tyr Pro Leu Arg Ala val Gin Ser Glu Pro Leu Glu
50 55

Pro Pro Glu Pro Ser

65

<210> 31

<211> 69

<212> PRT

<213> ARTIFICIAL

<220>

<Z223> NOTCH 3/ NOTCH 1 DIMERIZATICN DOMAIN AMINO ACID SWAP (FIG 17
D2 -AA SWAPS)

<400> 31 ‘

Glu Leu Ala Pro Glu val Ile Gly Ser val val Met Leu Glu Tle Asp

1 5 10 15

Asn Arg Leu Cys Leu GIn Ser Pro Glu Asn Asp His Cys Phe Pro Asp

20 25 0
Ala GIn Ser Ala Ala Asp Tyr Leu Gly Ala Leu Ser ala val Glu Arg
35 40 45
l.eu Asp Phe Pro Tyr Pro Leu Arg Asp val Arg Gly Glu Thr vatl Glu
50 55 60

Pro Pro Ala Pro ser

<210> 32

<211> 10

<212> PRT

<213> ARTIFICIAL

<220>

<223> CDR~H1l OF MAB 256A-4

<400> 32

Gly Phe Thr Phe Ser His Tyr Tyr Met Ser

1 5 10

<210> 33

<211> 12

<212> PRT

<213> ARTIFICIAL

<220>

<223> CDR-H2Z OF MAB 256a-4
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<400>

1

<210>
<211
<212>
<Z213>

<220>
<223>

<400>

<223> CDR-H3 OF MAB 256A-8 <400> 40 Leu Asp Tyr Tyr Gly Gly Ser
Pro Tyr Phe Asp Tyr 1510 <210> 41 <211> 10 <212> PRT <213>
ARTIFICIAL <220> <223> CDR-L1 OF MAB 256A-8 <400> 41 Ser Ala

- Ser Ser Ser Val Ser Tyr Met His 1510 <210> 42 <211> 8 <212> PRT

<213> ARTIFICIAL <220> <2839CBRISEOF MAB 256A-8 <400> 42 Tyr
361U lle Ser Lys Leu Ala Ser 15 <210> 43

ITe ser Asn Gly Gly Gly Arg Thr Asp Tyr Pro Asp
10

5

34

13

PRT
ARTIFICIAL

CDOR-H3 OF MAB 256A-4
34

Arg Leu Asp Tyr Phe Gly Gly Ser Pro Tyr Phe Asp Tyr
1 5 10

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

«<220>
<223>

<400>

35

10

PRT
ARTIFICIAL

CDR-L1 OF MAB 256A-4
35

Ser A'la Ser Ser Ser val Ser Tyr Met His

1

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

<220>
<223>

<400>

5 10
36
7
PRT
ARTIFICIAL
CDR-LZ OF MAB 256A-4
36

Glu 1Te Ser Lys Leu Ala Ser

1

<210>
<211>
<Z212>
<213>

<220>
<223>

<400>

1

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

5

37

9

PRT
ARTIFICIAL

CDR-L3 OF MAB 250A-4
37

Gtn Gin Trp Asn Tyr Pro Leu Ile Thr
5

38

10

PRT
ARTIFICIAL
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<211>9<212> PRT Gin Gin Trp Asn Tyr Pro Leu lie Thr 15

P4059R1IWOSEQ
<220>
<223> C(DR-H1l OF MAB 256A-8
<400> 38
Gly Phe Thr Phe Ser His Tyr Tyr Met Ser
1 5 10
<210> 39
<Z21l> 1z
<217> PRT
<Z213> ARTIFICIAL
<220>
<223> CDR-HZ OF MAB 256A~8
<400> 39

Tyr Ile Asn Ser Gly Gly Gly Arg Thr Aap Tyr Pro
i 5 1

<210> 40
<231> 12
<212> PRT

<213> ARTIFICIAL

<220>
<223> CDR-H3 OF MAB 256A-8

<400> 40

Leu Asp Tyr Tyr Gly Gly Ser Pro Tyr Phe Asp Tyr
1 5 10

<210> 41

<211> 10

<212> PRT

<213> ARTIFICIAL

<220>
<223> CDR-L1 OF MAB 256A-8

<400> 41

Ser Ala Ser Ser Ser val Ser Tyr Met His
1 5 10

<210> 42

<Z211> 8

<212> PRT

<213> ARTIFICIAL

<220>
<223> C(DR-LZ OF MAB 256A-8

<400> 42

Tyr Glu ITe Ser Lys Leu Ala Ser
1 5

<210> 43
<Z211> §
<212> PRT
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S

P4059R1IWGSEQ
<213> ARTIFICIAL

«220>
<223> C(DR-1.3 OF MAB 256A-8

<400> 43

Gln Gin Trp Asn Tyr Pro Leu XIle Thr
i 5
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