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No. Solicitud Internacional PCT/US2007/017546
Fecha de Presentacion Internacional 07 agosto 2007

Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcién: Folios 44 a 61 05 marzo 2009
Reivindicaciones: Folio 62 05 marzo 2009

‘ Folios 100 a 101 20 octubre 2010
Dibujos: Folios 64 a 72 05 marzo 2009
Secuencias: Folios 73 a 80 05 marzo 2009
Prioridad: US 60/836.003 07 agosto 2006

2. Anaélisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 4886), y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencién

Titulo de la solicitud: “Métodos terapéuticos para el tratamiento de trastornos oculares
vasculares con antagonistas de DIlI14”

E! problema planteado en esta solicitud consiste en la necesidad de suministrar
tratamiento para trastornos vasculares e isquémicos mediante la administracion de
composiciones que inhiban la interacciéon de Dli4 con los receptores Notch.

Para resolver este problema técnico la solicitud en estudio proporciona un un
anticuerpo o fragmento de anticuerpo que se une especificamente a DLL$ y bloguea
la unién del DLL4 a un receptor Notch y métodos de tratamiento para trastornos
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vasculares e isguémicos

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

4. No es una invencién (Art 15 D 486 literal (b)

El objeto de la reivindicacion 3 ne se considera una invencidn, de acuerdo con el Art
citado puesto que corresponde a un fragmento de antic‘uerpo completamente
humano.

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

E! objeto de las reivindicaciones 6 y 7 no es patentable de acuerdo con el Art citado
pues hace referencia de manera implicita 2 un método de tratamiento para lesioén
isguémica o insuficiencia vascular.

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

El capitulo reivindicatorio no caracteriza adecuadamente &l 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 las secuencias de los 6
CDR’s que conforman ambas cadenas. La referencia a estructuras parciales del
anticuerpo no son validas puésto que no es una estructura activa, probada ni
definida. De igual manera la caracterizacion por su fuhcion no és adecuada puesto
que corresponde a un resultado a alcanzar y dicha reivindicacion incluiria no sélo la
solucién propuesta por el solicitante, sino todas las alternativas presentes o futuras
que lleguen a ese resuitado, es asi, que se sugiere reemplazarlo por las
caracteristicas esenciales, estructurales o funcionales, que conrnbuyen a la obtencién
de ese efecto.

La reivindicacion 1 contiene la expresion “ligadura del tipo delta 4(DLL4) antagonista
en ta fabricacién de un medicamento” la cual no es clara puesto que no se sabe si se
reclama el anticuerpo o el medicamento que lo contiene, asimismo, las 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 términds concretos.

La relvindicacion 1 contiene las expresiones “para prevenir o reducir la perdida de
vasos sanguineos o promover angiogenesis productiva, 0 ambos en un sujeto que
tenga una lesion isquemica o insuficiencia vascular”, "anticuerpo que especificamente
enlace la Dli4 y bloquee el enlace de la Dil4 a un receptor de muesca” las cuales
hacen referencia a la funcién o efecto que ejerce el anticuerpo reclamado. Lo antsrior
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 el preambulo de la reivindicacién o eliminaria de
gsta,

Las reivindicaciones 8 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.
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Descripcién (Art 28 D 486)

La Descripcioén no es clara porque la informacion que contiene no permite que el la
persona del oficio normaimente versada en la materia pueda comprender el problema
técnico y la solucidn aportada por la invencién ya que no se evidencia la obtencién de
anticuerpos especificos que sean caracterizados por sus secuencias, i
composiciones que los contengan,

Se requiere al Solicitante hacer las aclaraciones necesatias.

7. Determinacion del Estado de la Técnica

El Estado de la Técnica se determind con base en la fecha de presentacion de la
solicitud de prioridad (07 agosto 2008) y en la fecha de presentacion de la solicitud

nacional (05 marzo 2009) y se encontraron los siguientes documentos que anticipan
el objeto de esta solicitud:

Facha de

ltem Documento Titulo Publicacion

Fecha presentacién
« | Anticuerpos anti- DLL4 y métodos que | (05 diciembre 2008)

D1 CO 08-120885 los usan Fecha prioridad

{08 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-I1C potential

Dll4  antagonists, assays, and A
b3 | US2006134121 therapeutic methods thereof 22 junio 2006

D1 {correspondiente a la solicitud WOQ2008/060705) divuiga anticuerpos monocionales
quiméricos y humanizados anti-DLL4 y composiciones gue los contienen. (folios 113 a 118)

D2 divulga anticuerpos monoclonales anti DLL4 y dominio extracelular de la D4 unido a un
Fc de tipo 1gG1 como antagonistas de Notch que intervienen en los mecanismos de
proliferacion celular. {folios 119 a 123)

D3 divulga anticuerpos monoclonales. quiméricos y humanizados anti-DLL4, composiciones
que los contienen, métodos de tratamiento para enfermedades de proliferaciéon celular y
meétodos de diagnostico.

URL:http://worldwide. espacenet.com/publicationDetails/biblic?CC=US&NR=2006030529&KC=
&FT=E&locale=en_EP

8. Examen de Patentabilidad (Art 14 D486)
Novedad (Art 16 D486)

La reivindicacién 1 consiste en una ligadura del tipo deita 4(DLL4) antagonistaenla
fabricacion de un medicamento para prevenir o reducir la perdida de vasos
sanguineos o promover angiogénesis productiva, o0 ambos en un sujeto que tenga
una lesion isquémica o insuficiencia vascular, en donde el DIl4 antagonista
comprende un anticuerpo o fragmento de anticuerpo que especificamente enlace la
Dll4 y bloquee el eniace de |la DIi4 a un receptor de muesca o comprende ef dominio
extracelular de la Dll4, opcionalmente conectada a un componente multimerizante,
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Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

| Caracteristicas esencialas D1 | D2 D3
. Composicion | . Composicion
Medicamento farmacéutica i-ormt.laqén farmaceéutica
Dll4 antagonista Agﬁgoglllita Antagonista DIl4 ; Antagonista anti-Di4
Anticuerpo o fragmento de - Anticuerpo ' Anticuerpo
anticuerpo gque | : mono¢lonal é monocionzlo
especificamente enlace la Qgggﬂ?gﬁg; dominio proteinas de fusion
Dil4, o dominio extracelular uimérico o extracelular de gue comprenden
de la Dll4, opcionalmente t?umanizado la Dll4 unido a dominio extracelular
conectada a un componente un Fe de tipo de ia Dli4 unido a un
muitimerizants 1gG1 Fc de tipo 1gG1

Novedad frente a D1

Las caracteristicas esenciales del anticuerpo reclamado en la reivindicacion 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 ¢ humanizado anti -DIl4 (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, segun lo divuigado en el
documénto D1.

Las reivindicaciones dependientes 2 a 4 no mencionan alguna caracteristica que
haga nueva a la composicién de la reivindicacién 1, por lo cual se considera que no
$ONn nuevas.

Novedad frente a D2

Las caracteristicas esenciales del anticuerpo reclamado en |a reivindicacion 1 habfan
sido divulgadas previamente en D2, el cual da a conocer formulaciones (folio) para el
tratamiento y evaluacién de un trastorno de proliferacion celular especialmente en el
endotelio vascular (folio 119, pag. 788). D3 hace referencia a la generacién de
proteinas Delta-4-Fc de secuencias especificas las cuales corresponden a un
dominio extracelular de la Dli4 unido a un Fc de tipo IgG1 (folio 119, pag. 789:; folio
122, pag. 795).

De igual, manera ensefia un anticuerpo policlonal anti-DIi4 (folic 119, pag. 789)
denominado mbDelta-4 (folio 122, pag. 794) el cual es especifico y tiene Ia accion de
bloguear e inactivar las funciones propias de DLL4 y sobre los ligandos tipo Notch
(folio 123, pag. 795) como son la reduccidn de la proliferacion celular,

En consecuencia, la raivindicacion 1 carece de novedad, segin lo divulgado en el
documento D2,

Las reivindicaciones dependientes 2 y 5 no mencionan alguna caracteristica que
haga nueva a la composicién de la reivindicacién 1, por lo cual se considera que no
80N nuevas.

Novedad frente a D3
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Las caracteristicas esenciales de anticuerpo reclamado en |a reivindicacién 1 habian
sido divulgadas previamente en D3, el cual da a conocer proteinas DLL4, fragmentos
de proteina (parrafo 009), anticuerpos monocionales quimericos y/o humanizados
(parrafo 0028, 0037, reivindicaciones 10y 11) o proteinas de fusién que comprenden
una proteina especifica (dominio extracelular de la DIl4} (parrafo 0052) junto con un
componente multimerizante como es una Fc de tipo IgG (parrafo 0012, 0013, 0038,
0052, ejemplo 2) los cuales son capaces de bloguear la actividad de unién de DLL4
para el tratamiento de un trastorno de proliferacién celular (parrafo 0024). De igual
manera se reclaman composiciones o medicamentos que contienen dichos
antagonistas (parrafo 0017).

También se divulgan fragmentos de anticuerpos como los fragmentos Fab, Fab’,
fab’-SH y F(ab")2 (parrafo 0040)

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

LLas reivindicaciones dependientes 2 a 7 no mencionan alguna 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 Patentabiiidad de la presente Solicitud estan afectados asi:

item _Documento Reivindicaciones afectadas | Requisito que afecta
D1 CO 08-129885" 1ad Novedad
Leukemia (2004) vol.
P2 | 18.no. 4. pag 788-797 | 1.2.5 Novedad
D3 US2006134121 1a7 Novedad

En cumplimiento del articulo 45 de Ia Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de noiificacion de la presente comunicaciéon. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
fos impedimentos para la concesién, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia ai término
faltante y presentarla por escrito

Notifiquese el presente oficio conforme alo dispuesto en el numeral 5.2, literal €), dei
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

e —

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacibn en lista, de fecha
—— 28280 201

Elaborade por; Ana Delia Pinzén Garcia
Revisado Por: Consuslo Leguizemodn Leguizamé
Aprobado por: José Luis Salazar Lapez
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ransformarse gt ¢f firmaco mds active no citaldxico. Ejemplos de fhrmmuces ciiutdxicos que pusden ser
derivatizados para cbtener un profdmaco pars su uso &n esin invencion son los agenles quiminterapéutices dekeritos
gnteriprinente,
Un "agente antiangicgénica” o "inhibidar snglogénico™ es una sustancia de bajo peso molccular, up
3 polinucledtida {incluyendo, por ejemplo, un ARN inhibidor (ARNI o siARNY), un polipdptido, una proteine aislade,
unn protefng recombinanie, un anticuerpo, o conjughdos o proteinas de Fusidn de los mismos, que inhiber 1a
angiogénesis, la vascutogénesis ¢ la permenbilidad vascular no deseada, bien directa pien indireclamente. Por
cjemnplo, un agente antiangiogdinico es un anticucrpo u otro (Magonisia & un agente angiouéneio tak como se define
anterinrmente, por ejemplo, anticuerpos anti-VEGF, anticuerpos contra receplores del VEGE, fragmentos salubles
10 del receptor del VEGF o pequeas imoléculns que bloquean In seializacian de los tecepiores del VEGE (por ejempto,
PTKY87/ZK2284, SUGSGS, SUTENTE/SU) 1248 (sunitinib malato), AMG706, o las descritas on, por ejemslo, la
salicitud <o patente inlernacional WO 2004/113304). Los sgentes antiangiogénicos también incluyen inhibideres
uaiivos de la angiogénesis, por ejemplo, angiostating, endostating, etc, Véase, por gjamplo, Klagsbrun v D'Amore,
Annu, Rev, Physiel, $3:217-39 (1991); Streit y Detmar, Oncogene, 22:3172-3179 {2003} (pot ejemplo, la Tabla 2,
15 queenumers los tratunientos antiangiogénicos en el melanomn maligno); Ferrara y Alitalo, Nattre Medicing
SCH21359-1364 (1999); Tonini e al., Oncogene, 22:6549-6556 {2003) (por cjemplo, In Tabla 2, que enuinera
factores antiangiogénicos), v Sate v, J. Clin, Ongol., 8:200-206 {2001) (por gjemple, fa Tabla |, que enumera
antiangiogénicos usados en ensayos clinicos)

20 Composiciones de ln invencidn p mdtodus pare su eluboraciin
Esta invenaion ¢nghubie composiciones, incluicss composiciones farmacéuticas, que conywenden un
anticuerpa ant-QLLA y polnuehedtides, gue Ticluyen seeuenciss que codilican un anticuerpa anti-1{,L4, Como se
usa £n la presente memoria descriptiva, (15 composiciones comprenden uno & mas anticueroos que se uien 2 DLL4
/o uno o més polinuciedticos que comprenden secuencins que codifican uno o Mis anticuerpos gue se unen a H1.L4,
25 Estas composiciones pueden contener, ademas, vehiculos aptos, come excipientes farmacéuticaments acepinbles que
incluyan soluciones tamponadas, que son bien conocides en ta materia,
La invencidn tambidn engloba Formns de realizacion de polinuclcétidos y anticverpos aislados. La invencion
tenthién engloba formas de realizacion de polinucledtidos y anticuerpos susiancialmeme purcs.
Los anticuerpos anti-DLL4 de ta invencian son preferiblemente monoclenales. Tambidn se inclayen dentro
30 det dmbito de la invencién fimgmentos de anticuerpos como los fragmentas Fab, Faby', Faby'-§14 y I¢ab'},, de los
articuerpos anti-DLLA proporcionados ex la presente memoria descripliva. Estos [ragmentos de anticuepos sc
pueden crear por iedios tradicionnles, como digestidn enzimdtica, o se pueden genarar mediante téenicas
recombinantes. Lstos fragmentos de anticuerpes pueden ser quiméricus o humanizados, Estes lragmentos son liles ‘
para los [ines diagnésticos y terapduticos que se exponen a continuacion.
kA Los anlicuerpos monoclonales se obtignen 4 partir de una poblacion de anticuerpos sustancialmenie
homogdiecs, es decir, tos anticuerpos individuales que forman la poblacidn son idénticos, exceplo en posibles
mutsciones de formncién natural que pueden estar presentes en cantidades insignificantes. Por lo tanto, el
" modificador "monoclonal” indica el cardcerer del aniicuerpo, que no es una imexzcla de anticuerpos discretos.
37
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LAS REIVINDICACIOMNES SON:

b Up anticuarpo anti-DLLLA aislade que comprende:

{a) al menos uno, dos, ires, cuatro o cineo sacuencipy de in vegian hipervariabig (HVR) seieccionadas en el
grupe formada por: .

() HVHE-L1que comgrende la seeuencia A-A 1Y, donde ALAL L es RASQDVSTAVA (idenuficador
fin secugneia n % 10)

¢iiy HVR-LZ que comprends la secuencia Bi-B37, donde Bi-B7 es SASFILYS (itentificador de
secuencia n 1)

(i) HVR:L3 que comprends la secuencia C1-C9, donde C1-C% es QQSYTGTVT (identificadar de
secuencia n.% 18)

' (iv) HViR-M1 gue comprende fa seevencia DV -DID, donde D1-D10 &5 GFTETONWIS {identifichdor de

secuencia n.% 1);

(v) HYR-HZ que comprende ia secusncia £1-E 18, donde E1-E1% ws GYISFNSGFTYYADSVKG
(identificadoy de secuencia n,® §) v

(vi) HYR~3 que comprenge (a secusncia [ T 5, donde F1-Fi8 e VY YCARDNFGGY DY
(identifcador de seeuencin o™ 9) y

(b} ul tnenos unn voviante de fa VR, donde la secucncin de la variante de In HVR incluye Io modificasion

de ub menos un residus de n secuencia descrifn en los identificadoras de secuencia n.® 1-18.

2 Unanticugrpe anli-DLLA aisiads que comorende:;

(i at menos uny, dos, tres, cuatro o cineg secuencins de fn region tipervariatle (MVR} seleceionadas en el
grupe farmado por

(i) HVR-L| que comprende s secuencin A1-A1), dende AL-A L s RASODVSTAVA (identificador
de secuencie 1. 10)

(i} HVR-L2 que comprende fa secuencin B1-87, donde Bi.137 es SASFLYS (identilicader do
secuencia 1™ 11)

(i) HVR-L.3 que comprende to secuencss C1-C9, domde T1eCy es QRSYNGEST (dentilicador de

seguencia n® 1§)

(v} HVR-HI que comprende 1a secuencia D1-D10, dande D1-D10 es GETRTDNWIS fidsntificador de
secuencia " 1)

(v} HVR-H2 que comprende la sccuenciz 1-£18, donde E1-E18 25 GYINPNSGATEY ADSVKS
{identificador de secuencin 0. S) y

(v RVR-H3 quc comprende la seevencia Fi-T15, donde F1-F15 es VYYCARDNFGGYIDY
(identificador de scencacian® $); y

{b) al menos una variame de la HVR, donde Iz secuencia de ln varianie de ta VR inciuve la motificacidn

de al menos un residuo de la secuencin descrils on-los identifcadores de secuencin n.® 113,

97
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3. Elamticuerpo de 1 reivindicacion | 6 2, dende una variante de la HVR.L3 comprende de a6 (1,2, 3, 4,
5 6 5) sustituciones en cualquier combinagion de las posicianes sigulentes: 91 (S0 W), 42 (Y o F), 93 (1, N o 5). 94
(ToG)LI5(P, Q AaT) y/o 9 (P8, AoV

4. El andcuerpo de 1a reivindicacian | ¢ 2, donde una variante de da HVR-H2 comprendede L ad(1,2,30
4) sustituciones en cualquicr combinecién de las posiciones siguienles: SO{V. 1 a ¥), §2 (No5)32a(PoS)ess -
NQ.Tol)

. Un anticuerpo aaui-DLL4 aislado que comprende uno, dos, wres, cuatra, cingo ¢ seis HVR, donde crda
HVR comprende, consiste o consiste esencialmente en una secuencia seleccionada entre & grupo fgrmado por los
identificadores de secuencia niny; 1-18, y donde el identifcador de secuencia n.®: 10 se cotrespande can una HVR-
L1; ef idemificador de secuencia n.® 11 se corresponde con una HVR-L2: los identificadores de secuencia 1t.° 12,13,
14, 15,10, 17 0 18 se carresponden con una HYR-L3; los identificadures de secuencian® | 6 2 su carrespenden ¢on
una HYR-H1; los identificadores de secuencia v® 3,4, 5, 6,7 u 8 se correspunden con una HYR-HZ; yel

identificador de sevugncia n® 9 se corresponde con una HVI-H3,

6. Elanticperpo de ln reivindicacion 5, donde el anticuerpo de In invencién comprends HYR-L1, HIVR-L2,
HVYR-LI, HVR-HI, HVR-B2 v HVIR-H3, donde eada una de elins, por ovden, comprende los identificadores de

secucncia ™ 10, 11, 14,2, 3,9,

7. El amticuerpo de fa reivindicacida §, donde el anucuerpo de la invencion comprende MYR-L1, HVR-12,
HVR-L3, HVR-H}, HVR-H2 y HVR-H3, dende cada tna de ellas, por orden, comprends los identifiendores de

secuencia 0. 10, 11, 43, 1, 5. 9.

8. £t anticuerpo de la eéivitidicacian 5, donde ef amicuerpe de i invencidn comprende HYR-LY, HVR-L2,
HVR.LY, HVRAHT, HVR-M2 y HVR-H3, donde cada uen de ellas, por orden, comnprende los identificadores de
secuencia n® 10, Y1, 16,1, 5, 9.

9. El antiguerpo de la reivingicacion S, dende el paticuerpo de la Invencién comprende HVR-LI, HVR-L2,
HVR-L3, HVR-HI, HVR-H2 y HVR-HZ, donde cada una de sllas, por erden, zemprende los identificadores de
secuencia n.® 10, 11, 17,1, 7,9, : . '

10. El anticuerpo de la reivindicacion 5, donde e! anticuerpo de l2 invenciéu comprands WVR-LY, HVR-L2,

HVR-L3, HYR-H1, MVR-H2 y VR-H3, donde cadr wna de elias, por ovden, compiende los idemificadores do
secuencia n.® 10, 11,18, 1,8y 9,

P Elassicuerpo ds cualquiers de jas reivindicaciones 1410, donde &l mrengs una porein de la secuencie

d# estruclura es und secuencia de estructird de consense Jiiiana.
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28. Un mtiodo para 13 dateccidn de DLLY, que canprenda |o deteccian dei compleio DLLA- mHiLuergo
antieDLLd 8 une muesua boidgica,

23, Un métode para diagnosiicar ui rastorg asocinda a ia expresion de BtL4, gue incluyn In deleccion ded
compleio farmado par DLLA v snticierpos anti-DLL4 en una muesiva hiologica procedente do sn paciente gue lenga

u posiblemenie tenga el trusiosno.

30. Elmérodo de cunlquiern de lns reivaulicaciones 28-29, donde of onticucrpo pnu-DLL se deleets
medanle margado.

I1 Unn composicidn gue eomprande ue pisticutrpe nntl-I3LL4 de cualguiern ds las reivinduciones 1-16.
32. Una campasicion que comprende un polinucledtido de cualguiern de Ias reivindisnciones 17-19.

330 Lacomposizicn de to reivindicusadn 31§ 32, donde 'n puntpasicitm comprende udands una inolécula

vehfculo.
I, Uamélodo nans el irafannento Je vn jushor, un canger o un iraslerns de prolsiziacian celular que
compraada la adminisiraciin ve una caniidad eficaz de wn apticeerpo de coniguiera de 1as 1zivindicaciones | a 16 a
wr sujeto qus necesite dicha ratamiento, miedianis el cual se trata el timsr, el cdncer o el rAsora de proliferacion

eelulnr. :

35, Elmétado de la reivindicacidn 34, donde el iumer, cineer 0 wrastemo de protiferscion celular es cincer

de colon, cdncer de puinén o ¢incer de mama,

36. El métedo de 1a reivindicacidn 34 4 33, que comprende, ndemds, ta administracion de una cuntidad

eficaz de un agente antiangiogénico.

37. Etmétada de la reivindicacién 36, donde el agente antinngiczénics s un antaganisia del factor de

crecimieno endoelint vascular {VEGT),
38, Elingtodo de in reivindiencion 37, donde ¢ amagonista def VEGT es un anticuerpo ani-VEGF,
39 Elmdwnda de la rewindigaeion 3§, donde ol anticuerpo anli-YEGF es bevacizumab,

40 Elwérado de cualquiera de s resvindieariones 34-39, que sipone adminiatiar tambidn upn eartidad

eficaz de un agente quimicterapduticn.
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Membrane-bound Delta-4 Notch ligand reduces the proliferative activity of primitive
human hematopoietic CD34 *CD38"" celis while maintaining their LTC-IC potential

E Laurct!, € Catelain®, M Titeux', § Pairault’, S Dando', M Darsch®, J-L Villeval®, A Groseil?, W Vainchenker®, F Sainteny!

and A Bennaceur-Griscelli’-?

U362 INSERM - FR1, Institut Gustave Roussy, 39 rue C, Desmoulins, Villejuif, France; 2Department of Clinical Biology,
Institut Gustave Roussy, Villejuif, France; and *Inflammation Department, Miliennium Pharmaceuticals Inc., 45 Sidney Street,

Cambridge, MA 02139, [JSA

To sxamine the role of the Notch Hgend Dela-4 on hemato-
poistic stem cells, human CD34 ~ CD3B"Y cord blood calls wera
cocultured on S17 cells transduced with transmembrane Delta-
4 (mbDA4/317) ot an empty vector {C/S17). By the end of a 3-week
culture, mbD4/517 induced a 25-fold reduction in nucleated cell
production, as compared to C/S17, by maintaining a higher
proportion of cells in G0/G1 phase. A specific retention of a
high proportion of CD34° cells throughout the culture was
observed with mbD4/$17, contrary to C/S17. Although mbD4/
517 promoted expansion of cells with the phenotype of
committed lymphoid precursors (CD34*CD7*CD45RA ™),
these ceils slill retalned their myeloid ditferentlation potential.
mbD4/S17 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-Fc protaln (extracellular part of human Deltad fused to
Fc human IgG1 portlon), Immoblilized on plastlc, also reduced
cell production and retained the LTC-IC potential. Transplanta-

tion of cells grown on mbD4/S17 into NOD/SCID mice showed’

no significant enhancement of the fong-term repopulating
ability, Thus, Deltad appears to inhibit hematopoietic stem cell
proliferation, In assoclation with the malntenance of short-term
lymphold and myelold repopulation capacity.

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

Keywords: Notch; celf cycle; hematopoiesis

Introduction

Hematopoiesis is a continuous developmental process in which
hematopoietic. stem cells (HSC) and their progeny make
sequential cell fate decisions, preducing mature blood cells of
the various lineages. The constant generation af appropriate
nuinbers 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-
stood.’ In invertebrate and vertebrate developmental systems,
malecules helonging to the highly conserved Notch family are
known to modalate cell fate.”™* Accumuiated evidence indi-
cates that Notch signalling modulates the ability of nantermin-
ally differentiated cells to respond to differentiation  and
proliferation signals in order to progress to the next develop-
mental stage. Notch receptors are transmembrane glycoproteing
that bind to ligands cxpressed on adjoining cells. They represent
a single-pass transmemhbrane protein composed of a large
extracellular domain containing between 29 and 36 epidermal
growth factor (EGF)-like repeats in tandem and thiee cystein-rich
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Noteh/LIN-12 ropeats and an intraceliular domain consisting of
six tandem cdciO/ankyrin repeats, a glutamine-rich domain
{OPA}, and a PEST sequence critical to downstrearn signalling.”
The Notch recepior 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
extraceliular region. Activation of Notch signalling is mediated
through interactions between the DSU domain and specific EGF
repeats located in the extracellular portion of the Notch
receptor. In the prevailing mode! 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
promoting 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
hematopeietic system, in primitive and mature cells within the
different cell compartment”® as well as in adult medutlar stroma
cells. Two Notch ligand families, Delta and Serrate/agged
ligands, have been identified in mammals, including Delta-1, 3
for the Delta family and Jagged-1, 2 for the Serrate/|agged
family. Human Delta-1 as weli 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,”®'"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 figands, 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 he highly expressed within the vascular endothelium,*”
but its expression was also found in a wide range of adult and
fetal tissues, including sites of hematopoiesis.® We investigated i
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 memlbrane-bound expression from stroma cells, we
ascertained the efiects of Delta-4 on HSC by using a coculture
between HSC and S17 cells engineered to express Delta-4 as
membrane-bound protein (mbDeltad). Qur resulis reveal that the
major activity of mbDelta-4 consists in réducing HSC prolifera-
tion, thus leading to the maintenance of the LTC-IC potential.



Methods
Construction, and production of retroviruses

Retroviral vecters coding for full-length ' human Delta-d cDNA
were derived front the MPSVpac vector carrying the puromyein
N.acety) transferase (pach gene driven by an internal murine
phosphogiycerase kinase (pgk) Ezon*otar and a murine emhryo-
nic stem celt virus (MESVY LTR.®* The unmodified vector served
as control, Full-length Delta-1 cQINA (2058 kb) (mbDelta-4i was
PCR-amplified to irtreduce unique 5'-Xho! and 3'-EcoRi
restriction sites and a Kozak sequence (ACCGCC) In the original
cONA (Advantage-HF kit, Clontech Lab. Ine, Palo Alto CA,
USA). The PCR products were ligated into the MSCVpac
retroviral vector, sequenced, and one cione was selected for
base perfect match with the ariginal cDNA,

Viral supernatants were generated using 293-EBNA celis
(tavitrogen, Carlsbad, CA, USA} by transfectiog the Delta-4
constructs using the Exgen 500 reagent (Euromedex, France) as
previously described.®?

Generation of Delta-4-Fc protein

This construct was engineered to encode the extracelluiar
darmatn of human elta-4 fused n frame to a sequence of
human igG1-Fe fragment. The human Delta-4 cDNA was PCR-
amplified using a sense primer {3-CGTACTCCAGATGGCGC-
CAGCGTCCCGGAGE-3) and an antisense primer (3 -CTGAG-
GATCCCAGGOGAAGCTGGOCCGUAAGLCCAC-3),  The
product of amplification was digested by Xhol and BamH1,
and cloned into the Xhol and RamH 1 sites of phT7358-higG1Fc
expression vector. The resulting canstruct was introduced into
HEK293 cells using the Exgen 500 reagent to generate  stable
cell population for protein production. The presence of soluble
Delta-4Fc in the conditioned medium of G418-resistant cells
{InVitrogen! was revealed by slot-dol using Pretein A horse-
radish peroxidase linked {Amersham), Conditioned medium was
first 10-fold concentrated into dialysis tubing by contact with a
layer of polyethylene glycol compound (Sigma), and dialyzed
against 2M NaCl 50ms horate pH 8.5. The dialyzed protein
concentrate was pumped over a Protein A column (HiTrap
Protein A, Amersham), and the column was extensively washed
with 2 v NaCl 50 mm borate pH 8.5, Bound protein was eluted
with T00mM glycine, pH 3, and neutralized with 2 m Tris pH 11,
Purity assessed by separating proteins using 10% sodium
dodecyl sulfate- |:uolyac,ryiam!do gel electraphoresls (SDS-PAGE)
and silver staining (SitverQuest kit, InVitrogen) was always
superior to 80%.

Generation of 517 and NIH3T3 stromal cell populations
817 celis?™® ware grown In minimal essential medium (x-MEM)
supplemented with 10% fetal calf serum (FCS, InVitrogen,
France}. They were infectedt with 0.1 ml of the viral supernatants
{contairing the control vector, or the mhDelta-4-expressing
vector) in the presence of 4 usm polybrene (Sigma, France). Two
davs after infection, puromycin selection 4 ug/mi, Sigma,
France! was periormed to generale stably iransduced cell
populations, Each of the two 517 populations (C/817. or
mbD4/517) was tha result of a mixture of at least 1 different
clones. NIH3T3 cells were transfected with the same procedure,

Polyclonal antibodies against a peptide In the extracellula
domain of mouse Deltasd (TPGDDLRPETSPONS) woere raisod in
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rabbits and subsequently peptide affinity putified (Research
Genetics, Huntsvitie, AL, USAL (/517 and mhD4s817 cells were
labelled sccording to standard procedures using a biotinylated
anti-rabbit antibody ({Immunotech, Marseille, France) and
streptavidin conjugated to R-Phycoerythrin (Caltag, Burlingame,
CA, USA). Fluorescence analysis was perinrmed on a FACScan
(Becton Dickinson, San Dicgo, CA, USA)

Separation of CD34* CO38™ cells

Cord biood samples weie oblained with informed consent
actording o approved institutional guidelines, and were
subjected ta standard CD34 immunomagnetic bead separation
{Miltenyi Biolech, Auburn, CA, USA). Sorting of the
CD347CO38"™Y fraction was performed L.Sin§ a FACSVantage
{Becton-Dickinson) as previously described.”” In some experi-
ments, CO34¥CD38"™ cells were labelled with the carboxy
fluoreseein diacetate succinimidy enterdye (CFSE) to track the
successive cel! division during culure, as previowsiy de-
scribed,*®

Cell cultne

Cultures were initiated by piating 000 QD34 CD3IEY™ calls in
24-well plates precoatad with C/817 or mbDa/S37 in x-MEM
comaining 10% FCS {Stem Cell Techhology, Vancouver,
Canaday. The following cytokines were added : PEG-rhu-MGDF
G ng/mi; Kirin, Brewery, Japan), rhu-iL3 (100 Uiml, Novartis),
rhu-Flt-3 ligand (100 ng/ml, tiviunex), and rhu-SCF 150 ng/mi,
Amgeni. At day 7, i9 avoid any deleterious effect of 7-day aged
stroma, the cultures were disrupted by vigorous pipeting and
scraping. Nucleated cells wete counted, and 3000 output
sucleated cells were feplated Into a2 new 24-well plate
precoated with C/517 and mbD4/S17 stroma fines. 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 cuitures were initiated at single C34*CD38™ cell
fevel 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  experiments,  CFSE-labelled
CD34 ' CD3BY cells were culturerd on the different $17 stroma
lines as describedt above, Celis having divided once during 48h
were selecled, and plated onto frash stromas. Two days later,
cells having performed four more divisions (a total of five frum
the onset of the cultuie) were sorted again, and their L1C-(C
potentials wore apalyzed, All cultures were kept at 377C in an
alr atningihere sapplementr-d with 5% €0, and saturated with
humidity,

The activity of tha Deltad-Fe pintein was assessed hy
precoating for 1 h at 37-C wells of nontissue culture-treated
plates with a sclution of 10ug/mi of goat Flah)2 anti-human
RGT Fe specific (Caltag, Tehu), and o 25 ng/ml Retronectin
(Vakara, Biowhittaker, UK) in 1 v PisS, wells were washed with
1 = PBS, blecked with 1 x PBS containing 10% FCS, incubated
with a solution of Neltwd-fr 10ugml; in 1 x PBS for 2h at
37°C, and washed extensively wilth 1> I"BS. Irtelevant human
GG 10 pg/mnl) serves as negative control: Culture experiments
of CO34 " CDIE™™ cells with Deltad-Fe were performed n the
same conditions as above, with the exception of the culture
medium (STEMSPAN SFEM medium, Stem Cell Technologies,
Vancuuver, Canada ~+ cytokings),
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Assessment for cell apoptosis and cell cycle by
propidium jodide analysis

Seven days aiter the onset of the culture, nucleated cells were
resuspended at a concentration of 5 10% celis per ml in
0.15 molA NaCt, 0.1 mo¥] Tris-HCI pH 7.6, then diluted with 20
vol of 0.1% (wtivoll Na civrate, pH 7.6, i0mmol/l NaCl, 50 mg/
ml RNase A, 0.1% NP40, and HImg/ml propidium ipdide. The
cells were then incubated at 4°C for 24 b before flow cytometric
analysis (Becton Dickinson, FACSsont, France). At least 10000
cells per sample were anaiyzed for cell cycle progression,

Apoptosis was analyzed as follows. Purified CD34 " cells
were pelleted, and cells were washed once with 1 = PBS, and
once in Annexin V hinding buffer {10mm HEPES, pH 7.4,
140 mm NaCl, 2.5 mm CaCly). Cells were transferred o a tube,
and 1pl of Anpexin V-FITC and 2.5 gl dissolved propidium
iodide were adcled per tube and allowed to incubate on ice for
15 min 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 mAhs: CD7-PE
{Becton Dickinson), CD38-PE (Becton Dickinson) CD90-FITC
{Immunctech), CD45RA (Pharmingen) and CDI10PE (Becton
Dickinsoni. Aralysis was parformed on a FACScan™ using
CeliQuest softlware.

Functional assays

Quantification of CFC in D347 cells was performed using
standard maethylcellulose 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 frem the calculate frequency.”

Myeloid {G/M) and/ar lymphaid (B, NK) potential of CD34~
cells was assessed in o permissive culture as previously
described.”® Wells with significant cell prolifeiation were
selected, cells were callected and counted, and their phenctype
assessed by flow cytometry after labelling with the following
mAbs: CH9-PE. (Bectan Dickinsani, CD15-FITC (Daka Corp.),
and CD36-PE-Cy5 (Immunotech).

Transplantation of output CD34 ™ celis 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 -
irracliated 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™8 cord blood cells were cotnjected as carrier cells. At 10
weeks, mice were killed, cells were harvested from both femurs
and tibias, and analyzed for engraftment. After hlocking with
anti-mouse CD16/32 Feglilil receptor (Pharmingen, Becton
Dvickinson) antibody. cells were stained with FITC-conjugated
human CD45 {tmmunotech).

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

Total RNA was extracted from output C[24 7 cells using the SV
total RNA isolation kit, and DNAse-treated (Promega) before
synthesizing cDNA using the SuperScriptll kit {inVitrogen Life

Leukemia

Technologies, Inc.). Primers and probes of Hes-1 were as
follows: Mes-1 forward primer, 5 TCGGAAATGACAGTGAA
GCACCTY, Hes-1 reverse primer, 5'GTTCATGCACTCGCT
GAAQGCY, Hes-1 probe 5GCGACATCACGGCTGCGCTGY .
Prabos wore labelled at the 5 end with the reporter dye
molecule FAM and at the 3 end with the guencher dye
molecule TAMRA (Applicd Binsystems, Foster City, CA, USA).
The fi2-microglobulin gene was used as an endogenous control
{Applied Biosystemsl. PCR amplification was carried out for
t0min 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 (Applied
Bicsystems). Mes-1 RNA expression was normalized using
#2-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 517 cells and
coculture condition

Since Notch tigands have been described to exert their activity
as membrane-bound molecule, we first assessed the role of
Delta-4 in maodulating HSC {ate 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 fecder was conditioned by the amount of expression
uf the various Notch ligands evaluated by RT-PCR. $17 and
NIH3T3 cells were chosen, since they did not express Delta-4
and were already used to evaluate the role of several Notch
ligands on HMSC potential.”**"” OFf note, $17 cells slightly
expressed Jagged-1 transcripts but not the others Notch ligands
{data not shown).

The effects of mhDelta-4 were first analyzed by using §17
ceils. Two cell feeders have been established: one line
containing the control vector (C/S17), and the other one
expressing the mhDella-4 protein (mbD4/517). Expression of
mbDelta-4 protein at the surface of mhD4/S17 cells was
detected by flow cytometriic 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 H5C during 4 weeks af culture, human primitive
£D34 7 CD38'™ cord blood cells were plated onto the different
transtected stromas in the presence of carly acting cytokines
{rhatL-3, rhuSCF, thuPEG-MGDF, and rhuFlt3-t). At day 7,
nucleated cells were enumerated, and output CD34 ™ cells were
sorted to analyze their potential (CFCs, !vympho/myeloid
differentiative potential, LTC-IC). The siudy was pursued another
week by replating 5000 output nucleated cells onto fresh
strornas. The same procedure was repeated at day 14 and 21 for
two more weeks, thus, enabling the evaluation from day 7 10 28
of culture, of the impact of Delta-4 on the number of nucleated
cells, CD34 ™ cells, CFCs, and LTC-I1Cs.

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

The fold increase in total cell number obtained during the 4-
weck coculturc on 517 cells is depicted in Figure 2. During the
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Figure 1 Delta-4 expression in 517 cells, Flunrescent histograms

of 517 cells stained with antibodies, «n affimty-poritied  rabbit
antiserum raised to the estracellular domain a1 mwrine Deha-4, The
y-axis represents cell number, and the s-axis represents log
Huorescence imensity, The gray histogram répresens mbiDa/8i7
slroma and the white C/517 stroma. Mean fluorescence imansity
G817 =4.77: mhD4/$17 =11.90.
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Figure 2 Effect of mb(34/517 on nucleated ceil production. 5000

CD34"CD38™ cells were added 1o wells coaled with C/517, or
mbD4/517 stromas in the presence of huSCF, shull-3, rhufEG.
MGDF, and rhuFlt-3L, Cells wirre barvested at the indicated times, and
5000 autput nucleated cells were replated antu [he lwe differenl $17
stramas for anothe- week of culture. This pracedure was repeated for
two addilionsl weeks (results from five experinients). Significant
difference, *P<0.05; ™P<0.02: *™P<0.01.

first week, the fold increase in the total cell number was fowaer
{or cells growing on mbD4/S17 cells (16213, meants.d,;
P03, as compared o cells growing on G517 stromas
{54 :1:24). Dlgspite the widr imer-cord blood variability betwoen
the samples, the cumulative nucleated cell production i the
population grown on mbD4/517 was alwavs lower in all four
timepoints, as comparcd to that grown on (4817, Thus, ort day
28, culture of CD34 * CD38"™ cells on mbDA/S17 led to a 12-
fold reduced cell production (#<0.05). Nucleated coll producs
tion between populations grown on C/ST7 and parental $17 wasg
nat different (data not showni, '
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Figure 3 Effect of mbD4/517 on viability and cell ¢ycle status of
nucleated ceils, (a) Single cell cultures were estabhished from
Cl334 " CDIA™ in the presence of cylokites on the /517, ami
mbD4i317 stromas, The numbers of nucleated cells were estimated in
each well ot day 10 and the clones were classified aceording to their
size (cell number per well: as inchcated. At least 25 ciones pes
usperimental point have been analyzed. Each Bistogram represents the
proportion of the proliferatng wells containing the indicated number
of nucleated coils {mean of four experiments T Apantuses enalysis of
ane reprosentative exparioenl. Qutpat nucleatog cetls were harvesiend
after 7 days of culture on hoth 517 stromas stained with propidium
indidc and Annexin V. and analyzed by flow cytomary. 1o Cell eydle
statue of cells. Qutput nucleated cells were harvested after 7 days of
culture on the $17 stromas, stamed with propidium iodide and
analyzed by flow cytometry. FACS analysis of one representative
experiment.

To explore the mechanisms involved in the decrease of
nucleated cell production by mhD4/517, we analyzed the
cloning efficiency and the proliferative potential of single
CD34*CDI8*™ cells cultured on the $17 stromas. The number
and the size of the praliferative clones were evaltated at day 10
(Figure 34), The cloning efficiency, that is, the number of wells
containing active cull proliferation imore than 10 cellsiwelly was
identlcal whatever the stroma {371 +2% /817, 114 2% mbDd4/
5171, suggosting that mbD4/S17 did nol acl on input
€35 CHIBY el survival, However, mbD4/517 gave rice
to mainly smalissize clones (10~100 cells), while C/S17 gave
rise o intemedidte-size closee (101-1000 cells). These
ohservatigng Indicated that mhD4/817 modulated pither apop.
tosis or cell proliferation rate of daughter celis, Involvement of
apoptosis in mbD4/517 activity was excluded since Annexin V
staining of output cells after 7 days of culture revealed the
similarity in the: mean viability of the rwo populations {Figuie 3b;
114 for €517 and 135 14 for mbD4/5171 On the other hand,
in agreement with the decreased cali production mediated by
mbDA/S17, we ohserved in Figure 3¢ & lower percentage of cells
in 5 phase, as comparer to the celis grown on C/817 (1344 vs
2337%,; P=0.003), with a higher proportion of cells in GO/GH
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phase {814 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%%&"
cells

We next evaluated the influence of mbD4/817 on the CD34 7
cel! production with high mean fluorescence intensity. At day 7,
a high percentage of output CD34”™ cells (684 5-74 4 7%)
was maintained with no difference between the two different
cultures (Figure 4a), Thereafter, in contrast to C/S17, mhD4/St7
was able to maintain a high proportion of CD34”"8" ceils
(65+ 8, day 14, 4010, day 21, 47 + 3, day 28 for mbD4/517 vs
2916, day 14; 9+9, day 21, 11£2, day 28, for C/S17).
However, the total number of CIX34P™ colls was similar to
both conditions of culture due 10 reduced expansion of
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Figure 4 Effect of mbD4/817 an CD34™ cells and BFU-E, 5000
CD34*CD3IB™ ceils were added o wells coated with C/S17, or
mbD4/S17 stromas in the presence of rhuSCF, rhull-3, rhuPEG-
MGDF, and rhuFlt-3L. Cells were harvested at the indicated times, and
500¢ 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, oulput CD34 ™ cells were soried and analyzecl. (at, 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;
P01,

Nb BFU-E/1000 output CD3d+ cells ©
S
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nucleated cells with mhD4/517 (data not shown). These data
Indicated that mbD4/517 reduced cell production with a long-
termn maintenance of high percentage of CD34% cells.

mbD4/517 enhances BFU-E praduction

We analyzed whether the ectopic expression of mbDelta-4 in
517 colls would alter the output CFC progonitors from input
CD347 (D389 cells, The clonogenicity in semisolid medium
of output CD34% cells cultured on mbD4/S17 and C/517,
sequentially generated at day 7, 14, and 27, was progressively
iowered {data not shown}. Examination of the type of colany did
nat reveal any difference in the number of CFU-GM per 10060
output CD34~ cells between the different cultures (data naot
shown). However, a constant and significant 2-3-fold increase
in the number of BFU-E among the CD34" cells exposed to
mhD4/517 was observed throughout the culture (Figure 4b),
responsible for a stight but not significant increase in total CFC
number from CD34 ™ cells stimulated by mbD4/517.

mblDelta4 maintains the lymphoid and myeloid
potential of output CDI4”& cells

To assess the early commitment of autput CD34 " cells grawn
on mhD4/517 and C/S17, we analyzed the expression of
antigens such as CD7 and CD45RA representing committed
lymphoid pragenitors and CD38, Thy-1, and CD10 representi.nhg
immature progenitors. At 7 days of culture, 60% of CD34™#"
celis derived from mbD4/517 cubture coexpressed high levels of
the CD7 antigen vs only 24% for CD34" " 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 CD347% cells rezpresents the
phenatype for the committed lymplhoid precursor,®® suggesting
that activation by mbD4/St7 stroma promotes lymphoid
differentiation of input CD34% CD38™ cells, To test this
hypothesis, frash CD34~CD3I8 cells and output CD34°
cells from the 7-day culture on §17 stromas were seedec at ane
celt per well on M5-3 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; CDS6=NK} (Figure 5b).
The cloning efficiency, that is, the number of wells containing
active cel! proliferation (more than 10 cells/welly was identical
independent of the stroma (52 + 5% /517, 54 + 6% mhD4/517),
slightly lower than the one of fresh CD34~CD38™ cells
(64 1 7%). Output CD34 ¥ cells cultured on C/S17 stromta were
characterized by a diminished differentiative potential, com-
pared to the one of fresh CD34*CD38" cells, with a
decreased proportion of two-/three-lincage clanes (3117 for
CD347% cells cultured on C/S17 ws 74+11 for fresh
CD3I4*CD38"™ cells), and an increased proportion of one-
lineage clores (6947 for CD347 cells cultured on /517
stioma vs 26+ 10 for fresh CD34*CD38™™ cells). Inversely,
mbD4/517 significantly prevented the loss of the differentiative
potential of output COD34 7 cells, CD34 7 cells derived from
cultures or mbD4/517 stroma generated higher proportion of
twosthree-lingage clones (56413, n=6, P<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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Figure 3 {a) FACS analysis for C[x34, CD?7, and CDA4SRA
expression. 5000 CD34*CD3B"™ cells wore added 1o wells coated
with C/§17 or mbiD-/$17 stromas as previously described. Seven days
later nucleated cells were sorted and aralyzed for D34 €07, and
CD45RA expression (FACS analysis of one aut of three independent
experimentst, Numbers in the graph are the parcentaens of gate events
within the guadrant, (1) Phenatype of clones derived fram input
€034 COIE colls aned output CD34  colis grown on (/517 and
mbD4/517 siroma, 5000 CD34~COIE"™ cells were added to walls
coated with C/517 or mbD4/517 stromas ds previausly described.
CD347" cells were serted 7 days fater and examined for their myeloid!
IG/MY and {ymphoid potential (B/NK) in & permissive culture.
Proportions of the diffeient types of clones were caiculated as the
ratio of elones conlaining ane, two, or three lineages per total number
of clones analyzed (mean of six experimenia)

the 7-day culture on mbld4/517 stroma cells did not reveal any
differonce {data not shown), indicating that CD34 *CO7* celis
have the same capacity as CD34~CD? cells to differentiate
towards myelnpoiesis,

mbDA/S17 maintains the LTC-IC potential of input
CO34" CO38"™ cells

We next investigated whether imbDefa-2 would preserve in
cutture the LTC-IC potential of input CO34 “ CD38 cells. In a
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Figure 6 {a) Eifect of mbD4/817 o LTC-ICderlved CFC during the

culture. 5000 CO34™CDI8™ cells were added to waells coated with
C/817 or mbD4/S17 stromas in the presence of 1huSCF, rhull.3,
thuPEG-MGDF, and rbuflt-3L. Cells were harvested at the indicated
times and S00% gutput nucleated cells were replated onto the two
different $17 stromas for anothet week of culture. This proceduie was
repeated for an additional week (results from five experiments). At
days 7, 14, and 21, cuiput D34 cells were sorted and 1000 output
C034° cals from mach were then assayed for LTCAC activily. {a)
Number of LTCIC derived CFC per 1000 output €347 celis, (b
Number uf LTC-IC-deriveel CFEC per 3000 input CD34 ~CRIBM calis
A day O, day 7 ine=a) day 14 (na 3y day 21 in= 1, Signitican
difference, *P<0.05; **P<0.02 *F<0.01 & Comparison of the
LTCAC activity of colls having complated five divisions. CFSE-labelled
CD34 " CD38™ cells were cultured with cytohines In the presence of
G817 (white circle) or mb4/817 gray circie, On day 2, cells from
earh culture that had completed 1 division were sorted and replated
on fresh stramas, On day 4, cells having accamplished five divisions
were sorfvil and assessed for LTCAC activity, Each point represents the
numbar of CFC produced after 5 weeks on MS:5 cells by 10
CO347CD38™ cells thay have aceomplished five divisions,

first series of experiments, we assossed the LTC-IU potential by
plating autpur €347 cells harvested at day 7 until day 21 in
fang-term culture, As shown i Figure fa, the wtal number of
LYC-C-derived CFC from output C13347  colls decreased
throughott the 3-week cocdlture whaiever the stroma, The
strlking ohservation was the significantly higher production of
CFEC-derived LTCAIC fram €04~ cells exposed to mbDA/S17 at
day 7, 14 (P<0.01), and day 21 (FP<0.03), The total number
of  LTCACderived  CFC produced  from 5000 input
CD34*CD38% celis was also significantly higher in the
presence of mbD4/517 by day 7 (P<0.03) and day 21
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(F<0.041, as compared to G517 (Figure 6b). A highor hut not
signiticant number of LTC-1C.derivad CFC was also ahservad in
€347 colls stimulated by mbiD4/517 at day 14.

in a second series of experiments, we quantifiad the LTC-IC in
CD34 7 COIE™™ colls at day 0 and in output CD24 7 colls at day
7, by plating cells at limiting dilution. LTC-IC {requency in
cutput C034% cells grown on mh4/517 was not significantly
different from LTC-IC frequency in input CD34™CD3§' cells
(0.14+0.08 vs 0.18+0.08). Conversely, LTC-IC frequencies of
output CD34* cells grown on /517 were significantly
diminished {0.02 +0.02), P<0.01; n=15), compared to that in
input cells, [nterestingly, mhD4/517 maintained LTC-IC with
high proliferative capacity at day 7, since the average number of
CFC per |TCAC was identical to that Jrom  input
CD34 "CD38"™ (respectively, 23411 ws 26+5). In contrast,
the average number of CFC per LTC-IC was reduced in L.TC-IC
pracliced on /517 (134 8). On day 7, the absolute number of
LTC-IC was significantly higher (P<0.05) in cell poPularion
grown on mbD4/S17. From 5000 input CD34CD38™™ cells
containing initially an average of 915 (4 916) LTC-ICs, the mean
production was 4763 (+2125) LTC-1Cs at day 7 on mbD4/517,
compared 1o 1660 (4990) LTC-C for C/517. Thus mbD4/S17
induced a true expansion of LTC-IC.

Since an inverse correlation has been observed between
LTCAC potential and the vumiber of cell division,*>*¢30 the
maintenance of the LTC-IC potential by mbDelta-4 could be
only due 1o the reduced numher of cefl divisions. To test this
hypothesis, we compared the LTCIC potential  of
CD34*CD38"* cells having undergone the same number of
divisions. CFSE-lahelled €D34* CD38"Y cells were cultured on
the different 517 stromas, and at day 2, cells having
accomptished one division in each culture were purified, and
replated on fresh stramas for wo additional days. LTC.IC
activity was assessed in subset of celis having undergone flve
divisions from day Q. The results of threo experiments are
depicted in Figure 6c. The retention of LTCAIC activity medliated
by mbD4/517 was observed in all experiments: the geometric
mean of LTC-IC-cerived CFCs per 10 input CD34~CD38"Y
cells was significantly higher in the population grown an mbD4/
S17 (14427 inExpl; 40+62 in Exp2, 27429 in Exp3, P=0.03
for all experiments), as compared 1o the controi population
(245 in Expl; 9+£27 in Exp2; 4+8 in Exp3). Thus, mbDelta-4
still maintained a high LTC-iC potential in cells having
performed a similar number of doubling, indicating that LTC-
IC retention by mbDeltad is also mediated by mechanisms
independent of the cell cycle.

mh(34/517 does not enhance the in vivo
marrow-repopulating ability in NOD-5CID mice

Since mb24/S17 maintained the LTC-IC potential of cutput
CD34™ cells, we next tested the activity of mbDeltad on the in
vive marrow-repopulating ability in NOQD-SCHY mice. For this
purpose, we transpianted 2500 fresh (D347 CD38"™ cells
along with 10 irradiated (26Cy) CD34™% cord blood
cells, or all the progeny of 2500 or 10000 CD34*CD38™
cells culred for 10 days onto /517 and mbD4/S17, into
sublethally irradiated NOD/SCID mice. To cast off the
difference of proliferation, we injected all the progeny of
CD34*CD38"" cells grown on /317 and mbD4/$17 stromas
whatever the nymber of cells, As expected, totat cell production
was higher in the populaticns grown on C/517 (585+ 15 and
600+80 fold for 2500 or 10000 CD34*CD38"™ cells,
respectively) than in the populations grown on mbD4/S1?
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Figure 7 Effect of mbD4/517 on engraftment of human cells in
marrow of NOD/SCID mice. In all, 2500 fresh CD34 ™ CO38"™ cells
along with 10 irradiated (20 Gy} CD34™8 cord blood cells, or ali the
progeny of 2500 or 10000 CD34 7 CN38'™ cells cultured for 10 days
onto C/517 or mhD4/517, were transplanted into sublethally irradiated
NOD/SCIR mice. Anabysis of the presence of human CD45 7 cells in
the bone marrow of engrafled NOD-SCID mice was performed 10
wocks later, The percent of human CD45 ™ celis was established from
FACS analysis of at [east 107 evants. Each symbol represents the levels
of a single chimeric mouse.

{110+12 and 88416 for 2500 and 10000 CD34*CD38'™w
cells, respectively). Analysis of the presence of human CD45™
cells in the bone marow of engraited NOD-5CID mice
10 weeks later showed a low chimerism in all conditions.
We did not observe any significant difference in the
percent of positive mice (Figure 7} in both experiments.
Mareover, the level of engraftment benween populations grown
on C/517 and mbD4/517, whatever the number of expanded
CD34*CD18' cells was not different (0.17+0.25 in Expi;
44513 in Exp2 for C/S17 stroma ws 0.15+£0.26 in Expl;
0.2+0.3 in Exp2 for mbD4/S17 stroma). These data indicated
that although mbDelta4 was able to enhance the production
of progenitors such as LTC-IC, it did not enhance the
production of primitive stem cells such as the lang-term $CID
repopulating cells.

Assessment of mbolta-4 specificity

We next raised the question of whether the reduction of cell
production and the retention of the primitive potential were
specific for mbDeltad. To rule out any role of Jagged-1 (since
$17 celis also slightly coexpressed the Jagged-1 ligand), we
derived NIH3T3 linas expressing mbDelta-4 to assess Delta-4
activity on CD34*CD38"" cells in the same protocol as
descrihed above (NIH3T3 cells do not express [agged-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 mbD4/3T3, like mbD4/517,
reduced nucleated cell production from input CD34* CD3™
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cells. In contrast to C/3T3, it maintained a high proporion
of CD34>® cells characterized by a high LTC-IC potential
idata not shown), To assess the specific role of mbDelta-4
on call production with regard to other Notch ligands, we
have examined the activily of another Noteh ligand, mbDelra-1,
by culturing C0D347CD38"™ cells ontw a $17 stroma
expressing mhDelta-T using the protocol described above, in
our culture conditions, mbDelta-1 did not modify nucleated
cell expansion as compared to control stromas (data ot
shown), Finally, to assess the potential role of the cyrokines,
we enamined the activity of mbid4/S17 on the progeny
of CD34*CD38™ using other combinations of cytokines
(PEG-MGDFIL3/Flit-31/SCFAL-7  or  PEG-MGOFILAFL3L/
SCR/G-CSF ar PEG-MGDF/IL3/FI-3L/SCHGM-CSF). Whatever
the combinations used, we stili observed the reducerd cell
expansion in cell populations grown onte mbD4/S17 strom,
indicating that the reduced celi production was not relative
to the cytokines used. Taken together, all these data strongly
suggested the specific Invoivement of mblelta-d in the
ohserved eifects,

To evaluate whether the culture of CD33% cells on
mbDcltad-oxprossing stromas induces Notch signalling, we
assessed the expression of Hes-1, a well-known target gene of
Notch signailing, using quantitative RT-PCR in cells generated
by the 7-dav coculture of CD34~CNIE™ cells on both
NIH3T3 stromas. ladeed, outpus CD34™ cells generated in
cliiture with mbD4/373 showed a sigrificant increase in Hes»1
MRNA expression, ranging from 1.4- to 28-fuld according b the
sample, leadling to a mean vaiue of 11-fold (n=5, P=0.04), as
campared to control cells,

Having estahlished the activity of Deltad on CD34*CD38"¥
cells as mentbrane-bound motecule, we next wondered whether
the purified protein would produce the snme effects. We
theiefore performad cultures with a chimeric Deltad protein,
consisting of the extracellular domain of human Deltad tused to
the Fc portion of human {gG1. Since previous work has
demonstrated that the Notch ligands must be immohbilized on
a plastic surface for Notch activation,'' 3134 we thereflote
assessed the role of DeMad-Fe on CD34¥CD38"°% colls
according to this way of presentation To strengthen the
interactions between Dehtad-Fe and CD34 ™ COIBY cells, we
coated  the plastic  with  retonectin,'®  and  cultured
CD34 ' CD38"* cells for 7 days. By the end of the culture
we examined the number of nucleated cells, the percent of
Ch34 " cells, and their contenl of CEC and LTC-IC. Like
mhDeltad, the piresence of immubilized Deltad-Fo and retro-
nectin led 10 a reduced production of nucleatad cell 3017
fold, n=6, P<0.001), compared to the culture with frelevant
human IgG and retronectin (137 £ 38 (uld) (Figure Aa;. The same
proportion of CO34~ cells was observed at this time of culture
between Deitad-Fe-activated populativn (33% of CD34 - cells),
and control culture (36% of CD34™ colls) Figure 8l
Furthermore, Dgitad-Fe induced a three-fold increase in the
rumber of BFU-E among CD34™ cells (n=4, £<0.01). The
LTC-IC frequency among these CD34 ™ cells was higher in the
population stimudated with Deltad-Fo (0.38 2017, compared
tu the frequency determined in the control populaiion
0.07£0.05, n=6, P<N.0T) {Figure 8c). However, the 1ol
number of LTC-IC was simllar in hoth conditions of culture due
w reduced expansion of nucleated cells with Delad-Fc
{Figure 8d), These data indicate that Deltad-Fo shared most
of the activities of the membranesbound protein such as
reduced nucleated cell production, enhanced BFU-E produce
tinn, maintaining of a high LTC-IC potentin! bul does not
gnhance LTC-IC expansion,
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Figure 8 Effact of Duited-Fe on the progeny of CO4 - CD38M

cells. 5000 D347 CHIPY cells were added to wells coated with
Deltad-Fo as pravicusly described. Seven days later, nucleated ceils
were counted, CD34 ™ cells were sorted, and their LTC-IC content was
examined {mean of four experiments). (a) Nucleated cell growth. (b} %
of CO34 7 calls. tc) Frequency of LTCHIC in CD34* cells, **F<0.01,
(e Number of LTC-IC/eulture,

Discussion

We report here a novel activity of a Notch ligand, the ligand
Delta4, in which the main activity consisis in counteracting cel!
proliferation of hematopoietic stem cells induced by cytokines,
mbDeitad mantained a high LTC-IC activity in output CD34~
ctills, without retaining a long-term in vive marrow-repoputating
ability in NOD-SCID mice. mhDelta-4 induted the generation
of cells of the phenctype of committed lymphoid precursoms
(D34 CDASRA " CO7 ), but these celis sill retained ther
capacity to differemiste towards mvelopoiesis. Al these
Biological effects were associated with an overexpression of
Hes-1, one of the well-known Notch target genes. These results
are in agreement with a report indicating that overexpression of
mbDelta-4 in murine HSC prevents their reconstitutive ability by
biacking their differentiation into praCFLLS and dayl 2CFULS. P

The first striking abservation was the reduction in the total
number of nucleated cells generated v the presence of
mh0eita-4, compared to contrel culture, mhDehta-4 decreases
the preduction of these cells, with neither impact on cell
survival nor the recruitment of input 034 ~CD38™Y colis 1o
proliferate, a5 indicated by the simiiar frequency of proliferating
clones In single cell culture experiments betwesn the different
feeders, Instead, mbDelta-4 alters the celt cycle prgression of
daughter cetls, by reducing cell proliferation, as indicated by the
higher proportion of cells in GO/G1 phase. and ihe high
proportion of small-size clones. Notch activation in other
cellular comtexts mediated growth arrest by upregulation of
p21%0 and p27¥I3* gr cell proliferation by upregulation of

—
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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 10 be
identified.

The sccond major result is the enbancement of LTC-IC
expansicn by mbDeltad, cantrary to contrel cultures. During the
first week of culture, mhDelta-4 promotes a five-fold expansion
over input LTC-IC, while the LTC-IC quality at day 7 was simitar
to that of parental CD34~CDI8™™ cells tie same number of
CFC per LTC-IC). These results correlated with the activity of
mbDeltad on the celi cycle and suggest that mbhDelta-4 is a
regulator of the LTC-IC potential by principally altering their cell
cvcie progression. Howaver, when we compared the LTC-IC
potential in a subset of cells having perferined the same number
of divisions, mbOeha-4 still maintained a higher LTC.IC
potential. This suggests, besides the direct consequence of the
reduced number of cell division, the existence of an alternative
mechanism unrelated to cell proliferation implicated in the
maintenance of LTC-IC potential by mbDeltad. Such main-
tenance of the LTC-IC potential independent of the mitotic
history has beesn previously demonstrated with the MS.5 cell
line, known to express Jagged2 and Deltat Notch ligands.4%2¢

Although mbDeltad enhances LTC-IC expansion as compared
to control cultures, culture of CD34 * CO38™Y cells an mbD4/
517 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 solubie
Deltal, scluble Deltad did not increase the long-term repopula:
tion ability in NOD-SCID mice.® Although the NOD/ASCID
model is not sufficient to observe a two-fold expansion of SRC,
which needs recently developed models such as NOD/SCID
f2m 7% o NODSCID ye Y we can conclude that
mbDetta4 has no major effect on SRC expansion.

CD34 ' CO38' cells stimulated by mbDeltad mostly gener-
ated celis of the seemingly committed lymphoid precursor
phenotype (CD34~ CD45RA*CD7 *).%* This cbservation is In
agreement with the work of Bemsteins group,'? which
descrihed the generatian of such cells after stimulation of
CD347CD38™ cells by Delta-1 immaobilized on  plastic,
However, by comparing the lympho/myeloid differentiative
potential of single output CD34 +/CD7 + vs CO34 +/C0D7-
ceils generated in culture with mbhDeltn4 (INK, G/M, B), we did
not ohserve anv difference hetween hoth populations. mbDellad
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 precursars, and does not promote the
generation of cells exclusively committed towards the lyrmphoid
lineage. Cwur resuits guestion the CD347CD45RATCD7™
phenotype as phenotype of cells possessing only the lymphoid
potential. ™

The results with the chimeric DeltadFe protein, presented as
immubilized molecule, indicate that it shares must of the
activities of mbDeitad. Oeltaske reduces cell profiferation, and
maintains a higher LTC-IC frequency. as compared to control
population, However, DeltagFe, contrary to mhDela4, does not
increase the total number of LTC-IC, due to the reduced
expansion of nucleated cells, This discrepancy suggests that
Deltad, presented as membrane-bound molecuie, provides
additional signals, enabling access of enzymes or other
accessory molecules necessary for the camplete response.

mbDeltad, 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
abie 10 enhance HSC seli-renewal, to enhance HSC prolifera-
tion, or to promote cell survival. The role of Notch in HSC self-
renewal has heen clearly demonstrated in the case of
constitutive activation of the intraceliutar domain of Notch1 in
muring HSC'®'! and of activation of the Notch receptors by
membrane-bound Jaggedt or Jagged2 or immabilized Del-
ta1,'**"® An enhancement of cell proliferation with the retention
of the primitive potential has been ascribed to soluble forms of
Jagged1 and Deltal.”®'® In another study, membrane-bound
Jagged2 was enhancing HSC survival”® All these studies
describing pleiotropic activities of Motch 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 imiply the Notch —+CSL—
Hes— biHLH pathways, other pathways are Hes independent,*
Nevertheless, even il Natch signalling enhances Hes.1 expres.
sion, this can lead to opposite activities in the same cellular
context, for example, mbDelra-4 inhihits cell protiferation while
immobilized Deftal rather favors HSC seli-renewal.’ The
different Notch llgands 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 intraceliular partners depending on
signalling intensity, as hypothesized in the signalling threshold
model on stem cell fate decision.*®
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