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Se acepta la reivindicaci

del plazo establecido (A
prioridad reivindicada.

3 Objeto de la invenc

Titulo de la solicitud: “Mé¢
vasculares con antagon

El problema planteado

Patente de Modelo de Utilidad

]

]
]

Cap.l Cap. Il

al PCT/US2007/017546
nternacional 07 agosto 2007

nen de Fondo realizado, con fundamento en el Articulo 45 de
mision de la Comunidad Andina, se comunica:

ados

Folios 44 a 61 05 marzo 2009

Folio 62 05 marzo 2008
Folios 100 a 101 20 octubre 2010
Folios 64 a72 05 marzo 2009
Folios 73 a 80 05 marzo 2009
US 60/836.003 07 agosto 2006

dad

6n de Prioridad porque esta solicitud fue presentada dentro
t. 9 D 486), y su contenido técnico corresponde con el de la

ion

todos terapéuticos para el tratamiento de trastornos oculares

stas de Dll4”

en esta solicitud consiste en la necesidad de suministrar

tratamiento para trastornos vasculares e isquémicos mediante la administracioén de
‘composiciones que inhiban la interaccion de DIl4 con los receptores Notch.

\Para resolver este pro
anticuerpo o fragmento ¢
la union del DLL4 a un

blema técnico la solicitud en estudio proporciona un un
e anticuerpo que se une especificamente a DLL$ y bloquea

receptor Notch y métodos de tratamiento para trastornos
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vasculares e isquémicos

El objeto de la presente Solicitud se relaciona con Ia Clasificacion Internacional de
Patentes (CIP): AB1K 39/039

4. No es una invencion (Art 15 [ 486 literal (b)

El objeto de la reivindicacion 3 no se considera una invencion, de acuerdo con el Art
citado puesto que corrmponde a un fragmento de antiouérpo compietamente
humano.

5. Excepcién a la Patentabilidad (Art 20 D 486 literal (d))

El objeto de las reivindicaciones 6 y 7 no es patentable de acuerdo con el Art citado
pues hace referencia de manera implicita a un método de tratamiento para lesién
isquémica o insuficiencia vascular, - :

6. De la Solicitud de Patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)

El capitulo reivindicatorio no caracteriza adecuadamente el o los anticuerpos
reclamados ya que deben caracterizarlo a partir de su estructura completa,
mencionando las secuencias que lo conforman en la cadena ligera y cadena pesada,
0 las secuencias variables de las cadenas ligera y pesada o 1as secuencias de los 6
CDR’s que conforman ambas cadenas. La referencia a estructuras parciales del
anticuerpo no son validas puesto que no es una estructura activa, probada ni
definida. De igual manera la caracterizacion por su funcion no es adecuada puesto
que corresponde a un resultado a aicanzar y dicha reivindicacion incluiria no sélo la
solucion propuesta por el solicitante, sino todas las alternativas presentes o futuras
que lleguen a ese resultado, es asi, que se sugiere reemplazarlo por las
caracteristicas esenciales, eswuciurale«;s o funcionales, que contrsbuyen a la obtencién
de ese efecto. :

La reivindicacion 1 contiene la expresion “ligadura del tipo delta 4(DLL4) antagonista
en la fabricacién de un medicamento” la cual no es clara puesto que no se sabe sise
reclama el anticuerpo o el medicamento que lo contiene, asimismo, ias expresiones
“a un receptor de muesca”y “conectada a un componente multimerizante” no definen
a que estructura hace referencia. Se sugiere hacer las aclaraciones correspondientes
y establecer térininos concretos.

La reivindicacion 1 contiene las expresiones “para prevenir o reducir la perdida de
vasos sanguineos o promover angiogénesis productiva, 0 ambos en un sujeto que
tenga una iesidn isquémica ¢ insuficiencia vascular”, “anticuerpo gue especificamente
enlace la Dli4 y bloguee el enlace de la Dil4 a un receptor de muesca” las cuales
hacen referencia a la funcién o efecto que ejerce el anticuarpo reclamado. Lo anterior
no es valido puesto gue estas no corresponden a caracteristicas esenciales,
estructurales o funcionales, que contribuyen a la obtencién de ese efecto.se sugiere
establecer estas expresiones en &l preambule de la reivindicacién o eliminaria de
esta.

Las reivindicaciones 6 y 7 hacen referencia a las enfermedades que son tratadas con
los anticuerpos reclamados, lo anterior hace referencia implicita a un método de
tratamiento por lo cual se sugiere al solicitante eliminar dichas reivindicaciones.

Primer Atticulo 45- Expediente 09-22898
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Descripcion (Art 28 D 486)

La Descripcién no es clara porque la informacién que contiene no permite que el la
persona del oficio normalmente versada en la materia pueda comprender el problema
técnico y la solucidn aportada por la invencion ya que no se evidencia la obtencion de
anticuerpos especificos | que sean caracterizados por sus secuencias, ni
composiciones que los contengan.

|
Se requiere al Solicitante|hacer las aclaraciones necesarias.

%

% Determinacion del Estado de la Técnica

El Estado de la Técnica
solicitud de prioridad (07

nacional (05 marzo 2009

l

el objeto de esta solicitud:

se determind con base en la fecha de presentacion de la
agosto 2006) y en la fecha de presentacion de la solicitud
y se encontraron los siguientes documentos que anticipan

B , Fecha de
item Documento Titulo Publicacion
I - R oLL4 ] Fecha presentacion
: . nticuerpos anti- y métodos que | (05 diciembre 2008)
D1 CO 08-129885 los usan Fecha prioridad
r (06 junio 2006)
‘ Membrane-bound Delta-4 Notch ligand
: Leukemia (2004)|| reduces the proliferative activity of
| D2 | vol. 18, no. 4, pag|| primitive human hematopoietic 01 abril 2004
‘ 788-797 CD34+CD38 low cells while maintaining
; their LTC-IC potential
‘ , Dll4  antagonists, assays, and I
D3 US2006134121 therapeutic methods thereof 22 junio 2006

D1 (correspondiente a la
Fuiméricos y humanizados

{
D2 divulga anticuerpos mo
[Fc de tipo 1gG1 como a
proliferacion celular. (folios

h

D3 divulga anticuerpos mo
que los contienen, métod
métodos de diagnéstico.

D

solicitud WO2008/060705) divulga anticuerpos monoclonales

anti-DLL4 y composiciones que los contienen. (folios 113 a 118)

noclonales anti DLL4 y dominio extracelular de la Dill4 unido a un

tagonistas de Notch que intervienen en los mecanismos de
119 a 123)

noclonales. quiméricos y humanizados anti-DLL4, composiciones

s de tratamiento para enfermedades de proliferacidén celular y

f URL:http://woridwide.espa
&FT=E&locale=en_EP

C

|
'8. Examen de Patentabilidad (Art 14 D486)

Novedad (Art 16 D486)

enet.com/publicationDetails/biblio?CC=US&NR=2006030529&KC=

'La reivindicacién 1 consiste en una ligadura del tipo delta 4(DLL4) antagonista en |a
‘fabricacién de un medicamento para prevenir o reducir la perdida de vasos

isanguineos 0 promover angiogénesis productiva, o ambos en un sujeto que tenga

‘una lesién isquémica
comprende un anticuerf
| Dli4 y bloquee el enlace
-extracelular de la Dll4, ¢

o insuficiencia vascular, en donde el DIl4 antagonista
00 0 fragmento de anticuerpo que especificamente enlace la
de fa Dll4 a un receptor de muesca o comprende el dominio
pcionalmente conectada a un componente multimerizante.
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Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

[ Caracteristicas esenciales | D1 D2 ’ D3

|
|

Compasicién
farmaceéutica

Composicion

Medi N ' i
edicamento farmacéutica

Formulacién

Dll4 antagonista Antagonista

ant- Diid Antagonista Dll4 Antagomsta anti-Dil4

Anticuerpc o fragmento de Anticuerpo Anticuerpo
er‘ggg?firg:mente emacequlg Anticuerpo moc?:r;ii?w?c? ' pro'?;?nnaoscg)g ?llJZic’m
Dil4, o dominio extracelular mqnoc!onal extracelular de gue comprenden
de la Dil4, opcionalmente | Juiméricoo |/ hu nid domini ul

, opcionalmente humanizado a unido a ominio extracelular
conectada a un companerite un Fc de tipo de la DIl4 unido a un
multimerizante . - -~ dgG1 Fc detipolgG1 |

Novedad frente a D1

Las caracteristicas esenciales del anticuerpo reclamado en la reivindicacién 1 habian
sido divulgadas previamente en D1, el cual da a conocer composiciones
farmacéuticas (folio 118, reivindicacién 31, folio 115, linea 20 a 26) para el
tratamiento de un trastorno de proliferacion celular, que comprende un anticuerpo
monoclonal quimérico o humanizado anti ~DII4 (folio 115, linea 29 a 34; folio 116,
reivindicacion 1 a 6 ) o fragmentos de anticuerpos como los fragmentos Fab, Fab’,
fab’-SH y F(ab’)2.( folio 115, linea 29 a 34).

En consecuencia, la reivindicacion 1 carece de novedad, segln lo divulgado en ¢l
documento D1,

Las reivindicaciones dependientes 2 a 4 no mencionan alguna caracteristica que
haga nueva a la composicién de la reivindicacion 1, por Io cual se considera que no
son nuevas.

Novedad frente a D2

Las caracteristicas esenciales del anticuerpo reclamado en la reivindicacion 1 habian
sido divulgadas previamente en D2, el cual da a conocer formulaciones (folio) para el
tratamiento y evaluacion de un trastorrio de proliferacién celular especialmente en el
endotelio vascular (folio 119, pag. 788). D3 hace referencia a la generacion de
proteinas Delta-4-Fc de secuencias especificas las cuales corresponden a un
dominio extracelular de la Dil4 unido a un Fe de tipo 1gG1 (folio 119, pag. 789:; folio
122, pag. 795).

De igual, manera ensefia un anticuerpo policlonal anti~DIl4 (folio 119, pag. 789)
denominado mbDelta-4 (folic 122, p4g. 794) el cual es especifico y tiene la accién de
bloquear e inactivar las funciones propias de DLL4 y sobre los ligandos tipo Notch
(folio 123, pag. 795) como son la reduccion de la proliferacién celular.

En consecuencia, la reivindicacién 1 carece de novedad, segun lo divulgado en el
documento D2.

Las reivindicaciones dependientes 2 y 5 no mencionan alguna caracteristica que
haga nueva a la composicion de la reivindicacién 1, por lo cual se considera que no
sON nuevas,

Novedad frente a D3
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Las caracteristicas esenciales de anticuerpe reclamado en la reivindicacién 1 habian
sido'divulgadas previamentelen D3, el cual da a conocer proteinas DLL4, fragmentos
de proteina (parrafo 009), ahticuerpos monoclonales quiméricos y/o humanizados
(pér’rafo 0028, 0037, reivindicaciones 10y 11) o proteinas de fusién que comprenden
una proteina especifica (dominio extracelular de la Dil4) (parrafo 0052) junto con un
corﬁponente multimerizante como es una Fc de tipo IgG (parrafo 0012, 0013, 0038,
0052, ejemplo 2) los cuales son capaces de bloquear la actividad de unién de DLL4
para el tratamiento de un trastorno de proliferacion celular (parrafo 0024), De igual
manera se reclaman cor posiciones o medicamentos que contienen dichos
antégomstas (parrafo 0017).
Tamblen se divulgan fragmentos de anticuerpos como los fragmentos Fab, Fab’,
fab -SH vy F(ab")2 (parrafo 0040)

L

En consecuencia, la reivindicacion 1 carece de novedad, segun lo divuigado en el
dooumento D1.

Las reivindicaciones dependientes 2 a 7 no mencionan aiguna caracteristica que
haga nueva a la composicion de la reivindicacion 1, por lo cual se considera que no
son nuevas.

|
9.' Conclusion

Los requisitos de Patenta#mdad de la presente Solicitud estan afectados asf:
l

itém Documento Reivindicaciones afectadas | Requisito que afecta

D1 CO 08-129885*| EEY: Novedad

Leukemia (2004) vpl. Y o e |
b2 18, no. 4, pag 788-797 1.2,5 Novedad

b3 ~Us2008134121) | 1a7 | Novedad

En cumplimiento del articiilo 45 de Ia Decision 486 de la Comisién de la Comunidad
Andlna se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacién de la presente comunicacién. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
Ios impedimentos para lajconcesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faitante y presentarla porlescrlto

Notlfiquese el presente OLICIO conforme a lo dispuesto en el numeral 5.2, hteral e), del
situlo quinto del titulo primero de la Circular Unica No. 10 de 2001.

JOSE LUIS SALAZAR LLOPEZ

blrector de Nuevas Creaciones (C)

!

IEl anterior requerxmlénto fue notificado por fijacion en lista, de fecha

| 98 260 20,%

Elaborado por; Ana Delia Pinzédn Garcla
'Revisado Por: Consuelo Leguizamon Leguizamo
| Aprobado por; José Luis Salazar Lopez
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transformarse er ¢i firmaco mds activo no citetdxico. Ejemplos de (irmacos cituidxicos que pueden ses
derivatizados pura obtenar un proférmaco para su uso en esla invencion son los ageites quintioterapéuticos descritos
anterinrmente,

Un "agente aniiangiogénico” o "inhibidor sngiogénico” es una sustancla de bajo peso malecular, un
polinuciedtide (incluyendo, por ejemplo, un ARN inhibidor (ARNi o sIARNY), un polipéptide, una proteing aislada,
una protefna recombinante, un anticuerpo, o conjugados o proteinas de fusién de los mismos, que inhiben la
angiogénesis, la vasculogénesis o 1a permeabilidad vascular no deseada, bien directa bien indirectamente. Por
cjemplo, un agente antiangiogénico es un anticuerpo u otro antagonista & un agente angiogéncio tal como se defie
anterinrinente, por ejemplo, anticuerpas anti- VEGF, anticuerpos contra receptores del VEGF, fragmentos solubles
del receptor del VIIGE o pequenas moléeulas que bloquean la seflatizacion de los receptores del VEGF (por ejemplo,
PTK787/2K2284, SU6568, SUTENT®/SU 11248 (sunitinib malato), AMG706, o las descritas en, por ejemplo, 1a
solicitud de patente internacional WO 2004/113304). Los agentes antiangiogénicos también incluyen inhibidores
nativos de la angiogénesis, por ejemplo, angiostatina, endostating, etc. Véase, por gjemplo, Klagsbrun y D' Amare,
Annn, Rev. Physiel, 53:217-39 (1991); Streit y Detmar, Oncogene, 22:3172-3179 (2003) (por ejemplo, ia Tabla 3,
que enumera los tratamientos antiangiogénicos en el melanoma maligno); Ferrara y Alitalo, Nature Medizine
5(12):1358-1364 (1999); Tonini et al., Oncogene, 22:6549-6556 (2003) (por ejemplo, la Tabla 2, que enumera
factores antiangiogénicos); y Sato Ini, J. Clin. Oncol., 8:200-206 (2003) (par ejiemplo, 1a Tabla 1, que enumera
antiangiogénicos usados en ensayos clinicos)

Composiciones de la invencidn y métodos para su elaboracicn

Esta invencién engloba composiciones, incluidas composiciones farmacéuticas, que comprenden un
anticuerpo anti-DLLA | ¥ palinucledtidos, que incluyen secuencias que coditican un anticugrpo anti-DLLA. Como se
Lse e la presente memoria descriptiva, las composiciones comprenden uno ¢ mas anticuerpos que se utien & DLL4
y/o uno o més polinucledtidos que comprenden secuencias que codifican uno o mas anticuerpos que se unen a DLLA.
Estas composiciones pueden contener, ademas, vehiculos aptos, como excipientes farmacéuticamente aceptables que
incluyan soluciones tamponadas, que son bien conocidas en la materia,

La invencion también engloba formas de realizacion de polinucledtidos y anticuerpos aislados. La invencion
también engloba formas de realizacion de polinuciedtidos y anticuerpos susiancialmente puros.

Los anticuerpas anti-DLLA de la invencion son preferiblemente monocionates, También se incluyen dentio
del émbito de la invencién fragimentos de anticuerpos como los fragmentos Fab, Fab', Fab'-SH y F(ab'),, de los
anticuerpoes anti-DL L4 proporcionados en la pvcsénte memioria descriptiva, Estos fragmentos de anticuerpos se
pueden crear por medios tradicionales, como digestién enzimdtica, o se pueden generar mediante téenicas
recombinantes, Lislos {ragmentos de anticuerpos pueden ser quiméricos o humanizados. Estos {ragmentos son atiles
para los fines diagnésticos y terapduticos que se exponen a continuacion.

Los anticuerpos monoclonales se abtienen 4 partir de una poblacidn de anticuerpos sustancialmente
homogeneos, es decir, log anticuerpos individuales que forman Ja poblacidn son idénticos, excepto en posibles

mutaciones de formacion natural que pueden estar presentes en cantidades insignificantes, Por lo tanto, el

" modificador "monoclonal” indica el cardeter del anticuerpo, que no es una mezcla.de anticuerpos discretos.

37
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LAS REIVINDICACIONES SOM:

1. Un anticuerpo antlsDLL4 aislade que comprends:

{a) al menos uno, dos, tres, cusleo o einco sscuencias de ta region hipervariabie (MVR) seieccionadas en el
erupo formado por:

{) HVR-L1 que comprende 1a secuancin AL-ATL, donde A1A 1T es RASQDVSTAVA (identficador
de secuencia n. 10}

(i) HVR-1.7 que comprende 1a secuencia B1-B7, donde [31-B7 es SASFLYS (identificador de
secuencia n® | 1) '

(4il) HVR:L3 que comprende la secuencia C1-C9, donde C1-C8 es QQSYTGTVT (identificador de
secuencia n.®; 18)

' (iv) HVR-H1 que comprende la secuencia D1-D10, donde D1-DI10 es GFTFTDNWIS (identilicador de

secuencia n.% 1),

) HVR-H2 que comprende la secusngia E1-E18, donds E1-E18 e5 GYISPNSGFTYYADSVKG
(identificador de secuencia n,® 8) y

(vi) HVR-H3 que comprende la secuancia FILT1S, donde FI-F 18 &5 VY YCARDNIGGYFDY
(identifieador de secuencia n.® 9): y

(b} ul menos una variante de ls MVR, donde la secuenzia de la variants de la HVR incluye o modificagidn

de al menos un residuo de Y sesuencis descrita en log identificadores de secuencia n.® -18.

2. Un anticuerpe anti-DLL4 aislado que comprende:

(1) 4l menos uno, dos, tres, cuatro o ¢ineo secupncing de ln region hipervariable (HVR) seleceionadas en el
grupo formirde por:

(i HVR-L| que comprende la secuencie A1-A11, donde A1-All es RASQDVSTAVA (Identificador
de secuencia n.%; 10)

(i) HVR-L2Z que comprende 13 secuercia Bi-B7, donde 12{-B7 es SASFLYS {dsntificader de
secuencia 1.% 1)

(tit} HVR-L3 que comprende o secuencia CHCY, donde C1-C9 es QQSYNGPST (identificador de
secuencia n.® 15)

{iv) HVR-HI que comprende la secuencia 21-D10, donde D1-D10 es GFTFTONWIS (identificador de
secuencia 1.% 1) . .

(v HVR-M2 que comprende la sccuencia £1-518, donde E1-E18 es GYINPNSGA FEY ADSVKG
(identificador de secuencia 0.% 5) y

(viy HVR-H3 que comprende Ia secuncia F1-715, donde FL-F15 es VYYCARDNFGGYEDY
(identificador de secuencia n.® 9, y

(b) al menos una variants de la MVR, donde ia zecuencin de la variante de fa MVR inciuve fa modificacion

de al menos un residuc de la secuencia descrita en fos identificadores de secuencin n.® 1418,

HJA
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3. El anticuerpo de la reivindicacion 1 6 2, donde una variante de la HVR-L3 comprende dle 1 a 6 (1,2, 3, 4,
5 ¢ 6) sustitugiones en cualquier combinacién de las posiciones sigulentes: 91 (S0 W), 92 (Y 0 ¥}, 93 (T, N v S), 94
(ToG)95(P, Q. AaT),y096(P,S, Ao V)

4. Elanticuerpo de fa reivindicacion 1 ¢ 2, donde una variante de la HVR-M2 comprende de | a 4 (1,2,36
4) sustituciones en cualquier combinacién de las posiciones siguientes: SO(V. Lo ¥),52(No§),52a(PoS)os3 -
NQ Tol),

5. Un anticuerpo anti-DLL4 aislade que comprende uno, dos, ires, cuatro, ¢inco o seis HVR, donde cada
HVR comprende, consiste o consiste esencialmente en una secuencia seleccionada entre el grupo formado por los
identificadores de secuencia nums: 1-18, y donde el identificador de secuencia n.%: 10 se corresponde can una HVR-
L1; el identificador de secuencia n.°: |1 se corresponde con una HVYR-L2; los identificadores de secuencia 1.2 12,13,
14, 15, 16, 17 o 18 se corresponden con una HVYR-L3; los identificadures de secuencia n® | 6 2 s¢ corresponden con
una HYR-H1; tos identificadores de secuencia n® 3,4, 5,6, 7 u 8 se corresponden con una HVR-HZ; y el

identificador de secuencian® 9 se corresponde con una MVR-H3,

0. Elanticuerpo de la reivindicacion 3, donde el anticuerpo de ia invencidn comprende HYR-L1, HVR-L2,
HVR-L3, HVR-MHIE, HYR-H2 ¥ HVYR-H3, donde cada una de ellas, per orden, somprende los identificadores de

secuencian.® 10,11, 14,2, 3, 9.

7. Elanticuerpo de la reivindicacion 5, donde e} anticuerpo de la invencion camprende HVR-L1, HVR-1.2,
HVR-L3, HVR-H1, HVR-H2 y HVR-H3, donde cada una de ellas, por arden, comprende los identificadores de

secuencia n.® 10, 11,15, 1,5, 9.

8 Elanticuerpo de la réivindicacion 5, donde el anticuerpo de in invenzion comprende HVR-LI, MVR-1.2,
HVR-L3, HVR-HTL HVR-M2 y HVR-H3, donde cada vna de elias, por orden, comprende los identificadores de

sscuencia n.®; 10, H1, 16, 1,6,9.

9. El anticuerpo de la teivindicacién 5, donds ¢! anficuerpo de [a invencién comprende HYR-L1, HVR-L2,
HVR-L3, HYR-HI, HVR-H2 y HVR-H3, donde cada una dé &llas; por orden, comprende fos identificadores de

secuencia n.® 10, 11,17, 1,7, 9. . L :

10. El anticuerpo de la reivindicacién 5, dende el anticuerpo de l2 invencién caomprende HVR-L1, HVR-L2,

HVR-L3, HYR-H1, HNVR-H2 y HVR-H3, donde cada usa de ellas, pov orden, comprende los tdentificadores de

secuencia n.® 10, 11,18, 1,8y 9,

L Blanticuerpo de cualquiera de las reivindigaciones 1410, donde al menos una porsion de la secuencia
de estructura es una secuencia de estructura de consenss humana.
sg
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28. Un método para Ya deleccién de DLLY, que coinprends a detecsitn tei compleio DLLA- anticnamo
anti-LLA sn una muestra bigiggics.

29. Un método para diagnesticar un tastorng wsociado a la expresion de 3LLA4, gue incluya la deteccion del
complefo formado por DLLA"y anticuerpos anti-DLL4 e uni muestra bioldgica procedente dg un paciente gue tenga

u posiblemente tenga e trastormo.

30, Elwétado de sualquiera de tns reiviidigacionss 28-29, doade ¢f anticuerpa anti-RLLA se detecta
mediante marcado.

31 Une composicidn que comprands un anticusrpe ninth-DLLA de cualquiera de las reivindaciones 1-16,
32. Una compeasicion que comprande un polinuctestido dg cualguier de las reivindizaciones 17-15.

33 Lacomposizian da dn relvindicamon 31 8 32, donde 1a gomposicion comprende udeinds una moldeuly

vehicula,

T

4. Un métedo para el tratamiento de un tumor, un cancer o un yastomo de proliferacion celular que
comprenda la sgministragian de una cantidad eficaz de un antieverpo de cualquiera de ias reivindicaciones t a 16 a
dn sujeto que necesite dicho tratamiento, medianis ef cual se rata of tumer, el cancer o ol rastorno de praliferacién

celutar,

35, El métedo.de la reivindicacion 34, donde el iumor, canoer 0 rastorng de protiferacion celular gs céncer

de colon, cdncer de pulinés o céneer de mama,

36. El método de In reivindicacién 34 6 35, que comprende, ademas, ta administrasion ds una cantidad
eficaz de un agente antiangiogénico.

37. El métada de la reivindicacion 36, donde ci ngente antiangicgénico es un antagonista del factor de

eceuimiento endotelinl vascular (VEGT),
38, Elmetodo de ln reivindicncidn 37, donde ef antagenista det VEGF ¢s un anlicuerpo anti-VEGF,
35 Elmdétade de la reivindicacion 38, donde gd anticuerpo anti-YEGE es bevacizumab,

40. El método de cualguiera de las reivindicacianes 34-39, que supone administrar también unn canridad

eficaz de un agente quimicterapdutica.
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1
Construction, and production of rei‘rm\«iruses

Retroviral vectors todlng for full-length ¥ human Delta-4 cDNA
were derived from the MPSVpac vector carrying the puromycin
Neacetyl fransferase {(pac) gene driven by an internal murine
phosohoglyce«a e kinase (pgk) gnomr)fef andla murine embryo-
nic stem cell virus (MESV) LTR.2? The unmodified vertor served
as control. Full-length Delta-4 cDNA (2058 ki) (mbDelta-4) was
PCR-amplified to introduce unique 5-XAol and 3'-EcoRl
restriction sites and a Kozak sequence (ACCG{C) in the original
cONA (Advantagp HF kit, Clontech Lab. Ink, Pale Alto CA,
USA). Tha PCR products were ligated the MSCVpac
retroviral \/pctor, sequenced, and one clone {was selected for
base perfect match with the original cONA.
- Viral supernatants were generated using |293-EBNA cells
!nvntiogen,lCarlsbad CA, USA} by transfecting the Delta-q
constructs using the quen 500 reagent {Euron Fdez France) as

previously described.?*
1
1

Generation of Delta~-4-Fc |

F
s
o~
o
[P
=
p?

This construct was engineered to encode the extracsliular
domain of human Delta4 fused in frame to la sequence of
human 1gG1-Fe fragment. The human Delta-4 cDNA was PCR-
amplified using a sense primer (5'- (‘GTACT("Q CATGGCGG-
CAGCCTCCCGGAGE-3') and an antisense primbr (5-CTGAG:
CATCCCAGOGTGAAGTTGGUCGCCAAGCCCAL-3"), The
¥ groduct of amplification was digested by Xhol| and BamH1,
and cloned intp the Xhol and BamM1 sites of phTFA85-higG1Fe
expression vedtor. The resulting canstruct was introduced into
HEK293 cells usmg the Exgan 500 reagent to generate a stable
cell population for protein production. The presence of soluble
Delta-4Fc in the conditioned medium of G418-fesistant cells
(InVitrogen) was revealed by slot-dot using Protein A horse-
radish peroxidase linked (Amersham). Conditioned|medium was
first 10-fold concentrated into dialysis tubing by contact with a
fayer of polyethylene glycol compound (Sigma), and dialyzed
against 2M NaCl 50mm borate pH 8.5. The dialyzed protein
concentrate waé pumped over a Protein A colunn (HiTrap
Protein A, Amersham), and the column was extensi ely washed
with 2m NaCl 50 mm borate pH 8.5. Bound protein was eluted
with 100 mm glycme, pH 3, and neutralnz@d with 2 M Tris pH 11,

Purity assessed by separating proteins wsing 10% sodiun
dodecy! sulfate-pplyacrylamide gel electrophoresis (SD8-PAGE)
and silver staining (SilverQuest kit, InVitrogern) was always
superior to 80%. |

|

-

i

Generation of 517 and NIH3T3 stromal
|

§17 cells®® were grown in minimal essential mediui (2-MEM)
supplemented with 10% fetal calf serum {FCS, trogen,
Francel. They were infected with 0.1 ml of the VIral supjarnatants
(containing the contyol vactor, or the mbDelta-4-ekpressing
vecton) in the presehce of 4 um polybrene (Sigma, Fraice), Two
days after infection, puromycin selection (4 ug/ml] Sigma,
Flancn' was pt:iforﬁ éd to generate stably transduted cell
populations. Fach ‘of the two $17 populations (G817, or
mbD4/517) was the result of a mixture of at least 10 (ifferent
clones. NIH3T3 cell§ were transfected with the same procedure.

Polyclonal antibodies against a pepiide in the extricellular
domain of mouse Deltas4 (TPGDDLRPETSPUNS; wure raised in

1

cell populations

Deltad redutes HSC profifaration
£ Lauret ¢t 8/

rabbits and subsequently peptide affinity pu rified (Research
Gengtics, Huntsville, AL, USA} €/817 and mbD#/817 cells were
iabelied according to standard procedures using a biotinylated
anti-rabbit antibody (Immunotech, Marseille, France) and
streplavidin conjugated to R-Phycoerythrin (Caltag, Burlingame,
CA, USA), Fluorescence analysis was performed on a FACScan
(Becton Dickinson, San Diego, CA, USA)

Separation of CD34™ CO38% ceils

Cord blood samples were obtained with informed consent
actording to approved institutional guidelines, and were
subjected to standard CD34 immunomagnetic bead separation
(Miltenyi  Biotech, = Auburn, CA, USA). Sorting of the
CD34 7 CD38"Y fraction was performed using a FACSVantage
(Becton-Dickinson) as previously described.®> In some experi-
ments, CD34%CD38"™ cells were labelied with the mrhoxy
flugrescein diacetate succinimidy enterdye (CESE) to track the
successive cell division during culture, as previously  de-
~cnbvd 2

Cell culture

Cultures were initiated by plating 3000 CD34 ™ CDI8" cells in
2d-well plates pwwatwd with C/817 or mbD4/S17 in %-MEM
containing 10% FCS Stem Cell Technology, Vancouver,
Canada). The following cytokines were added : PEG-rhu-MGDF
{30 ng/mi; Kirin, Brewery, Japan), thu-1L3 (100 W/mi, Novartis),
rhu-Flt-3 ligand (100 ng/ml, Imfunex), and rhu-SCE (50 ng/mi,
Amigen]. At day 7, to avoid any deleterious effect of 7-day aged
siroma, the cultures wers distupted by vigorous pipeting and
scraping. Nucleated cells were counted, and 5000 output
nucleated cells were feplated into a new 24.well plate
precoated with C/S17 and mbD4/$17 stroma lines. This
procedure was repeated for two consecutive weeks. At days 7,
14, 21, and 28, output CD34™ cells were sorted to assess their
functional potential.

Some cultures were initiated at single CD34 *CD3g"™ cell
level in the same conditions, At day 10, the resulting clones
were examined, and their size was evaluated (10-100 cells;
101-1000 cells; > 1000 cells),

In another series  of r-‘xpe\nments, CFSE-labelled
CD34 " CD38* cells were cultured on the different $17 stroma
linies as described above, Cells having divided once during 48 b
were selectad, and plated onto fresh stromas. Two day< {ate.
cells having performed four more divisions (a total of five from
the onset of the cultuie) wers sorted again, and their LTC.IE
potentials wore analvzed, All cultures were kept at 37°C in ah
air atmagpliete sumlemnmed with 5% €0, and saturated with
humidity,

The activity of the Deltad-Fe protain was assessedd by
precoating for 1 h at 37°C wells of nontissue culture-treated
plates with & solution of 10 ug/mi of goat Flah)2 anti-human
IgG1 Fe specific (Caltag, Tehu), and o Z5ng/ml Retronectini
iTakara, Biowhittaker, UK) in 1 » FBS. Wells were washed with
1 x PBS, blocked with 1 x PBS containing 10% FCS, incubated
with a solution of Deltd 4 Fo (10ug/mil) in 1 x PBS for 2h at
37°C, and washed extensively with 1 > PBS. brrelevant humag
gl (10 g/ i) serves as negative control, Culture exper!me 1ts
of CO34™CDIB™ cells with Deltad-Fc were periormm in the
game conditions as above, with the exception of the culure
medium (STEMSPAN SFEM madium, Stem Cell Technologius,
Vancouver, Canada -+ ¢ytokines).

Leukemig



Leukemia {2004) 18, 788-797
£ 2004 Nature Publishing Group Afl rights reserved 0887-6924/04 $25,00

www.nature.com/teu

[

Membrane-bound Delta-4 Notch Ilgand reduces the proliferative activity of primitive
human hematopoietic CD34 * CD38'" cells while maintaining their LTC-IC potential

£ Lauret!, C Catelain!, M Tigeux1
and A Bennaceur-Griscelli™?

, S Poirault!, JS Danda', M Dorsch?, j-L Villeval®, A Groseil’, W

Vainchenker', F Sainteny'

U362 INSERM - PR1, Institut Gustave Roussy, 39 rue C. Desmoulins, Villejuif, France; ?Department of Clinical Biology,
Institut Gustave Roussy, Villejuif, France; and *Inflammation Department, Millennium Pharmaceuticals Inc., 45 Sidney Street,

Cambridge, MA 02139, USA

To examine the role of the Notch ilgand Deiia-4 on hemato-
poistic stem cells, human CD34 * CD38"Y cord blood cells were
cocuitured on $17 cells transduced with transmembrane Delta-
4 (mbD4/S17) or an empty vector (C/S17). By the end of a 3-week
culture, mbD4/S17 induced a 25-fpld reduction in nucleated cell
production, as compared to C/S17, by maintaining a higher
proportion of cells in GO/G1 phase. A specific retention of a
high proportion of CD34 " cells throughout the culture was
observed with mbD4/S17, contrary to C/S17. Although mbD4/
817 promoted expansion of cells with the phenotype of
committed lymphoid precursors (CD34*CD7~ CD45RA ™),
these ceils still retained their myeloid differentiation potential.
mbD4/$17 maintained a higher LTC-IC frequency in output
CD34™ cells, compared to C/S17, as in the subsets of cells
having completed the same number of divisions on mbD4/S17.
A Deltad-Fe¢ proteln {extracellular part of human Deltad fused to
Fe human IgG1 portion), immobilized on plastic, aiso reduced
coll production and retained the LTC-IC potential, Transpianta-
tion of cells grown on mbD4/S17 into NOD/SCID mice showed
no significant enhancement of the long-term repopulating
ability. Thus, Deltad appears to inhibit hematopoietic stem cell
proliferation, in association with the maintenance of short-term
lymphoid and myeloid repopulation capacity.

Leukemia (2004) 18, 788-797. doi:10.1038/sj.leu.2403288
Published online 26 February 2004

Keywords: Notch; cell cycle; hematopoiesis

Introduction

Hematopoiesis is a continuous developmental process in which
hematopoietic stem cells (HSC) and their progeny make
sequential cell fate decisions, producing mature blood cells of
the various lineages. The constant generation of appropriate
numbers and types of mature cells, as well as the maintenance
of HSC, requires a complex regulatory network of exogenous
and endogenous signalling which are incompletely under-
stoocl.! In invertebrate and vertebrate developmental systems,
molecules belonging to the h sé{hly conserved Notch family are
known to modulate cell fate.”™ Accumulated evidence indi-
cates that Notch signalling madulates the ability of nontermin-
ally differentiated cells to respond to differentiation and
proliferation signals in order to progress to the next develop-
mental stage. Notch receptors are transmembrane glycoproteins
that bind to ligands expressed on adjoining cells. They represent
a single-pass transmembrane protein composed of a large
extracellular domain containing between 29 and 36 epidermal
growth factor (EGF)-like repeats in tandem and three cystein-rich

Correspondence: E Lauret, U362 INSERM - PR1, Institut Gustave
Roussy, 39 rue C. Desmoulins, 94800 Villejuif, France; Fax: -+33 1 42
11 52 40; E-mail: elauret@igr.fr or A Bennaceur-Griscelli, IGR, 94800
Villejuif, France

Rcccwed 31 July 2003; accepted 22 December 2003; Published
online 26 February 2004 .

Notch/LIN-12 repeats and an intracellular domain consisting of
six tandem cdc10/ankyrin repeats, a glutamine-rich domain
(OPA), and a PEST sequence critical to downstream signalling.”
The Notch receptor interacts with a family of transmembrane
proteins that serve as ligands, containing EGF repeats and a
highly conserved Delta-Serrate-Lag-2 (DSL) domain in the
extracellular region. Activation of Notch signalling is mediated
through interactions between the DSL domain and specific EGF
repeats located in the extracellular portion of the Notch
receptor. In the prevailing model of Notch activation, once
the ligand is bound, signal transduction takes place, resulting in
the appearance of transcription factors such as Hes-1, capable to
suppress the transcription of lineage- specific genes. The cell
becomes refractory to differentiation signals, an effect transient
and reversible; once Notch activation ceases the cell is able to
differentiate.

if a role for Notch-1 has been clearly demonstrated in
promotmg T-cell development while inhibiting B-cell differ-
entiation,® a role for Notch receptors and their ligands in the
regulation of HSC has recently emerged. Four different Notch
genes have been identified in mice and humans, two of which,
Notch-1 and Notch-2, are known to be expressed in the
hematopaietic system, in primitive and mature cells within the
different cell compartment”"® as well as in adult medullar stroma
cells, Two Notch ligand families, Delta and Serrate/Jagged
ligands, have been identified in mammals, including Delta-1, 3
for the Delta family and Jagged-1, 2 for the Serrate/Jagged
family. Human Delta-1 as well as human Jagged-1 are expressed
in human CD34' cells and in adult bone marrow stroma
cells.”® Similarly, Jagged-2 is expressed on murine Lin~c-kit™
cells.® A number of recent studies have provided evidence that
ligand-induced Notch signalling favored HSC self-renewal,"%-"*
increased the numbers of progenitors,”51*"'7 and promoted
HSC survival.'®

A new member of the Delta family has been cloned by us and
others, from either endothelial cell or placenta libraries, named
Delta-4.'>*" Like other Delta ligands, Delta-4 possesses an
extracellular region containing several EGF-like domains and a
DSL domain required for receptor binding. Human Delta-4 was
found to be highly expressed within the vascular. endothelium,2°
but its expression was also found in a wide range of adult and
fetal tissues, including sites of hematopoiesis.® We investigated if
Delta-4 was able to influence in vitro the fate of human cord
blood CD34*CD38"% cells stimulated by early acting cyto-
kines. Since Notch ligands were considered to exert their effects
through membrane-bound expression from stroma cells, we
ascertained the effects of Delta-4 on HSC by using a coculture
between HSC and $17 cells engineered to express Delta-4 as
membrane-bound protein (mbDelta4). Our results reveal that the
major activity of mbDelta-4 consists in réducing HSC prolifera-
tion, thus leading to the maintenance of the LTC-IC potential.
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Figure 1 | Delta-4 expression in $17 ceils. Flu

of S17 cells stained with antibodies, an affinjty-purif

antiserum !'a{sed to the extracellular domain of mirine Delta-4, The
y-axis represents cell number. and the xaxis represents log
tluorescence Lintensity. The gray histogram reprisonts mbD4/517
stroma and the white £/517 strama, Mean fluorescence intensity
C/517 = 4.77,\mhD4/S17 = 11.90.
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Figure 2 Effect of mbD4/S17 on nucleated cell production. 5000

CD34~CD38"™ Qells were added 10 wells coated with C/Si7, or
mbD4/S17 stromas in the presence of thuSCF, rhulil3, rhuPEG-
MGDEF, and rhuFlt-3L. Cells were harvested at the indicatad times. and
5000 outpul nuclested cells were replaied onto the two different $17
stromas for ancthet week of culture, This procedure was Fepeated for
two additional weeks (resulls from five experimoniol] Significant
difference, *P<0.05; *P<0.02; "™ P<0.01.
l‘

first week, the fold increase in the total cell number Wwas lower
for cells growingron mb04/817 cells (1613, meants.d.;
P=0.03), as compared to cells growing on /517 strumas
(54 ::24). Desplie the wide inter-cord blood variability bétween
the samples, the cumulative nucleated cell productibn in the
population grown bn mbD4/517 was always lower i all four
Hmepoints, as compared to that grown on /817, Thug, on dsy
28, culture of TD347 CD38"Y cells on mbDA/STY led o a 12
fold reduced cell production (#<0.05). Nuclested coll produe-
tion between populdtions grown on C7$17 and parentai|S17 was
not different (data nbt shawn. : '

1

Deltad raduces HSC. proliferation
E Lairet & af

Iy wt
15
&
ot ]

oo
B athid

mb4

MRS

| i

161000

10-100

> HOG celie
Wiy .
. i
C

300 * : y
? :’ e < Gy T oY
c-i__‘?‘ ‘5‘)% G 244 1% o
150 . e S M

Q g 2% 1563 ¥ ,ﬂ’"ﬂ
12034 i 120 3 E :v,;-«]

07 804
{200 400 €00 8% 150 O 400 810 BHD 100
L84 FLA-A

Bigure 3 Effect of mbD4/517 on viability and cell eycle status of
nucleated cells. (al Single cell cultures were established from
CD347 CD38™ in the presence of cytokines on the C/$17, and
mbD4/317 stromas. The numbers of nuclested cells were estimated in
gach well at day 10 and the clones were classified according to their
size (cell number per well) as indicated, At least 23 ciones per
experimental point have been analyzed. Each histopram represents the
praportion of the proliferating wells containing the indicated number
of nucleated coils (mean of fowr experiments). () Apeptosls analysis of
ane representative experiment. Quiput nucleated cells were harvesiod
after 7 days of culture on both $17 stromas, stained with propidium
iodide and Anrnexin V, and analyzed by flow cytometry. (o) Cell cycle
status of cells. Output nucieated cells were harvested after 7 days of
culture on the $17 stromas, stained with propidium iodide and
analyzed hy flow cytometry. FACS analysis of one representative
experiment.

To explore the mechanisms involved in the decrease of
nucleated cell production by mhi34/517, we analyzed the
cloning efficiency and the proliferative potential of single
CD34*CD38"™ cells cultured on the 517 stromas. The number
and the size of the proliferative clones were evaluated at day 10
(Figure 33). The cloning efficiency, that is, the number of wells
cehtaining active cell proliferation (more than 10 celis/well] was
identical whatever the stroma (31£2% /817, 31 4£2% mb4/
517), suggesling that mbD4/$17 did not act on input
CD347CDIFY call survival, Mowever, mbD4/S17 gave rise
te mainly smali-size clones (10100 cells); while (7817 gave
rise to intermediate-size clotes (101-1000 cells). These
observations Indicated that mihD4/817 modulated either apop-
tosis or cell proliferaiion rate of daughter cells, Involvernent of
apoptosis in mbA/ST7 activity was exclided since Annexin V
staining of output cells afier 7 days of culture revealed the
sifilarity il the mean viability of the two populations (Figure 3b;
1144 for C/517 and 1524 for mbD4/517). On the ather hand,
in agreement with the decreased cell production mediated by
mbl34/317, we observed in Figure 3¢ a lower percentage of calls
irt § phase, as compared to the cells grown on (/517 (1344 vs
23 £7%; P=0.003), with & higher proportion of celis In GO/G1
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Assessment for cell apoptosis and cell cycle by
propidium iodide analysis

Seven clays after the onset of the culture, nucleated cells were
resuspended at a concentration of 5x 10% cells per ml in
Q.15 mol/t NaCl, 0.1 mol/l Tris-MCl pH 7.6, then diluted with 20
vol of 0.1% (wtvol) Na citrate, pH 7.6, T0mmol/l NaCl, 50 mg/
mi RNase A, 0.1% NP40, and 10 mg/ml propidium iodide. The
cells were then incubated at 4°C for 24 h before flow cytometric
analysis (Becton Dickinson, FACSsort, France). At least 10000
cells per sample were analyzed for cell cycle progression.

Apoptosis was analyzed as follows. Purified CD347 cells
were pelleted, and cells were washed once with 1 x PBS, and
once in Annexin V binding buffer (10mm HEPES, pH 7.4,
140 mm NaCl, 2.5 mm CaCly). Cells were transferred to a tube,
and 14l of Annexin V-FITC and 2.5 ul dissolved propidium
iodide were added per tube and allowed to incubate on ice for
15min in the dark. Cells were analyzed for fluorescence on a
FACScan using the CellQuest software.

Phenotype of output CD34" cells

The phenotype of output CD34 7% cells was assessed by flow
cytometry after labelling with the following mAbs: CD7-PE
{Becten Dickinson), CD38-PE (Becton Dickinson) CDY0-FITC
{Immunotech), CD45RA (Pharmingen) and CDT0OPE (Becton
Dickinson). Analysis was performed on a FACScan™ using
CellQuest software.

Functional assays

Quantification of CFC in CD347 cells way performed using
standard methylcellulose colony assay using previously de-
scribed criteria.””

LTC-IC potential was performed as previously described.*’
The LTC-IC frequency was established by culturing them in
limiting dilution. The absolute number of LTC-IC was then
derived from the calculate frequency.”

Myeloid (CG/M) and/or lymphoid (B, NK) potential of CD34™
cells was assessed in a permissive culture as previously
described.?® Wells with significant cell proliferation were
selected, cells were collected and counted, and their phenotype
assessed by flow cytometry after labelling with the following
mAbs: CD19-PE (Becton Dickinson), CD15-FITC (Dako Corp.),
and CD56-PE-Cy5 (Immunotech).

Transplantation of cutput CD34 7 cells into NOD-SCID mice
was performed using mice bred and maintained at the Gustave
Roussy Institute. NOD/SCID mice at 8-10 weeks of age were y-
irradiated at 250cGy the day of transplantation, and human
cells were injected via the retro-orbital sinus. When fresh
CD34 " CD38" cells were transplanted, 10° irradiated (20 Gy)
CD34"E cord blood cells were coinjected as carrier cells. At 10
weeks, mice were killed, cells were harvested from both femurs
and tibias, and analyzed for engraftment. After blocking with
anti-mouse CD16/32 Fegli/ll receptor (Pharmingen, Becton
Dickinson) antibocly, cells were stained with FITC-conjugated
human CD45 (immunotech).

Real-time RT-PCR studies of Hes-1 expression

Total RNA was extracted from output CD234 ™ cells using the SV
total RNA isolation kit, and DNAse-treated (Promega) before
synthesizing cDNA using the SuperScriptll kit (InVitrogen Life

Leukemia

Tachnologies, Inc.). Primers and probes of Hes-1 were as
follows: Hes-1 forward primer, 5TGGAAATGACAGTGAA
GCACCT3, Hes-1 reverse primer, 5 GTTCATGCACTCGCT
CAAGC3', Hes-1 probe 5'CCGAGATCACGGCTGCGCTGY .
Prabes wore labelled at the 5 ond with the reporter dye
molecule FAM and at the 3/ end with the quencher dye
molecule TAMRA (Applied Biosystems, Foster City, CA, USA),
The f2-microglobulin gene was used as an endogenous ¢ontrol
(Applied Biosystems). PCR amplification was carried out for
10min at 95°C followed by 50 cycles of 1 min at 60°C and 155
at 95°C in an ABI PRISM 7700 Sequence Detector 5 {Appiied
Biosystems). Hes-1 RNA expression was normalized using
B2-microglobulin as the endogenous standard and JY cells
{American Type Culture Collection, Manassas, VA, USA) as a
positive standard (normalized target value).

Statistical analysis

Statistical significance was determined by Student’s t-test (paired
data analysis).

Resuits

Ectopic expression of Delta-4 in §17 cells and
coculture condition

Since Notch ligands have been described to exert their activity
as membrane-bound molecule, we first assessed the role of
Delta-4 in modulating HSC fate via activation of their Notch
receptors using a feeder engineered to express the human
membrane-bound Delta-4 (mbDelta-4). The choice of the
appropriate feeder was conditioned by the amount of expression
of the various Notch ligands evaluated by RT-PCR. $17 and
NIH373 cells were chosen, since they did not express Delta-4
and were already used to evaluate the role of several Notch
ligands on HSC potential.™> "7 Of note, S17 cells slightly
expressed Jagged-1 transcripts but not the others Notch ligands
(data not shown),

The effects of mbDelta-4 were first analyzed by using S17
cells. Two cell feeders have been established: one line
containing the control vector (C/S17), and the other one
expressing the mbDelta-4 protein (mbD4/517). Expression of
mbDelta-4 protein at the surface of mbD4/517 ceils was
detected by flow cytometric analysis (Figure 1), without
inducing the expression of the other Notch ligands (data not
shown). To evaluate the effects of Delta-4-expressing stromas on
the progeny of HSC during 4 weeks of culture, human primitive
CD34 ¥ CD38"°" cord blood cells were plated onto the different
transfected stromas in the presence of early acting cytokines
{rhult-3, rhuSCF, rhuPEG-MGDF, and rhuFlt3-L). At day 7,
nucleated cells were enumerated, and output CD34* cells were
sorted to analyze their potential (CFCs, lympho/myeloid
differentiative potential, LTC-IC). The study was pursued another
week by replating 5000 output nucleated cells onto fresh
stromas. The same procedure was repeated at day 14 and 21 for
two more weeks, thus, enabling the evaluation from day 7 to 28
of culture, of the impact of Delta-4 on the number of nucleated
cells, CD34 ™ cells, CFCs, and LTC-ICs.

mbD4/517 reduces nucleated cell production by
modifying the cell cycle status

The fold increase in total cell number obtained during the 4-
week coculture on $17 cells is depicted in Figure 2. During the
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Figure 5 [a) FACS amalysic for CD34, CD7) and CD43RA
expression. SOE)O CD34*C0D8"™ cells ware added to wells coated
with C/817 or iInbD4/S17 stromas as previously described. Seven days
later nucleated cells were sorted and analyzed for CD34, CD7, and
CD45RA exprassion (FACS analysis of one out of three independent
experiments), Numbets in the graph are the percentagis of gate events
within the guadrant. () Phenotype of clores derfved from input
CD34 " CD3BY cells and output CO34 % colls grown on C/517 and
mbD4/S17 stroma. 3000 CD34 7 CD38"Y ceils werd added to wells
coated with (J517 or mbD4/$17 stromas as previgusly described.

CD347 ceils were sorted 7 days later and examined
(G/M) and lymphoid potential (B/NK) in 4 per
Proportions of ithe different types of clones were ¢

o their myeloid
misgive culture,
alctlated as the

ratio of clones ¢ontaining ong, twa, or thies lingages
of clones analyzed (mean of six experiments).

the 7-day culture o mbD4/517 siroma cells did

ber total nuinber

ot réveal any

differance (data not shown), indicating that CD34 7 CO7 ™ celis

have the same capacity as CD34*CD7™ cells
towarde myelgpoiesis,

mbD4/517 maintains the LTC-IC poteritial
co34™ (,‘L}B}é}""” cells

We next investigated whether iribDelta-4 wou

o differentiate

of input

d preserve in

culture the LTC-IC potential of input CD34* CD3BY cells. ina
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Figure 6 (a) Effect of mbl(34/817 on LTC-IC-defived CFC during the

culture. 5060 CD34 ™ CDI8Y colls were adred to wells coated with
C/517 or mbD4/517 stromas in the presence of thuSCF, rhull-3,
rWPEG-MGDF, and rhufit-3L. Cells were harvested at the indicated
times and 5000 output rucleated cells were replated onto the two
different $17 stromas for another week of culture. This procedure was
repeated for an additional week (results from five expariments). Al
days 7, 14, and 21, output €034 cells were sorted and 1000 output
CR347 calls from cach were then assayed for LTC-IC activity. (a)
Number ¢of LTC-IC derived CFC per 1000 output CD24™ celis, (b
Number of LTC-IC-derived CFT per 5000 input CD34~ CH38 cells
at day 0. day 7 {n=5); day 14 (n=13); day 21 in=3) Significant
difference, *F<0.03; *P<0.02; ™ F<0.01. (¢} Comparisoh of the
LTC-C aciiv;i\rx of cells having completed five divisions. CFSE-labeled
CD34 " C038™ cells were cultured with cytokines in the presence of
/817 (white circle) of mbhD4/$17 igray circle), On day 2, ceils from
each culture that had completed 1 division were sorted and replated
o fresh stromas. On day 4, cells having accomplished five divisions
were soried and assessed for LTC-IC activity, Fach point represents the
number of CFC produced after 5 weeks en MS5 cells by 10
C1334 % CO3E calls that have accomplished five divisions.

first series of experiments, we assésséd the LTC-IC potential by
plating output €034 % cells barvasted at day 7 until day 21 in
long-term culture. As shown il Figure 84, the total number of
LTCACderived CRU from output CI3347 cells decredsed
throughott the 3-week coculturs whatever the stromia, The
striking observation was the significantly higher production of
CFCderived LTGHIC from CD34 ™ cells exposed to mbD4/S17 at
day 7, 14 (P<0.01}, and day 21 (P<0.05), The toial number
of LTCiCderived  CFC produced  from 5000  input
CD34%CD38" cells was also significantly higher in the

presence of mbD4/517 by day 7 (P<0.05) and day 21
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phase (8114 vs 694 10%; n=4; P=0.005). All these data
clearly indicated that mbD4/517 counteracted cell proliferation
induced by cytokines.

mbD4/517 maintains a high proportion of CD34°78"
cells '

We next evaluated the influence of mbD4/517 on the CD34™
cell praduction with high mean fluorescence intensity. At day 7,
a high percentage of output CD34°" 8™ cells (68 +5-74 +7%)
was maintained with no difference between the two different
cultures (Figure 4a). Thereafter, in contrast to C/S17, mhD4/517
was able to maintain a high proportion of CD34%8" cells
{65+ 8, day 14; 40+ 10, day 21, 47 + 3, day 28 for mbD4/517 vs
29+16, day 14; 9+9, day 21, 11+2, day 28, for C/S17).
However, the total number of CD34™8" cells was similar to
both conditions of culture due to reduced expansion of
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Figure 4 Effect of mhD4/517 on CD34™ cells and BFU-E. 5000
CD34¥CD38'" cells were added to wells coated with C/517, or
mbD4/517 stromas in the presence of rhuSCF, rhuil-3, rhuPEG-
MGDF, and rhuFli-3L. Cells were harvested at the indicated times, and
5000 output nucleated cells were replated onto the two different 517
stromas for another week of culture. This procedure was repeated for
two additional weeks (results from five experiments). At days 7, 14, 21,
and 28, output CD34 ™ cells were sorted and analyzed. (a). Changes in
the frequency of CD34 ™ cells in the populations. (b) Number of BFU-E
per 1000 output CD34™ cells. Significant difference, **P<0.02;
**p<.01.

Nb BFU-E/1000 output CD34+ cells &
&
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nucleated cells with mbD4/S17 (data not shown). These data
indicated that mbD4/517 reduced cell production with a long-
term maintenance of high percentage of CD34° %t cells.

mbD4/517 enhances BFU-E production

We analyzed whether the ectopic expression of mbDelta-4 in
517 celis would alter the cutput CFC progenitors from input
CD34* (D38 cells. The clonogenicity in semisolid medium
of output CD34% cells cultured on mbD4/S17 and /517,
sequentially generated at day 7, 14, and 21, was progressively
lowered (data not shown). Examination of the type of colony did
not reveal any difference in the number of CFU-GM per 1000
output CD34 " cells between the different cultures (data not
shown). However, a constant and significant 2-3-fold increase
in the number of BFU-E among the CD34" cells exposed to
mbD4/517 was observed throughout the culture (Figure 4b),
responsible for a slight but not significant increase in total CFC
number from CD34 ™ cells stimulated by mbD4/S17.

mbDelta4 maintains the lymphoid and myeloid
potential of output CD34° " cells

To assess the early commitment of output CD34 ™ cells grown
on mhD4/517 and C/S17, we analyzed the expression of
antigens such as CD7 and CD45RA representing committed
lymphoid progenitors and CD38, Thy-1, and CD10 representing
immature progenitors. At 7 days of culture, 60% of CD34Pe"
cells derived from mbD4/517 culture coexpressed high levels of
the CD7 antigen vs only 24% for CD34"8" cells generated on
C/517 (Figure 5a). CD45RA as well as the other markers studied
did not display any modification of expression in the two
CD34~ populations (Figure 5 and data not shown). Coexpres-
sion of CD7 and CD45RA on CD34* cells represents the
phenotype for the committed lymphioid precursor,?? suggesting
that activation by mbD4/517 stroma promotes lymphoid
differentiation of input CD34*CD38°" cells. To test this
hypothesis, fresh CD34*CD38'" cells and output CD34*
cells from the 7-day culture on $17 stromas were seeded at one
cell per well on MS-5 cells, maintained for 4 weeks in culture in
the presence of six cytokines. The phenotype of each ‘clone was
determined (CD15 = G/M; CD19 = B; CD56 = NK) (Figure 5b).
The cloning efficiency, that is, the number of wells containing
active cell proliferation (more than 10 cells/well) was identical
independent of the stroma (52 £ 5% (/S17, 541 6% mhD4/517),
slightly lower than the one of fresh CD347CD38"" cells
(64 £7%). Output CD34 ¥ cells cultured on C/S17 stroma were
characterized by a diminished differentiative potential, com-
pared to the one of fresh CD34+CD38"°" cells, with a
decreased proportion of two-/three-lineage clones (3147 for
CD34% cells cultured on C/S17 wvs 74+11 for fresh
CD34*CD38'"™" cells), and an increased proportion of one-
lineage clones (6947 for CD347 cells cultured on C/S17
stroma vs 26410 for fresh CD34 TCD38°Y cells). Inversely,
mbD4/517 significantly prevented the loss of the differentiative
potential of output CD34™ cells. CD34™ cells derived from
cultures on mbD4/S17 stroma generated higher proportion of
two/three-lineage clones (56 +13, n=#6, £<0.01), and a lower
proportion of one-lineage clones (44 £ 13 n=6, P<0.01). These
data indicate that mbD4/517 limited the loss of the differentia-
tive potential in culture. Furthermore, examination of the
differentiation potential of CD34*CD7* cells (putative com-
mitted lymphoid progenitors) vs CD34 ¥ CD7 ™ cells at the end of
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cells. 10 contrast 1o C/3T3; it maintaine
of CD34%8"™ cells characterized by a hig
{data not shown). To assess the specific|role of mbDelta-4
on cell production with regard to other Notch ligands, we
have examined the activity of anather Noteh ligand, mbDelta-1,
by “cultdring CD34~CD38"™ cells onty a S$17 stroma
expressing mhDelta-1 using the protocol described above. In
our cuiture conditions, mbDelta-1 did not| modify nucleated
cell expansion as compared to control tromas (data not
shown), Finally, to assess the potential rold of the cytokines,
we examined the activity of mhD4/S17 {on the progeny
of CD347TCD38"™ using other combinations of cytokines
(PEG-MGDF/AL3FI3L/SCHIL?  or  PEGIMGDE/IL3/FI-3L/
SCF/G-CSF or PEG-MGDF/IL3/Flit-3L/SCH/CM-CSE). Whatever
the combihations used, we still observed the reduced cell
expansion in cell pontlations grown onto mbD4/517 stroma,
indicating that the reduced celi production was not relative
to the cytokines used. Taken together, all these data strongly
suggesied the specific involvement of mblieltasd in the
observed effects,

To evalupte whether the cuiture of £MD34° cells on
mbDeltad-exprassing stromas induces Notch| signalling, we
assessed therexpression of Hes-1, & well-know] target gene of
Notch signalling, using quantitative RT-PCR in|cells generatad
by the 7-day coculture of CD347CR38" \cells on both
NIM3T3 stromas. Indeed;, output T334 cells generated in
culture with inbD4/3T3 showed a significant indrease in Hes-1
mRNA expression, ranging from 1.4- to 28-fold atcording to the
sample, leading to a mean value of 11-fold (n=§, P=0.04), as
compared to tontrol eells.

Having estahlished the activity of Deltad on CD34 " CN38"Y
cells as membrane-bound molecule, we next wontered whether
the purified protein would produce the same effects. We
therefore perfarmed cultures with a chimeric Delta-d protein,
consisting of the extracellular domain of human Dleltad fused to
the Fc portion of human IgGl. Since previobs work has
demonstrated that the Notch ligands must be imthobilized on
a plastic surfade for Notch activation,'3313% We therefore
assessed the le of Dsltad=Fc on CD34%CD38"Y celis
according to this way of presentation. To strengthen the
interactions between Deltad-Fe and CD34 7 CD3IB1Y cells, we
coated the plastic  with retronectin,’®  anfd  cultured
CD34° CD38"™ cells for 7 days. By the end of [the culture,
we examined the number of nucleated cells, e percent of
CD34* cells, and their content of CEC and LTC-IC. Like
mhDeltad, the presence of imimobilized Deltad-Fd and retro-
nectin led 1o a reduced production of nucleated cklf 3017
fold, n=6, P<0.001), comparad to the culture with irrelevant
human 1gG anid rdtronectin (137 £ 58 fold) (Figure 8a]. The same
proportion of CD34 7 cells was olserved at this tima of eulture
between Deitad-Fe-activated population (33% of CD34 ™~ cells),
and control culture (36% of CD34™ cells) (Fig
Furthermore, Déltad-Fo induced a three<fold increds
number of BFU-E among CD34% cells (n=4, P<(.01), The
LTC-IC frequency among thase CD34 ™ cells was higher in the
population stimulated with Deltad-Fe (0.38 2:0.17), tompared

a high praportion
i ATCAC potential

0:074£0.05, n=6, P<0.01) (Figure 8c). HMowever, \the total
number of LTC-IC was similar in both conditions of eulture due

{Figure &d). These data indicate that Deltad-Fc shaded most
of the activities of the membranesbound protein such as
reduced nucleated cell production, enhanced BFU-E |pr
tion, maintaining of a high LTC-IT potential but
enhance LTCAC expansion.
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Figure 8 Effect of Deitad-Fe on the progeny of CDI4 7 CDIE0w
cells. 5000 €34 ¥ CDIB cells were added to wells conted with
Ddltad-F¢ s previcusly described. Seven days later, nucleated cells
ware counied, CD34* cells were sorted, and their LTC:G content was
examined (mean of four experiments). () Nucléated cell growth. (b) %
of CD34 % ceils. (<) Fraguency of LTCHIT in CD34* ceils, ***F =001,
(e} doumber of LTCIC/culture,

Discussion

We report here a novel activity of a Notch ligand, the ligand
Deltad, in which the main activity consists in counteracting cell
proliferation of hematopoietic stem cells induced by cytokines.
mbDeltad maintainied a high LTC-IC activity in output CD347
ceils, without retaining a long-term in vive marrow-repobulating
ability in NODR-SCID mice. mhDelta-4 induced the generation
of cells of the phenctype of commitied lymphoid precursors
(34 T TDASRA  CD7 ), hut these calls still retained their
tapacity to differentiate towards miyelopoiesis. Al these
Biological effscts were associated with an overexpression of
Has-1, one of the well-known Notch target genes. Thess results
are in agreament with a report indicating that vverexpression of
mbDelta-4 in murine HSC prevents their reconstitutive ability by
blocking their differentiation into preCFU-$ and day12CFUS,H

The first striking observation was the reduction in the total
numizer of nucleated cells genarated i the presence of
mbDelta~d, compared to control culture, mbDelfa4 decreasas

the production of these cells, with neither impact on cell

survival nof the recruitment of input CD34 7 CHAB™ cells to
proliferate, as indicated by the similar frequency of proliferating
clories in single cell culture experiments between the different
feeders. Instead, mbDelta-4 alters the cell cycle progression of
daughter cells, by reducing cell proliferation, as indicated by the
higher proportion of cells in GO/GT phase, and the high
proportion of smallsize clones. Noteh activation in other
cellular contexts mediated growth arrest by upregulation of
p21©P and p27P% or cell proliferation by upregulation of

Leukamia
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(P=<0.02), as compared to C/517 (Figure bl A higher but not
significant number of LTC-IC.clerived CFC was also chserved in
C0D347 cells stimulated by mbD4/817 at day 14,

in a second series of experiments, we quantified the LTC-IC in
CD34 7 CD38"Y cells ut day 0 and in output CD34 ™ colls at day
7, by plating cells at limiting dilution. LTC-IC frequency in
output CD34 ™ cells grown on mbi4/817 was not significantly
different from LTC-IC frequency in input CD34 ¥ CD38"™ cells
(0.14+0.08 v5 0.18£0.08). Conversely, LTC-IC frequencies of
output CD34" cells grown on (/517 were significaniy
diminished (0.02+0.02), P<0.01; n=15), compared to that in
input cells. Interestingly, mbD4/517 maintained LTC-IC with
high proliferative capacity at day 7, since the average number of
CFC per LTCAC was identical to that from input
CD34 " CD3slw {respectively, 23+11 vs 26+5). In contrast,
the average number of CFC per LTC-IC was reduced in LTC-IC
produced on C/517 {13 +8). On day 7, the absolute number of
LTC-IC was significantly higher {P<0.05) in cell population
grown on mhD4/517. From 5000 input CD34*CD38"° cells
containing initially an average of 915 (£916) LTC-ICs, the mean
production was 4765 (+2125) LTC-1Cs at day 7 on mbl4/517,
compared to 1660 (£990) LTC-C far C/S17, Thus mbD4/517
induced a true expansion of LTC-1C.

Since an inverse correlation has been observed between
LTC-IC potential and the number of cell division,?*?%3 the
maintenance of the LTC-IC potential by mbDelta-4 could be
only due to the reduced number of cell divisions. To test this
hypothesis, we compared the LTC-C potential of
(D347 CD38°" cells having undergone the same number of
divisions, CFSE-labelied CD34 * CD38™™ cells were cuitured on
the different S17 stromas, and ar day 2. ceils having
accomplished one division in each culture were purified, and
replated on fresh stromas for twe additional days. LTC-IC
activity was assessed in subset of cells having undergone five
divisions from day 0. The results of three experiments are
depicted in Figure 6¢. The retention of LTC-IC activity mediated
by mbD4/S17 was obscrved in all experiments: the geometric
mean of LTC-IC-derived CFCs per 10 input CD34~CD38""
cells was significantly higher in the population grown on mhD4/
S17 (1427 in Expl; 4062 in Exp2, 27 £2% in Exp3, P=0.03
for all experiments), as compared to the control pepulation
{245 in Expl; 9127 in Exp2; 418 in Exp3). Thus, mhDelta-4
still maintained a high LTC-IC potential in cells having
performed a similar number of doubling, indicating that LTC-
IC retention by mbDelta4 is also mediated by mechanisms
independent of the cell cycle.

mbD4/517 does not enhance the in vivo
marrow-repopulating ability in NOD-SCID mice

Since mbD4/S17 maintained the LTC-IC potential of output
CD347 cells, we next tested the activity of mbDeltad on the in
vivo marrow-repopulating ability in NOD-SCID mice. For this
purpose, we transplanted 2500 fresh CD34%CD38™Y cells
along with 10° irradiated (20Gy} CD34™% cord blocd
cells, or all the progeny of 2500 or 10000 CD34 7 CD38""
cells cultured for 10 days onto C/517 and mbhD4/517, into
sublethally irradiated NOD/SCID mice, To cast off the
difference of proliferation, we injected all the progeny of
CD347CD38" cells grown on €/517 and mbD4/517 stromas
whatever the number of cells, As expected, total cell production
was higher in the populations grown on C/S17 (585415 and
600+£80 fold for 2500 or 10000 CD34¥CD38"" cells,
respectively) than in the populations grown on mbD4/517
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Figure 7 Effect of mbD4/517 on engraftment of human celis in
marrow of NOD/SCID mice. In all, 2500 frash CD34 7 CD38°" cells
along with 10° irradiatec (20 Gy) CD34™ cord blood cells, or all the
progeny of 2500 or 10000 CN34 ¥ CN328"°" cells cultured for 10 days
onto C/$17 or mhD4/517, were transplanted into sublethally irradiated
NOD/SCIT mice. Analysis of the presence of human CD45 ™ cells in
the bone marrow of engrafted NOD-SCID mice was performed 10
wocks later, The percent of human CD45 ™ celis was established from
FACS analysis of at least 10° gvents. Each symbol represerits the levels
of a single chimeric mouse,

(110412 and 88416 for 2500 and 10000 CD34*CD38""
cells, respectively). Analysis of the presence of human CD45 ™
cells in the bone marrow of engrafted NOD-SCID mice
10 weeks later showed a low chimerism in all conditions.
We did not observe any significant differepce in the
percent of positive mice (Figure 7} in both experiments.
Moreover, the level of engraftment between populations grown
on C/S17 and mbD4/517, whatever the number of expanded
CD34*CD38"Y cells was not different (0.17£0.25 in Expi;
44113 in Exp2 for C/S17 stroma vs 0.15£0.26 in Expl;
0.2+0.3 in Exp2 for mbD4/S17 stroma). These data indicated
that although mbDeltad4 was able to enhance the production
of progenitors such as LTCAC, it did not enhance the
production of primitive stem cells such as the long-term SCID
repopulating cells.

Assessmont of mbDelta-4 specificity

We next raised the question of whether the reduction of cell
production and the retention of the primitive potential were
specific for mbDelta4. To rule out any role of Jagged-1 (since
§17 cells also slightly coexpressed the Jagged-1 ligand), we
derived NIH3T3 lines expressing mbhDelta-4 to assess Delta-4
activity on CD34 “CD38'°% cells in the same protocol as
described above (NIH3T3 cells do not express Jagged-1 and
neither other Notch ligands). Expression of mbDeltad was
confirmed on mbD4/3T3 cells (data not shown). The results from
two experiments revealed that mbD4/373, like mhD4/517,
reduced nucleated cell production from input CD34 7 CD38"°%
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cyclin D1 and activation of CDK2.*> Molecular mechanisms
specific to the GO/G1 phase involved in the alteration of the cell
cycle progression in CD34™ cells by mbDelta-4 remain to be
identified.

The sccond major result is the enhancement of LTC-IC
expansion hy mbDelta4, contrary to contral cultures. During the
first woek of culture, mbDelta-4 promotes a five-fold expansion
over input LTC-IC, while the LTC-IC quality at day 7 was similar
to that of parental CD34*CD38"Y cells (ie same number of
CFC per LTC-IC). These results correlated with the activity of
mbDelta4 on the cell cycle and suggest that mbDelta-4 is a
regulator of the LTC-IC potential by principally altering their cell
cycle progression. However, when we compared the LTC-IC
potential in a subset of cells having perfarined the same number
of divisions, mbDelta-4 still maintained a higher LTC.IC
potential. This suggests, besides the direct consequence of the
recucec number of cell division, the existence of an aiternative
mechanism unrelated to cell proiiferation implicated in the
maintenance of LTC-IC potential by mbDelta4. Such main-
tenance of the LTC-IC potential independent of the mitotic
history has heen previously demonstrated with the MS-5 cell
line, known to express Jagged2 and Deltal Notch ligands.2*2¢

Although mbDelta4 enhances L.TC-IC expansion as compared
to control cultures, culture of CD34 7 CD38'Y cells on mbD4/
$17 stroma did not enhance the long-term repopulation ability
of output CD347 cells in NOD-SCID mice, These data are in
agreement with previous work showing that contrary to soluble
Deltal, soluble Delta4 did not increase the long-term repopula-
tion ability in NOD-SCID mice.® Although the NOD/SCID
model is not sufficient to observe a two-fold expansion of SRC,
which needs recently developed models such as NOD/SCID
f2m™ 3¢ ar NOD/SCID yc™,% we can conclude that
mbDelta4 has no major effect on SRC expansion.

CD34 ¥ CD38"" cells stimulated by mbDelta4 mostly gener-
ated cells of the seemingly committed lymphoid precursor
phenotype (CD34* CD45RA*CD7 *).*° This abservation is in
agreement with the work of Bernstein’s group,'® which
described the generation of such cells after stimulation of
CD347CD38" cells by Delta-1 immobilized on plastic.
However, by comparing the lympho/myeloid differentiative
potential of single output CD344/CD7 + vs CD34 +/CD7-
cells generated in culture with mbDeltad (NK, G/M, B), we did
not observe any difference between hoth populations. mbDelta4
rather maintains a high rate of multipotent clones, thus limiting
the loss of the primitive potential. This suggests that in our hands
activation of CD34*CD38"¥ cells by mbDelta4 maintains the
level of pluripotent precursors, apd does not promote the
generation of cells exclusively committed towards the lymphoid
lineage. Our results question the CD34*CD45RATCD7™
phenotype as phenotype of cells possessing only the lymphoid
potential,*?

The results with the chimeric Delta4Fc protein, presented as
immobilized molecule, indicate that it shares most of the
activities of mbDelta4. DeltadfFc reduces cell proliferation, and
maintains a higher .TC-IC frequency, as compared to control
population. However, DeltadFc, contrary to mbhDelta4, does not
increase the total number of LTC-IC, due to the reduced
expansion of nucleated cells. This discrepancy suggests that
Delta4, presented as membrane-bound molecule, provides
additional signals, enabling access of enzymes or other
accessory molecules necessary for the complete response.

mbDelta4, as Notch ligand, exerts a particular activity by
keeping HSC out of the cell cycle, preventing them to lose their
primitive potential. These results are in keeping with the general
conundrum surrounding the role of Notch receptors in the
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regulation of HSC. The literature reveals that Notch signalling is
able to enhance HSC self-renewal, to enhance HSC prolifera-
tion, or to pramote cell survival. The role of Notch in HSC self-
renewal has been clearly demonstrated in the case of
constitutive activation of the intracellular domain of Notch1 in
murine HSC'®"" and of activation of the Notch receptors by
membrane-bound Jagged1 or Jagged2 or immobilized Del-
tal."#"1® An enhancement of cell proliferation with the retentjon
of the primitive potential has been ascribed to soluble forms of
Jagged! and Deltal.”®'8 In another study, membrane-bound
Jagged2 was enhancing HSC survival.” All these studies
describing pleiotropic activities of Notch signalling on HSC
suggest the existence of different ways of altering the conforma-
tion of Notch. Notch signalling occurs through several pathways
that may be equally important. Some imply the Notch — CSL~
Hes—bHLH pathways, other pathways are Hes independent.”
Nevertheless, even if Notch signalling enhances Hes-1 expres-
sion, this can lead to opposite activities in the same cellular
context, for example, mbDelta-4 inhihits cell proliferation while
immobilized Deltal rather favors HSC self-renewal.'® The
different Notch ligands as well as their different modes of
presentation could not act through the same Notch receptor.
Alternatively, they could interact with the same receptor but
may recruit different intracellular partners depending on
signalling intensity, as hypothesized in the signalling threshold
model on stem cell fate decision.*®
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