10

15

20

25

WO 2005/054434 PCT/US2004/039668 USE OF NOTCH PATHWAY

INTERFERING AGENTS FOR TREATMENT OF PLASMA CELL
wBRRRRERS This application claims priority to U.S. ProvisionalT/us2064/039668

application no. 60/525,212 5 filed on November 26, 2003 and U.S.

Provisional application no. 60/567,469 filed on May 3, 2004, the

disclosures of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION Multiple myeloma (MIvW) is the

second most frequent blood disorder in the 10 United States. Some

USTHOF AN RAFH AN T ERIFSRI GAGEN BRI RBHA TIENT
proliferative dlseasegpbﬁ@gmrm%M§g@ﬁ@d B cells (i.e.

plasma cells). Despite some advances in chemotherapeutic regimens,
this disisapeliesmiainslihosrphieriiyithlaSnBeiaisimalivpbitratitd patEiien12

ths. L|k Gamm athy .of Unkno C
ﬁkﬁig@t%) %n&gg y t%é’%ﬁ"ﬁ%ﬂ%% SSHar mcﬁ%%?o%ulm m%léiés%a%rﬁ o
Mangl, 0004, drdiaclnoiease oftivbnocloralplasedicetmiby iedchone.

marrow. However, MGUS patients do not suffer from the clinical
manifestations of MM. Importantly, 25% of patients with MGUS progress
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in Urfé‘?é%}l&tﬁgr% alt ﬁ?mtg%e interleukin-6 (IL-6) is a major cytokine that

promotes the proliferation of malignant plasma cells in MM. Elevated IL-6 levels are

directly correlated with tumor burden, bone destruction, and other tumor-associated
activities in myeloma patients (6) suggesting a role for IL-6 in MM. Moreover, some
studies have shown that myeloma cells induce IL~6 expression in stromal cells in a
largely cell-contact-dependent mranner (7). Therefore, the increased levels of IL-6
production likely reflect disease-associated alteration of IL-6 regulation.

The IL-6 gene can be regulated by a variety of factors, including cytokines, IL-1,
TNFalpha and, as recently demonstrated, by the NOTCH genes products. The NOTCH
genes were originally identified in Drosophila melanogaster and are members of an
evolutionarily conserved family of transmembrane receptors that help to determine cell
fate during development (8). In both vertebrates and invertebrates, NOTCH genes are

expressed throughout the embryonal development in uncommitted or pre-committed



proliferative cells (8). During fetal and adult development, expression of

NOTCH continues in the proliferative layers of mature tissues (9,10). The

fully processed NOTCH receptors consist of an extracellular sub-unit

(NLC) that is non-covalently bound to a transmembrane subunit (NTM)
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>75% reduction of paraprotein) and 47% (but only 30% of the patient showed a >75%
reduction of paraprotein) of CR/PR, respectively. Accordingly, new approaches are needed

for more effective treatment of plasma cell disorders.

SUMMARY OF THE INVENTION

in a first aspect, there is provided a use of a composition comprising a
monocional antibody or an antigen binding fragment thereof, wherein the monoclonal
antibody or antigen binding fragment thereof is reactive to JAG2, in the manufacture

of a medicament for reducing the severity of, or treatment of, a plasma cell disorder.



In a second aspect, there is provided a use of a cytotoxic agent and a
monoclonal antibody or an antigen binding fragment thereof directed to
the extracellular portion of JAG2, in the manufacture of a medicament for

reducing dhe soseofiibe qytpiexiaRugniseapired toracigvama Arsitadonoclonal

_effectin an individual with a plasma cell disorder. In a third aspect, there is
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the manufacture of a medicament for reducing the production of IL-6 or
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treatnferatefiplamddar Hrlibodies ¢ortiper SAGRPsatesin combination with a
cytotoxic agent. An example of a useful chemotherapeutic agent is
doxorubicin. BRIEF DESCRIPTION OF THE FIGURES Figure 1.
Schematic representation of the physiological activation of NOTCH, with
Cell #1 (MM cell) expressing JAG2 and cell #2 (such as a stromal cell)
expressing NOTCH. A: JAG2 binds NOTCH via cell-to-cell contact. B:
Binding of JAG2 induces a proteolytic cleavage of the intracellular part of
NOTCH (NOTCH-IC). C: Once cleaved, NOTCH-IC is translocated into
the nucleus. D: Once in the nucleus, NOTCH-IC is be able to bind to
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downstream effectors such as CBFI, to activate, for example, the IL-6

gene transcription. Figure 2. Progressive genetic events in MM. Although

not every stage is discernible in each patient, there appears to be an
adminVERTRd RIeGseRsian kam amosralinlasmaccelb o MGURWNGIS theasHSof the

are immortalized, but not transformed, and do not progressively
NOTEEuroifdte or cause bone destruction; to intra-medullary myeloma, where

theiells RiescPinedhignine ﬁﬁ%&ﬁ@fﬁgWﬂgm.i@ioé?"I}Mﬁ%@%% disorders or
accumulate and cause bone destruction; to extra-medullary myeloma,
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involved in the binding to JAG2. The anti-JAG2 monoclonal antibody is

directed against the JAG2 binding peptide that is involved in the binding
BRIEBINQTEHT Kigu 4T HEG telertisn assay by ELISA for the assessment

of JL-6 secretion upon various culture conditians: Results are sho .
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MGUS where the cells are immortalized, but not transformed, and do not progressively

accumulate or cause bone destruction; to intra-medullary myeloma, where the cells are
confined to the bone marrow (BM) micro-environment, accumulate and cause bone
destruction; to extra-medullary myeloma, where the cells proliferate more rapidly and grow
in the blood (plasma cell leukemia)} or other extra-medullary sites; to a myeloma cell line,
where the cells may be propagated in vitro. This model summarizes the possible timing of
genetic events in relation to clinical progression.

Figure 3. Schematic representation of the sites of action of the reagents we tested in
order to block the NOTCH pathway and activation of NOTCH. The anti-NOTCHI
monoclonal antibody 1s directed against the NOTCH1 binding peptide which
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15 groups of treated mice. The X-axis shows time in weeks and the Y-axis
shows level of human Ig. Data is shown in Figure 6A for mouse treated

withokpatesk with a control antibody (isotype), mouse which regeigedhgosos6s
antibody twice a week and a mouse which received the antibody three

times a week. Figure 6B shows data for another group which also has a
... mouse.that was.not treated. 20 Figur an - Gfected
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with a MM cell line, RPM18226 is_shown in.Figure 9B. 0.5M an
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which received the antibody three times-a week. Figure 6B shows data for another
group which also has a mouse that was not treated.

Figures 7A and 7B. 1L-6 and VEGF secretion upon co-culture of MM cell
lines and the MRCS5 cell line. In Figure 7A, data is shown for IL-6 secretion for MRCS
cells alone, MRCS5 cells with K620 cells (MM cells) without an insert (marked “alone™)
and with an insert. In Figure 7B, data is also shown for VEGF secretion for MRC5
cells alone, RPMI8226 cells (MM) alone, U26 cells (MM) alone, MRCS cells with
RPMI8226 and MRC5 with U226. V

Figures 8A-C. Induction of the secretion of IL-6 (Figure 8A); VEGF (Figure
8B) and IGF-1 (Figure 8C) by incubation of the MRC5 and RPMI8226 cell lines with a
JAG2 binding peptide CDENYYSATCNKFCRPRIND (SEQ ID NO:1) at the indicated
concentrations.

Figures 9A'and 9B. Semi-quantitative PCR for HES-1 expression with RNA
extracted from the MRCS5 cells after co-culture with RPMI8226. The RT-PCR results
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OPM2 cells on fibroblast with 0.1 M DOX, an isotype antibody or an
anti-NOTCH-EC. antibody. In Figure 11 C, data is shown for the effect of

WS AR, CH antibody alone, without DOX. In Figure 11D, ﬂ)@%ﬁ]ﬁ’fy&ﬁé&%ﬁs

are shown for OMP2 cells incubated alone, in the presence of DOX or in
the presence of DOX with an anti-JAG2 antibody (M8). 15 DESCRIPTION

OF THE INVENTION The sent jnvention s methads
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way, ar Shown in Igure 3. In one embodiment,
agents, WhICh interfere with the binding of NOTCH 1 to JAG2, 5 such as

Q@ @ﬁl ﬁl@ @ or NOTCH, can be used. In general all

Dlﬁ& Eﬁ’f«"tfﬁﬁ %Im at blocking the activation of the
NOTTHd pretaihiieetbien provides methods for reducing the severity of, or

treatment of, plasma cell disorders, such as MGUS and MM. In one embodiment,

reduction in severity of, or treatment of; a plasma cell disorder is measured as the
reduction in the level of Ig produced by the malignant plasma cells. The method
comprises interfering with the NOTCH pathway. This includes interference with or
blocking of the NOTCH-JAG2 pathway and/or inactivation of NOTCH activation by
any other means. Accordingly, included in the present invention are reagents that
interfere with any stage of the NOTCH pathway, resulting in the blocking of the
NOTCH protein activation. In one embodiment, the interfering agents are targeted to
the extracellular components of this pathway. Similarly, agents that interfere with the

intracellular action of NOTCH can also be used

The NOTCH pathway is shown in Figure 1. This pathway can be interfered
with at several sites. Our data indicates that over-expression of the NOTCH ligand,
JAG2, may play a causative role in the development of plasmacytosis, giving rise to

MGUS and/or to the propagation of fully malignant plasma cells in MM (Figure 2).
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translocation of the NOTCH IC into the nucleus (Figure 3). In one
embodiment, the agent for interfering with the NOTCH pathway: is an

i irected to the extracellular portion of NOTCH (also referred to
Wﬁﬂ%@%%é%‘b "NOTCH-EC"). Thus, this antibody can be used ;f)é& e %J{}é]f‘r{%w“s

the severity of plasma cell disorders, or treatment of plasma cell disorders.
Similarly, in another embodiment, the agent for interfering with the
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isorders or treating plasma cell disorders comprising the steps 15 of
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useful chemothétapeutic agent is doxorubicin. The antibodies of the
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extracellular portion of NOTCH protein such that the NOTCH pathway
tranglogatitinofshin NOERCHAGC o Hag antisbeiddgiredied to JAG2 or the
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protein. Various adjuvants may be used to increase the immunologjcal
antipegyalimstaddodhdienjrapcliban peripe sEN QRETh@IMiRIBRVS heeiited
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hydroxide, surface active substances such as lysolecithin, pluronic_
cell dasgulsrsporyaraonant pé plrast eflbiifomlerts, REgHeTLY it geethentsgadiment
the SUUABNERAARY BRI A0 PesiYmA RAH YU SLRITAGE Batein.

(Pacille Calmette-Guerin) and corynebactérium parvum. The antibody titer

in tAB nvhenizebosdinjert Sainvehiwmpied dver Mot fepredyritng the
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using immobilized proteins. If desired, the antibody molecules directed . .
of adgimsennemtibodieNONOTEErpipt AR F84EeHAS 3G he? protom m

confBRAMBAMAN. dHemdheh N6 WP-2Q0R/RFkeful chemotherapeutic
PCT/US2004/039668 further purified by well known techniques, such as

ageptéidoxanebidmatography to obtain _

The antibodies of the present invention may be polyclonal, monocional, or
antibody fragments e.g., single chain Fv, Fab’, F(ab”), etc., that specifically bind JAG2
or the extracellular portion of NOTCH protein such that the NOTCH pathway
activation is inhibited. '

Polyclonal antibodies directed to JAG2 or the NOTCH EC can be prepared by
immunizing a suitable subject with the protein. Various adjuvants may be used to
increase the immunological response, depending on the host species, and including but
not lmited to Freund's (complete and incomplete), mineral gels such as aluminum
hydroxide, surface active substances such as lysolecithin, pluronic polyols, polyanions,
peptides, oil emulsions, keyhold limpet hemocyanins, dinitrophenol, and potentially
useful human adjuvants such as BCG (bacille Calmette-Guerin) and corynebacterium
parvum. The antibody titer in the immunized subject can be monitored over time by
standard techniques, such as with an enzyme linked immunosorbent assay (ELISA)
using immobilized proteins. If desired, the antibody molecules directed against JAG2
or the NOTCH EC peptide can be isolated from the mammal (e.g,, from the blood) and
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the 1gG fraction. Monoclonal antibodies directed toward JAG2 or the
NOTCH EC can also be produced by standard techniques. Briefly, an

%%gg;?%&gg line (typically a myeloma) 5 is fused to lymphoc B /US2004/039668
(typically splenocytes) from a mammal immunized with a JAG2 or H1e

NOTCH EC, and the culture supernatants of the resulting hybridoma cells
are screened to identify a hybridoma producing a monoclonal antjbo

d ]
rhes AR AEYC T KRS SSRGS SO AP A RE R peCpein

thedgnyelem cell line) is derived from the same mammalian species as the
lymphocytes. For example, murine 10 hybridomas can b e by fusi
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immortal cell lines are mouse myeloma cell lines that a}r_e sensitive to
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a fusion partner accarding to 15 standard techniques, e.g., the :
arep@;qqsqﬁlt%@&nﬂfws-wé@?%@%@@mﬂ@lwﬁ%ﬁ}éﬁﬁ‘?a%ﬁ PRdedAG2
or (RYRIOTEHTES. apypiaiRbladpmievaelieanclype fiwidrea Callbatois

(ATCC), Rockville, Md. Typically, HAT-sensitive mouse %%Iom cells are
dmfﬁ%%&?&“rﬂ&ﬁﬁé‘?p‘ws%é%“&ﬁ?@eﬁ&ﬁ/% gRIGH ("BEEAIPIS, Munne
hyﬁi'hd%ﬂ%f@@h%hﬁ&al&swl fiﬁﬁifcfig Mﬁ@xd ctuﬁ@mgdsgata eﬂlmef@&aﬁtdmﬁ' HRDWHA Iiln
_ medium, which kills unfused and 20 unproductjvely,fuse eloma ce .
NG e sy Wb%&ﬁ%@?ﬁé&%%& Figuse el line.
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invention are detected by. screening the hyhridoma .cul erpatant
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An alternative to preparing mqneoclonal an 'bo%%- ecrefi rgy ido IS
Stapgaig R A O DS Thoiss -§§3e§%?n% R an
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library) with JAGZ2 or th BI}&)T%;B-E . Antigen binding fragment of
Col A i o e AT B S g et iy ol =
fush@gimesise isples6bxed hege pobiathyiomplises (BB dlyhtidoma cells
resulting from the fusion are then selected using HAT medium, which kills unfused and
unproductively fused myeloma cells (unfused splenocytes die after several days
because they are not transformed). Hybridoma cells producing a monoclonal antibody
of the invention are detected by screening the hybridoma culture supernatants for
antibodies that bind JAG2 or the NOTCH EC,’e.g., using a standard ELISA assay.
Human hybridomas can be prepared in a similar way.

An alternative to preparing monoclonal antibody-secreting hybridomas is to
identify and isolate monoclonal antibodies by screening a recombinant combinatorial
immunoglobulin library (e.g., an antibody phage display library) with JAG2 or the
NOTCH-EC.

Antigen binding fragment of antibodies can also be used. An example is single
chain antibody fragments, i.e., scFv. These usually comprises the entire antigen
binding site and are the smallest antibody fragment that retains specific binding

characteristics. scFv are produced by randomly connecting the variable heavy (Vi) and
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binding site and are the smallest antibody fragment that retains specific
binding characteristics. scFv are produced by randomly connecting the
variable heavy (VH) and 7 WO 2005/054434 PCT/US2004/039;

W PQBJI%SWt (VL) chain immunoglobulin genes together usinz]ggg%swMm39668
biologically inert flexible linker. While scFv molecules can be produced
from existing monoclonal antibodies, phage display libraries noy provide

yarigbImilghUCR > BB HEATR SR SR BRI oS DR ST

fexidfRdiNReE é%é%&%aﬁe%iawwa%a selecipeaenaonitidhe

genes encoding the displayed scFv (1. Pavlinkova et al. (1999) J .Nuycl
antibadits Athasadisdas livieries apyiooyjde esltteds gbsel/ o8y 2 RRRIE, et

al, fSRafhe R R RO B Rl (A1
Sourﬁ%téllgg‘?ﬁéﬁ%%i%%ﬁé;éwggiﬁg% et al.ggis??g;k hmnun,otechnology ?59 1
seledt@0nlPmyitlibel gynes pepnsties hedismsns .%Ya(&o?&tﬂﬂylﬁ‘éﬁwﬂaﬂlréa? )

NucPIE5: ACPRIIIS s JT AR e eRROdINSAL- aTEMadiet ol
provided for reducing the severity of or treatment ofglasma Ce”é"?ﬁé%%%‘
(199 Amet R .domprds 134 A4 g asksantticdy(bP OANDEEEG-ragniart -

HoaBishsReclicalydundnindBRoiiER aiolin.on baiodik cripepiides and
amounts that are sufficient to reduce the severity of the plasma cell
protdiserdésbTatoraripowb S Bitkssdycrdemie et B4 dministered in
PhaymaeelicaliAsrepiABlR A TprRIRliqas haldre welbediin itor
purview of those skilled in the art. The NOTCH, pathwayinterfering a erats
treaphienbqfrelesmeeinobrstisnidesn B&%&mﬁh@@%&%ﬁ%@%‘&%&ﬁ&gﬂ& yor
RGBS niRPOR ERBRYIRER (B ANRUS praadBINiRRIGT O EC in
intravenous route in suitable pharmaceutical carriers. These antibodies
mnmw@@tmrmsué‘@uemgqrf@%@é@@ﬁ&%mafﬁ&wmi‘scﬁib%ﬁ%r rbﬁlﬁ?e |
anﬁﬂbaéﬂgé‘_%%&k%%ﬁs@f? o2 ThEse e AR a0 HABRIcENE Ally stteptable
an antibody against NOTCH-EC or  JAG2 during tre tm*e%t of Zﬁlbaﬁzﬁc}l
formelrtingsr et areovelbiitvinbapvericst efthest 5 HgAARE Bodted by

flﬁl'@f@dl{ !%%H’[@ Sels JThe Rrasntiny eatiae alsairmieied toythey standard
paﬂ?:tgfa bine useé:) cytotoxic a{)ghents and the anti-NOTCflé_{nor_anti- G2

meatibudiesnl twastodsemeemhatment b s SHAIH REIBSIBER Y could
ntRGeabservae 3 QuerR e ihadministarae yitTieecaniiodies at tkeful in

reducing the levels of circulating Ig that is produced by the malignant plasma cells.

Therefore, one way of monitoring the effect of an antibody against NOTCH-EC or
JAG2 during treatment of a plasma cell disorder is to monitor the levels of circulating
Ig that is produced by the malignant plasma cells.

The present invention also relates to the combined use of cytotoxic agents and
the anti-NOTCH or anti-JAG2 antibodies. It was observed that the effects of cytotoxic
agents could be observed at lower doses if administered with the antibodies of the
present invention. Therefore, in one embodiment, a method of provided to reduce the
dose of a chemotherapeutic agents that is required to obtain a desired effect by
administration of an anti-NOTCH EC or an anti-JAG2 antibody. This may help to
reduce the side effects associated with the use of cytotoxic agents. In another
embodiment, a greater effect can be obtained at a given dose of the cytotoxic agent by
administration of an anti-NOTCH-EC or an anti-JAG?2 antibody. Current treatments

for the management of multiple myeloma involves mesphalan, doxorobucin,
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present invention. Therefore, in one embodiment, a method of provided to
reduce the dose of a chemotherapeutic agents that is required to obtain a

W%e?%gg,gf{%t by administration of an anti-NOTCH EC or an gtdR%d4/039668
antibody. This may help to reduce the side effects associated with the

use of cytotoxic agents. In another 30 embodiment, a greater effect can

be obtained at a given dose qf the cytot XiC & {E)y,[%dmlggﬁt@tlon of an
dexameteyne thatideridp M.dﬁﬂ@%ﬁ%% ?S(’fﬁ treatments for the

ad 888 %ﬁﬁ&f&iﬁﬁi@s@ﬁﬁé@&tﬁ;&v@mmasqmiaaﬂy;loxorobucm, 8
WO 2005/054434 PCT/US2004/039668 xameth t ali 'e and

derhisvascation isdrseTihnd FARER FEaMPACS AL ere andr

mteﬁ%ﬁﬁ% SUhBLSPRRNI IR OfseTIeB A iy Ratgyinvention is descnbed
through Examples presented below which are intended to be illustrative

and not restrictive in any way. 5 EXAMPLE 1 This embodiment
demonstrates that IL-6 secretigx isMirgired.by MM cells. In order to

demonstrate that IL-6 secretion is a direct conseque ce of JAGRO
explassAbpdiReN @FWF@W%%&%@?O%@&%%I ﬁlrtg in @ltro aés/(ggsy

ord&4SiP aémsﬁ%iéAﬂt&@ﬁi% ?E&gﬁiﬂh?dﬂi?&%nﬁﬁaqaeﬁeﬂ Hfiss Ghaver- )
over-express as already shown e the alhst
explipsian B fdsdMMapBtant B aERoBAT R At l&ﬁfﬂfu S8 WWellS W@grtezésge@eé(};ﬁe;TG °
ceil%‘k’]gﬂdm X zh’f&@n?f%lFﬁﬂéw@ﬂmﬁhﬁf@qﬂswéﬁhwm@ﬂﬁg%@
their growth. Culture mediym, was c or MRCS ¢
Weatsct o AB RPN THRSGP EoERIEe B T e T e e
weliSRRRIRL et HRuskyia Usert 7a%mn@m1bmhm§sbwméw@wéed to
two cell types. IL-6 levels were as r A}%ﬁ@%ﬂ
stop it O BT RGHNBH T B A T SIS ol B8
culﬁ:é&wﬁﬂgwW%Lmiﬁe@ﬁeﬁr@naﬂwmasmw&mmamm
contact between the two_ce m | @%ﬁs“@@r
e A T RGO PBLE R (gL g e e
assAYEEbAARLAS RS Wishitie micknmnvioRigent.4, the co-culture of MRCS Sndthe
MM cell line induced a 3.5-fold increase:in IL-6 secretion: -whereas the same co-culfure
without contact between the two cell types onty marginally affected IL-6 secretion
underlining the need for the IL6 release and myeloma cell growth, of a direct contact

with the micro-environment.

EXAMPLE 2

Tn this embodiment, an anti-NOTCH]1 monoclonal antibody was used to block
the NOTCH pathway. This antibody (A6) has been raised against NOTCH1 peptide
and is considered to block the binding of JAG2 to NOTCH] (Figure 3). The assay was
similar to one described in Example 1. MRCS5 cells were co-cultured with the myeloma
cell line in the presence of an increasing amount of anti-NOTCH! monoclonal antibody
(5, 10, 20, 40 pM). The results of these experiments (Figure 5A) show that when the
monoclonal antibody was added to the cultures, IL-6 release was reduced. Furthermore,
the reduction in the ILG release from the fibroblasts was proportional to the amount of
monoclonal antibody added to the culture medium, showing that this agent was able to

block the release in a specific manner, Thus, by blocking NOTCH activation, the
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.withérensshtad ftaithoise but without MM sample nj ected were us

EXAMPLE 2 In this embodiment, an anti-NOTCH1 monoclonal antibody
was used to block the NOTCH pathway. This antibody (A6) has been
raised against NOTCH1 peptide 25 and is considered to bloc (gple g%l 0668
W&%ﬁ&%‘b%@f\IOTCHI (Figure 3). The assay was similar to onei% esﬂc% eé}?ﬁ
Example 1. MRCS5 cells were co-cultured with the myeloma cell line in the
presence of an increasing amount of anti-NOTCH | monoclonal antibﬂgg
t

reledBe 40TAVinEIA) bhtberestinstdretiesa theob 6RERRSEARIGAYSER) SHEW
effeégggn}ntg Cal noﬁ%l?%ﬂ}anl Hibgdy.was.added torilescdhiresrd e dairpswith

educed. Furthermore, 30 the reduction in the IL6 release from the

anofieraiitte e FOPFIRBRG ars! trbemtetpr-6FHES LR R HCRRAlSy SR d
1 | - - . iniarly,
mtx%%@%ﬁ%%%%%@ﬂ%'%&%ﬁ%ﬁ%ﬁﬂ@é ahlaie sBipckithiarly

manner. Thus, by blocking NOTCH activation, the 9
oth NV ANIEE it S PRTISSROpH BEoEeprariblso heHindRes H&ﬁ%m

ct between the, 2.cel ' iR tgddnargased
Noig%ﬁtigﬂgo(\#ﬁ%a %/ea{gssfgﬁ w V{I\ﬁ/ltlgeg%c gglltsi%\t/lvgere coifietﬁ red with
shoaliotiaes M/mekt kiiec e @aBeNBCHTHeN BteshE e RETe SENYE 3)
incubated with an anti-JAG2 antibody (M8), the IL-6 secretion was
decreased (Figure 5B). Similarly, 5 other antibodies directed against the
peptide responsible for the bindXAMBIAED to NOTCHI, and other agents
interfering with this bingdi e Sosit i fitieference
sanr?!é‘ é%}g%%‘s%?ﬂ% %tr%g #é&%%ﬂgggﬁstﬁﬁmgﬁﬁ?ﬁgure 3&.} EXAM 0%5 3
with G NS €Xbpagieyag Ol DinacS R isarcfoweinshiainas 1 PURYS 4P 2

interference Wi I \ive s Drdfscioshwiatery,
we%ﬁ]% ggge%lgﬁﬁé%v?%%%%%%%@%dﬁan fetal bones were obtair&ed

Unfremsithe Sivtisbegsots Seatsiratbdy, Therodrsm, el Posriyesn 2RaRIed fk.
L loﬂgé%g%ﬁﬂ%? SORIRHEEIWINE Panee ahipRGRE ¢ Hfetikd in

mice. Seven patientsamples were injected in 15 the fet

b
theffotl tiffernnSd Bt S (HRenitgHefeadighib Hyaheione G ARFRA }5‘%‘3% Ig
wefdSHe aRlPred 0 ashesh Ik daeslaRmaRaleHbReaUanEMbddnbe: feaice

ice transplanted

tal bone but without MM samp(lle injecte
C(1 as

ontrols.

Blood serum was obtained from the mice through eye bleeds and Ig levels were

assessed by ELISA assay. Ig was detected in five out of seven mice, corresponding to
five different MM samples. In addition, we could document the bone disease induced
by the proliferation of the MM in the fetal bone.

The anti-NOTCH1 MAb was used in the model degcribed above. As shown in
Figures 6a and 6b, the anti-NOTCH1 Mab shows anti-myeloma activity in the 2 groups
of treated mice. In Figure 6A, data is shown for one mouse treated twice a week, one
treated three times a week and one treated with an isotype antibody. In Figure 6B, data
is shown for one non-treated mouse, one mouse ireated twice a week, one treated three
times a week and one treated with an isotype antibody. Groups A ax_ld E correspond to
SCID mice injected with the bone marrow from 2 different patients. A detection of Ig
in the mice is an indication of disease since the Ig is produced by the implanted MM
cells.

In Group A, the isotype is rising and indicates no effect of injection of a non

specific antibody. When an injection of 2x/week was made, the Ig decrease by 50% of

10 -
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.Blood serum was obtained from the mice through eye bleeds and Ig
levels were assessed by ELISA assay. Ig was detected in five out of
WG uER, corresponding to 20 five different MM samples. Ir, aggiliafu/o39668
we could document the bone disease induced by the proliferation of the
MM in the fetal bone. The anti-NOTCHI MAb was used in the model
descrlbed§ bove..A in,Figu and 6b, t e anti-
the Howe 5 |ﬁmy%‘iio g‘%%%v‘ﬂ}‘%ﬁ %]ng”srgo%%gadfeﬁé% &6 lr%}?c%l}l?dl;ﬁlgure 6A,
disdate is\E N fnjecim ob3Eetreiteddwisd:afivadkcrone 26drhatedbthvase is
btlme a week and one treated with an isotype antibody. In Figure 6B, data
E'JRBwn for one non-treated mouse, one mouse treated twice a week,
one freaiethéhpeeuiGiesp Wahk endrohs keat slindteasn iSutypecaiativody .
Groups andEco % SCDml jecte bonem I
SPERY %%%8 it See |entespw,£[ gf)ec onpoeflg oﬁt%e m(alc\%{%an ingica %nsg)%\ﬁ tly
to disease mce’mestgmmmmw@mm dempt&m@upw\meﬁmhdslamnﬁm@pal

A, th eis rlsm d|c t cto |n jection of anon specific
theﬁ% % \%’) gat%an 5P 38 wag ?ﬁla1 e, ﬁ{e Ig decrease by

50% of 10 WO 2005/054434 PCT/US2004/039668 the amount of human
ig detected in the mouse blood ES(A%T%' n of 50% of the disease.
When an injection of 3X/week waswnade—frrst increase and then decrease
is omaﬁthﬁoﬂnmﬂaﬂymgﬁwpe@mprLtlSemowmnlvﬁmam mehanseheen
However a non E'Sﬁg |f|c een her h the i P Qrﬁé ¢
tesnﬁlé XIWeoK 1 mcreaS%ﬁd ‘Kﬁ‘l ?1) é%?esgse a erhtﬁL se%rgisyu sc%dllzcateG
w1thanjaképmad:ci@ dﬁ@ukh&lx&dﬁoﬁﬁm&mwlmd aala theselastibostedrcanr gishes and
5550 aLieast atabilzg theyindidual EXANRL B N BHYINRD Bontacr
cfi/lng the Telase BF =6 I Burin vitro assay, we been testing the
bemiws&@ﬁ VﬁGiﬁm Thee-tvo\cthekstarhaycbkeugowodi-te- kel elsments in
thWthéq' elo I(3AIﬁ'=1,tV\{e use, the MIBC%%%M? ngtjg{)gﬁ? xr‘gll ﬁe{vlg
our s an e IS Co-Culture on top of the’M
sheatiowtinag QEUMH&WBMUI‘ MRCS cells and a MM cell line induces secreﬁon

. and release of VEGF and IGF-1.

In order to ascertain the involvement of JAG2 in the induction of the secretion
of IL-6, VEGF and IGF-1, we incubated the MRC35 cell line with different
concentrations of JAG2 peptide. This peptide corresponds fo the binding region of
JAG2 that activates NOTCH upon interaction. We also incubated the RPMI8226 cell
line with this same peptide. As shown in Figures 8 A-c, the secretion of IL-6, VEGF and
IGF-1 was activated by the JAG2 binding peptide when incubated with the MRCS cell
line whereas there is no stimulation when incubated with the MM cell ling, in line with
our induced paracrine hypothests.

In order to test whether known NOTCH target genes are activated upon co-
culture of the MRCS5 cell line with a MM cell line, we established the in vifro system
for 48 hours of culture. After this time of co-culture of both cell lines (MRCS5 and
RPMI8226), the MM cells were removed and RNA. was extracted from the MRCS cells.
The RNA obtained was used in semi-quantitative RT-PCR experiments to determine
the potential transcription activation of the HES-1 gene, which is a well-known and
classical target of NOTCH. As shown in Figures 9A and 9B, the level of HES-1
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between the 2 cell lines. These two cytokines have been shown to be key
elements in 15 the development of multiple myeloma. As shown in Figures
7 we have shown that co-culture between our MRC5,
Wé%ﬁ# %’gﬁﬁﬁe induces secretion and release of VEGF and lg%ﬁ“%ﬁ%:i%@
order to ascertain the involvement of JAG2 in the induction of the
secretion of IL-6, VEGF and IGF-1, we incubated the MRCS (&ell llne with
transdifferinretebpransrioRAly & e pba iR NS sep et tEiTedh oMo

cutedll$ RFING seoianRlelGa A GtiuaRSIIQTICH ¢/pasiniaantidrund/e2-
also incubated the RPMI8226 cell line with this same S&%& e..As shown

fold jimeriepsecwignl aniHion SRMASAAT sell; srrcerprared W MRS ed by
the JAGZRINAIRS ReRlfS\VhRR ReHBAIRE Witihdhe Midhetcialy tinsilable

whereas there is no stimulation when incubated with the MM cell line jﬁl h
polyienalintidumaidtans sreremens) saasesies pse T RIS iRnes it the
< IRtogk R R 0GR biNEinE HptdRGS

JA%W%%M%W%%%%%%gbﬁhed the in vitro s %Le? é’ﬁl’
imhnize o ThesaRentAi e RPESTHTE SIBURNCITS ﬁﬁ% RP-
the I rEiRMe vegiR R yasrerddanid doirpled tivéth
OH E@gﬁﬁbggT%égﬁﬁ%?alﬁﬁg%%ﬁ lgjsed in sen%%quantitativ %T- CR
mﬂxyﬁﬂmmmﬁﬁﬁN@ﬁﬁ@%@?&ﬁ%ﬁ@%ﬁ?fﬂﬁiﬁh@%ﬂﬁ&ﬁ%& gna

antigﬁljes%%ﬂge.‘gg%i%vgs"t‘!ﬁiéléﬂ'%"éﬂ@fé@te@ ASPIBISAIOR1eEN OEBHerAsved
shown in Figures 9A and 9B, the level of HES-1 11 WO 2%0{5%054 34

fronp (/s e sobisaw s raedpead rahdBaSHOPSFITRAIRPLS tRENStmber of
hbe%M}aSIRPM el Lseshin e can G e v SRep ated- fRdehi dios dybe donenl Drary
on

milli 8226 cells were used and a 2 fold incg.ea e with. 1 million

usirRHMwsremiy cad %ﬁ%f@ﬁ%ﬂlﬁmlﬁ@% cgllsdndiy ecéi&geés were tested

by BEISHIONS WHERREHA WS 1aiRd ncammBICiiMiavs/iebi okt iinal
antibody. In addition, monoclonal antibodies u &J/\I}for mterfeﬁﬁge 5?133
imoneeloDACH KRR P FERE o L DR e SR Tiees
shoW@@WuEﬁ%“%ﬂ@ inguRiEe misesFassraasnsrieftis gtad IsGl.
NH2-CDENYYSATCNKFCRPRND- OH (SEQ ID Ng:l‘}. 'eﬂé'aﬁ]begies
Purkfisafing 96 30Mab- MR lgdALantet 2 (B Ed) B Fod ot HRese Ao

were able to bind o the RPMI cell line as determined by FACS. (F igure 10).
Accordingly, these antibodies can be used for interference with the JAG-NOTCH

pathway in the treatment of plasma cell disorders. These data demonstrate that either
the NOTCH protein on the stromal cells or the JAG2 protein on the MM cells can be
targeted.

EXAMPLE 4
This embodiment demonstrates that the combined use of cytotoxic agents and
the anti-NOTCH-EC or anti-JAG2 antibodies to produce a synergistic effect. To
illustrate this embodiment, the anti-NOTCH-EC antibody or the anti-J AG2 antibody

 was used in combination with doxorubicin (DOX). The OPM2 MM cells were cultured

for 48 hours on fibroblast cells with different concentrations of DOX. As shown m
Figure 11A, a dose dependent effect was observed on the percent of living cells (by
MTT assay). An ICso was observed to be about TuM. When the same experiment was
carried out in the presence of 40 pg (27pg/ml) of an anti-NOTCH EC antibody (Figure

12 .
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KLH. Mice were immunized with this conjugated peptide to generate a
polyclonal 10 antibody response. Serum was collected and tested by

Wi badk/3plgens were removed from the animals and the cellsppgresissedsssss
with mouse myeloma cells to create a hybridoma library. The monoclonal
cultures were prepared from the hybridoma library using flow cytometry

cell sorting for single viabe cells, Individual cultures wer . by
115 e R AR SIS EB U PP R e
0.1 40 15vmanee/ens Rekridenasthaittehetadt pdEINEN siBtdgAlo t
of these clones, showed 4 1gGl, 3 Ig\.1 IgA.and t X lgpal
DO PTG TB ARG 6 SILBENS IR ot SOE o o
Figainem owhehhes waidiadidateieréiabDio X0 A tocthERPM tee enent st
. determined hy FACS, (Figure 1Q). Accordingly, the ihog 3
VORGSR HEEITe HANAHE TSI GRSt oLt of (% 8. PRc)
weildlagnea, anl gisastiessliTheseiinteas coannsidataditet digrn, teeeN@ T the
protein on, the stromal cells or the JAG2 protein on the _
o G T RAN AT ¥ TS & ORI G e ot st e
notGRmpIed Hes dsaytoiaticarobnt strnmhtiie\ itioN 0F @H-NOBCHAEIAG2 -
antibodies to produce a synergistic effect. Ta..illustr ' i
antihedics ARV HT RIS S8y Gt ?Pf’é%%t%ng%%%ﬁ?ﬁ’b%%g&m v@g rIE)Jse in ik
combination with doxorubicin (DOX). The OPM2 MM cells were cultured
for 48 hours on fibroplast cells with different canc ' :
SOl S SAEEA O LTI St e e e
mopEieens:af fivingeetisbidymiTsTvetise JpparéG60 tascbdbeddn terlve apdERch
lulVIl. When the samg experiment was _calrri ' presence of 40 g
m"é#ﬁ@‘}m?f S AReN IS PN an%ﬁ%%‘i/e(%ﬁg‘?e Yéh%% 2005/054434
PCTIUS2004/039665 11B) the IC50 was observed at almost 10 times

R ess concentration of DOX i.e., at 0.1M. When the cells were incubated
i anti-NOTCH antibody alone (without DOX), no effect on killing
1. was ideed. atd.MAgareonl DR usimi BWTAOMRF R ElRRE 11 D,

when cells were incubated with DOX alone, no effect on the percent of
2. RA Kyle. Stem Cells. 2, 56, 1995

3. SV Kajkumar, PR Greipp, Pp 1295-1315 in Hematology/Oncology clinics of
North America, Kyle and Gertz, editors. Monoclonal Gammopathies and related
disorders. WB Sabders editions.

Shelly LL, Fuchs C, Miele L, J Cell Biochem 1999 May 1;73(2):164-75.
Wolfe et al., T Med Chem 41, 6-9 (1998).
Zhang XG, Bataille R, Widjenes J, Klein 13,. Cancer. 1992 Mar 15;69(6):1373~

Vidriales MB, Anderson KC., Mol Med Today 2: 425, 1996.
Artavanis-Tsakonas S, Matsuno X, Fortini ME., Science. 268:225-32,1995
Miele L, Osborne B., J Cell Physiol 1999 Dec;181(3):393-409

10.  Osbome B., Miele L., Immunity, 11, 653-663, 1999.

11.  Tamura K, Taniguchi Y, Minoguchi S, Sakai T, Tun T, Furukawa T, Honjo T.,
Curr Biol. 5:1416-23, 1995
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5 living cells was observed. However, when increasing concentrations of

the anti-JAG2 were added, the percent of living cells was seen to

decrease. Again, no effect of the anti-JAG2 antibody alone was observed

at these concentrations of the antibody (data not shown). These results
indicate that the anti-JAG2 or the anti-NOTCH-EC antibodies and

cytotoxic agents have a synergistic effect on the killing of MM cells. 10
SWhile specific embodiments are presented to illustrate this invention,

routine difications to these embodiments will be rent to those o
L R e A R R e BB i theen binding
fragmegt dhe slthehevantibs. ToRers@naeEbediCIor Madeehvading Dregmont, thereof is
reactivORNVABMd 1894:308:1R83 k030 cdicRNY IRr IigiRiEENS: 22611982 Btreatment

SV Kag]u ar,.PR Greipp, Pp 1295-1315 in Hematology/Oncology clinics
f, a plagmg . : :
o 2 PERIor C{XSrﬁléaﬁEa, Kyle and Gertz, editors. Monoclonal Gammopathies
and related 20 disorders. WB Sabders editions. 4. Shelly LL, Fuchs C,

2. g‘ﬁ%@% (])-f %%ﬁ?ggg@?gli%%mycﬂoﬁ@@}iﬁ%%v@a &tﬁé&éﬁﬁ&%ﬁx@ééﬂ%ﬁ thereof
: m - .Zhan t _Widjenes J, Klein B,.
s reac%gg%gr? %’éﬂf g}%}&?ﬁ‘}f@%&é%@% [ ri%ﬂes MB, Anderson KC.,

Mol Med Today 2: 425,1996. 8. Artavanis-Tsakonas S, Matsuno K, Fortini

3. M, Seiedicel268:22813%:ih 928 M dialed Psherngdbosifot! BRSOl reduced

Cimuiatl%? Dec;181(3):393-409 10. Osborne B., Miele L., Immunity, 11,
653-663,1999. 11. Tamura K, Taniguchi Y, Minoguchi S, Sakai T, Tun T,
Furukawa T, Honjo T., 30 Curr Biol. 5:1416-23, 1995 13 Claims 1. A use

4. ofid GRERGSHeRCAMRAIRIGG AHIORIGHNR! @&%ﬂ@&%s%%” Bnugen RIRAINGe oroup

. nsistfra%@erg; thferbe,of, M:}Frbegn the monoclonal antibody or antigen binding

OSSP gment thereof s ©aP 2

Claim

5. The use of claim 1, wherein the plasma cell disorder is multiple myeloma or monoclonal

gammopathy of unknown significance.

6. The use of claim 1, wherein the antibody 1s anti-JAG2 antibody M2 or MS.

7. A use of a cylotoxic agent and a monoclonal antibody or an antigen binding fragment

thereof directed to the extracellular portion of JAG2, in the manufacture of a medicament for
-reducing the dose of the cytotoxic agent required to achieve a desired effect in an individual with

a plasma cell disorder.

8. The use of claim 7, wherein the antibody fragments are selected from the group

consisting of scFv, Fab’ and F(ab™),.

9. The use of claim 7, wherein the plasma cell disorder is multiple myeloma or monoclonal

gammopathy of unknown significance.

10.  The use of claim 7, wherein the monoclonal antibody or antigen binding fragment thereof

1s reactive to a peptide having the sequence of SEQ 1D NO:1.
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reactive to JAG2, in the manufacture of a medicament for reducing the

severity of, or treatment of, a plasma cell disorder. 2. The use of claim 1,

wherein the monoclonal antibody or antigen binding fragment thereof is

reactive to a peptide having the sequence of SEQ ID NO: 1. 3. The use of

claim 1, wherein administration of the composition results in reduced

circulating 1g. 4. The use of claim 1, wherein the antibody fragments are

selected from the group consisting of scFv, Fab' and F(ab')2. 5. The use

df csimily me&nimecptammg&ihchsamsammt@mymm% dragment thereof

th own, s flc ce. 6. The use of cla

difemg”ﬁ”*ﬁ%%n%ﬁ%%?ﬁ R S T B 7 REReT o reaucng
the prodyetierxie’ é@érﬂra%@ hp ﬁbmmtsawﬂnbédglro Eracpantigentbindiegfraghesent cells.

thereof directed to the extracellular portion of JAG2, in the manufacture of

a medicament for reducing the dose of the cytotoxic agent required to

achieve a desired effect in an individual with a plasma cell disorder. 8.

The use of claim 7, wherein the antibody fragments are selected from the

group consisting of scFv, Fab' and F(ab')2. 9. The use of claim 7, wherein

the plasma cell disorder is multiple myeloma or monoclonal gammopathy

of unknown significance. 10. The use of claim 7, wherein the monoclonal

antibody or antigen binding fragment thereof is reactive to a peptide

having the sequence of SEQ ID NO: 1. 14 11. A use of a composition

comprising an antibody or an antigen binding fragment thereof directed to

the extracellular portion of JAG2, in the manufacture of a medicament for

reducing the production of IL-6 or VEGF by fibroblasts which are in

contact with cancerous plasma cells, 15 WO 2005/054434

PCT/US2004/039668 SEQUENCE LISTING <110> Coignet, Lionel
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Artificial Sequence

synthetic JAG2 binding peptide

1

Cys Asp Glu Asn Tyr Tyr Ser Ala Thr Cys Asn Lys

5 10

Phe Cys Arg Pro Arg Asn Asp

15
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