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1 NOTCH The present invention relates to use of therapeutic conpounds in

t he nodi fwoaskoers2of T-cell activation. In particular it relmiBeeBisEL I
use in 5 nodul ating the interaction between Notch protein famly nenbers
and their ligands and to the use of such conpounds in the therapy of
conditions such as graft rejection, autoinmmunity, allergy, asthma,

i nfectious diseases and tunours. 10 The controlled interaction between T
cells and between antigen presenting cel s (APC) and T cells is vital to
the function of the human i mune sysNETCHowever in certain pathol ogi cal
states it may be therapeutically beneficial to nodify, positively or
negatively, such interactions. For exanple, in conditions such as

aut ol mmuni tYTI%ealc#rgge%Y. A2 TrblafeS) $61 RN of !t tHetapdfifé r?&?ﬁ ungs | ﬂpﬁtﬁé’ the 15
downregul ati 0 an i nmune response by stinmulation o egative T cell or T
cel | - APC i nt gpaigichiidh oFOTIRER adtivation.ecln astiduddre itarelstés aodtheiri aseedn

suppr ession"” suggest that tol erance may be induced in a small number of T
cel I's and t hawdulhting the mmstiqmbﬁwqearié?frk profein fasnily mesebers apd HBeIr T cel | s

e BT v 2 558 e Ao Tt o B, o2
ci rcumst ancefh TEER; aLERAMRHTD! SRTEDT dohufs, © MR Bhigadps afip ="
I nt eracti onspipgs®s.Nng on the infectious tolerance. 25 However until now
t he mechani snms underlying such T cell and T cell-APC interactions have not
been under st ood. '
10 The controlled interaction between T cells and between antigen presenting
cells (APC) and T cells is vital to the function of the human immune system.
However in certain pathological states it may be therapeutically beneficial to
modify, positively or negatively, such interactions. For example, in conditions
such as autoimmunity, allergy and graft rejection it is desirable to induce the
15 downregulation of an immune response by stimulation of negative T cell or T
cell-APC interaction. Models of "infectious tolerance” and "linked
suppression” suggest that tolerance may be induced in a small number of T
cells and that these T cells then transmit this tolerance to other T cells thus
prevenﬁng an effective immunological attack. In other pathological conditions
20 such as tumour induced immunosuppression, parasitic viral or bacterial
infections, immunosuppression is a common feature. In such circumstances it
would therefore be desirable to inhibit the T cell interactions passing on the

infectious tolerance.

25 However until now the mechanisms underlying such T cell and T cell-APC

interactions have not been understood.



WD 98/ 20142

PCT/ GB97/ 03058 -2- WD 92/ 19734 purports to disclose the nucl eotide
sequenceg, OgJ hurran Not ch and Delta genes and am no aC| d sequences of
their encoded proteins. The disclosure shows that the Not &7 70peS% | y has
been wel | characterised as essential to the correct enbryol ogical cell

| i neage devel opnent of insects 5 such as Drosophila. Proteins bel onging
to the Notch famly are transmenbrane receptors that contain several
conserved peptide notifs. Each proteip.within the famly displays
characteristic extracellular EGF (epidermal growth factor)-like repeats 10
and a j uxtanenbrane Lin-12/Notch notif. In addition each protein has 6-8
ankyrin repéat 9249734 purpdrtsetoc disolosadhe amcledtide semichess of e huPBST
sequence. The Notch | i gands have, a di,agnostic DSL domain (D.Delta, S,
Serrate, L/Noigpind Befiegeneryandamino,agid seguenges af %"W?&)Pf%?lﬁ nus of the

protein an el. e e I face. The
pr ot ei ns 1?11% ‘gﬁ‘g’éﬁ ‘ﬁeﬁ'@y% {@F%%£$ﬁll&nqﬁﬁ%%ﬁ%e J:%%Jéer?% ctional
domai ns. RegeiRéentyl dﬁ&ﬁec&t&g%ﬁbiyélbgull\mp linédg8 Ndeveiopfhefi® BF fihsebises t O

| i neage comm tnent of immuature T Tel in the thymus, “biasing thynocyte
devel opfentsuctoasaDaesophila.CD8 + | i neage whi ch is independent of MHC 20
recognition (Robey E, et al. Cell 1996, 87:483492). During nmaturation in
the thynus, T cel | s acquire the ability to distinguish self antigens from

t hose that [LA: C hmer H, et
al. Ann Re\};a Prmin T’Bﬁélégo 8%3???5'“/2&%‘%?‘5%?}#@%@%&% t ?ec@if@ﬁse I%g%rl phery
for t[le | Nagiain Bevnal meﬁveaawpﬁdefmm@ﬂsermeﬁ (ROtkin Fwitfli \the efaimsigt s their

i npor t ance

displays characteristic extracellular EGF (epidermal growth factor)-like repeats

7,

10 and a juxtamembrane Lin-12/Notch motif. In addition each protein has 6-8
ankyrin repeat motifs on the cytoplasmic tail together with a PEST sequence.
The Notch ligands have a diagnostic DSL domain (D.Delta, S, Serrate,
L,Lag2) comprising 20-22 amino acids at the amino terminus of the protein
and between 3-8 EGF-like repeats on the extracellular surface. The proteins

15  have a short cytoplasmic tail with no conserved functional domains.

Recent evidence suggests that Notch signalling contributes to lineage
commitment of immature T cells in the thymus, biasing thymocyte
development towards the CD8+ lineage which is independent of MHC

20 recognition (Robey E, et al. Cell 1996, 87:483-492). During maturation in
the thymus, T cells acquire the ability to distinguish self antigens from those

that are non-self, a process termed self tolerance (von Boehmer H, etal. Ann

Rev Immunol. 1990;8:531). Mechanisms also exist in the periphery for the
induction and maintenance of tolerance and in many respects their importance

25  is under estimated. There are many experimental models of graft rejection,
autoimmune disease and specific responses to allergens that clearly illustrate

the ability to induce a state of specific unresponsiveness (tolerance or anergy)



25 is under estimated. There are many experinental nodels of graft
rejection, autoi mune di sease and specific responses to allergens that
clearly iwbwskemte the ability to induce a state of speci f ipeT/GB97/03058

unr esponsi veness (tol erance or anergy) WO 98/ 20142

PCT/ GB97/ 03058 -3 - in the recipient by i munisation with an antigen. From
these systens two inportant findings arise. Firstly, immunisation with a
pepti de fragnment of antigen under selected conditions may inhibit specific
responses not only to itself but to ot Ber regions in the sane nol ecul e
provided the intact proteinis 5 used for the challenge i munisation

(l1'i nked suppression. . et N d. o3 ; nd
Metzler B, %’ ﬁ}et WWW%%@?E%%? Eﬁ Qﬁ%) .Fr&%eglg%%g%&g‘g“ggst
descri bed i gy I TRANA arised e Firsflf, imnARSRLEGGH Hitl0a peptidd draghemerpEnon of
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nmade tol er aaftigen wndepeseletied comtlitipas may inhibit spegific tresponsasbnat enljide cel | s

fromresponding and further, that this second popyl ation of cells. becones
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the Notch r%ﬁpMéd.fQQ@é;y 1284831 Sankli Qéteier Bel Weaitn DSerinat gmmaunel.expr essed
on the cell surface of normal adult cells of the peripheral imrune system

Hence t her e 1993;5th59%led Secondlyj rag bestt descpibed ein experdmentah medals (pfe of a

Notch- 20 ligand in the nuf act ure of .nedj.ca t for, u in., .
i munot her aFga%splamatlon is the phenomenon of a"l{;fpéctxqusn?&erance’ wihere it is

postulated that immunocompetent cells made tolerant to a specific antigen are
10 able to inhibit other cells from responding and further, that this second
population of cells becomes regulatory and tolerant (Qin SX, et al. Science
1993;258:974). The immunological mechanismé underlying these phenomena

have not so far been characterised.

15  The present invention arises from the discovery that the Nozch receptor family
and its ligands, Delta and Serrate, are expressed on the cell surface of normal

adult cells of the peripheral immune system.

Hence there is provided according to the present invention, the use of a Notch-

20 ligand in the manufacture of a medicament for use in immunotherapy.

The expression pattern of the Norch family of receptors and their ligands in the
normal peripheral adult immune system has not previously been described but
the present inventors have shown that T cells express Notch 1 mRNA
25  constitutively, while Delta expressioh is limited to only a subset of T cells in
the peripheral lymphoid tissues. Serrate expression appears restricted to a

subset of antigen presenting cells (APCs) in the periphery (Figure 1). Hence



The expression pattern of the Notch famly of receptors and their |igands
i n the normal peripheral adult imune system has not previously been
descri beg,dysioidle Present inventors have shown that T cells eé‘?ress Notch 1
MRNA 25 ~ constitutively, while Delta expression is |intd&HEBHMBI58,
subset of T cells in the peripheral |lynphoid tissues. Serrate expression
appears restricted to a subset of -antigen presenting cells (APCs) in the
peri phery (Figure 1). Hence WO 98/ 20142

PCT/ GB97/ 03058 -4- this receptor ligapd famly may continue to regul ate
cell fate decisions in the imune system as has been shown in other

ti ssues, beyond enbryonic devel opnent (Ellisen LW et al. Cell 1991,

66: 649) . NdiLrecepigndigandh fampiliy maly-continge e regulate cell ifate idegisiondusthen of

peri pheral . unresponsi veness (tol efance. 5 Qr,.anerg and Lovide a
s cal RS SORY 8F Banpeeh SHORR cirh BT osiarny bhYg ey B nce: The
present in ' Ny t . a ?ﬁmgg It he

t r eat ment %?}égdp?&gféﬁh%g%i%?é?f%é_c??%@#ﬁé?‘gi)i 1\@2‘%}{3%‘ en o gneaé)Ced t hat by
exposi ng apl§ a centalirele innthe findirtivs of peiphéral anfesp@isbienkiso@oleraguer essed by
an APC in the presence of an allergen or antigen, the Notch-ligand is

capabl & of orangray) andemzy peovidea physicaloexplaghdomfor linked supprgssion gath or

antigen. Furthernore, this T cell population, when subsequently exposed to
Bttt Kol

a second p C%aive T cells is capable of rendering the second

popul ation tolerant to said allergen or antigen. 15 Thus, the invention
also relates to the use of a Notch-ligand in affecting |inked
The present invention further relates to the use of a Notch-ligand in the treatment

of a T cell mediated reaction. Thus, it has been observed that by exposing a
10 population of naive T cells to a Notch-ligand expresséd by an APC in the
presence of an allergen or antigen, the Notch-ligand is capable of making the T
cell population tolerant to said allergen or antigen. Furthermore, this T cell
population, when subsequently exposed to a second population of naive T cells
is capable of rendering the second population tolerant to said allergen or antigen.

15
" Thus, the invention also relates to the use of a Norch-ligand in affecting linked

tolerance and/or bystander tolerance (also known in the art as infectious

tolerance).

20 A further embodiment of the invention relates to the use of a Notch-ligand in the
modulation of the expression of a functional Norch-protein or Notch signalling

pathways.

In the above described embodiments of the present invention, the Notch-ligand
25 may be exposed to the T cells by incubating/mixing the T cells with antigen
presenting cells (APCs) or the like, that express or overexpress a Notch-ligand in

the presence of an allergen or antigen. The (over)expression of the Norch-ligand



tol erance and/ or bystander tol erance (also known in the art as infectious
tol erance). 20 A further enbodi nent of the invention relates to the use
of a Not cWOI98@813 i n t he nodul ation of the expression of a HamGBINI30S8

Not ch-protein or Notch signalling pathways. In the above descri bed

enbodi mnents of the present invention, the Notch-ligand 25 may be exposed
to the T cells by incubating/mxing the T cells with antigen presenting
cells (APCs) or the like, that expresscor overexpress a Notch-ligand in the
presence of an allergen or antigen. ThE (over)expression of the

Not ch-1i gand WO 98/ 20142 :

PCT/ GBO7/ 03Q58 iy WRGuFIRALR LY RIUIPCEBERE thlistebied AESa paidigpkbiens ected
wi th a gene capable of expressing a Notch-lirgand or by the APCS being
exposed t o af eapressingaMatdhdigahd wop-byethe IARGshping«gnposed torancigennehpgbleous

Not ch-1i gand gene(s), Suitable ggents tha& iﬂ-{lj uepce expressi on of

Not ch- | i gand®f Upriegulanga@rrssion f endpgengus Nedchligan ﬁ?ﬂe&@si on of Delta and/or
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88:13-17) to their receptors leads to.down-regul ated Delta transcription
due to the iexpressibn,obirgling o &dtraceliplae SBMRs . (fone hmotphiegenaticSpmteingonpl ex
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receptors leads to down-regulated Delta transcription due to the inhibition of the

10  expression of the Achaete/Scute Complex transcription factor. This complex is
believed to be directly involved in the regulation of Delta expression. Thus, any
agent that inhibits the binding of BMPs to their receptors is capable of producing
an increase in the expression of Delta and/or Serrate. Such agents include
Noggin, Chordin, Follistatin, an3, FGFs, Fringe and derivatives and variants

15  thereof (see references for nbggin—Smith W. C. and Harland, R.M Cell
70:829-840,. chordin-Sasai, Yet al., 1994 Cell 79: 779-790). Noggin and
Chordin bind to BMPs theréby preventiﬁg' activation of their signalling cascade

which leads to decreased Delta transcription.

20 In some disease states, the body may be immuno-compromised and it may be
desirable to downregulate the expression of Delta and/or Serrate in order to
overcome the imposed irﬁmunosuppression. Agents that inhibit the expression of
Delta and/or Serrate may be used in such circumstances. An example of agents
that inhibit the expression of Delta and/or Serrate include the Toll protein |

25  (Medzhitov, R.et al., 1997 Nature 388: 394-397) BMPs and other agents that
decrease or interfere with the production of Noggin, Chordin, Follistatin, Xnr3,

FGFs and Fringe. Thus, the invention further relates to the use of an agent



an increase in the expression of Delta and/or Serrate. Such agents include
Noggi n, Chordin, Follistatin, Xnr3, FGFs, Fringe and derivatives and '
vari ants wbp oghpfpeof (see references for noggin-Smth W CP%%%‘%Sand, ,
R M Cell 70:829-840, chordin-Sasai, Yet al., 1994 Cell 79: : s .
Noggi n and Chordin bind to BMPs thereby preventing activation of their
signalling cascade which | eads to decreased Delta transcription. 20 1In
sone di sease states, the body may be inmuno-conprom sed and it may be
desirabl e to downregul ate the expressitbr of Delta and/or Serrate in order
to overcone the inposed i munosuppression. Agents that inhibit the

expr essi on of |ta and/or, Serrate may be used in such circunstances. An
exanpl e of agaqgfesog dawnregulagng the, expressien of dleligrorpiarrate Meleds Bethe at e

i ncl ude the t e = iiQv. R : 7. Nature 388:
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the invention further relates to the use of an agent WO 98/ 20142

PCT/ GB97/ 03058 -6- capable of downregul ati ng the expression of Delta or
Serrate proteins in e manufacture of a pedi capent f{ar use jn reversing
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participate in the induction of tolerance. (Iinked and/or bystander). Agents
t hat participate in the induction of tolerance (linked and/or bystander). Agents that

enhance the presentation of a fully functional Notch-protein on the cell surface
10  include matrix metalloproteinases such as the product of the Kuzbanian gene of
Drosophila (Dkuz, Pan, D and Rubin, G.M. 1997 Cell 90: 271-280) and other
ADAMALYSIN gene family members. Agents that reduce or interfere with its
presentation as a fully functional cell membrane protein may include MMP
inhibitors such as hydroxymate-based inhibitors.
15
The term “antigen presenting cell or the like” as used herein, is not intended to
be limited to APCs. The skilled man will understand that any vehicle capable of
presenting the desired thch-ligand to the T cell population may be used, for the
sake of convenience the term APCs is used to refer to all these. Thus examples
20  of suitable APCs include dendritic cells, L cells, hybridomas, lymphomas,

macrophages, B cells or synthetic APCs such as lipid membranes.

When the APCs are transfected with a gene capable of expressing a Notch-
ligand, the transfection may be brought about by a virus such as a retrovirus or

25  adenovirus, or by any other vehicle or method capable of delivering a gene to the



enhance the presentation of a fully functional Notch-protein on the cell
surface 10 include matri x netall oprotei nases such as the product of the
Kuzbani atvQ&¥#¥18 Drosophil a (Dkuz, Pan, D and Rubin, G M PCBAEBITE3ISS90:
271-280) and ot her ADAMALYSI N gene fam |y nmenbers. Agents that reduce or
interfere wwth its presentation as a fully functional cell nenbrane protein
may i nclude MVWP inhibitors such as hydroxynat e-based i nhibitors. 15 The
term"antigen presenting cell or the |4ke" as used herein, is not intended
to be limted to APCs. The skilled man wi Il understand that any vehicle
capabl e of presenting the desired Notch-ligand to the T cell popul ati on may

be used, fogellkhThésekinckhitle Gapwehickicer hivthddershodnCso be effeetivd ¢n geher to al |
these. Thus exanples 20  of suitable APCs include dendritic cells, L

cel | s, hybrtherappsand| ipejude retsovimses o pipaseines, Beleetroporation,y athee tvinispPCs such
as |ipid menbranes, Wien the APCs are transfected.with a.gene capabl e of
expr essi ng MCRASAEnPYITUS, AACRerassoriated Xirys.oPETRES, VEfé‘s’bV?)‘fféﬁ?’ sHsm by a

Vi rus such t r.Qud: r Eﬁir r - @AY hicle or
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PCT/ GB9H O3@idtoinjection] polyethiae glyool updteinsDNahésrhplexey. met hods shown to be
effective in gene therapy and include retroviruses, |iposones,

el ectroporation, other viruses such as adenovirus, adeno-associ ated virus,

e Vigh a0k e R 1, BB A R o
conpl exes. girect the gene delivery to a particular population of cells, thus enabling -the
method of the present invention to be performed_in vivo. For example, a virus
10  may be used in combination with liposomes in order td_ increase the efficiency
of DNA uptake. The site specificity of the delivery may be achieved by the
inclusion of specific proteins (eg a single chain antibody reactive with

CD11c for dendritic cells/macrophages) in the viral coat or liposome.

15  Preferably, constructs through which expression of the the gene (eg serrate)
is linked to antigen expression would be used. APCs (over)expressing
Serrate would therefore also express high levels of the relevant antigen and

so preferentially interact with T cells of the appropriate specificity.

20 A further embodiment of the preseht invention relates to a ﬁolecule comprising
a Notch-ligand moiety operably linked to a T cell allergen or antigen moiety
such that upon exposure to T cells both moieties are capable of binding to their
respective sites. Such a molecule is capable of rendering an antigen/allergen

specific T cell tolerant to the allergen or antigen upon which the allergen or
25



Usi ng such vehicles or nethods alone or in conmbination it is possible to
site- direct the gene delivery to a particular population of cells, thus
enabl i ng woeosmetdzod of the present invention to be perfor ' | vo. For
exanple, a virus 10 may be used in conbination with IipgggH@§B¥%”8?ﬁer to
I ncrease the efficiency of DNA uptake. The site specificity of the delivery
may be achieved by the inclusion of specific proteins (eg a single chain
anti body reactive with CDl1lc for dendritic cells/macrophages) in the viral
coat or |iposome. 15 Preferably, condiructs through which expression of
the the gene (eg serrate) is |linked to antigen expression would be used.
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T cell allergen or antigen noiety such that upon exposure to T cells both
noi eties ar &heapabl e of binding to their respective sites. Such a nol ecul e

is capable r3BEgeR Phallergen Mok Mmay bes forexamnle, # syntheticdHG-pepsident to t he
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or antigen noiety. The antigen or allergen mbiéty nay For exanpl e, a

synt heti ¢ MA&tpapiDes abSciencet926274504-6i s a fragnent of t he MHC nol ecul e
beari ng the antigen groove

In a further preferred embodiment, the compound is a fusion protein
10 comprising a segment of Notch.or Notch ligand extracellular domain and an

immunoglobulin F, segment, preferably IgGF, or IgMF, .

In all the above described embodiments of the present invention, it is preferable
that the Norch-ligand is of the Serrate family of proteins or Delta family of

15 proteins, derivatives, fragments or analogs thereof. |

Diseased or infectious states that may be described as being mediated by T
cells include any ome or more of asthma, allergy, graft rejection,
autoimmunity, tumour induced abberations to the T cell system and infectious
20 diseases such as those caused by Plasmodium species, Microfilariae,
Helminths, = Mycobacteria, HIV, Cytomegalovirus, Pseudomonas,
Toxoplasma, Echinococcus, Haemophilus influenza type B, measles, Hepatitis
C or Toxicara. Thus, wiih use of the appropriate allergen or antigen, a Notch-
ligand may be used in accordance with the present invention to treat the said

25 disease or infection.



beari ng an el enent of the antigen. Such conpl exes have been described in

Al tman JDygd ogthorpr! €NCe 1996 274: 94-6. In a further preferred enbodi ment,
the conpound’ 1S a fusion protein 10 conprising a segment oFCNEBEH3858 Not ¢h
| i gand extracel lul ar domain and an i mmunogl obulin Fc segnent, preferably
lgGFc or IgMFc. In all the above described enbodi nents of the present

i nvention, it is preferable that the Notch-ligand is of the Serrate famly
of proteins or Delta famly of 15 pr-&<i ns, derivatives, fragnents or
anal ogs thereof. Diseased or infectious states that nay be described as
being nediated by T cells include any one or_ nore of asthma, allergy, graft
rejection, ammmﬁnma}wmwé%ﬁam&pééerdmmqmmsmm yst em
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Pseudononas, méfxatsaa | ESPPrard- N 86 DelrliaR HRAVAVES thedéd UG Brdtding’thab:
neasl es, Hepatitis C or Toxi cara. Thus, with use of the appropriate

al | ergen or affect gdheir aexpression Iy_gaNdmnaythinE irgludingn mﬁwuodandxdemcdﬁ t he

resent invention to treat fhe s . di sease or infecti
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of fam |y nepreferdbly torhiprises as antiinidyto Sedtre; Dofrh ba Notchdof thehrideyiwativeser eof or
proteins that affect their expression in vivo, thus inducing infectious
t ol erance

Methods of use in screening assays for the detection of increased or

10  decreased Notch, Delta/Serrate expression and/or processing include:

1. Delta/Serrate, Notch and Fringe expression being assessed following

exposure of isolated cells to test compounds in culture using for example:

15 (a) at the protein level by specific antibody staining using

immunohistochemistry or flow cytometry.

(b) at the RNA level by quantitative - reverse transcriptase-polymerase chain
reaction (RT-PCR). RT-PCR méy be performed using a control plasmid with
20  in-built standards for measuring endogenous gene .expression with primers
specific for Notch 1 and Notch 2, Serrate 1 and Serrate 2, Delta 1 and Delta
2, Delta 3 and Fringe. This construct may be modified as new ligand

members are identified.

25  (c) at the functional level in cell adhesion assays.



5 I mmunosuppr essi on. The nethod conprises an assay for the presence of in
vi vo non-nenbrane bound Serrate, Delta, Notch or derivatives thereof and

pr ef er abWO 8824342 ses an anti body to Serrate, Delta or Not GdeTaEBd7/esiss
derivatives. Methods of use in screening assays for the detection of

I ncreased or 10 decreased Notch, Deltal/ Serrate expression and/or
processing include: 1. Deltal/ Serrate, Notch and Fringe expression being
assessed foll owi ng exposure of isol at 8 cells to test conmpounds in culture
using for exanple: 15 (a) at the ‘3 otein level by specific antibody
staining using imunohistochem stry or flow cytonetry. (b) at the RNA
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|l ead to I nctreased adhesi on between cells expressing Notc | i gands
Del t a/ Ser r afar. Zhrst Nonadherest Ickllb evilhbeosastied away paudt the déved of mdlresmoet | n
culture and radi ol abel | ed or flourescein |abelled target cells (transfected
wi th Not ch/ PEREHESCPY dhe Iovel of adjoastrvify/impanefieoresspBes atethe plate: ures wil |
be i ncubat egutfﬁce?’? degrees C

10  Using such methods it is possible to detect compounds or Notch-ligands that
affect the expression or processing of a Nozch-protein or Notch-ligand. The
invention also relates to compounds, or Notch-ligands detectable by these

assay methods.

15  The invention also includes an assay method compfising contacting (a) Notch
protein and a ligand capable of binding to the Notch protein with (b) a
compound; and determining if the compound affects binding of the ligand to
the Notch protein preferably wherein the Notch protein is associated with a T
cell.

20
The Notch-ligands of use in the present invention are preferably Delta or
Serrate family member proteins or polypeptides or derivatives thereof. These
are preferably obtained using standard techniques of recombinant technology
well known to the person skilled in the art. Appropriate gene sequences for

25  use to generate such compounds of the present invention may be obtained from
publications such as WO97/01571, WO 96/27610 and WO 92/19734. The

invention is not however in any way limited by the Notch, Delta and Serrate



for 2hr. Nonadherent cells will be washed away and the | evel of adherence
measur ed 9tsﬂ‘@ﬁzevel of radioactivity/imunofl uorescence at the BI ate

surf ace. ng such methods it is possible to detect E&HRMQIOSE,

Not ch-1igands that affect the expression or processing of a Notch-protein
or Notch-ligand. The invention also relates to conpounds, or Notch-Iigands
det ect abl e by these assay nethods. 15 The i nvention also includes an
assay net hod conprising contacting (a)jjNotch protein and a |igand capable
of binding to the Notch protein with (b) a conpound; and determning if the
compound affects binding of the ligand to the Notch protein preferably
wher ei n t heirventién & natdhowever it any iveayelimised hy sherNeowsh| Delta andeSere@eh- | i gands

?émf‘éif iglr”oi SAHEDGS QNGRS POPIICaBPIN oMo Erefiiah B Fuchrier fée@"‘”: N
el | know 55 RS BE AR, Edfbety HheL, OF MySERAEy dCBERANT 0N (o

25 use tongosRsM! freS AABmMERRPOL TR eRiraddNalap’ dsifdlhs i0TVABIchODélRY obe
obtai ned from publications such as WO 97/ 01571, WO 96/27610 and WD

92/ 197345 TSerratey cort fanailyi smemiters oneare rderivativey ofasuchi fragmentHyAs hised\ot ch,
Delta and Serrate WO 98/ 20142

PCT/ GB97/ 03swin, the term )\ Bgandd fther, inchides any, ligapd 0 Jisandfammily by ¢ he
Not ch, Delt %e%r%ﬁﬁtr fétacts with a Notch protein family member and includes the

group of proteins referred to as “toporythmic proteins“ i.e. the protein product
of the Delta, Serrate, Deltex and Enhancer of split genes as well as other
10 members of this gene family identifiable by virtue of the ability of their gene
sequences to hybridize to, or their homology with Notch, Delta or Serrate

proteins, or the ability of their genes to display phenotypic interactions.

Notch, Delta and Serrate were first described in Drosophila and therefore

15 represent prototypic proteins of the Notch receptor and Notch-ligand family
members respectively. Multiple Notch proteins and ligands have now been
described in many invertebrate and vertebrate species but their nomenclature
may differ from that used in the fly. For example Notch is a homolog of Lin
12 and Glp 1, Serrate/Delta are homologs of Jagged, Apx1 and Lag-2.

20
* Pharmaceutical formulations of the present invention may be formulated
according to principles well known in the art. Thus the nature of the excipient
and the amount of activity will depend upon the compound of the present
invention which is to be formulated.
25

Preferably the pharmaceutical compositions are in unit dosage form.



sequences disclosed in these publications. Mre preferably, such Notch,
Delta or Serrate or famly nenbers, proteins or polypeptides or derivatives
t her ef r orw@P8201d2gnent s of the extracel lul ar domai ns of NogEhepsdshas OF 5
Serrate, or famly nenbers or are derivatives of such fragnents. As used
herein, the term"Notch |igand” further includes any |ligand or |igand
famly nmenber that interacts with a Notch protein famly nenber and

i ncl udes the group of proteins referrfg to as "toporythm c proteins” i.e.
the protein product of the Delta, Setrt4aie, Deltex and Enhancer of split
genes as wel | as ot her 10 menber s of th| s gene famly identifiable by
virtue of t g their
honol ogy V\nl?ﬁs #dﬁ&qtgpgﬁﬁxgg?érkg?iﬁgrot el f}osfaé)a&ﬁi?l?l %ft{i? their
genes to dlmphéiforﬂheﬂi)bhmmuﬁcdr foeiulation, dduld be déletrined byl aSﬁftﬂﬂée wer e
first described in Drosophila and therefore 15 represent prototypic
prot ei ns ofphysigiaet ch receptor and Notch- ligand fam |y menbers
respectively. Miultiple Notch proteins and |igands have now been descri bed
in many invertebrate and vertebrate species but their norrencl ature may
differ fgro irfinis of Lin 12
and G p 1 ngtaarﬁlte e/ Deild L a a?gué]do}r%néggf;ao agtgoéi\pﬁ &e?r and Egﬂgliogﬂs

Phar maceut i iyl ofheo ofintieatisvahmetifods lo€ anmemnannmehﬁmmnmymhmulanraml at ed
according to principles well known in the art. Thus the nature of the
exci pi ent a¥nFatheEiensal nintravenguy mp@t;mmmtra%yenma@a fwRg ihalsioRd of t he

R
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alimentary tract (for example, via the Peyers patches).

10
The term “derivative" as used herein, in relation to proteins or polypeptides of
the present invention includes any substitution of, variation of, modification
of, replacement qf, deletion of or addition of one (or more) amino acid
residues from or to the sequence providing that the resultant protein on
15 polypeptide possesses the capability of modulating Notch-Notch ligand

interactions.

The term "variant” as used herein, in relation to proteihs or polypeptides of
the present invention includes any substitution of, variation of, modification
20 of, replacement of, deletion of or addition bf one (or more) amino acid
residues from or to the sequeﬁce providing that the resultant protein on
polypeptide possesses the capability of modulating Notch-Notch ligand

interactions.

25 The term “analog” as used herein, in relation to proteins or polypeptides of
the present invention includes any peptidomimetic, that is, a chemical

compound that possesses the capability of modulating Notch-Notch ligand
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PCT/ GB97/ G8898201412- Dosages of conpounds of the present my@gbr;gﬁomgé) be -
adm ni stered to a patient in the formof a pharnaceutical for ati1on
could be determ ned by a suitable physician. 5 The preferred

adm nistration route of a fornulation of the present invention is any one
of the usual nethods of adm nistration including intra-mnmuscular and

i ntra-peritoneal,- intravenous injecti o#3 -i ntanasal inhal ation, | ung

i nhal ati on subcutaneous, intradermal, intra-articular, intrathecal,

o) TSkl AE b o T MBSO o

pat ches). 108
or pol ypepti ﬂaad@ t».?ﬁx?emms%anﬁxay &\g@ﬁfse QF anfigbhise therdpresdfont drt attivRp O

vari ation of, ation of, Teplacenent of, deletion of or addltlon of
one (or nDrQﬁzﬂﬁmﬂ%pmmmﬁunﬁbnﬂﬁqmﬁdon1or to the sequence providing that
the resultant protein on 15 pol ypepti de possesses the capability of
nodul ati ng Not ch-Notch |igand interactions The term "variant” as used

her ei n, inr | atian r. ention
el udes SanyAanepned B paspniieh 1 Sufipt Nﬁ@g e el 153 iy i

repl acerrent #fis cﬂﬁb&t?]foélﬂﬁ{ uﬂﬁbﬁﬂ%'o‘r'eﬁﬁmﬁn @factibh OF A%’i@hn@nﬁ%d
residues fromor to the sequence providing at the resul tant protein on
pol ypepti de hgmwespreferibly teapekieht sufficientrto podvide thgrapeutideffiodoyh | i gand

I nteractions. 25 The term "anal og" as used herein, in relation to
proteins or polypeptides of the present invention includes any

pepti dom metif, DRSS »NbrG R0k Migand” as used herein means the interaction

10  between a Notch family member and a ligand capable of binding to one or

"'3

more such member.

The term therapy as used herein should be taken to encompass diagnostic and
prophylactic applications.
15

The term "medical" includes human and veterinary applications.

As used herein, the terms protein and polypeptide may be assumed to be
“synonymous, protein merely being used in a general sense to indicate a

20  relatively longer amino acid sequence than that present in a polypeptide.

The present invention will now be described by way of non-limiting example,

with reference to the accompanying drawings, in which:

25  Figure 1 shows the results of in situ hybridisations carried out as described in

Example 1 herein;



conpound that possesses the capability of nodul ati ng Notch-Notch |igand
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- 13 - inPABEOIBns in a sinmilar manner to the parent protecwGEY7/03058

pol ypepti de. These include conpounds that may agoni se or antagoni se the
expression or activity of a Notch-protein or Notch-ligand. 5 A conpound
may be considered to nodul ate Notch-Notch ligand interactions if it is
capabl e of either inhibiting or enhaqqhng the interaction of Notch with its
| i gands, preferably to an extent suffi’cient to provide therapeutic
efficacy. The expression "Notch-Notch |igand" as used herein nmeans the

i nteracti onFighre 200bWS e RsIR Giithé xperiee ABRkibéd th Exdrhglaad capabl e of

bi nding to one or nore such nenber. The termtherapy as used herein should
be taken to enconpass di agnostic and prophylactic applications. 15 The term’
"medi cal " ingludes _hu and veterinary applications. As ysed herein, the
terms prot ei%r‘lguéﬁg SSBT”%WP@E‘ 9@36@%&?&5@'%’ cha us, protein
nmerely being used in a general sense to indicate a 20 relatively | onger
am no aci d sequence than that present in a pol ypeptide. The present
inventi of WHigurd dvshows RS fesulesk thy expetintdnt destribednin Emg&m' e, wth
reference to the acconpanyi ng drawi ngs, in which: 25 igure 1 shows the
results of in situ hybridisations carried out as described in Exanple 1

herein; Figure 5 shows the results of the experiment described in Example 7.

Figure 6 shows the results of the experiment described in Exﬁmple 8.
10
Figure 7 shows the results of the experiment described in Example 9.

Figure 8a and 8b show the resuits of the experiment described in Example 10.

15  Figure 9 shows the results of the experiment described in Example 11.
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PCTF GB97/ @i dsiko14214- Figure 2 shows the results of the exp cri bed
in Exanple 4. Figure 3 shows the results of the experinent$§§q§#&@§§§
Exanple 5. 5 Figure 4 shows the results of the experinment described in
Exanple 6. Figure 5 shows the results of the experinent described in
Exanple 7. Figure 6 shows the results of the experinent described in
Exanple 8. 10 Figure 7 shows the resut13-of the experinent described in
Exanpl e 9. Figure 8a and 8b show the results of the experiment described in

Exanpl e 10. 15 Figure 9 shows thmﬂ-ﬁlof t he experinent described in
Exanpl e 11. WD 98/ 20142

e per ohor Saichy Rt a0 Sekt

t he peri phe tch 1,
Delta 1 and ﬁﬁiseﬂgeeRNwreb@y?daﬁw z@dm LInCEEltbOUairﬁﬁSéhbib gliwggi genin

| abel | ed- UTP. Each probe was di ssol ved in hybridisation buffer, heated

to 70[ er r] C syothegizedhand ingorporasedi withiatigoxigeniE biballeds BXTHR Efcldl?mbeMISal EI Zog/
10 ec n I f, ad Levi ous i xed wt 0)
D am gr éﬁ§;8{yeap %g%n% p%{%ﬁqre atc:g| to ¥6§8 q’op 10 mmutég and adccjie

to TESPA coated slides containing 10mm sections of spleen or thymus that

ressed in

had been previously fixed with 4% paraformaldehyde + PBS. Slides were
hybridized overnight at 65°C. The following day, slides were washed twice at
65°C. and twice at room temperature (RT) with 1xSSC/50%
10  Formamide/0.1%Tween 20. Slides were washed twice with 0.1M maleic
acid/0.15M NaCl/0.1% tween 20 pH 7.5 (MABT) buffer at RT and then
blocked for 2 h with MABT + 20% goat serum + 296 Boehringer blocking
reagent (BBR). Slides were incubated overnight at RT with anti-digoxidenin
F,, fragments. After four washes with- MABT slides were washed a further
15  two times in alkaline substrate buffer. The presence of bound anti-sense RNA
probes was detected by incubating slides in substrate Buffer containing NBT +
BCIP in the dark. Slides were conterstained with haemotoxylin and mounted

in Depx mounting medium.

20  Results: The results of these hybridisations are shown in Figure 1, that shows
that in a spleen from a 3 month old mouse, Delta and Serrate are expressed by
isolated cells in the periarteriolar sheath and not in the germinal centre(gc).

Notch is expressed in many cells again in the periarteriolar sheath.

- 25



hybri di zed overnight at 65[err]C. The follow ng day, slides were washed
twce at 65 err]C. and twice at room tenperature (RT) with

1xSSC/ 500&%(}”2 rmam de/ 0.1 %ween 20. Slides were washed twice with 0.1M
mal ei ¢ acl 9/ 0248%1 NaCl /0. 1% t ween 20 pH 7.5 (MABT) buffer BET/EBY703058 hen
bl ocked for 2 h with MABT + 20% goat serum + 296 Boehri nger bl ocking
reagent (BBR). Slides were incubated overnight at RT with anti-di goxi denin
Fab fragments. After four washes with MABT slides were washed a further 15
two tines in al kaline substrate bufferg.-The presence of bound anti-sense
RNA probes was detected by incubating slides in substrate buffer containing
NBT + BCIP in the dark. Slides were conterstai ned with haenotoxylin and
mounted in Depx mounting medium Wts: The results of these
hybri di sati gns,arg shQ [ . that shows that in a spleen froma 3
nonth ol d neHeQUCion ol6 ) expressed by isol ated ceIIs in the

periarterio tw

expressed |Ir11ﬂé %d; cg?'l If%%?h Cm‘%ﬁﬁ%@?&bﬁ%ﬁ%%mw

98/ 20142  expression in mammalian cells" %P 93-128, Cellular Intera@ﬁgmw 03058 -
16 - EXAMPLE 2 Production of Delta-Fc tusion proteln The plG1 [D. Simmons,
"d oni ngd ceDeVQlQPmn'éEdDDe&iﬂré@' tpubt (Qan diménPressi(19033] expressimi vattori n
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Delta 1 linked to the human IgG1-F, domain. A restriction enzyme fragment

that contained only the extracellular domain of the Delta 1 protein was cloned
into the pIG-1 vector. The resultant plasmid was tranformed into E. Coli MC
10 1061, and grown in SOB containing 10pg/ml tetracycline/ampicillin. Purified
vector was used to transfect COS cells in vitro. COS cells were grown to 50-
75% confluency and transfected with 10 pg of plasmid DNA per dish by
DEAE-dextran method. At 24 h post transfection the culture medium was
replaced with culture medium containing 1% FCS and cells were cultured for
15  a further 3-6 days in vitro. Cells were spun for 5mins/5000 rpm to pellet cells
and debris, the supernatant was femoved and stored until required. The Delta-
Fc fusion was purified from culture supernatants by adding 2ml of 50% shurry

of protein a Sepharose (Phamacia) and rotated overnight at 4°C. Sepharose

beads were isolated by passing culture supernatants through a 0.45 mm filter,

20 washed and transferred to a 10ml plastic column. The Delta-Fc fusion
construct was eluted with 2 ml of elution buffer pH 4.0. The eluate was
neutralised by the addition of 1M Tris base.

25




al l ows production of a fusion protein that contains the extracellul ar
portion of Delta 1 |linked to the human 1gd -Fc donain. A restriction enzyne
fragnent tvebsgesias ai ned only the extracel |l ul ar domai n of thf‘cﬂ%h&ﬁos?;ss
protein was cloned into the plG1 vector. The resultant plasmd was
tranfornmed into E. Coli MC 10 1061, and grown in SOB cont ai ni ng
10[err]g/mM tetracycline/anmpicillin. Purified vector was used to transfect
COS cells in vitro. COS cells were grown to 50- 75% confl uency and
transfected with 10 [err]g of plasm ¢ BNA per dish by DEAE-dextran nethod.
At 24 h post transfection the culture nediumwas replaced with culture
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0.45 mm fi | tiBrsevergl wayssinelading orecipignt rRIgrteegtment witly Tricelb | antibodiecorurm.  The
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PCT/ GB97/ 03Ghduced 1 By - tHee inyanasa| delivery aof eallergenelderived ipgptidescanThe anal ysed
in T cell receptor (TCI@ A ) Lo
expression of Notch-Notch ligands is measured on cells recruited into the

airways and/or lymphoid tissues following allergen inbalation and
10 modifications in tolerance demonstrated. Furthermore, in experimental
models of infections with infectious agents, the expression of Norch-Notch
ligands can be measured on the organism (pathogén) and immunocompetent

cells in the host.

15

Mice were immunised with a synthetic peptide containing an immunodominant
epitope of the house dust mite allergen (HDM), Der pl (p110-31), or with
20  ovalbumin (OVA, hen egg white protein). One week later the lymph node

cells (LNCs) were removed and cell suspensions made. Lymph'nodes from
animals immunised with different antigens were kept separate. These cells are

referred to as primed LNCs.

25 T cell hybridomas were transfected with either full length Delta or a control
plasmid, such that delta was expressed as a membrane protein. After two days

in culture the hybridomas were irradiated to prevent them from proliferating



transgenic mce in which the TCRligand is expressed as a self antigen only -
i n the periphery. Peripheral tolerance to transplantation antigens can be

i nduced | | ways including recipient pre-treatment with T cell

ant i bodi g@)%s?iﬁgha bl ockade of costinulation. It is therebFCH6HNBPES o
denonstrate both |inked suppression and infectious tol erance. Peripheral

tol erance to allergens nay be induced by the intranasal delivery of

al l ergen derived peptides. The expression of Notch-Notch [igands is
measured on cells recruited into the 8 fways and/or |ynphoid tissues
following allergen inhalation and 10 . nodifications in tol erance
denonstrated. Furthermgre, in experinmental nodels of infections with

i nf ecti ous Sag&ems profucing Fytekinesn BRersidrenMNotonly |TespoRse; Whish hWateasur ed on
t he organi sm (path n) .and i n et en el i n the host. 15

EXAMPLE 4 PR Eregi'ﬁ%i% S?Vgg%?mﬁafgﬁﬁg%&éﬁ“ﬁ%ﬁi%ﬁaft° " responses of antigen
primed Mce were imuni sed with a synthetic peptide containing an

i mmunodom nant epitope of the house dust mite allergen (HDM), Der pl

(p110- 31), The Wiradiate@ hybvidoiasnwere( Alided ireinorepsinghnimbersotee icolturene week

| ater the |ynph node cells (LNCs) were renoved and cell suspensions made.
Lynph nédesFO;%iﬁl&rmmm% &Jﬂﬁl Sed The tappeRprinte: apiigedn (i & ePbiOnkdle ok ept
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days in culture the hybridomas were ir lated to prevent themfrom
prol i f er at iPrpliferative responses of the lymph node cells after 72 hours were also

measured.
10
Results: Lymph node cells cultured in the presence of irradiated hybridomas
that expressed a control plasmid still proliferated as shown in Figure 2 and
secreted IL-2 when stimulated in culture with the appropriate antigen. Their
responsiveness was maintained at a ratio of 1:1 LNC:hybridoma. In cbntrast,
15  the proliferative response and production of IL-2 by lymph node cells was
reduced by at least 88% when cultured in the presence of hybridomas
expressing full length Delta (at a ratio of 1:1) with the appropriate antigen.
Hybridomas transfected with control virus (open circles), delta virus (open
squares). Figure 2 shows the data presented as counts pér minute (cpm) *H-
20  Tdr incorporation 72 hours after the beginning of culture. Cpm of lymph node
cells (LNC) cultured with hybridomas expressing delta or control constructs.
Total numbers of cells/well = 4 x 10° (i.e the number of LNCs varies
according to the ratio of hybridomas to LNC, so the cpm will vary). p110-131
LNC are cells primed with Der pl (p110-131), OVA LNC are cells primed
25  with OVA. 2BB11 and 2BC3 are two different i)er p! reactive hybridomas.
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- 18 - or from producing cytokines. Therefore, the only response which was
neasur ed wo gsmeigessay cones fromthe |ynph node cells al ongey 7}056 di at ed
hybri domas were added in increasing nunbers to cultures 5 contarning the
primed LNCs. The appropriate antigen (i.e. pl10-131 or OVA) was added and
the cells cultured for 24 hours. Supernatent fluids were then collected and -
assayed for IL-2 (a major T cell growh factor) content. Proliferative

responses of the |ynph node cells aftédP-72 hours were al so measured. 10

Resul ts: Lynph node cells cultured in the presence of irradi ated hybridonas

t hat expres l.asmi.d_sid ' : tn Figure 2
and secr et e'gﬁ%fdfwv\g%&n&s | mﬁug. 5’3 éfn}e%%%ggrgyeﬁe%ﬁgég% %\%?llisa?é anti gen.
Their respopsideRvéred Wegansti AllduaBdirthi® chRirdeOsydtend : DellaNexphyddidgdqma. | n
contrast, 15 the proliferative response and production of |IL-Z by |ynph
node cel | s hybridomhscspécific for Dexps 8% atile o dohibitr the respanbe ofr@¥Ance of

hybri d ing full |ength Delt { tio of 1:1) with th

Rt opr | at cDRER o RoLh s ABBAES. 16¢k L ARSIy APPFATE g9 by GHe 16 Hesclpsper

ircl d ' L QuLe 2 ted
count o e Pty (4t cal 8GR AbP HES buinkse Wik 1A e Bal MR 27, 7 28
begi nni ng oFigurés 84 and SOEhew thi@NamifER @eldeBa 6klb‘i€§siﬁgdh*bﬁcﬁﬂnd/\&'rhbt

hybri donas expressing delta-or control constructs. Total nunbers of
cel | s/ wel | shate antigére specificity. with tbe immbmogest farnderey tor be anawodilalingg to t he

ti f hybgid t.o LNC, th ] | ., .p110-.131 LNC 11
pri madl i 1 OBt O the RS Fepones fo HRETEBeRsR) 1 if s 1o8Pbeaty BAF va, 2681
1 and 2BC3 el gbit eblebSEE™ oS cdh 627 %e BFouBHD IO BRimity with the

10 responding T cells if they recognise the same antigen on the same APC.

-

15 Dendritic cells (DCs) are the primary antigen presenting cell in the immune
system and are critical for stimulating T cell responses. DCs were obtained -
from the spleen and transfected with either a retrovirus allowing expression of
the full length Serrate protein or a control retrovirus. The DCs were also
pulsed with the HDM peptide p110-131 for 3 hours in vitro at 37°C. The

20  DCs were then washed and used to immunise naive mice subcutaneously using
10° cells/mouse. After 7 days the draining LNCs were recovered and
restimulated in culture with peptide at 4x10° cells/well. Since the mice were
only immunised with peptide-pulsed DCs this gives us a measure of the ability
of these cells to prime an immune response.

25
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19 - These data show that inhibition of responses by Delta expressi ng T
cells cagv ,ﬂﬁ% vered in trans. Although in this culture_s Eﬁ_stem Del t

expr essi Ng ti domas specific for Derp 1 were able to (‘fﬁ%’”"?%@
response of O\/A primed T cells, this apparent |ack of specificity appears
to be due to the close 5 proxim’ty of cells forced by the culture system
| ndeed, the data shown in Figures 8a and 8b show that in animals the delta
expressing hybridoma nust share antiggg-specificity with the inmmnogen for
there to be an nodul ating effect on the inmune response to that inmmunogen.
In this case it appears that the delta expressing T cells can only be

br ought i nt Resmitox Figury 3nshowst the data presmtq:lbasjicpg af Ed0ss72 houtseafter ecogni se

t he same anti gen on the sane APC E LE 5 Serr te eX%BESSI q%) Dendritic

celI's prevefill ?lt ‘@}B SnWB“ Ofcells
(DCs) are t the | mmuune system and are
critical | mJ (e ng ?Mgg%ﬂr‘]‘g%%%g IJ ﬂb& re obtained fromthe

spl een and transfect ed W|th either a retrovirus allow ng expression of the
full length Serrate protein or a control retrovirus. The DCs were al so

pul sed v t hImnenis@iopeftmite with TS expressigg Henrate irasulted rip at1®BTPldrr] C. The
20 DCs were then hed a &cf ed to i ni se naive m ce subcut gneously
usi ng 10[ er F‘Tcr?}’éFI“é ggx@ber §eEP ICYE o8 lymehfodes CREParetecover ed

and resti muj Abfginhiafd witheofttrb"DRSP! WeCHRthef fitlusthbd LR fbfSmice S' nce the

mce were
immunised with DCs+Serrate failed to proliferate (93% reduction on control

values, Figure 3) or secrete IL-2 when compared to cells from mice

10  immunised with control DCs.

15 T cell hybridomas (reactive with Der p 1) were transfected with a retrovirus
containing mouse Delta such that Delta was ekpressed on the cell surface or
with a control retrovirus. C57 BL mice were injected with 10 million
irradiated hybridomas i.p. and immunised with 50 microgram Der p 1
emulsified in Complete Freunds Adjuvant (CFA) sub-cutaneously. After 7

20  days the draining lymph node cells wére collected and cultured at 4 x 10°
cells/well with Der p 1 (10 microgram/ml), peptide 110-131 of Der p 1 (10
microgram/ml), or peptide 81-102 of Der p 1 (10 microgram/mi). Cultures
were incubated at 37°C for 72 hours and tritiated thymidine added for the final
8 hours of culture. Results; of proliferation asshys of cells from animals

25 injected with control transfected (puro) or Delta transfected (Delta-FL) are

shown in Figure 4.



only immnised with peptide-pulsed DCs this gives us a neasure of the
ability of these cells to prine an imune response. 25 WO 98/ 20142

PCT/ GB97/Wolf8201430 - Results: Figure 3 shows the data pres &gﬂsg/s cgm of .
LNCs 72 hours after culture fromaninmals inmunised with co 0381 ect ed
(open circles) or serrated transfected (open squares) dendritic cells
(DCs). 5 | mruni sation of mce with DCs expressing Serrate resulted in a
10 fold decrease in the nunber of cells recovered fromlynph nodes when
conpared to imunisation with control-2)Cs. W further found that LNCs from
mce imuni sed with DCs+Serrate failed to proliferate (93% reduction on

control val yes, Fi 3) qr secrete |IL-2 when conpared to cells fromm.ce
10 immunis ' %L%%P%i‘m@@s. infegiedpvith comeglt virus transiested diybridemnas

hybri domas | nhi ot vel nt .of i nity to rp1l

-axt lgen in g‘ﬁ??‘r%a sﬁgkge‘lemfg%‘? Eﬂg@?&d@@%ﬁ%ﬁ%ﬁ We%pf?f\éfﬁ'oﬁir) wer e
transfectedpw t ideC1 IMY3T Wy pepitidel §1-102.MOLs 8 ,acal4C ﬁlhﬁﬁig% ta was
expressed OIr’]V‘Q[ hge%lelel suﬁ acwz or w tﬁla con?fo?@es%rovllérﬁg. C5 L mice
wer e i nj ect injeordd with Melialexpressing hytridomas imudle hol cesponse. tp anpiofl therDemi sed wi t h
50 m cr%ram Der, gﬁl rlrru sified in Conplete Freunds Adjuvant (CFA)

sub- cut aheoRd|3ptig 8720 days the draining | ynph node cells were
collected and cultured at 4 x 10[err]

An influenza-reactive human T cell clone (HA1.7) was transfected with mouse
10 Delta using a retroviral construct to allow cell surface expression of the Delta
protéin. Mixing of this cell population with normal HA1.7 prevented
subsequent reactivity of these normal HA1.7 with peptide HA306-318 and
antigen presenting cells. 5 x 10° HA1.7 were mixed with 1 x 10° irradiated
DRB1*0101 pripheral blood mononuclear cells (PBMC) + 1 microgram
15 HA306-318 and cultured at 37°C. 6 hours later 5% lymphocult (IL-2
containing medium) was added in a total volume of 1ml. 24 hours after the
initiation of culture Delta or control retrovirus or nothing was added. 7 days
after the start of culture, cells were harvested, washed and the transfected cells
irradiated. The transfected cells were mixed at a ratio of 2:1 with untreated
20 HAL.7 and cultured for 2 days. Mixed cultures were then harvested, washed
and plated out using 2 x 10* viable cells/well together with
a) 2.5 x 10* DRB1*0101 PBMCs (medium)
b) 2.5 x 10* DRB1*0101 PBMCs + peptide (Ag + APC)
¢) 5% lymphocult (IL-2)
25  Cells were harvested after 68 hours with the addition of tritiated thymidine for

the final 8 hours. The results are shown in Figure 5.



cells/well with Der p 1 (10 micrograminl), peptide 110-131 of Der p 1 (10

mcrogramim ), or peptide 81-102 of Der p 1 (10 mcrogramim ). Cultures

wer e incua,g;sﬂs% 37[err]C for 72 hours and tritiated thym di ne added for
I ou

the fina rs of culture. Results of proliferation assB¢3/GE97/03058 s from
ani mal s 25 injected with control transfected (puro) or Delta transfected -
(Delta-FL) are shown in Figure 4. WD 98/ 20142

PCT/ GB97/ 03058 - 21 - Results: LNC fromanimals injected with control virus
transfected hybri domas produced high levels of IL-2 and proliferated in
culture in the presence of Der p 1, p@ptide 110-131 or peptide 81-102. In
contrast, cells fromanimals injected with Delta expressi ng hybri domas nade
no response to an¥ of the Der 5 p 1 antigens (Fig. 4). EXAWPLE 7 Delta
expr essi ng Resultss Follewing culturp| alore tonewith opirok visus rieansfectet HALZ. An

i nfl uenza-reactj ve n T cell one 7) was transfected th nouse 10
Del ta usi ndmﬁreP Bi#fgl ISB L‘K?‘h éppé‘?/v% ARUGER, PLESEOUNE, CELS| on of the
Del ta prot qi, B‘bﬁs t revent ed
subsequent r eact [ vﬁvﬂﬂ l?élﬁmse f%%%éra 4 %ﬂtwmﬁ%&%ﬁ%‘%@ % and

anti gen pr Q‘&D%imélgfﬁﬁh'éﬁed HA .16 it ddenHAm WHRvevex, SscHicEIRs rlesp’oxﬁo[ err]

i rradi at ed 1*0101 pri pheral bl ood nononucl ear cel s ( PBMO) m cr ogr arh

15  HAS06-a81welhasl untreated od cantrdl7{irns inGubatedHk1s7 taib2, aﬁdmtmgahnc ult (IL-2

containin diu s added in a total volunme of 1ml. 24 hours after the
J tge ot\gaunply unable to prol%ferate (Fig. éj .

EXAMPLE 8

erra ession by anti senting cells prevents 1 respo
10  Clone HA1.7 was mixed with peptide HA306-318 (1.0 microgram/ml) in the
presence of L cells expressing HLA-DRB1*0101(as antigen presenting cells),
using 2x10* of each cell type. The L cells were transfected with either control
(puro) or serrate (serrate L cells) expressing retrovirus. The proliferative
response was measured after 72 hours following addition of tritiated thymidine
15  for the last 8 hours of culture. Results are shown in Figure 6 for HA1.7 cultures:
a) alone '
b) +IL-2
¢)  +peptide + DRB1*0101-L cells
d) + peptide + DRB1*0101-L cells transfected with control virus =
20 ) + peptide + DRB1*0101-L cells transfected with serrate virus
Results: HAL7 stimulatgd by serrate expressing L cells responded poorly to
antigen when compared with those stimulated by control transfected L cells (Fig.
6).

25 EXAMPLE 9

errate expressi igen presenting cells induce re t T ce



initiation of culture Delta or control retrovirus or nothing was added. 7
days after the start of culture, cells were harvested, washed and the
transfect @D 98&ok42 i rradi ated. The transfected cells were m’&}&ei.g%ﬁgtg S atio .
of 2:1 with untreated 20 HA1. 7 and cultured for 2 days. X P8 es
were then harvested, washed and plated out using -2 x 10[err] viable
cells/well together with a) 2.5 x 10[err] DRB1*0101 PBMCs (nedium b) 2.5 x
10[ err] DRB1*0101 PBMCs + peptide (Agat APC) c) 5 % | ynphocult (IL-2) 25
Cells were harvested after 68 hours with the addition of tritiated
thymdine for the final 8 hours. The results are shown in Figure 5. WO
98/ 20142 Clone HAL.7 was mixed with peptide HA306-318 and L cells (ekpresdRgy’/ 03058
-22 - Results: Following culture alone or with control virus transfected
HAL. 7, unt rRRB&80 M lasantigerppresenting icells)dn thepresence of 2% Be? Bhebenlls ng cel | s.
I ncubation with Delta trapnsfected irradiated HAL. 7 conpl etely prevents the
response ofW‘EFﬁttF@é%:r"@EFdl—bﬁ(ltH'F‘ SO} AT SETTAISCEXIPBSHRE: FetraVirus, cﬁsf?q"g}/respond 5

as well as r Oky CARAYLT | f4iS M}fu?’%‘% & D 13%& il cating
that they a S’Er'i[gt%hg&r?p fﬁ%&tfléve%éo pr e egd 1 Q. -é.)d E %F}iéé&% Serrate
expressison rﬁﬁceéﬂi’iﬂgﬁEslPHﬁ%ﬁ@ Ziﬁbf éadhr;ﬁifﬁfhttﬁmg celi$ weskifedYor 10

Clone HAl .7 was m xed wth peptide HA306-318 (1.0 mcrogranim) in the

presence ofa furdelr| deypbefosd beingl stintiitiled O&itH (peptide (1 femiqrogramamb) g cel | s)
usi ng 2x10[err]_ of each cell, type. The L cells were transfected with either
control normal antigen presenting “cells (DRB1*0101 PBMCs). The proliferative

response was measured after 72 hours following addition of tritiated thymidine
for the last 8 hours of culture. The results are shown in Figure 7 for fresh HA1.7

10  cultured:
a)  alone
b +IL2 @

c) + control virus induced HA1.7, th‘en. peptide + DRB1*0101 PBMC E
d)  + semate virus induced HA1.7, then peptide + DRB1*0101 PBMC
15  Results: HA1.7 induced by serrate expressing L cells (Serrate induced HA1.7)
prevented the response of normal HA1.7 to a normal antigenic stimulus (Fig. 7).
This shows the ability of cells tolerised by exposure to serrate, to pass on their

tolerance to 2 naive cell population (infectious/bystander tolerance).

20 EXAMPLE 10
er ion induced by delta e ssi ells is antigen speci
Mice were injected with 10" T cell hybridoma cells transduced with either delta
or control retrovirus. The hybridoma was 2BC3 which has specificity for
peptide 110-131 of Der pl. At the same time, animals received either Der pl or
25  ovalbumin emulsified in complete Freund's adjuvant. 7 days later, lymph node
cells were removed and 4x10° cells were cultured in the presence of Der pl or

ovalbumin (using the same antigen that they had already been immunised with).



(puro) or serrate (serrate L cells) expressing retrovirus. The
proliferative response was neasured after 72 hours follow ng addition of
trLtiategwéQ¥ jdine 15 for the last 8 hours of culture. Results are shown

in Figur 41,7 cultures: a) alone [err] b) RAT/GBI7[03958] c)
+pepti de+DRB1*0101-Lcel Is [err] d) + peptide + DRBI *0101-L cells
transfected with control virus [err] 20 e) + peptide + DRB1*0101-L

cells transfected with serrate virus [err] Results: HAL. 7 stinulated by
serrate expressing L cells responded.gporly to antigen when conpared with
t hose stinulated by control transfected L cells (Fig. 6). 25

EXAMPLE 9 Serrate expressing antigen presenting cells induce regulatory T
cel | s. WDhe gpreduction of IL-2 was measured 24 hours after the start of culture.

PCT/ GB97/ 03058 -23 - .Con .7 was, mi xed with peptide HA306-318 and L
cells (exp%ég%‘ﬂﬁ{f’b\% &“£0$§§YSQ¥QUQE%%%H ﬁgg@é%ﬁls(;espww presence
of 2% I1L-2. 1 ce| | FLher .aserrate
expressing re r(s):i/'lnr JS¥S§$W@?D%{@§%B?F@G%%?%?%’%‘%Pe ﬂg_rvested
washed and OVA?QbﬁizﬁﬂlaBeih_gbb&dbﬁiﬂﬁl Gybridonfas*tehsitciell Vitle ebhtidf{pufrof 6Fi NY
2x10[err] each population). Cells were cultured for a further days before
bei ng s6ti mDeltaddelia)rétrgyinesi de (1.0 microgramini) + nornmal antigen

presenting cells (DRB1*0101 PBMCs). The proliferative response was neasured
after 72 hours followi ng addition of tritiated thym dine

Results: The response to Der pl in animals injected with delta expressing 2BC3

hybridomas was virtually completely abolished whereas the response to
ovalbumin was unaffected. These data are shown in Fig. 8a and 8b where each
10  dot represents the IL-2 production by an individual mouse to antigen as a

stimulation index (SI) of control responses (no antigen added).

EXAMPILE 11
elta i ressed o ells duri e induction of tole e

15 HAL.7 was cultured in the presence of peptide HA306-318 (50 pg/ml) in the
absence of APCs. Such conditions result in a state of tolerance in the HA1.7.
After 0,30, 120, 240 or 360 minutes, cells _(l.5x106) were harvested , pelleted
and frozen. RNA was prepared from cell pellets by .homogenisation in
guanidium thiocyanate solution followed by CsCl density centrifugation. 1 pg

20 RNA was converted into cDNA using an oligo dT primer. Of the resultant
cDNA, 1/20th was used in PCR (40 cycles) using primers specific for the human
delta homolog. PCR samples were analysed by gel electrophoresis (Figure 9)
wherein lane 1, marker, lane 2, t=0, lane 3, t=30min, lane 4, t=120min, lane 5,
t=240 min, lane 6,t=360min and lane 7 is the negative control.

25
Results.: Resting HA1.7 did not express Delta mRNA, but transcripts appeared

within 2 hours of initiation of the tolerisation protocol.



for the last 8 hours of culture. The results are shown in Figure 7 for
fresh HAL. 7 10 cul tured: a) alone [err] b) + 1L-2 Jerr] c¢) +
control WWoOWs2bm2uced HAl . 7, then peptide + DRB 1*0101 PBMBcr/di®riolosd) T+
serrate virus induced HAL. 7, then peptide + DRB1*0101 PBMC [err] 15

Resul ts: HALl.7 induced by serrate exprédsing L cells (Serrate induced
HAl.7) prevented the response of nornmal HAL.7 to a normal antigenic

stimulus (Fig. 7). This shows the BXIAMPLEAR cells tolerised by exposure to
serrate, to pass on their tolerance to a naive cell population

(i nfectious/bystander tol erance). 20 EXAMPLE
10 The Amiysisa¢f Notdhntlu8 sie] Delte xpe §si ing induction| of-toleramasi by c.
Mce were i n_ ected W|th ;LO err, T, ceI I hybr| dorra cells transduced Wit h

ei t her 1aElRY 3 L AYORQSAUON. The hybri doma was 2BC3 whi ch has

?ggg: I/la H} m%e%&gﬁe;&géﬁgnégga bumn enﬁ %@ﬁ?ﬁ%é@ g?}ﬂi eun%i31

adj uvargr.a Zoﬁmn%oluﬁoﬁr(phbsphm hdftged sdling, RBSY ofi Alife¢ @dnsoedtivik A8 se Infrafissal s
were cultured in the presence of Der pl or oval bumin (using the sane

ant i geradntinstrationyofhantigen rin fhis Wé]éris |kmm temdure hqlerance \m e/aaum Some
PCT/ GB97/ 03058 - 24 duct | L-2 f h
start P e egnea{}‘ﬁaf‘ﬁf% NPy R e e BaPER Wi ten Sy ieRtion o |
Fi gur essof; ?"%ﬁin eRe s tﬁﬁ%‘m ftd @ﬁwms%ed%meuﬂ Dehe a&,)exﬁaﬁ 1%&%3@99&@5

of ani mal
spleens of animals were harvested at various time points thereafter (d0 being the first day of

intranasal treatment or antigen rechallenge) and processed for immunohistology or in situ
hybridisation. For immunohistology, tissues were frozen and 3um sections cut, fixed in ice
cold acetone and stained with polyclonal antibodies specific for Notch 1 and Serrate 1. Bound
antibody was defected using a horseradish peroxidase conjugated goat anti-rabbit antibody

developed with diaminobenzidine as the substrate. Delta 1 specific antibodies were not

available for the study. For in situ hybridisation, frozen tissues were sectioned and fixed in 4%
paraformaldehyde. Sections were hybridised with digoxigenin coupled antisense RNA probes
specific for Notch 1, Serrate 1 and Delta 1 at 65°C. Bound probe was detected by alkaline
phosphatase conjugated goat anti-digoxigenin antibody developed using NBT and BCIP as the
substrate. Data shown in tables 1 and 2 are for immunohistology and in_situ hybridisation
respectively. Data represent the analysis of tissues from 5 separate mice after intranasal
peptide alone (PBS/p110-131 primary) or intranasal and subcutaneous hntigen (PBS/p110-131
rechallenge.

+ weak staining, ++ moderate staining, +++ stong staining.

Results: _

Basal levels of Notch, Delta and Serrate are expressed in control mice receiving only PBS.
Mice dosed intranasally with PBS and subcutaneously with antigen showed a moderate
increase in expression of all three molecules within 8 days of rechallenge. Animals given either
intranasal peptide alone or intranasal peptide followed by antigen rechallenge showed the same
pattern of increased expression of Notch Delta and Serrate which was more rapid and greater

than in control mice.

SUBSTITUTE SHEET (RULE 26)



OvA) for animals injected with hybridomas transfected with control (puro)
or 5 Delta (delta) retrovirus. Results: The response to Der pl in animals
i nj ect ed wiolddnepht a expressing 2BC3 hybri domas was virtually conpletely
abol i shed whereas the response to oval ¥26% n was unaf f ect edPCHEBIE0958 a are
shown in Fig. 8a and 8b where each 10 dot represents the IL-2 production
by an individual nouse to antigen as a stimulation index (SI) of control
responses (nho antigen added). EXAWMPLE 11 Delta is expressed on T cells
during the induction of tolerance 15 HA1. 7 was cultured in the presence
of peptide HA306-318 (50 [err]g/m) in the absence of APCs. Such conditions
result in a state of tolerance in the HAL. 7. After 0,30, 120, 240 or 360

m nutes, cells (1.5x10[err]) were harvested , pelleted and frozen. RNA was
prepared from cell pellets by honbgeni sation in guanidiumthiocyanate
solution followed by CsC density centrifugation. 1 [err]g 20 RNA was
converted into cDNA usdqng an oligo dT priner. O‘ the resultant cDNA, 1/20th
was used in PCR (40 cyg|es) wsi #9 Iﬁrlitsrs sp.ecq.fl ¢ f t he human delta
honol og. PCR sanpl es w8re anal y$ed+by gel el ec#r ophortesis (Figure 9)
wherein lane 1, narker, lane 2, t=0, lane 3, t=30mn, |ane 4, t=120m n,

| ane 5, t=240 n1n Iane 6, t 360n1n and lane 7 is the negative control. 25
Results.: Resting HAl . did notiexpregs Delta q;RNA ut transcripts
appeared within hour§‘ of iHi ti-Eat ﬂ-oniof t he tdﬂ er i on protocol. WO

98/ 20142 § PCT/ GB97/ 03058
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-25- EXAMPLE 12 Analysis of Notch 1. Serrate 1 and Delta 1 expression
during. the induction of tolerance by inmunohistology and in site

hybri di sayb@gpof27 BL/ 6J mce were treated intranasally “‘EHTE&%Q&%m%OO
m crogram Der pl peptide 110-131 or a 99ntro| sol ution (phosphate ouffered
saline, PBS) on three consecutive dayg. I ntranasal adm nstration of antigen
inthis way is known to induce tolerance to the antigen. Sone animals were
then rested for 2 weeks before being rechallenged with antigen by injection
of 50[err]g Der pl/CFA subcutaneously into the base of the tail. The
superficial |ynmph nodes and spleens of aninmals were harvested at various
time points thereafter (dO being the first day of intranasal treatnent or
antigen rechal | enge) and processed for imunohi stology or in situ
hybri di sati on. For i nmmunohi stol ogy, tissues were frozen and 3[err]m
sections cut, fixed in ice cold acetone and stained with polycl onal

anti bodi es specific for Notch 1 and Serrate 1. Bound anti body was detected
usi ng a horseradi sh peroxi dase conjugated goat anti-rabbit anti body

devel oped with di anmi nobenzidine as the substrate. Delta 1 specific

anti bodi es were notSavai | abl ¢ far tf-Ehe study.f Fef i situ h rifi s@tion,
frozen tissues mere%Sectiﬁneﬁ-aﬁd xed i'h 3% réﬁornarﬁehyde ctions
were hybridi sed witT di goxi genin coupl ed anti sense RNA probes specific for
Notch 1, Serrate 1 and Delta 1 at 65[err]C. Bound probe was detected by

al kal i ne phosphat ase conj ugated goat anti-di goxi genin anti body devel oped
using NBT and BCIP gs the suQstrate. Dat a stmn in tabl es 1+and 2 are for

i munohi st ol ogy gndzin sigu Bybii difsation rdspegtifely. Patd rEprsent the
anal ysis of tissBesSfromb5 seépafat& nice aftler TntYanasal pEptTdeTal one
(PBS/ p 110-131 pBi mary) or intranasal and subcutaneous antigen (PBS/p
110-131 rechallqgge. + weak staining, ++ noderate staining, +++ stong
staining. Result®: Basal |evels of Notch, Delta and Serrate are expressed

in control mce Bec® ving only BBS., +  + + o+
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M ce dosed intranasally with PBS and subcutaneously wth antigen showed a
noderate increase in expression of all three nolecules within 8 days of
rechal | enge 9sABiggrl S gi ven either intranasal peptide alone or intranasal
peptide followed by antigen rechall enge showed t he sane paPEEIGBITH3058

i ncreased expression of Notch Delta and Serrate which was nore rapid and
greater than in control mce. SUBSTI TUTE SHEET ( RULE 26) WO 98/ 20142

- 26- PCT/ GB97/ 03058 [err] WD 98/ 20142

PCT/ GB97/ 03058 -27- [err] WO 98/ 201282 PCT/ GB97/ 03058 -28 - O her

nodi fications of the present invention will be apparent to those skilled in
the present art.

Other modifications of the present invention will be apparent to those skilled
in the present art.



5 WO 98/ 20142
PCT/ G3B97/ 03058 -29 - CLAIMS 1. Use of a Notch-ligand in the manufacture of

a medi camw ogimmtq2use i n i nmunot herapy. 5 2. Use accordi n%élzgéﬁﬂsg%?l
wherein the i nmunot herapy involves the treatnent of a T-cel |

di sease or .infection. 3. Use according to claim?2, wherein the T cell

nmedi at ed di sease or infection is due to of any one or nore of allergy,
autoi munity, graft rejection, tumour 10 induced abberations to the T cell
system and i nfectious di seases such a29those caused by Pl asnodi um speci es.
Mcrofilariae, Hel mnths, Mycobacteria, HV, Cytonegal ovirus, Pseudononas,
Toxopl asma, Echi nococcus, Haenophil ' uenza type B, neasles, Hepatitis
C or Toxicara. 15 4. Use accordi My of clainms 1 to 3, wherein the

Not ch-| i gang! Use ! £QUath-fiz@ld 5¢the anBRbind O 2 HBUERALR, Rl Sidevl | ves or
anal ogs thereof. 5. A Notch-ligand, or fragnents, derivatives or anal ogs

t her eof , f cmmumotherapy.f ecting |inked suppression. 20 6. A Notch-ligand, or
fragnents, derivatives or anal ogs thereof, for use in affecting infectious
tolerance. 7. A method of tolerising T cells to an allergen or antigen

oM SING 2 e dBGHRRY oM P Mn 1AL Hnuithbiipy Suvdilel e wBieSRS | N9

cell s exXpressing or
of a T-cell mediated disease or infection.

3. Use according to claim 2, wherein the T cell mediated disease or infection is
due to of any one or more of allergy, autoimmunity, graft rejection, tumour
10  induced abberations to the T cell system and infectious diseases such as those
caused by Plasmodium species, Microfilariae, Helminths, Mycobacteria, HIV,
Cytomegalovirus, Pseudomonas, Toxoplaisma, Echinococcus, Haemophilus

influenza type B, measles, Hepatitis C or Toxicara.

15 4. Use according to any of claims 1 to 3, wherein the Norch-ligand is selected

from Serrate, Delta or fragments, derivatives or analogs thereof.

5. A Notch-ligand, or fragments, derivatives or analogs thereof, for use in
affecting linked suppression.

20 '
6. A Notch-ligand, or fragments, derivatives or. analogs thereof, for use in

affecting infectious tolerance.

7. A method of tolerising ‘T cells to an allergen or antigen comprising
25  incubating/exposing said T cells to antigen presenting cells expressing or

overexpressing a Notch-ligand; in the presence of said allergen or antigen.

' * [+ L M S *



overexpressing a Notch-ligand; in the presence of said allergen or antigen.
WD 98/ 20142

PCT/ GB971Q39880143° - 8- A nethod according to claim?7, wherein the
(over)expréession of the Notch- ligand is due to the APC bePGHGBIUISRCt ed
Wi th a virus capable of expressing said ligand. 5 9. A nethod according
to claim7, wherein the (over)expression of the Notch- ligand is due to the
APC being stimul ated by an agent that up-regul ates expression of a

Not ch-1i gand expressing gene. 10. A ngpohod according to claim9, wherein
the agent is selected from Noggin, 10 Chordin, Follistatin, Xnr3,
fibroblast growh f£ct org or derivatives or fra%ment s thereof. 11. A nethod

accor di ng t$ 2 mgthedacegrding to elgim Mhierein the (Quer)expressioncefthe Naseh-dendri ti ¢

cells, L cef . ' crophages, B.cells or 15

synt hetic Mds}ggiﬁé;&siﬁﬁ%?g %%Z?té@%&f ?{8’%8@32%0%4%?5?55@5 any of
clainms 7 tosidligadderein the Notch-ligand is selected fromSerrate, Delta or
fragnents, derivatives or anal ogs thereof. 20 13. A nol ecule conprising a

Not ch-1igand noiety operably linked to a T cell allergen or antigen noiety

such that upon e>§€o ure to T cells both noieties are capable of binding to
their re@spettdaetleq according toclayn ol wyherei ghey (veexmression of the Netc/t3, wher ei n

t he Notch-| fi%?xﬁdis .eetté( e AP¢ §e%§ CsEiﬁm%lJté&) rQySgrrl rzi’jlgterei\t thai I&pe}re%lrlla{ersagnent S

derivatives anal ogs thereo
expression of a Notch-ligand expressing gene.

10. A method according to claim 9, wherein the agent is selected from Noggin,
10 Chordin, Follistatin, Xnr3, fibroblast growth factors or derivatives or fragments
thereof.

11. A method according to claim 7, 8,9 or 10 wherein the APC is selected from
dendritic cells, L cells, hybridomas, lymphomas, macrophages, B cells or

15  synthetic APCs such as lipid membranes.

12. A method according to any of claims 7 to 11, wherein the Notch-ligand is

selected from Serrate, Delta or fragments, derivatives or analogs thereof.

20  13. A molecule comprising a Notch-ligand moiety operably linked to a T cell
allergen or antigen moiety such that upon exposure to T cells both moieties are

capable of binding to their respective sites.

14. A molecule according to claim 12 or 13, wherein the Notch-ligand moiety

25  isselected from Serrate, Delta or fragments, derivatives or analogs thereof.
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-31 - 15. A fusion protein conprising a segnent of a Notch |igand

ext.racel hypagngiggei n and an i nmunogl obulin Fc segnment. 16. ﬁrlﬁﬁ‘jll@ﬂs?mt ein
according to cllaim 15 wherein the Notch ligand 5 extracef ul"ar "donain is
derived from Notch, Delta or Serrate. 17. A fusion protein according to
claim15 or 16 wherein the Fc segnent is |IgG-c or |gMc 10 18. A kit
conprising inmobilised Notch or fam |y nmenbers to all ow neasurenent of
soluble Notch ligands originating-3trom pathogens, transplanted grafts
or cells of the host. 19. An assay method conprising contacting (a) a Notch

protein and I gand 15 .capabl e. of _bi_pding L. W th (b) a
conmpound:; alrﬁ éeﬁl&oﬁi IO i “Pﬁ§ ?‘rpgggﬁé&a?# gc&éﬁﬁﬁ%ﬁﬁg&gﬁﬂﬁq i gand to
the Notch pj hAnd 4R imAwnbgldbelit Epsdgnen! binding to Delta or Serrate
proteins or @@r derivativ%lg exprgssed on or secreted by pathogenic

organi sns tunours or 20 transplanted grafts, for use in nedical therapy.

21. An assay_nethod conprising determning the in vivo Ie&ve}l i}f sol ubl e
free Serratt8. Motfsionr pIotsip saqcarding (o slfdins 19 whevemns thecNergh higand 25 ap

o ocessitg ereetieh dotinf i kel o PnfOIRR el $0REC Conpr i <1 no

contacti ng

17. A fusion protein according to claim 15 or 16 wherein the F_ segment is
IgGF, or IgMF,

10 18. A kit comprising immobilised Notch or family members to allow
measurement of soluble Notch ligands originating from pathogens,

transplanted grafts or cells of the host.

19. An aésay method comprising contacting (a) a Notch protein and a ligand
15  capable of binding to the Notch protein with (b) a compound; and determining
if the compound affects binding of the ligand to the Norck protein.

20. A ligand capable of binding to Delta or Serrate proteins or their
derivatives expressed on or secreted by pathogenic. organisms tumours or

20 transplanted grafts, for use in medical therapy.

21. An assay method comprising determining the in vivo level of soluble free

Serrate, Notch or Delta family members or forms thereof.

25 22. An assay for detecting the affect of a compound on the expression or

processing of functional Notch-protein or Notch ligand comprising contacting

. * c L M S * :
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PCT/ (B97/ 03058 -32 - cells expressing Notch-protein or Notch ligand with a
conpound;wagglzmgi toring an increase or decrease in expression or
processing of sald protein or ligand. 23. Conpounds, NotchPCHGRAUE3058
derivatives, fragnents or anal ogs thereof, 5 detectabl e by the assay of
claim22. 24. Use of an agent capabl e of downregul ating the expression of
Delta or Serrate proteins or reducing its presentation as a cell nenbrane
protein in the manufacture of a nedicgpent for use in reversing bacteria,
infection or tunmour- 10 induced i munosuppression. 25. Use according to
claim 24, wherein the agent is a Toll protein or bone norphogenetic :
protein. 1%ells expressing Narchpratrin pr Notghdigandy witha ¢osepouad; and monitdringex pr essi o

of a functi a8 ot Nl th LStesshil GfbroLeddifh b B BRI figand.

23. Compounds, Notch-legands, derivatives, fragments or analogs thereof,
5  detectable by the assay of claim 22.

24. Use of an agent capable of downregulating the expression of Delta or
Serrate proteins or reducing its presentation as a cell membrane protein in the
manufacture of a medicament for use in reversing bacteria, infection or tumour-

10  induced immunosuppression.

25. Use according to claim 24, wherein the agent is a Toll protein or bone

morphogenetic protein.

15 26. Use of a Notch-ligand in the modulation of the expression of a fimctional
Notch-protein or Notch signalling pathways.
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