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Como resuitado del Examen de Fondo realizado, con fundamento en el Articulo 45
de la Decisién 486 de la Comisiéon de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 10a 159 23/Septiembre/2009
Reivindicaciones: Folios 160a 172 23/Septiembre/2009
Dibujos: Folios 173 a2 196 23/Septiembre/2009
Listado de Secuencias: Folios 187 a 217 23/Septiembre/2009
Prioridad: US 60/903,693 27/Febrero/2007

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486), y su contenido técnico corresponde con el de la
prioridad reivindicada.
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3. Objeto de la invencién |

Titulo de la solicitud: “Anticuerpos OX40 antagonistas y uso en el tratamiento de
enfermedades inflamatorias y autoinmunes’”.

El problema planteado en esta solicituJ consiste en la necesidad de suministrar un
anticuerpo antagonista dirigido a la| proteina OX40 para el tratamiento de
enfermedades inflamatorias y autoinle'mes.

Para resolver este problema técnico la SO|ICItUd en estudio proporciona un anticuerpo
antagonista aislado que se enlaza espiecrfrcamente a un epitopo de OX40.

El objeto de la presente Solicitud se relaciona con la Clasificacion internacional de
Patentes (CIP): A61K 39/395; A61P S'i’lOO; CO7K 16/28.

4. Excepcion a la Patentabilidad (Airt 20 D 486 literal (d))

El objeto de las reivindicaciones 26 — 34 y 42 no es patentable de acuerdo con el Art
citado. '

5. Reivindicaciones relativas a un uso o a un segundo uso (Art 14 y 21 D 486)

El uso de las reivindicaciones 39 y 40 no es patentable, de acuerdo con el Art 14,

Las reivindicaciones 37, 38 y 41 defmen el anticuerpo por referencia al uso, lo cual
no es patentable de acuerdo con el Aft 14.

6. De la Solicitud de Patente l
Titulo |

. i . .
Eltitulo no corresponde con el objeto de la solicitud porque hace referencia a materia
no patentable, por lo cual se sugiere ;al Solicitante hacer la correccion necesaria.

Reivindicaciones (Art 30 D 486, Art!22 PCT)

Las reivindicaciones 1 - 12 carecen de concision porque definen el anticuerpo por
una region de cadena pesada o Ilgera al utilizar el término "y/o". Se recuerda al
solicitante que un anticuerpo se defme por la secuencia de aminoéacidos de las
cadenas pesaday ligera, la secuenc;[a de aminoacidos de las regiones variables de
las cadenas pesada y ligera o la Secuencia de aminoacidos de las 6 regiones
determinantes de complementarledéd (CDRs) en su conjunto. Ademas, no existe
soporte en la descripciéon que un aqtlcuerpo que comprende solamente una CDR
compante la actividad del an'ucuerpoI reclamado.

Las reivindicaciones 20 y 21 no son concisas porque utilizan las expresiones “un
marcador”, “una citotoxina o inmunotoxina”, lo cual dificulta determinar la extension
1
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del objeto que se busca proteger. Se sugiere definir estos términos por sus
caracteristicas tecnicas.

La reivindicacion 25 reclama una composicidn que comprende el anticuerpo. Se
recuerda al solicitante que una composicion se caracteriza por sus componentes y
las proporciones dentro de la misma.

Debido a que la solicitud se refiere a material biolégico, es necesario presentar el
Certificado de Depdsito para el hibridoma al que se hace referencia en la
reivindicacion 36.

Las reivindicaciones 43 y 44 carecen de concisidon porque reclaman kits gue
comprenden el anticuerpo o la composicidn en “una cantidad predeterminada”. Se
sugiere definir las proporciones dentro de los mismos.

Las reivindicaciones 45 — 48 carecen de concisidn porque reclaman un dispositivo
médico. Sin embargo, no se definen las caracteristicas técnicas que comprenden el
dispositivo y no se encuentra soporte en la descripcidén de las ventajas técnicas del
dispositivo, por lo que se sugiere al solicitante eliminar estas reivindicaciones del
alcance del capitulo reivindicatorio.

Se requiere al Solicitante hacer las aclaraciones necesarias.
7. Unidad de invencion (Art 25 D 486)

La Solicitud no cumpie con el Requisito de Unidad de Invencién porque se refiere a
4 Grupos Inventivos.

Los Grupos Inventivos estan definidos por las siguientes caracteristicas esenciales:

1° Un anticuerpo que se enlaza especificamente a OX40 que comprende i) una
CDR1 de VH que tiene la secuencia SEQ ID NO: 17; i) una CDR2 de VH gue tiene la
secuencia SEQ ID NO: 18;iii) una CDR3 de VH que tiene la secuencia SEQ ID NO:
19; iv) una CDR1 de VL que tiene la secuencia SEQ ID NO: 12; v) una CDR2 de VL
que tiene la secuencia SEQ ID NO: 13, y vi) una CDR3 de VL que tiene la secuencia
SEQ ID NO: 14. Reivindicaciones 1 — 48, parcialmente.

2° Un anticuerpo gue se enlaza especificamente a OX40 que comprende i} una
CDR1 de VH que tiene la secuencia SEQ ID NO: 17;ii) una CDR2 de VH que tiene |a
secuencia SEQ ID NO: 18; iii} una CDR3 de VH que tiene la secuencia SEQ |D NO:
19; iv) una CDR1 de VL que tiene la secuencia SEQ ID NO: 12; v) una CDR2 de VL
que tiene la secuencia SEQ ID NO: 13, y vi) una CDR3 de VL que tiene la secuencia
SEQ ID NO: 16. Reivindicaciones 1 ~ 48, parcialmente.

3° Un anticuerpo que se enlaza especificamente a OX40 que comprende i) una
CDR1 de VH que tiene la secuencia SEQ ID NO: 17;ii) una CDR2 de VH que tiene la
secuencia SEQ D NO: 18, iii) una COR3 de VH que tiene la secuencia SEQ |D NO:
19; iv) una CDR1 de VL que tiene la secuencia SEQ ID NO: 15; v) una CDR2 de VL
que tiene la secuencia SEQ ID NO: 13, y vi) una CDR3 de VL gue tiene la secuencia
SEQ ID NO: 14. Reivindicaciones 1 ~ 48, parcialmente.
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4° Un anticuerpo que se enlaza especificamente a OX40 que comprende i) una
CDR1 de VH que tiene la secuencia SEQ ID NO: 17; ii) una CDR2 de VH que tiene la
secuencia SEQ ID NO: 18; iii)) una CDR3 de VH que tiene la secuencia SEQ ID NO:
19; iv) una CDR1 de VL que tiene la secuencua SEQ IDNO: 15; v) una CDR2 de VL
gue tiene la secuencia SEQ ID NO: 13; y vi) una CDR3 de VL que tiene la secuencia
SEQ ID NO: 16. Reivindicaciones 1 - 4!8, parcialmente.

No se guarda un concepto inventivo comun porgue los anticuerpos no comparten
una estructura comin esencial para la actividad y porque anticuerpos dirigidos a
OX40 ya eran conocidos en los documentos D1y D2,

Se sugiere presentar las Solicitudes Di\}isionales que considere necesarias, ¢ iimitar
la solicitud inicial a una sola invencién,,eliminando de ella las otras invenciones.

i
8. Determinacion del Estado de la Técnica
El estado de la técnica se determiné con base en la fecha de presentacion de Ia

solicitud de prioridad: Febrero 27 de 2007, y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

Item Documento i Titulo Fecha de Publicacién
Compositions and methods for

D1 W02004019866 treating cardiovascular disease 11/Marz0/2004
D2 WO2006029879 Anti-OX40L antibodies 23/Marzof2006

D1 http://worldwide espacenet.com/publicationDetails/originalDocument?CC=WO&NR=2004019866A2
3KC=A28FT=D8ND=&date=200403118DB=4&locale=en_EP divulga un anticuerpo antagonista

aislado que se enlaza especificamente a un epitopo de OX40 humano (P&g. 20,
lineas 31-33). !

D2http:/worldwide espacenet.com/publicationDetails/biblio?CC=WO&NR=2006029879A2&KC=A2&F T
=D&ND=3&date=20060323&DB=EPODOC&lIocale=en_EP divulga un anticuerpo antagonista
aislado que se enlaza especificamente a un epitopo de OX40 humano (Resumen y
Pag. 70, reivindicacién 15).

9. Examen de Patentabilidad (Art ]4 D486)

Nivel Inventivo (Art18 D486) '

l.a reivindicacién 1 consiste en un antlcuerpo antagonista aislado que se enlaza
especificamente a un epitopo de OX40 humano, el anticuerpo esta caracterizado
porque comprende: 4
(a) una regién variable de cadena pesada (VH} que comprende:
i) una CDR1 de VH que tiene la secuencua de aminoacidos de SEQ ID NO:17;
i) una CDR2 de VH gue tiene la secuencia de aminoacidos de SEQ ID NO:18
y/o
it} una CDR3 de VH que tiene Ia;I secuencia de aminoacidos de SEQ ID NO:19
y/o
(b) una regién variable de cadena ligera (VL) que comprende:
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i) una CDR1 de VL que tiene la secuencia de aminoacidos de SEQ ID NO:12,

16 0 61,

i) una CDR2 de VL que tiene la secuencia de aminoacidos de SEQ ID NO:13
y/o

i} una CDR3 de VL que tiene la secuencia de aminoacidos de SEQ ID NO:; 14 o
16,

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas esenciales D1 D2
Un anticuerpc antagonista aislado que se | Un anticuerpo antagonista | Un anticuerpo
enlaza especificamente a un epitopo de aislado que se enlaza antagonista aislado que
0X40 humano, el anticuerpo esta especificamente a un se enlaza
caracterizado porque comprende: epltopo de OX40 humano | especificarmente a un
a) una region variable de cadena pesada ephtopo de OX40 humano
{VH) que comprende: {Pdg. 20, lineas 31-33)
i) una CDR1 de VH que tiene la (Resumen y Pag. 70,
secuencia de aminoacidos de reivindicacion 15)
SEQ ID NO:17,

i) una CDR2 de VH que tiene la
secuencia de aminoacidos de
SEQ ID NO:18 ylo

i) una CDR3 de VH que tiene ia
secuencia de amingacidos de
SEQ ID NC:19 y/o

b) una regién variable de cadena ligera

(VL) que comprende;

i) una CDR1 de VL que tiene la
secuencia de aminocacidos de
SEQ ID NQ:12, 15 0 61;

ii) una CDR2 de VL que tiene la
secuencia de aminoacidos de
SEQID NO:13 ylo

iiy una CDR3 de VL que tiene la
secuencia de aminoacidos de
SEQ ID NO: 14 0 16,

Los documentos D1 y D2 se consideran el estado de la técnica cercano a la
invencion definida en la reivindicaciéon 1 porque:

D1 divulga un anticuerpo antagonista aislado que se enlaza especificamente a un
epitopo de OX40 humano (Pag. 20, lineas 31-33). D1 también ensefa un método
para producir el anticuerpo (Pag. 39), una composicion que comprende el anticuerpo
(Pag. 2) vy un dispositivo medico para la liberacidén del anticuerpo por via pulmonar
(Pag. 54, parrafo 4).

La diferencia entre la invencion, definida en la reivindicacion 1 y el anticuerpo de D1
consiste en que la solicitud define secuencias especificas para las regiones variables
de las cadenas pesada vy ligera.

D2 ensefia un anticuerpo antagonista aislado que se enlaza especificamente a un
epitopo de OX40 humano (Resumen y Pag. 70, reivindicacién 15). D2 también
divulga un método para producir el anticuerpo que comprende cultivar una célula
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hospedera que comprende el vector que a su vez comprende el acido nucleico que
codifica el anticuerpo (Pag. 72, rewmdlcac:lon 26), una composicion farmaceutica que

comprende el anticuerpo (Pag. 73, reiyindicacion 34) y un kit que comprende el
anticuerpo (Pag. 73, reivindicacion 39).|

La diferencia entre la invencién, deﬂnlda en la reivindicacidn 1 y el anticuerpo de D2
consiste en que |a solicitud define secuenmas especificas para las regiones variables
de las cadenas pesada vy ligera.

Esta diferencia no parece conceder unlefecto técnico inesperado o una ventaja al
anticuerpo reclamado en esta sollmtud porgue no parece presentar una mayor
actividad moduladora de la actividad de la proteina OX40.

i
El problema tecnico objetivo de esta solicitud consiste en la necesidad de
anticuerpos antagonistas de OX40 alternativos a los ya conocidos en los documentos
D1y D2

Teniendo en cuenta que los documentos D1 y D2 ya divulgaban anticuerpos
antagonistas de la proteina OX40, la persona del oficio medianamente versada en |a
materia habria inferido sin mucho esfuerzo de su parte, obtener lineas celulares
alternativas para producir anticuerpos con la misma actividad. La persona del oficio
medianamente versada en la materia se veria motivada a obtener anticuerpos
antagonistas de QOX40 para el tratamlento de enfermedades inflamatorias y
autoinmunes porgue es bien conomdo en el estado del arte que la sefializacion a
trav?g 9e este receptor resulta en un mcremento de la expresién de citoquinas Thly
Th2"

De manera que la solucidn propuesta por esta salicitud en la reivindicacién 1y sus
dependientes 2 — 21 y en 22 ~ 25, 35, 36 y 43 — 48, es obvia y no tiene Nivel
Inventivo.

10.Conclusién l

Los requisitos de Patentabilidad de la -presente Solicitud estan afectados asi:

ltem |  Documento _ Reivindicaciones afectadas Requisito que afecta |

D1__ . W02004019866 | _ 1-125,35, 36y 43-48 Nivel Inventvo |
D2 . WO02006029879 125,35, 36 y 43 _ 48 Nivel Inventivo __|

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro dei término de sesenta (60) dias
contados a partir de la fecha de notlflcac:lon de la presente comunicacion. En caso

1 K. Sugamura, et al. Therapeutic targeting of the effector T-cell co-stimulatory molecule OX40.
Nature Reviews Immunclogy. Vol. 4, Junio 2004,

2 S Salek, et al. Regulation of CD4 T cell melmory by OX40 {CD134), Vaccine, Vol. 24, Pag. 872-
883. Publicado 7 de Septiembre de 2005, '

3 Y. Satake. Characterization of rat OX40 ligand by monoclonal antibody. Biochemical and
Biophysical Research Communications. Vol. ?TO, Pag. 1041-1048.

Expediente 09-103883 1er Art45 :




316
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesién, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante para dar respuesta a este requerimiento y presentarla por escrito

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

JOSE LUIS SALAZ§R LOPEZ

Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacion en lista, de fecha

i+8 SET. 2012

Elaborado por: Juan David Moncaleano P4’
Revisado por: Consuela Leguizamon L.
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"THERAPEUTIC TARGETING OF THE
' EFFECTOR T-CELL CO-STIMULATORY

'MOLECULE OX40

" Kazuo Sugantura®, Naoto Ishii* and Andrew D. Weinberg

~An emerging immunotherapeutic strategy for T-cell-mediated diseases is to directiy target

based therapies in several human diseases.

OX40 (CD134) is a member of the tumour-necrosis
factor (TNF) receptor superfamily’, and is transiently
expressed by T cells after ligation of the T-cell receptor
{TCRY-. Initially identified as a T-cell activation
marker in 1987 (REE. 3), it has been shown to have co-
stimulatory functions**, The ligand for OX40 (OX40L)
was originally termed glycoptotein 34 kDa (GP34} and
was identified on human T-cell leukaemia virus type I-
transformed T cells®, Cloning of GP34 revealed that
the molecule betonged to the TNF superfamily®.
Subsequently, GP34 was identified as the ligand for
OX40 (REFS 4.55. OX40L is mainly expressed by antigen-
presenting cells (APCs}, such as activated B celts, den-
dritic cells, macrophages and Langerhans cells, as well
as T cells and endothelial cells'™*, Studies of primary
T-cell responses have revealed that the OX40-0X40L
interaction between a T cell and APC contributes to opti-
mal T-cell function® 1 *'%% I particular, OX40-0QX40L
interactions are crucial for the generation of memory
T cells, by promoting the survival of effector T cells after
antigen priming*™2.

It was first shown in 1996 that selective depletion of
OXd4i-expressing effector T cells — by targeting OX40
with a toxin-fused OX40-specific monoclonal antibody

antigen-specific T cells that are responsible for the clinical effects, without causing general
widespread immunosuppression. A T-cell co-stimulatory molecule, GX40, which is transiently

I expressed after antigen recognition, fits these criteria in several immune-mediated diseases.

in vivo blockade of OX40 signalling specifically suppresses the function of recently activated
autoantigen-specific T cells, leading to inhibition of auteimmune disease without severs
immunosuppression. in addition, deliberate ligation of OX40 in tumour-bearing hosts enhances
anticancer immunity. We discuss how targeting OX40 is potentially an ideal strategy for immune-

JMMUNOTOXIN) — was therapeutic for a T-cell-mediated
autoimmune disease. Since that report, several studies
have canfirmed the beneficial effects of targeting OX40
in animal disease models!****}. However, although
immunotherapies using antibodies and recombinant
proteins that target T-cell co-stimulatory molecules, such
as ON44, 4- BB {CD137) and CD28 or cytotoxic T lym-
phocyte antigen 4 (CTLA4}), have been successfid in sev-
eral animal disease models'>****, clinical trials targeting
these molecules are in their infancy. Among these candi-
date molecules, OX40 is a promising therapeutic target
for allergic, inflammatory and autoimmune diseases, as
well as a target for enhancing immunity to tumouor anti-
gens, through its ability to target antigen-specific effector
T cells directly. Here, we discuss the present and future
prospects of OX40-specific therapies.

Rolas of OX40 and CD28 In co-stimulation

Optimal activation of naive T cells requires not only
interaction between the TCR and antigen~MHC
complexes, but also co-stimulation provided by co-
stimulatory ligands expressed by APCs #* (FiG. 1). In
the absence of co-stimulatory signals, naive T cells
that recognize antigen will become anergic and die.

420 | JUNT 2004 | VOLUME 4
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Figure 1 | Roles for OX40-0X40L interactions in T-cell function. Optima! activation of naive T cels after antigen recognition
raquires signals through earty co-stimulatory moledulas, such as CD28-CDR0/CD8E, CD27-CD70 and CD40L-CR40 After
antgen stimulation togethar with signals through CD28, actvated T cells axprass OX40, 4-186 and cytotoxe T ynprocyte
ant:gen 4 (CTLAS) on ther cel surface. Similarly, stimulaﬁon of antigen-presenting dendritic ceils with CDA0L through CD40,

ar Ipopolysaccharide {LPS) through Toll-like receopﬁ@'Ers (TLRs), nduces optimal OX40L and 4-1B8L. expression. 50, effcent

interaction betwaen OX40 and OX40L probably
affinity of CTLA4 for CDBO/CDS6 is much higher t

can induce the activation of nuctear factor-xB (NF

Jrs 1-2 days after antigen racognitien. Dunng the effector phase, as the
n that ot CD28, CO8O/CDEE on antigen-presenting cel's {APCs! prafarant.aly

). it has been shown that cruclal OX<0-specific sgnals for memory T-cel

binds 1o CTLA4 on activated T cells, rasulting in suFrsssion of T-cell acirvation. Ligal.on of OX40 on T cells by OX40L on APCs

ganeration arg transmitted through TRAFZ {tumountnecrosis factor receptor-assaciated factor 2). Sustained PKE/AKT actvation
in activated T ¢ells has alse been shown 10 be impbrtant for OX40-specific effector T-call survivel, OX40-induced survival of

sffactor T celis might conintute tc the generation

mernory T calig, n which exprassion of the ant-apoptotic proiens BOL-2,

BCL-X and BFL1 is maintzned. Furthermora, OX40 signals through T-cell-APC interactions also contribute to the optmal

reactivation of memory T cells. PKB, prolein kinasg B; TCR, T-cell recaptor.

Among several co-stimulatory receptork, signals
through CD28, which is constitutively expressed by
naive T cells, are indispensable for the i" cells to
respond to antigen and ¢lonally expand. The ligands
for CD28 — C.L18¢ and COR6 — can ﬂno bind
another receptor, CTLA4, which is trhnsiently
expressed following activation of T cells aftdr antigen
recognition, and provides a negative signp}itto®
that counteracts the pro-intflammatory CDP8 signal.
As the binding affinity of CTLA4 to CDS({IJ’CDSH is
much higher than that of CD28, T-cell activatian is effec-
tively suppressed after expression of CTLA4 ortthe T-cell
surface®*# (FiG. 11, CTLA4, therefore, is 1mp]ortant in
downregutating T-cel! function. )

In addition to the importatce of the CD28/CTLA4
pathways during T-cell priming, further mo]ecu]ar
interactions are required to generate memoyy T cells
from activated effector T cells. Several memb_Lrs of the
TNF receptot superfamily, such as OX40, dDZ? and
4-1BB, are known to function in this capacity. These
molecules induce co-stimulatory signals, which pre-
vent antigen-induced celi death and conqtquently
promote the survival of effector T cells res.lﬂting in

NATUHE REVIEWS | IMMUNOLOGY

the generation of memory T cells*#*=* (k15 11, Unlike
the CD28/CTLA4 pathways. these co-stimulatory
receptors lack additional ligands that can downregulate
T-celi function*. Among these co-stimulators, the
OX40-0OX40L interaction s crucial for T-cell activation
and survival. OX40 expression by T cells is induced by
TCR stimulation, and peaks 48 hours after antigen
recognition®®. Similarly, QX40L expression by APCs 15
inducible following C1340 or lipopolysaccharide stim-
ulation, and peaks 48-72 hours after i1 virro stimula-
tion!"#*A3 So, the interaction between OX40and
OX40L scems to occur approximately 2 days after
antigen recognition by T cells. CD28 and its binding
partners CDB0/CD86, by contrase, interact carly after
antigen recognition, due, in part, to constitutive
expression of CD28 by T cells***%* The absence of
CD28 signals suppresses T-cell division niainly during
the first 23 days after antigen stimulation®*, resulting
in suppressed effector T-cell generation and a conse-
quent reduction in the number of memory T cells™.
0OX40-deficient T cells show robust proliferation and
cell division 2-3 days after TCR ligation, but reduced
proliferation by 5-6 days. By days 12=13, there is also

YOLUME 4 [ IUNE 2002 [ 421
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a marked reduction in the survival of OX40-deficient
T cells*>*. These observations are consistent with the
different expression kinetics for these two co-stimulatory
molccules, and indicate that thev have unigque roles
— early co-stimulation through CD28 and late co-
stimulation through OX40 — in the generation of
memory T cells (FiG. 1).

To understand fully the impact of the OX40-0X40L
co-stimulatory pathway on ininune responses, gene-
targeted mice for OX40 and OX40L have been exten-
sively studied. As shown in TaBLE 1, both OX40- and
OX40L-deficient mice have impaired T-cell function,
including a reduction in the number of antigen-specific
memory CD4- T cells, decreased CD4 T-cell infil-
trates in the lungs of mice infected with influenza
virus  and  suppressed  CONTACT HYPERSCNSITIVITY
responses' # Interestingly, CDR* T-cel] functions,
cytotoxic T lymphocyte (CTL) activity and cytokine
production are normal in these knockout mice'®#,

Furthermore, in contrast to defective T-cell-dependent
antibody production in CD28-deficient mice**, OX40-
or OX40L-deficient mice have normal immunoglobulin
production in response to immunization or during viral
infections!*'*** These observations indicate that
OX40-OX40L interactions might only affect effector
CD4* T-cell function and be dispensable for the CTL
response and immunoglobulin production in certain
ImITiune TeSponses.

Advantages of targeting OX40

Conventional immunotherapies for autoimmune, aller-
gic and inflammatory diseases, and organ transplanta-
tion, have been aimed at the T cell — an important
effector cell that is respensible for discase pathogenesis,
However, these therapies affect not only the T cells that
are responsible for disease but also all the other T cells
in the host, which can lead to an immunosuppressive
state and the eventual development of opportunistic

Table 1 | Abnormal immune responses in 0X40-deficient and 0X40L-deficient mice

Strain
0X40-deficient mice
(C57BL/G x 129}
hybricl

CH7EL/EG
C578L/6

C57BL%

C57BL/S
C57BL/S

C57BL/6

C57BL/6
OX40L-dsficient mice
BALB/c

C57BL/G

C578L/6

BALB/c

BALB/C

NOD

C57BLG

129/8v, BALB/C
Co7BL/B

Immune responses examined

influenza virug infection

Ex vive T-cell proliferation after CD3 stimulation

T-cell responses to protein antigen

Ex vivo T-cell proliteration and survival after
antigen stimulation

Used as denor in experimental GVHD
Airway hyperreactivity using ovalbumin
Experimental autoimmune encaphalomyelitis

Regulatory T-cell number and function

CHS in response to haptens

CD4+ T-cell responsas to protein antigen
Experimental autoimmune encephalomyelilis
Airway hyperreactivity using ovalbumin
Infection with Hefigmosomeicles polygyrs
Spontanecus diabetes development
T,,2-csli responses in B-cel-daficient mice

transferred with exogencous B cells

Used as recipien in experimentat GVHD
Exparimental inflanmatary bowe! disease

Results or phenotypic features References
Impaired GD4* T-gell proliferation and IFN-¢ 55
production; reduction in C04+ T-celi infiltration

into the lungs of influenza-virus-infectad mice

Reduced T-cell prolferation 15
Reduced effectcr T-cell function and impaired 20
memory T-cefl generation

Markea reduction in T-cell suraval desprte almost 22,54
normal oroliferaton; reducton in Pkb/Axt activation

in effector T cells: recuction ir Bl-2 and Bel-X

exprassion by long-ved T cealls

Reduced GVHD mortality 34
Diminished lung inflammation; impaired 7,2-¢ef 80
responseas; impaired reactivation of T 2 memory cells

Reduced symptoms; impaired function of 66
infiltrated T cefls in the central nervous system

Reduced numbers of CD4-CD25 T cells in young 72
OX40-deficient mice; less ex vive suppressive

function of OX4G-deficient regulatery T cells

Reduced CHS responses; impaired APC function of 13,18
splenic dendritic cells and Langsrhans cells

tmpaired effector CD4* T-cell responses; reduced 19
mernory CD4~ T-cell function

Reduced symptorns; impaired function of antigen- 685
specific T cells

Suppressed lung inflammation; reduced T, 2-cefl 43,81
responses

Reduced T, 2-cell regponses; compromised host 106
defence (increase in parasite eggs)

No disease symptoms 67
Less T_2-cefl responses induced in mice transferred 52
with OX40L-cdeficient B cells comparad with those

receiving witd-type 2 cells

Reduced GVHD mortality 34
No disease symptoms in OX&0L/Rag?2 double- 72

deficiant mice transferred with CD4 CD25° T cells

APC antigen-presenting call; CHS, contact hypersensitivay: GVHD, grafi-versus-host disease’ IFN-y. interferon-y: NOD, non-cbese dabetic: OXa0L., OX40 ligand;
Rag2. recombinase-actvatng gene 2, T, T haiper.
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Table 2 Exprassion of OX40 and OX40L in several disease states

Disease

Humans
Rheumnatoid arthritis
Multiple sclercsis
Crohn's disease

L cerative colitis
GVHD
Polymyostis
Breast cancer

Colorecta cancer

Mice

EAE

EAE

Hapten-induced colitis

T-cet-transfer-induced colitis

Ovapummn-nduced airway
ryperreactivity

Influenza-virus-induced
iung inflammation

Cancer modes

Rats
EAE
GVHD

Cells expresasing OX40 Cells e;pressing OX40L Tiasues References
CD4+ T cellg N.D, Synovial fluid 23,107,108
Tcells N.D. Perivascular inflammatory lesion 66
Mononuclear cells Endothalial cells Lamina propria and submucosa 73,74
of tha colon
Manonuclear cells Endothiliat cells Lamina propria of the colon 73,74
CD4- and COB* T calis ND. Perpheral binod 23,68-70
Mononuclear cess N.D. l Perivascuar mflammatory sites 09
CD4* Tcels N.D. ] Primary tumaour and tumour- 28,92,10%
: invaded iymph node
Lymphocytes N.D. { Primary tumour and tumour- 110
J invaded wmph nade
CD4' T eells Microg!ik/macrophages Spinal cord and orain 12,30,65
N.D. Vascuia{ anclothedial cells Spinal cord 30
Mononuclear cells N.D. Peyer's patches and lamina 25
, propria of the colon
N.D. CD11¢* dendritic cel's Mesantanc lymph nodes 31
CD4'CD44 Tcehs NLD. Peribronchiai and perivascular 36
areas of the lungs
CDa* and CDB* T cells N.D. Bronchoalvedlar lavage and a7
medckastinal iymph nodes
Ch4~ and CD8" 7 cels NLDL Primary tumour and tumour- £88.90.95
diainng lymph node
Antigen-specdfic CO4-T cas N.D. Spinal cord 23,93
CDa* T cells N.D. Periphesat blood, spieen, lymph 111,112
nodes and liver
EAE, axperrnanial autommune encephalomye.ts, GYHD. graf-versus-host diseass; N D. noi deterrmined, OX40%, OX40 agand

EXPERIMENTAL ALTOIMMUNE
INCTPHALONMYTLATIS
.EAE! An experimental mode}
far the human disease muitiple
sclerusis. Autoimmune disease
i» 'nduced in experimental
aniinals by immunization with
nvesinn ntgen ur peprides that
are derived from mvelin. The
animds develop a paralyric
discasu with inflammation and
denvelination in the brain and
spuaal cord,

INFLAMMATORY BOWTL DISEASF
JBIDY A chronw condition of
the intestine that 1s characterized
by severe inflammation and
mugesal Jestruction. The most
commaon torms in humans are
ulcerative colitis and Crohn's
Jisease. Animal models indicate
that thev result from
Fyatguulidinn of the hocal
e gshoie normally
harmless commensal bacleria.

infections and cancer. More recently, second-generation
immunotherapies targeting cytokines or their recep-
tors that are responsible for discasc pathogénesis have
been established, but the consequences of widespread
immunosuppression have not yet been resolved.
Therefore, an ideal immunotherapeutic strategy for a
T-cell-mediated disease would directly'target the
antigen-specific T cells that are responsible for disease
pathogenesis, without disrupting the fundtion of the
entire T-cell repertoire.

Targeting the T-cell co-stimulatory molegules CD28
and QX40 is a promising strategy for controlling T-cell-
mediated immune disorders, by regulatind the T celis
that vause disease. In spite of the indispensable role for
C1228 during T-cell priming. CD238 blockade is unable
ta effectively suppress effector T-cell functicn or reacti-
vation of memory T cells in many |¥odcls:’"*”.
Therefore, blacking the CD28-CD80/CD86 interaction
might be insufficient to prevent ongoing S)!mptoms in
certain T-cell-mediated diseases. By contrast, blockade of
OX40-0X40L interactions alone will prevent ongoing
immune responses being mediated by effector T cells
that have recently been generated from either naive or
memory T cells after antigen stimulation™ -0,
OXA40L blackade might be a favourable strategy in such
clinical settings. In addition to its co-stimu!:mory roles,

OX40 is thought to contribute to T-cell migration and
tissue infiltration through its interaction with OX40L on
endothclial cells', These OX40-specific functions are
not apparent in the C1228 pathway. As cytokines derived
from the infiltrating T cells recruit and activate other
inflammatory cells, targeting OX40 might have anti-
inflammatory effects by preventing the infiltration of
effector T cells into the tissues. In fact, in vive blockade
of OX40-0X40L interactions results in a marked
reduction in infiltration of CD4" T cells into sites of
inflammation and therefore in reduced clinical symp-
toms in mouse models of EXPERIMENTAL AUTOIMMUNE
ENCEPHALOMYELITIS [EAL), INFLAMMATORY BOWEL DBISEASE
(IBDY, allergic asthma and pneumonia induced by
influenza virus infection e -1236.2744

Recently, blocking CD28 signals with a CTLA4-
immunoglobulin fusion protein has been shown to be
effective in reducing symptoms in patients with
rheumatoid arthritis*"*, Based on the ditferences in
function and expression between the CD28 and OX40
pathways, the combination of therapies that target
both pathways might be more effective than targeting
either pathway alone. For example, in several mouse
models of skin transplantation. hlockade of both
CD28 and OX40 was more etfective in preventing
graft rejection than either blockade alone®’. Moreover,
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Figura 2 | Therapeutic intervention in animals with experimentat autoimmune
encephalomyelitis by targeting OX4Q+ T cells at the site of Inflammation. Myglin-reactive
CD2T cells 1solated frorm tha penpheral blood of animals with expenmeantal autoimmune
encephalomyslitis (EAE) do not express OX40, but myelin-reactive T calls isolated from the
cantral nervous system (CINS) are posttive for OXe0 expression, This scenano allows for target-
organ-specific immunoiherapy of myelin-reactive T celis. At present, 1§ not krown exacily
where and when OX40 expression is upregulated by T cells after they cross the blood—brain
barner and entar the CNS, OX40 ligand {OX40L} is exprassed by macrophages and endothalial
calls in the CNS. The CNS-isolated macrophages express MHC class I moleculas and have
been shown to stimulate proliferation of myslin-rsactive T cells in an OX40-dependent manner.
The current Iteraturs indicates that signals from the T-cell recepior (TCR), CD28 and OX40 are &l
required for effective activation of myelin-reactive efector T cels in the CNS. H all three pathways are
ntact, T heiper 1 (T, 1)-type cytokines are produced, which, in tuen, cause demyelination, leading to
the clinical s'gns of EAE {paralysis}. Two modes of OX40-specific therapy have baen shown to inhibit
the clinical signs of EAE: deleting OX40" T cells with an OX40-specic immungtoxin; or blocking
Ox20-0x 0L meractons with an QX40L-specific antibedy or an OX40-immunagiobuln fusion
proten (OX40-g), therehy nnibitng OX40-speciic T-cell signalling and/or bloctang T-celf entry into
the CNS. IFN-y, Interferon-y. IL, intereukin,

GRAFT-VERSUS-HOST LISFASE
LGYHD!. Tissue damage in

a recipient of allogeneic
transplanted tissue (usually
abone-marrow transpiant)
that results from the activity
of donor T cells that recognize
the recipient’s tissuc as {oreign.
GVHD varies mackedly in
severity, but can be life-
threatening in severe cases,
Typically, damage 1o the skin
and gur mucosa leads te clinicat
manifestaions.

simultaneous blockade of the CD28, CD40 and OX40
pathways completely inhibited allograft rejection,
whereas blockade of CD28 and CD40 alone was
unsuccesstul™,

Targeting O0X40/0X40L in autolmmunity

The presence of OX40° lymphocytes and OX40L" cells at
the sites of inflammation in T-cell-mediated disorders,
such as autoimmunity, allergic and infectious diseases,
and Grarr.virsusost msrase (GVHDY, is well docu-
mented (TABLE 23, Targeting OX40 might dampen the
autoantigen-specific T-cell responses and therefore bea
potential therapy for these diseases. Several reagents that
1arget the OX40-specific pathway have been used.
Monoclonal antibodies specific for OX40L and
OX40-immunoglobulin tusion proteins bind ta OX40L
and therefore interfere with OX40-0X40L interactions.
Alternatively, toxin-tused OX40-specific antibody can
deplete OX40-expressing effector T cells specifically,
Here, we discuss how targeting OX40 with these reagents
can dampen T-cell-mediated diseases.

Experimental autoimmune encephalontyelitis. The first
evidence that OX40 could be targeted for therapeutic
benefit in an auteimmune discase was obtained in a rat
model of EAE®, Autoantigen-specific CD4* T cells
that were isolated from the site of inflammation (cen-
tral nervous system, CNS) expressed high levels of
OX40 (REES 63,64}, whereas T cells isolated from non-
inflammatory compartments (peripheral blood and
spleen) in the same animals had low levels of OX40
expression. At present, it is not known exactly where and
when OX40 expression is upregulated by T cells after
they cross the BLooD-sraws sarRIER and enter the CNS.
Myelin-specific CD4™ T cells that were isolated from the
CNS one day before discase onsct expressed the highest
levels of OX40, and as the disvase-related signs and
symptoms peaked, the number of QX407 T cells deelined
until EAE resolved, at which time OX40" T cells could
no longer be detected®, These observations indicated
that OX40-specific reagents might be effective if
applied during the early stages of EAE by targeting the
autoantigen-specific T cells in inflamed tissue, but leaving
the peripheral T-cell repertoire unperturbed.

Two different OX40-specific therapeutic interven-
tions have been successful in the treatment of animals
with EAL (FI55. 21 One method depletes OX40° T cells by
administration of an OX40-specific immunotoxin®,
whereas the other uses an OX40L-binding agent to block
OX40-0OX40L interactions in vive'**® OX40-specific
immunotaxin-mediated depletion of autoreactive T cells
wats shown to be effective when delivered at the first signs
of disease onset™*, This therapy decreased the number
of myelin-reactive T cells isolated from the site of
inflammation by 10-100-fold, The OX40-depletion ther-
apy was specific, as only the recently activated myelin-
specific T cells of the CN$ bound the OX40-specific
immuonotoxin®,

The second mode of therapy is based on blockade
of the OX40-OX40L interaction in vivo using agents
that bind to OX40L (recombinant OX40-immuno-
globulin fusion protein or an OX40L-specific anti-
body ==t Bath OX40 and OX40L have
been identified on the surface of cells in the CNS of
mice with EAE. and both OX40- and OX40L-deficient
mice are less susceptible to EAE!2%¢346, Two separate
studies reported that blocking OX40-OX40L interac-
tions in wild-type mice with EAE decreased clinical
signs of the diseasc®**, although each study used a
different timing scheme and a different reagent to
black OX40-0X40L interactions. The first study used
an OX40-immunoglobulin fusion protein adminis-
tered at disease onset!?, whereas the sccond study
used an OX40L-specific antibody that was adminis-
tered on several consecutive days before disease
onset®®. The first study showed that OX40L was
expressed by CD11b™MHC class II- cells in the
inflamed CNS of mice with EAE'? and these cells
could co-stimulate autoreactive T cells through
OX40-0OX40L interactions. Administration of
0X40-immunoglobulin fusion protein during the
initial stages of disease resulted in a marked reduc-
tion in the severity of EAE during the acute phase.
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BLOXOD=KIRAIN HAKRIER

The central nervous system
LCRSYs known to be an
immune-prvileged site such
that nior lymphacytes can cross
trom the blood (o the brain.
In certain diseases,

such as multiple selerosis,
the endothelial-cell wall thar
protects this barrier is broken
down and. when this vccurs,
tymphocvies can pass freely
into the CNS,

NUNONFSF DIARTTIC MICE
NOD muce). Astrmn of mice
wnat normally develops
whopathiv autommune dubetes
that clesely resembles bpe |
dinbetes mn humans. The larget
antigenl s recugnized by the
pathogen CTHW T cells that
| nliate disedse is expressed by
poncreatic ssletwedls, butits
Wentity is unknown,

GHRAFTVTRIUS | FUKAEMIA
LGVLY, TTosty with leubaemia
who recesve an allogeneic bone-
marrow transplant have far
fewer diseane relapss than
individuals obtaining
avtolugous bone-marrow
tratisplants. This is due to the
transplanted 't cells recognizing
alloantigens expressed by the
leukaemnia,

R4 CD253 REGULATORY T CELLS
.Tmculls\. A specialized subset
ot T4 T cells that can
suppress other Trcell responses,
These cells are characterized by
eaprusssons of the interleukin- 2
receptr a-chain [CD251 and
some T-cell-activation markers.
Ine transeription factar EOXPY
is spectlically expressed by these
cells and contributes to the
suppressive function.

However, the OX40-immunoglobulin- trented mice
relapsed with similar frequency when compared with
contrel mice. When O}\40—1mmunoglobulm was deliv-
ered during an active relapse, the discasc scjrcnty was
recluced, but as soon as the treatment was discontinued,
the mice redeveloped clinical signs of disea:@e”. These
data indicate that blocking OX40-OX40L inkeractions
inn vive inhibits the function of sutareactive T cells, but
that this eftect 1s short-lived and the autoreactive T cels
persist and can reinitiate climcal signs of diseage,

The second study showed that treatmbent with
OX40L-specific antibody before clinical signd of disease
was effective during the acute phase of CAE and its
therapeutic effect was dose dependent. This regimen
hacl little effect on antigen-specific T-cell refpanses in
the draining lymph nodes; however, a decréase in the
number of OX40" myelin-specific T cells wag observed
in the target tissue (spinal cord}. Thesk authors
detected OX40L expression on endothelial fells in the
inflamed CNS, which led them to speculate that the
mode ot action of OX40L-specific antibody fras block-
ade of T-cell migration through the blood—prain bar-
rier®. Both in vive blocking studies indicare that
OX40-OX40L interactions probably have a dual role in
this T-cell-mediated disease: OX40-mediated entry into
the CNS through endothelial barriers and 0)540 -specific
co-stimulation once the T cells have entercd the CNS,
FIG. 2 shows the OX40-0OX40L interactions that are
thought to lead 10 the development of EAH and illus-
trates how QOX40-specific therapies have bden used to
ameliorate clinical signs of EAE.

Diabetes, Recently, a crucial role for OXa0-0X40L
interactions in the development of autoimmune dia-
betes has been shown. Whereds the mause rhodels pre-
viously discussed were experimentally freated 10
induce disease, the diabetes model descriped in this
report is a spentancous forim of autoimmudne discase,
and might be more relevant to human aufeimmunc
discascs, OX40L-deficient mice that were clossed onto
the ~ox-vsest masenc (NOD) backgrourd did not
develop diabetes®”. Interestingly, this repgrt showed
comparable numbers of pathogenic antigkn-specific
memory T cells and infilerated T cells arouind islets in
wild-type and OX40L-deficient diabetes-ﬁ!rone mice
when these mice were old enough to develop diabetes™.
These results indicate an additional OX40-spécific mech-
anism, other than memory T-cell generation or T-cell
trafficking, that might contribute 1o the devélopment of
autoimmune diabetes. ‘

Targeting 0X40/0X40L In Inﬂammaﬂoln
Graft-versus-host disease. Patients with active GVHD
have increased numbers of circulating CD4*0X40*
T cells™=5- it has been proposed that quantifying
OX40" cells could enable clinicians to predict resis-
tance to therapy as well s the onset trt' chronic
GVHD"™_ In mouse models of GWVHD, OX40 signals
in effector T cells are crucial for the pathogeg'lesis of this
disease; blocking OX40-0OX40L interactiohs by treat-
ment with an OX40L-specific monoclonal pntibody or

OX40-immunoglobulin fusion protein prevents lethal
GVHD* ¥, Whereas CD28-deficient or OX40L-
deficient donor T cells could still induce GVHD,
OX40-deficient T cells failed to induce lethal GVHD
in recipient mice®. Importantly, GVHI induced by
CD28-deficient T cells could be prevented by OX40L-
specific antibodies™, So, reagents that are designed to
block OX40-OX4(L interactions in vive could be a
promising therapy for human GVHD. Donor-derived
allo-specific effector T cells during bone-marrow trans-
plantation are also important for GRAFT-VERSU'S-LEUKAEMIA
{GVL} effects, which contribute to preventing cancer
relapse. It is important to note that, depending on timing
and dosing schemes, OX40 blockade might increase the
risk of cancer relapse after bone-marrow transplantation
by suppressing GVL effector T-cell function.

Inflammatory bowel disease. Crohn’s disease and ulcer-
ative colitis are forms of idiopathic intestinal inflamma-
tion avcompanied by inappropriate activation aof
mucasal effector T cells™. These IBDs are hypothenically
caused by a breakdown in mucosal telerance to bacterial
flora in the intestine™. OX40 signailing is required for
the development of several mouse models of IBD,

including hapten-induced colitis®™*, the spontaneous
development of IBD in interleukin-2 ([L-2)-deficient™
and OX40L-transgenic mice®’, 1BD in lymphopaenic
mice after transfer of CD4-CD25-CD45RB" T cells™-*%,
and IBD induced by treatment with dextran sulphate
sodium?*. In vivo administration of OX40L-specific
monoclonal antibody or OX40-immunoglobulin
fusion protein ameliorates even ongoing IBD symp-
toms in these medels, and the disease does not develop
in OX40L-deficient mice. In these various models of
[BD, (OX40L expression was found on dendritic cells,
whereas OX40 T cells were identitied in the mesen-
teric lymph nodes and in the inflamed volon®. An
increased number of (X407 T cells has also been iden-
tificd in the lamina propria of the colon from paticnts
with ulcerative colitis and Crohn's disease™ ™
Furthermore, the number of OX40L" blood vessels was
also higher in patients with ulcerative colitis and
Crohn's disease compared with normal conrrols™

These observations indicate a possible contriburion of
OX40-0OX40L interactions to the pathogenesis of IBD
in both humans and mice.

The development of IBD in some mouse models
might be caused by dysfunctional corcoes: REGULaTOR
TT,.; CELLS, which are thought to have an important
role in the control of autoimmune responses in mice™,
This is based on the finding that co-transfer of CD4-
CD25" T, cells and CD4"CD25™ T cells into lym-
phopaemc recxpmnr mice completely ameliorates IBD™.
Mice protected from IBD by the co-transfer of T, cells
had fewer OX40L" dendritic cells than mice w 1th dis-
ease, The CD4* CD25* T, cells might limit inflamma-
tion in IBD, which in turn might reduce the number of
OX40L" dendritic cells tound in treated animals.
Additional evidence for the involvement of Tm-; cells in
IBD can be found in IL-2-deficient mice, which lack

Ty cells in the periphery and spontaneously develop
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IMMUNOGENIC TUMOURS
The immunogenicity of a
tmout is defined by its abiity
to enhance immune responses
after irradiation and
subcutaneous vaccination inta
naive mice. Highly
InmUnogenic tamnurs will
allow 100% of the vaccinated
husts o be protected against live
tumour challenge 30 davs afier
immunization, whereas less
immuonogenic tumaours elicit
Paurer immune responses,
resulting in 50% oy Juss of hosts
that succumb o live tumour
challenge after immunization,

IBD?", Constitutive expression of OX40L rendered
recombinase-activating gene 2 ( Rag2)-knockout mice
susceptible to T-cell-transfer-induced 1BD, even in the
presence of T, cells™. Furthermare, the use of APCs
that constitutively express OX40L or addition of agonis-
tic OX40-specific antibody made CD4*CD25- T cells
insensitive to T, -cell-mediated suppression during
CD3-stimulation-induced proliferation in in vitro cul-
ture™. So, enhanced or ectopic expression of OX40L on
APCs or other resident cells in colonic tissues might lead
1o IBD development by interference with T__-cell fune-
tion. Although immunotherapy with TNF-specific
monoclonal antibodies and soluble TNF receptor has
been established as an effective therapy in Crohn’s dis-
ease, a quarter of patients are resistant to this therapy™,
and the efficacy of this therapy for ulcerative colitis is
still controversial™. In a T-cell transfer model of IBD,
treatment with QX40L-specific monoclonal antibody
was more effective at ameliorating clinical signs of dis-
ease than were TNF-specitic antibodies. A combination
of monoclonal antibodies specific for both OX408 and
TNF was most effective®. Theretore, future clinical trials
could test a combination of these two antibodies for
refractory Crohn's disease and ulcerative colitis.

Lung inflammation. Following several common res-
piratory diseases (such as allergic asthma and viral
pncumonia), inflammatory lung damage is, in part,
caused by an excessive immune response. Cytokines
produced by T cells that infiltrate the lung tissue
might trigger inflammation by recruiting and activating
monocytes, eesinophils and neutrophils. Involvement
of OX40-0X40L interactions in the development of
respiratory inflammation in a mouse medel of allergic
asthma has been shown* 4381 Tung inflammation
was markedly diminished in OX40-deficient mice
(C57BL/6 background) with experimentally induced
asthma; there was a marked reduction in the numbers
of cosinophils in bronchoalveslar lavage ¢ells, and
goblet cells in lung tissues, compared with wild-type
controls®, This group also showed that treatment of
mice with OX40L-specific manoclonal antibody was
effective at controlling the memory T-cell reactivation
that induces asthma, by inhibiting lung infiltration,
goblet-celt hyperplasia and mucus secretion®, Similar
results were obtained in BALBfc mice that lack
OX44L or those that are treated with OX40L-specific
blocking antibody'**!. This treatment, however, did
not alter the memory responses of T cells to asthma*.
This variation between C57BL/6 and BALB/c strains
might indicate that the efficiency of OX40 blockade
depends on the gencetic background of the mice.
Therefore, the efficacy of this therapy in human allergic
asthma might also vary from individual to individual.
A recent report using 2 viral medel of lang inflam-
mation provides evidence that OX40L blockade could
be successful in modulating the disease process.
Administration of OX40-immunoglobulin fusion pro-
tein was efficient at reducing influenza-virus-induced
lung inflammation even 3 days after the onset of disease
symptoms, without any adverse effects on either viral

clearance or memory T-cell responses to viral rechal-
lenge®, Therefore, targeting OX40L might be useful as
an anti-inflammatory therapy rather than as an overall
immunosuppressive regimen, In a separate study,
whereas CTLAd-immunoglobulin fusion protein could
also reduce influenza-virus-induced lung inflammation,
this therapy concurrently reduced antibody titres and
antigen-specific CTL activity, as well as delaying viral
clearance®. This further shows that OX40L blockade is
an alternative option with fewer adverse manifestations,
All these studies in different animal models of
autoimmunity and inflammation indicate that block-
ade of OX40-0OX40L interactions, even after the
onsct of clinical symptoms, is effective in terms of
reducing autoimmune, allergic and inflammatory
discases (including tissue inflammation during viral
infection) without global immunosuppression.
Impaortantly, the therapeutic effects of 0X40-0X40L
blockade by treatment with OX40L-specific antibod-
ies or OX40-immunoglobulin fusion proteins are
similar to the disease suppression in OX40- ar OX40L-
deficient mice in most disease settings. This implies
that the eftects of these regimens are a direct result of
the specific blockade of OX40~-0X40L interactions.
These observations indicate that OX40 blockade isa
promising therapeutic target for these diseases,

Targeting 0X40 to enhance antitumour responses
As blocking OX40-OX40L interactions decreases
autoimmune inflammation and tissue destruction, it
could be predicted that augmentation of OX40 sig-
nalling might increase T-cell function, leading to
enhanced tumour destruction in cancer-bearing hosts.
Initially, it was predicted that antibodies specific tor
OX40 would inhibit autoimimune disease by blocking
interaction with its ligand; however, OX40-specific anti-
bodies actually signal through OX40 and caused exacer-
bation of both autoimmunity and GYHD*#, Unlike
the response to foreign pathogens, which elicit potent
danger signals, the immune response to tumour anti-
gens is usually less robust and the tumour environment
can be immunosuppressive, leading to antigen-specific
T-cell tolerance™*. As signalling through OX40 in vive
teads to a series of pro-inflammatory events that can
overcome CD4- T-cell tolerance 5 agonist anti-
bodiesand a soluble OX40L~immunoglobulin fusion
protein were injected in vive to test their ability to
enhance fmmune responses in twmour-bearing
mice*** Ligatjon of OX40 in vive in tumour-bearing
mice enhanced antitumour immunity, leading to
tumour-free survival in mouse models of melanoma,
sarcoma, colon cancer, breast cancer and glioma?®#%%,
In each tumour model, a percentage (20-55%) of mice
treated with agonist OX40-specific antibody remained
tumour free for an extended period of time (up to t
vear after tumaur inoculation). MMUNOGENIC TUMAURS
were more responsive to OX40-specific antibody treat-
ment*®; however, even poorly immunogenic tumours
were responsive to ligation of OX40 as a sole treat-
ment***, ;7 vivo administration of OX40-specific anti-
body was also therapeutic in the prescice of brain and
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‘nereased survwva of memory T cel’s), but CD8* T ce.s are &iso essential for OX4
antibodies to have a pesitive “mpact in tumour-bearing mice. It has been shown
Fuman tumours and mause tumour mocdels that OX40° T cails are tound 0 a widg vanaty
of sola malgnancies; therefore, the OX40-specfc enharcament probany occurd
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granzymes). dirsct tysis of tumour cells through enhanced proauction of tumour-jgcros:s
factor by CD4* T cells, an increase in CD85/COB5L-med aed tumour-ce’ k ng,
nerease i 1he producton of interfercn-y by CD4+ T ce.s, leading 1o enhanced tu
Iysis medtated by natural <i'er cells. Most tumour mode!s tha! have been ‘curad’

specific T ce'ls by professional antigen-presenting cells (APCs) is probably requi
imbgily stimu.ate CD4+ T cels at the tumour site. After mice have been cured by GX40
ligaton thay are immune to subsequent rechallenge with the primary tumour, bu they
ara rot immune 1o tumours of a dfferert ongin indicating snhanced lumou--spediic

T.ce -mediated memory) TCR, T-cell receptor,

____.._}—__

liver metastases™*' and was effective against lung

metastases when given in combination with adoptive
T-cell immunotherapy®. Mice cured thrc(‘ugh OX40
ligation were resistant to subsequent challenge with
the primary tumour; however, they were not resistant
to the growth of tumours of a different origin, indicat-
ing that tumour-specific T-celt memeory had been
established®.

Similar to studies carried out in [EAES®*%,
CD4 0X40" T cells that were isolated frong the site of
inflamimation in tumour-bearing mice {tndur-draining
lymph nodes) were enriched for T cells with reactivity
1o tumour antigens™. So, targeting OX4{™ T cells in

TIMMUNOLOGY

tumour-bearing mice would preferentially stimulate
twmour-specific T cells?* #8295 Mice that have been
cured of their cancer by OX40-based therapy have
potent tumour-specific CD4™ memory T cells that
protect naive mice from challenge with the same
tumour after adoptive transfer’®. As most of the
turmours described in these studies were MHC class 11
negative, OX40 crosslinking probably enhances the
function of CD4 T cells that are activated by APCs
presenting tumour antigens in the context of MHC
class IT molecules. So far, the data indicate 1hat the
0OX40-enhanced CD4 T cells are not the ultimate
effector cells, but provide increased T-cell help to
tamour-specific cytotoxic CD8™ T cells. Elimination
of cither CD4* ar CD8* T cells before treatment with
agonist OX40-specific antibody completely negates
the OX40-enhanced antitumour effect™, QX40 is pref-
erentially expressed by CD4- T cells', but in some
mouse cancer models, both tumour-infiltrating CD4~
and CD8™ T cells were shown 1o express OX40 (REF 35
Therefore, OX40 ligation might also directly sumulate
GO T cells to increase their effector funcuon, leading
to increased tumour-cell destruction.

Most human tumours have escaped imumune surveil-
lance and can inhibit immune funcrion through various
mechanisms™="™, [n accordance with reports of tumour-
induced immune suppression, fow X407 T cells were
found in large human tumours after surgical resection’™,
Therefore, agonist OX40-specific antibody together
with other immune-enhancing reapents might be
most effective in patients with cancer. Marked anti-
tumour responses have been reported when OX40 lig-
ation was combined with cytokine therapies® and/or
ligation of 4-1BB* — another co-stimulatory TNF-
receptor-family member that mainly functions on
CD8 Tcells*. In one study, a colon carcinoma cell
line was transfected with OX40L, with or without co-
transfection of granulocyte—macrophage colony-
stimulating factor (£ . M-CSFY. Tumours transfected
with GM-CSF and OX40L were more immunogenic
than untransfected tumour cells or tumour cells rrans-
fected with OX40L alone™. Furthermore, subcuta-
neous vaccination with irradiated GM-CSF*OX40L"
tumour cells eradicated lung metastases with greater
efficiency than did vaccination with ceils transfected
with GM-CSF or OX40L alone™. The OX40L/GM-CSF
treatment regimen was dependent on both CD4 and
CD8’ T cells and the functional expression of CD40
‘REF.95), It a second study, a combination of agonist
4-1BB-specific and OX40-specific antibodices, and
adenoviral 11,12 {delivered intraturmorally}, was used
in a Hver metastases model for colon cancer®. The
triple ‘drug’ therapy was superior to each individual
reagent or double-treatment combinations in this
model and generated tamour-specific CTLs with the
greatest biological activity®. As shown in FIG. 3, injec-
tion of agonist OX40-specific antibody or soluble
OX40L-immunoglobutin fusion protein enhanced
both CD4' and CD§* T-cell immunity to tumour cells,
leading 0 the therapeutic effects in tumour-bearing
mice described earlier.
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Targeting 0X40 as a vaccine adjuvant

The potent adjuvant properties that occur after OX40
ligation, which enhance T-cell immunity and increase
memory T-cell gencration, could be used during vac-
cinations. A recent repart showed that injection of
QX40L-immunoglobulin fusion protein into mice
that were infected with Cryprococcns neoformans
increased the number of interferon-y {JFN-v)-secreting
CD4* T cells and decreased the C. nepformans burden
in the lungs™. An improvement in immune responses
to deadly pathogens (such as HIV and malaria) will
be an important future arena for OX4¢-induced aug-
mentation. To this end, our laboratory {A.D.W.) has
just completed a project in which rhesus monkeys
were immunized with a purified simian immunodefi-
ciency virus (81V) protein (gp130) and infused with
monkey-OX40-specific agonist mouse antibody or
control antibody, Monkeys that received the OX40-
specific antibody had markedly increased numbers of
lymphocvytes in vaccine-draining lvmph nodes, as
well as increased memory T-cell and antibody
responses to the SIV protein immunogen (A .D.W,,
unpublished observations). Although the treatment
was not toxic and the immune enhancement was
promising and consistent with previous studies in
mouse madels*, purified antibodics might be too
cxpensive for widespread vaccinations {(especially
in developing countrics). Therefare, the development
of viruses that produce recombinant OX40L,
as described in a recent report'™, will probably be
the most cost-effective and efficient method to
enhance immune responses to vaccines through OX40
ligation.

Translation to human clinical studies
Targeting OX40 is a promising therapeutic strategy
and has been well documented in many animal dis«
case models. Most importantly, unlike conventional
immuneotherapics, blockade of OX40-OX40L interac-
tions seems to inhibit discase-responsible effector T-cell
function specifically, and therefore does not cause
widespread immunosuppression. Although 0OX40
blockade seems ta be an ideal treatment for acute
inflammation, some therapeutic strategies that target
relapsing EAE and pathogen-induced chronic inflam-
mation indicate that long-term treatment during
inflammation might be required to reduce disease in
these models'*"", For example, in EAE studies, inter-
rupted treatment during the relapse phase induces
redevelopment of clinical symptoms'?. These observa-
tions indicate that, in relapsing autoimmune/inflam-
matory discases, prolonged OX40 blockade might be
more effective. However, pratonged blockade might
also cause immune suppression of concurrent inflam-
matory processes that are important to maintain a
healthy host, Therefore, timing and dosing will be key
issues when planning future clinical trials in relapsing
autolmmune diseases.

Mouse monoclonal antibodies specific for human
OX40L and human OX40-immunoglobulin fusion
proteins have been produced*'**. Qur laboratory

(K.S.and N.I.) and others have begun to develop a

"Humanized husman-QOX40L-specific monoclonal anti-

body for phase § clinical trials. Alternatively, the
human OX40-immunoglobulin fusion protein binds
mouse OX40L and is effective at dampening clinical
signs of autoimmunity in mouse models'>** In
these studies, no adverse side effects were evident
when using the human OX40 fusion protein. So, the
human OX40-immunoglobulin fusion protein has
already been tested fn vivo for efficacy and potential
toxicity, and would be a suitable candidate for phase I
clinical trials,

For cancer therapy, our group has produced a
human-0X40-specific mouse monoclonal antibody
that has similar agonist properties to the antibody tested
in the SIV monkey studics described above (A D.W.
and W. |. Urba). Phase I safety and immunological
testing of the OX40-specific antibody in late-stage
cancer patients witl be carried out in the coming year.
At present, tully humanized antibodies and OX40L
molecules are being produced and will probably be
used in second-generation clinical trials. Other poten-
tially beneficial OX40-based clinical trials for cancer
might involve autologous or allogeneic tumour-cell
vaccines transfected with cytokines, such as GM-CSF
ar 1L-12, in combination with OX40-specific antibody
freatment,

A potential problem with the clinical trials
described above is that excessive OX40 signals might
induce autoimmunity and/or unwanted inflammation
by breaking in vivo T-cell tolerance 1o self-antigens.
This type ot response has been seen in clinical trials
in which CTLA4-specific antibody was given to
patients with cancer'®. Therefore, when treating
patients with agonist reagents to OX40, close atten-
tion should be paid to clinical signs of autoimmunity
and immuunclogical monitoring should be carried
our for CD4~ T-cell number and function as well as
autoantibody production. In accordance with this
idea, cancer patients with known autoimmune disor-
ders will be excluded from the cancer clinical trial
described above,

Also, a recent paper has shown that OX40 signals
might contribute to the deletion and homeostasis of
CD4-CD25™ T, cells, which suppress T-cell-mediated
autoimmuniry in mice. OX40-deficient mice have
fewer T, cells in the periphery as infants than do
wild-type mice, and T, cells from OX40-deficient
mice have a marked reduction in suppressive effect on
CD3-stimulated T-eell proliferation™, These observa-
tions indicate that OX40 blockade might affect the
roles OFTRrg, cells and lead to auteimmune manifesta-
tions under certain conditions. However, OX40 block-
ade has not yet induced any autoimmune states or
enhanced disease symptoms in several disease settings
discussed here. Importantly, haman T__ cells in the
peripheral blood do not seem to express OX40 (N I,
unpublished abservations), whereas mouse T, cells
constitutively express OX40 (RER 721. We suggest that
there are different roles of OX40 in T -cell function

K ¥
between human and mouse immune systems. Further
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studies will be required to understand fullyjthe effect
of OX40 blockade on T, -ccll function, Tspecially
how it relates to the human immune system.
Immunological effects of OX40-immunpglobulin
fusion proteins are varied depending on the IgG subclass
used to produce the fusion protein. The OX40-IgGl
fusion protein activated antibody-dependett cellular
cytotoxicity and complement, leading to lysis of
OX40L-expressing cells. whereas the OX40-IgG4
tusion protein did nat™. As a TNF-specific mionoclonal
antibody, which is mare effective than other reagents
for the treatment of Crohn’s disease and rheumatoid
arthritis, can also have cytotoxic effects on mjembrane-
bound TNF-cxpressing cells' 5, OX40—1gGJ might be
more effective in the clinical setting. On thd contrary,
possible lyvsis of OX40L-expressing celis Eprobahly
APCs) by OX40-1pGl might lead to widespread
immunosuppression, as the cell lysis might Not be spe-
cific for antigens that cause disease. Thet;efore. the
appropriate IgG subclass must be selected in dccordance

Concluding remarks

Accumulating cvidence now indicates that targeting
OX40 and OX40L 7 vivo might lead to new therapeutic
strategics for several immunological disorders, cancer
and unwanted inflammation from viral infections.
Blockade of OX40-0X40L interactions inhibits ongo-
ing antigen-specific immune responses by specifically
suppressing the survival ot effector T cells, This seems
to be an ideal therapeutic approach for T-cell-mediated
imimumne disorders, In certain situations, such as GVHD
and argan transplantation, combination therapy that
targets both the OX40 and CD 28 pathways might be
potentially synergistic in controlling disease. In vivo
ligation of OX40 induces favourable antitumour effects
in cancer-bearing mice, and can be augmented with
protocols involving other stimulatory melecules, such
as GM-CSE 4-1BB-specific antibody and [L-12. In con-
clusion, the use of reagents that target human OX40
and OX40L holds great promise for therapeutic disease
intervention in several diseases in which current drugs

with the results of clinical triads.
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Abstract

€124 memory 1 cells play a eritical rele in protection against repeated exposure o infectious agents such as viruses, hacteria, and helminth
pROsies, yo1 can also comribuie (0 the sherrant immune respanses ssociated with aviolmmune and atlergie reactions. Undersanding the
mechanisms that coatrel effective inemary respenses has inporant sanificanons for vaceine design and in the manageinent of adverse
iiminung neactions. Recent advances in studies of T cell memory have implicated the tumor-necrosis-factor recepror (TNIR) fambly member,
OX40 (CDILU). as a key co-stimulacary malecule invalved tn the regutation o' CI4 memory T cells. In this review we discuss these new
developments in the conlaxt of past research and current mocdets for the genernion, persistence. and re-uclivotiun of memaory 1" cells,

€ 2003 itlsevier Lid. All rights reserved.
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1. Intreduction

Immunologieal methory is a candinal feature of the adap-
tive inunune system that protects orgnanisms from recurment
infection by pathogens | 1-4, The proective natitre of mem-
ory responscs is largely attributable to B ceHls, CD4*, and
CDS* T lymphocytes, CD4* T eells pluy an importapl role in
vourdinaling the hosi’s adaptive mmune response Lo infeg-

" Comesponding author, Tl +1 858 678 430G; (ax; + 1 858 558 4425,
R-mait adires: saalek&linlorg (8. Sulek-Ardakani),

Q2633 1073 - sev Frons matter © 2005 Elsevier L. Al righu neserved,
dod: | 11016 varcine, 2005 .07, 10k

tious ngents, Aatigen specific CD4™ T cells help phagoueytic
cells such as macrophages and dewdritic celbls 10 destroy vesic-
ulr and intracellubar puthogens shrough celi-—cell contact amd
release of immunamadulatory eytokines. Simitarly, they pro-
vide help a3 lymphocytes end CE* T eells in their response
to antigen, CD4* memory T cells develop dwring o primary
infection and, like oaive T cells, are long-lived lymphocyies
|5~7]. However, compared with nalve cells, memeory celts
respond more rapidly und differentate more quickly into
eifecior cells than their counter pans diring e pringey
response. Theseattributes ofinemory T oells. logether withon

LN
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incraased frequeney specific for o given uatigen. contribuic 1o
the preater magoiltde und efectiveness of secondary inmine
respoises in the presence of titing antigen (Ag) undior
iflummarton, as may be the case very early after gathogen
encouater, This rupid subsequent elfector respouse would
seeve (o elininate the pathogen, Ceniral to the question of
immunological memory is defining the regulatory mecha.
nisms that govern the effeclive gencration and reactivation of
CI34* meanory T cells as well as their maintenance through-
ot the 1ife of ao individwd. Undersianding these repulalory
pathways is of grenl sigoificance (ar exploliing the immupe
sysien o protect against pathogens, inununutherapy of can-
cer. and 10 dampen immune-pathology in nllergic responses
and in gutoimmatnily,

Among foctors influcncing the fate of naive T eclls
after antigen ¢ncounter. functional interaction between co-
stimuluory molecules on the surfoce of T cells wnd their
liguids expressed on APC play on important roke. |o this
review, we will focus an recent studies designed so clucidate
the co-stimulatory requirements lor elTeclive (4" memory
T eell responses. Particutar cmphasis will be put on the role
of the umor-neerosis-factor receptor (INIFR) family mem-

ner. OX40 (CD 134) in the regulation of C14* memnry I
cell developinent, cenctivition and persisience.

2. Development of CT4 memory T cells

The gercration pf (T memury T cells oceurs over iwo
phases afrer infectinn or veccination (19g. ). ‘Ul first phase
heping when circubaling peripheral nofve CIM4 T cells enter
mto secondary lyniphoid organs such LNs, Peyer's patehes,
and the spleen from the blood and recognize antigenic pep-
lides bound to MLIC class 1l complexes oo the surface of
mature dendritic cklls (DCs) vin theiz TOR. Aotigen recog-
nition initiates naive T cell proliteration and ditferentiation
into an expanded population of ¢ector T cells that can be
gubdivided inlo ulfzm two lurctionally disiinet populations
hused on their cyidkine secretion profiles. CI34* T helper |
{Th1) secrote [FN+4y. lymphotaxin and 11.-2 whereas 4%
Th2 cells secrete L4, [L-5, IL-9, O.-13, and - H) [8] A
mnnher of faclors gcluding the dumtion of TCR-cogageown
{9-11|, the oature _l!md dose of anligen [ 14-16], the availabl.
ity and type of APC (13.17.18). co-stimulatory molecules

Nafva call Activated calis Elsctor calls Memory cally
Tl theage
i Viatike nfls
1 Cead colla
+ Ag
(1-7 daysy
Actvatian Expansion/Differgntiaticn Comraction 40 mamery development

1g. 1. Sequenclal differeariacion o Llacar mods! for effecror and memory ccll geaeraioc. The Agure "umm-itﬂ e kacwp yiagea in the ynmiien for naive
CD4T evlls e fectors and then memtony vetls, During (e (i mary respanse, nadve T oefls meogaize MHO <less [ peplide eimplexes on profesconal el gep

preaenuing <clls ia spleen and [ymph mudes and yadergo cluntd expartiuiL 1epending on the nase

amigen and the {nlammalory milicw. unligen.specific

effecten T eolls ore Induced to differeatinte Into T helper type | {Thi) or Th cells. Afier eliminuing the gathapen, most effector celly die, bus some (§0-20%)

survive 10 formn loag-lived memoey cells.
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[19=21), nnd the eytokine miliew [22.23] delemmine the size
of the elfector T cell pool aod their differentiation imo either
Thl or Th2 cells. Afler antigent removal, & sceond phase
of memory T cell devetopment énsues, whereby most of
the anligen-specitic CD4 ellector T celis die und the sur-
viving cifectors go on 1o pertist as long-lived nemory 7
cells |24-26). ‘the cffoctiveriess of the memory response
when antigen is re~cocouniered is lurgely dicated by the
overall size of the antigen specific CiXM memory T cell
pesai thot is geoernted after the contmelion phase of the pri-
mary immune response as well as the panicular wmy of
cytokines (hat these vells nre programmed o seercte, The
precise foactors that govem the tramsition of effector CD4 T
cells into long-lived memory T cells are preseatly ugcker,
Several rocent reports have suggested that this transition can
oceur in the absence of fFurther division [26] and antigen
125-28].

3, Phenotypic and functional differences hetween
naive, effector and CD4 memory T cells

Identification of najve. ¢ffector nnd mernory cells has been
hased ona combination uf phenotypic, biochemical and func-
lional changes that gconr upon petivation [2.5,29]1, Pheooiyp-
iwally. naive CD4 T eelbs express high lewels of Ty mph wode
homing esceptor molecule CDG2L (MEL-14, §-sclectin),
and the CD45 high-maleawdar-weight isoform (CI45RIBIA).
CID2T (IL-TRa), wad tow CD44 expression. BiTectar CD4 T
vells express several activation markers including C1X69, [L-2
receptor « (C1325%, CD44 high, and have down-regulated (he
cell surfnce cxpression of IL-TRa. Memory vells can be het-
erngeneans with respect 1o COG2L capression (so-called cen-
tral and effector memocy subsets), although it can be argued
that true mwinory cells are €N62). high {central nemory).
Memory cclls are generatly CDASRI/A low, CD44.high,
have regained LL-7Ra expression bul huve lost the expres-
sion of uctivinion mirkers such as CD25 and CDGY. Naive and
imemary CD4 T cells are charscterized ns smadl resling cells
whereas effector T cells have a lymphoblasioid momhology
chaneteristic of aetivated cells. Naive wod memory T cells
uxpress activation markers with the same kinetics, but mean.
ory T cells prolifernte and perforn effectar functions fasrer
1han their oiive counterparts 1397, Foactionally, memory nad
clfectar T cells produce the sume 1ype of effector cytokines
{311 bt effector ' eells cun exhibit a more rapid cffecior
fuactjon thag resting memory T eells (2], Moreover. effec-
tor T cells exhibit o much higher susceplibility 1o apoplosis
in the early siges of activation, whereas the suseeptibility o
apoplosls in memory T celfs is aimliar to thal of a naive ‘T eell,
Consistent with this, exgression of the intracellular survival
prateins such as Bel-2 is down-regulased during the effector
phase of the immune response, wherens memory cells per-
slsting after clenrance of antigen show up-regulation of these
proteins agoin 130,

4, Repulutlon of primary immune respanses and
development of CD4 memory T cells by OX40

It is weil established that optinel proiferntion and acqui-
sition of effector funciions by naive I'cells only ensues when
cosiimulaory signals are provided by antigen presenting cells
(APC), The [g supcrfamily member CD28, a meceptor for
bath B-1 (O8O and B7-2 {C1DE6), is considencd o ke the
primary coestimulatory receptor that controls initial ¢lonal
expansion. and provides carly signals 1o augment cxpression
of anti-apoptotic members of the Bel-2 family ta prevent cell
death [32]. CD28 signuls ulso regulate eicly ¢ylokioe pro-
duction in particalar TL-2. and TL-2R signals may provide
additional early nnti-npoptotic signals. Although, CD23 sig-
naly are given within 24 b following encounter with antigen,
itis now clear that they are not sufficient for long-term T ccll
survival. In the nhsence of additionn! siguals provided [-2
days tater, a majority of T’ cells undergo npoptaosis.

In the cose of CD4 T cells, severnl gronps hove shown
that (OX40. a member of the TNIR superfamily, represents
1 mafor costimulatory receplor (20.21]. Unlike CD28, OX40
is nuot constitutively cxpressed on naiive T eclts hut is ikluced
24—48 h after engagement of TCR [33-36], with penk lovels
in vivo generally seen between days 2 and 5 afler immuniza-
tion with antigen {36]. Similarly. (OX40 ligand (OX401), o
member of the TNT superfamily, is also induced on AT
sieh ns B cells [37.38), macrophages, and DCs [39] afler
a¢tivation, [nitiully, the relaive contribution of CDH- md
OXd40-medigted co-stimulation in primary CTM responses
was nssessed by ransfecting MHC class 11+ mouse fibroblost
cull tines kicking or expressing B7-1 with ¢DNA eicod-
ing murine QX401 [36]. These cells were used to stimu.
tnte nuive CR4 T cells isoluted from TCR transgeniv mice,
Alhongh, OX40 wus readily expressed 24—48h after Ag
stimulution, APCs transfecied with OX40L alone had lit-
1le ability 1o induee LL-2 seerctivo or proliferation of mive
T celis. However, o slrong syoergy wos observed when BY
was co-cxpressed. resulting in cuhanced expansion and sur.
vival aver a 5 day period. Additional in vitro studies using
TCR imnsgenic CD4 T cells demonstrated that in conlrasi o
T cells lacking U128, those Jacking OX40 initially divided
normally, were minimaly impaired in the production of [L-2,
und survived efficiently over o shon tme frame of 3-5 days
[40). However, OXa0-deficient T cells did oot muintain high
levels of ard-apoptoric proteing swch as Bel-2, Bel-xl.. and
13- 1, ned consequently the majorily of T cells did not survive
fong-termy [40.41). Collectively, these results have implicd
that & temporal sequenee of cvents is necessary for optimnl
T cell preliferation and survival, brought ubow by sequentinl
engagement of CD2R and OX40 [20,21.42}. Consistent with
this, optimal capression of OX40 and OX401., require CD28-
BT interactions. Bosed on these resulls and others [20.21.42]
1t has been propased that OX40 costimulation pralengs T cell
survival heyond the effector phase of the immuse response
andd thus serves (o incrense the number of memory T cells
by ighibiting effecior T cell death [20.21.42]. Several siud.

25\
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ies using OX40 or ON4-deficiemt mice. or ugonists Abs
agiinst OX40, huve nuw provided direct in vive evidence for
this proposition [20.2L]. Tn one such sody. unti-OX40 Ak
treatment enbanced T cell numbers by 34-fold in the dmio-
ing Lymph oodes ue day 4, ud by 10-fold in the spleen on
day 8 compared with mice receiving control Ab. Anti-0X40
trentinent also cnhanced the sceretton of both Uh and Th2
wytokines by between fonr- and six-fold [43]. 'To delermine
the impact of anti-0X40 rreabinem on memary development.
the frequeney of antigeo-reactive CO4 T eells ned eylokine
prechiciion i secondary tymphoid orpuns were assessed 35
inys nlter innwmization with aatigen in adjuvant (43). Anti-
OX 40 resulted in hetween four- and clght-fold increase in thw
absolute numbers of memory CDS [ cells in the spleen and
deaining lynph nodes, comrelating with the action of (X40
on prometing enhanced frequencies of primary effector cells.
“The memury CO4 T cells geoermted ns a result of OX40
engogement were [unctiooally compelent as evidenced by
theic production of cylekines wpon re-stimularion with anti-
pen ex vivo. Consistent with these resulls, OXd0)-deficient
mive developed fewer Ag-specific C04 effector T cells lare
in the primary response in vive ind consequently the frequen-
cies of Ag-specific memory cells were 10- to 20-lold lower
35 days aller primiog. [nterestingly, when LPS wus cum-
hined with ontl-0X40 Ab [reatment in another immunization
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reginit using solubic untigen or superantigen [44). a 60-fold
increase in the number of memary T cells wns observed
1wa months post iuanizztion os comparcd with u 15-lold
tncrease in mice 1hdl received Ag plus ati-0X40 nlone. “Ihls
observation inplics thm in sdditivn to TCR. and (X40.
cngagement, nddil[onnl signals provided by danger sighals
(L.1°S or proinfamimtory cytokines) are necessury 1o pro-
mele vplimal genefalion of long- lived COH memory in vive.
Danger signaly may excrt their effects both indirectly through
activation of APC; which can lead 10 enhaored cxpression
of several co-stimulutary ligands including (X401 [44.45]
and induction of fro-inflammatory eytokings, ot by acling
dircetly on T eells toenhance their survival [46}. cytokine pro-
duction, and possily CX40 cxpression. Inlerestingly, wnti-
()X40 Ab trcatment also induced a drunatic increase in the
uumiber of long-lived Ag-specific CD4 T cetls detected in
the periphernl blopd and other periphernd organs up to 196
days pust-immueization [47), suggesting that OX40) engage-
tent can also néreasc peripheral migration. Collectively,
these suklics provide strong evidemce thnt OX40-OX40L
inernctions play 1 critical fole in enhancing natve CD4 T
vell clonal c:pan.{ion. diffcrentiotion, and survival and thus,
in determinjng (e oumber of CDA* memory T cells tha
wre penened ot Lhe ¢nd of the primary immune response
(Fig- 7). :
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signaly yevern! duys after s aslve Tcell vovounters sntigon. These signals alluw coalloued turoovee of gt and peomote suns ival, preventing caceysive spoplusia
of effevtor cells at the pesk af the pomary immuane response. Comsesuently OX$0 increates the sumter of ellecior cells that enter the memory poul.
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5, OX40 and the costimutatory requirements for
memory T cell response

The importance of OX40/0X40L imterctions in clfec-
live priming of oiive CD4 T eclls and hence dictating the
number of memorsy T cells has pow been well estnblished in
a varicty of hasic and disensc-related sysiems using OX40-
and OX4a01.-deficient or ransgenic animals, and in hlocking
regimens [20.211 However, sindies addressing the specific
question of whether OX40 can alse influcnce reactiviry or
persistence of a CI4 memery T ecll once it has heen geners
nted have lagged behind.

The requirenwnt of costimulatory siguals for reactivinion
of C1D4 memory T cells is controversinl at preseat, In vifre
swdies carried oul a number of years ago using dendritic
cells. B cells, or monocytes as APCs suggesied thar €4
menwry T cells have a reduced requirement for costitnu-
{wion thap sheir waive counlerpans and that in many casey
TCR signaling might be sufficient for their dilfereatintion
and eficctor function | 19.48]. More recently. using AIPCs
{rom B7-delicient mice to stimulute TCR transgenic oaive or
memary CD4 T eells. London ot ol {497 demonsimueed tha
memory cellsare less dependent on 137 molecules than natve
cells with regards 1o both proliferntion and cytokine pro-
duction. Similarly. in vive, blocking N7-CD28 interactions
during secondary responses 10 the nematede parasites Helig.
masomoides polygyrus [30), ind Nippostrongylus brusilien-
5is [511. or immirgogenic anti-mouse [gD aptibody trentment
[52], failed to inhibit CIMd niemory T eell sesponses, whereas
blocking CI28 ot the time of priming was inhibitory. Based
Turgely on these ohscrvitions it has been thonught thi whilz
aptinal in vive priming of aaive T cells for proliferation,
surviviel. and ¢ffector funclion requires costimulation. reac-
tivation of CD4 memory T vells might be partly or wholly
costimulution independent. The reduced requinenrent for co-
stimulation has been suggested by some groups te facili-
tate the more rapid kinetics associoted with the secondary
immunc response, sinee the lag time (gencrally 24-72 h) nor-
mally requined for up-regutntion of co-stimmilatory reccptors
on T cells or their cognate lignods on APC is bypussed |53
However, no or littke requinement for costimulatary signnls in
reactivation of mermory cells could pose n potential problem
Lo the host by increasing the llkelihowxt of uctivation by eruss-
reacting sclf-antigens preseated by won-professional APCs,
o3 well ps when paniculate foreign or non-imineiogenic air
born aotigens are repentedly encostnbered.

An aliernative scenario may be that rether than becoming
coestintlation (B7/CI328) independent, memory T cells may
shift w being more relinn on other inducible molecules (hit
ure up-regulined on nemory T cells with faster kinglics than
that abserved on their naive countterpants during the primary
immune response, QX3¢ ts down-regulaled after the elTector
phase of primary T cell responses and returns (o low or hases
linte levels wilkin a week after initial nntigen encounter [36),
Significnnily, however, natigen-primed effector M4 I cells
can up-regulote OX40 more rupidiy thug pidive T cells wod (he

mujority can re-cxpress OX40 within four hours of untigen
stimulution [36). Early in vitro studies with JE® expressing
OX40L or B? tmansfucled fikroblasts demonsinted that in
contrast 10 their role In priming of oaive "I’ cells 136), OX40L
wlone, but not BY. induced high levels of prolifemtion aud
cytoking praduction (including 11.-2, I1.-4, [L-5, and |FN-v)
frau previously acrivated ‘I cells. ‘This obsorvation is consis-
tent with the notion thi ip contrast 10 CD28. the reactivily
of an antigen-cxpericnced ar memory ‘T cell may be predom-
inantly regulated by inducible costimulalory receplors such
a3 OX40. Similasly. an anergic CD4 T ¢ell, which also repre-
sents an wdigen-experienced cell. can also re-express OX40
a1 low kevels and be neceptive to OX40 engagement resulling
in cnhaneed Ag-specific proliferation and ¢ylokine produgc-
tion | 54). Collectively, these observations imply that. similar
to nnive T eetls, OX40 may play ar imponant role in o range
ol T4 memory T cell aclivities, inchuling proliferation. sus-
vival apd efTector functivn,

Recently, this possibility wns ¢xamined using o welt-
established murine model of nsthma ((55,56). The aller
gic response in this model i clicited hy initial sys-
temic immunizarion with ovalbumin (OVA} and the Th2-
inducing ndjuvant alum |57.58). Several weeks later, once
CDY nxemory cells have developed, mice are repeatedly
expoted (o aerosolized OVA over several days. Within hours
ufler OVA inhalution. a deamntic increase in the oum-
her of antigen-specilic menxmy/memary effector T ells
(C+/CD4sM 10X A0+) was seen in the drining medi-
astinal lymph nodes (MLNs) |5R]. Motably, these cells wore
nol present in mice thal were immunized wilh alum only,
tnplying that prior exposurc tn the sanx antigen is critical in
this model, which is consisient with a memory or secondary
immune response [58]. Peak aumbers of CD4H/0X 40+ mem-
ory/memory cfiector T cells were first ohscrved in the MLN
at day ! after rcenll antigon challenge, after which they
remaimned stuble for at feast four days. Few CDE4/0X 40+
memary/memery cffector " eells were detected in the BALYF
und the perivascutar end peribronchial arcns of the resting
lung before antigen inhalation. However, after challenge. but
only in previously priined mice, many CD4+/0X40+ nwm-
pry cffector cells accwinuloted elthough with delayed kineries
compivred (w ippearunce in e drrining fyniph nodes. This
inplicd thae the initial imensory T cell expansion developed in
the MIN, and within 24 h the T cclls staned 1o migrate to the
lnng. The appenrance of COCDA4NOXA0+ T cells in
the lung was closely nssocinled with creases in pulmopary
vosinophll numbers. Th2 cytwkines [1.-4, IL.5, 11.-9, and [L-
13 revovered fram te BALF. serum OVA-speitic 1gE levels
and the develupment girway hyperresponsiveness (AHR) 1o
muthacheline {(MCh).

Studies invelving adoptlive wtunsler of labeled antigens
pulsed {XCs nad/or OVA into the trachen of cxperimental
animals, nx well as cell-rype specific depletion experiments,
have shown that nirwey 1C are the principad APCs nespon-
sible fur reoctivation of memory Th2 cells both within the
oirway mucesa and the Iymphiiode 1$9,60). In this regard, the
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kinctics and distribinion of OX40+ memary/elTector T cells
wfter inhalation of xntigen mirvor the kinetics and dircetion
of mignion of OX40L capressing CDIew/CTAIb+MINC
Class LMB8 DCy (Salek-Asdaknni and Croft unpublisbed).
inzply i that DX 400X 0L intermwtivos muy be ingporian it
the initintion and/or amplification of memory Th2.dependem
allergic responses. Comsistent with this, an carlicr study using
OXA40«delicient nice hid demonsimted o reguirement lor
OX40 signals in the initinl development af asthmetic symp-
1oms [571. n [pding that was subseguently reproduced in
mice with a lurgeted detetion of (OX30L geoe (61), However,
45 discussed nhove, becnuse priinary immune responses ane
defeetive in these mice it is difticult to imake any conclusions
regiwding o regquirenxral for OX40 inthe scoomlany esponse
of a mesnory ThZ ¢etl that ultimately induces ung inflarmma.
tion and AHR,

6. Kole of OX40 in resnctivation, effector Function,
und sarvival of Cd memory T cells

“To exantine the cantrilution of OX4O/OX40L. internctions
W reqclivation of resling memory 'Th2 cells a blockioy anii-
OX40L mAb. RM134L [62]. wus ndministered to OVA sen-
sitized mice at the fime of re-challenge with acrosolized anti-
gen. Swrikingly. specific blockade of OX40-0X40L interuc-
tions throughont (he challenge period ceduced the eennvla-
tion of CD4 T celis, and specifically CD4+/CD44MNOX 404
cells o1 all dys cxamined, and almastcompletely suppressed
the memory Th2 cell driven pulmoniry inflammation. More-
over, MLNs or fung ce!l cultures from mice where OXd01.
wits blocked showed litle activity with respect 1o wntigen-
specilic profiferation and Th2 cytoking produciion a vivo,
This datn peovided e st direct evidence thar OX40-
OX401. internctions are required for memory I ecll reae-
tivity ind for developinent of o recall imenie renction, wnd
wos consistent with the idea that in the absence of QX40
signuls few furctional antigen-reactive secondary cffeclor
T cells developed afler memory T cells re-encountered
wuntigen, .

‘bo direetly show 1hat OXd0 cxpressed on awnemory T cell
wns required for their resporse and for driving luerg iofl anuna-
tion, OVA-specific OX40-de ficicat CD4 celly were produced
hy crossing OX40-knockoul mice to OT-1 TCR transgenic
mice. which exclusively ber Va2/V{RS CD4 cells cenclive
with 1he LA®-restricied epitope of OVA [58]. Purilicd naive
COd cells from wild-type (OX40+/+) or OX40-defivient
(OX40—/=) OT-11 mice were culured in vito with ani«€:D3
and apli-CR28 nnder Th2 (T4, anli-11.-1 2, and anli-IFN-v)
palarizing conditians for o titne period that allowed primary T
celb expansion und controction to proceed, essentially mim-
iklng an in vive primary ' cell response. ‘these in vitro
rested Th2 cclis were then fabeled with CESE, edoplively
trns{emed inlo pidve recipisnls, and then these mice were
challenged bmpasully wath OVA. This protocol serves two
purpeses. Qne ks 10 bypass the requirerment for OX 44 ia prim-

|
ing nafve | cells. “Te second is to hypass the requirenent for
seasilizing mice in'vivo belore acrosol challenge. Such in
vitre slinmilated wd rested cells e phenotypically similar
1w memory "I cells that develop in vivo, and (hey eno direcily
reproduce un inflammatory eveut Ukl oeenrs alter chalkeng-
ing previously pringed onimals [25.63.64).

Adoptive trmnsfor of wild-type OVA-specific nemary 'Th2
welts followed by repented intranasal OVA challenge resulied
in pronounced div's‘mn of all OX40+/+ T cells and nccu-
mulition in aumbers was observed io the lymph vodes
and the lung. This was associnted with o recrtitment of
cosinophils und production of Th cylokines, Signilnmtly,
QX 40—/~ memory I cells were impaired in cxpanding in
ommber such thut dpproximately Fowr-foid fewer cells mecu-
mulated in MEN ohd the lung at the end of the antigen chal-
lenge period. Consistent with OX40F.-blocking experiments,
mice receiving OXu(kdeficient temory T cells, showed linke
of ao incrense in fie cumbers of foflammaotory cells recov-
cred from hronchidl lnvages. relutively normal lung histology.
1l o vinun] sbsedce of Th2 cytokines. These resulls clearty
showed that OX 40 expressed on amemory T el was sequired
for promioting lung inflammation, Furthermore, they suggest
that OX40 sip regulate the number of memory ellector
vells thot are geucllula.l over time after they re-cucounter anti-
gen.

The exact downstream sigoaling pothwuys thal lead w
enhanced division and survival of antigensresponding nwm-
ory D4 T ccllf upon OX40 engagement are currenily
urcleor. Recent datn suggest that one target of (0X40 arc the
anti-apoptotic pegreins of the Bel-2 Tumily such as Bel-xL,
Bfi-1, and Bet-2, which are increased afier X430 ligation
v comespondiogly decreised when 't cells cannol express
OX40 (40.41). Additionnlly, OX40 might simultnvously
exert ¢ffects on puppressing cxpression or activity of pro-
apoptotic proteirs such as 1iad and Bim (). Seng and M.
Croft, 1n|puh|ishéd phservalions). The kiese AKL othierwise
known as protein kinase [ (PKI3). most likely dirceity or
indircetly controls the effects of OX40 whuther it is during
initinl priming of eJector cells or durlng the reacivalion of
imemory T cells.i Akt kinose uclivity was not susutined over
time in OXd40-deficicnt T cells, and significantly, p consti-
totively aetive form of Akt inrodwced inlo in vitro ucti-
vated OX40-deffeicnt CD4 cells by rewrovieal transduction,
was shie to completely compensate for the lack of OXd40,
Moreover, direcily relevant io the dita with memory-induced
Iyng inllammatibo, active Akt restored the obility of OX40-
deficient memory '1' vells 1o cxpind inaumbers in vivo oml 1o
promede such inflammiation [41]. More recemly, another -
el ol QX 40 cosibmulation wis elucidated. i moleeule senned
survivin which h‘lnngs to the Inhibitor of Apaptosis (IAP)
family (Song afd Croft, in press ) Survivin wos shown (o e
reguilnted hy Akt not upregulaied efficiently in the absence
of OX40, and @ts defoclive eapression was astociated with
i block in cell fyvle progression and coisctdent apoprosis.
Additionully. spevivin, retrovirudly igtroduced imo in vitre
[wimed OX4a0-deficient T cells. was nble to restore division
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and clonal expansion of these T cells when encountering
recall anligen in viva (Song and Crofl, in press).

Taken toguther, thess data suggesi that OX40 aets m lewst
on sume responding memory 1 eclls in an annlogous maoner
o its atkon on midve T eedls, und sirougly conirols (he shso-
lute munber of antigen-specitic memaory cffecter I’ cells that
accumulare during the recall response. Regardless of the pre.
<lse mevhanisms, the linding ihat reqctivation of some types
of memnory ¢ells, like naive T cells, require co-stimulation
through QX4 has impaortant ramifications not only for vur
understunding of the basic mechanisms of CD4 memory. bul
also in designing mon: clficient viaweines 1o combat infections
or actoimmunc and allergic disorders,

7. CD4 memory T cell heterogeneity and
requirement for OX40

An atractive model of how T cell memory develops
depicts nslepwise diffecentinion of naive cells through eTec-
tor cells, dircetly into memory T cclis, and then into secs
ondary cfector cells anly when recall antigen is cucountered
(Tig. 1. However, siudies carried oul ip o aumber of experis
mentad systems sugpest Lhat memory CD4 T cell populitions
ure helerogencaus, contuining subsets that migrmie throogh
lymph podes (CGLL-high: ‘ventml' memory I cells) and
those that migrine totissocs (CNG21 . -low; "eMfector memory
1 cclls) [65+67], 'The selationship between these subsets is
still being elueidated. and the effector memory subsed miglt
represent an ioterroediale primed singe that is eetnioed for
some time after antigen eneoutiter bofore a tmily guiescent
ceniml memory populition Is produced [4,7]. The ‘central®
mwmuory ¢ells might be considered 1o be less ready for action
with slower kincties of cffecinr cyirkine prowtuetion, bt with
increased proliferntive porential, Based on these obscrvarans
il his heen postulated thal “effecior’ memory T eells (hal
reside or recireulate through nou-lymphoid tissues such as
the fung panicigate dirccily in the initiation of cither pro-
lective (64.69] or pathogenic [70.71] memory responses by
rupidty producing effuctor cytukines al the sile of antigen
cheounter, whergas aetivation of ‘central’ incinory CI34 cells
in the seconduary lyniphoid organs is required for the geoer-
atitm of new rounds of ‘eficctor’ memory T colls and thus
may conttibute to the maintenance andfor amplification of
Ihe overll respoose (FFig. 3n).

The existence of al lenst 1wo phesotypically nod per-
haps {uoctioanlly distinet memory subsets nuses an inter-
esling question as 1o whether different memory subsets
have different reyuirements for co-stimulutory signals with
respect 10 dheir survival and functlonality. ‘The aforemen-
tioned study of wihmatle Jung inlummation demonstruted
that hlocking OX40/OX401, during recall responscs 1o
inholed mnigen olmost completely reduced the nember of
COM+CDASMEB0OX A0+ cetls visunlized in the MLN o the
height of the respunse. ind prevented e eosuing ssthutalic
response {58, At first glance this might suggest that OXd40

signods influcnce untigen presentation by 1DCs 1o ‘eemirl”
memory T cells and dictate their abilily 10 expundfsurvive
aver lime (Fig. 3b), Towever, anligen presenlation in the
MLMNs is oot the only site of ineraction between s and
emory T cells io this model. Datn gavhered niere recently
show that CID4AMERCDG2"™ “effector” memory T cells that
reside or recirculnte through the lung can be stimuloted
locally by airway submucusid DCs within 2h of antigen
inhalation |70.71]. Perhops this carly interaction between
DCs and ‘effecier’ memory 1 cells in the airways direcls
migrution of DCs into the alTerent lymphatics, townrds the
T well urens of MLNs where hey can intensel with restiog
‘central’ memory celis and induce their proliferntion and
differentimion into effector cells {As shown in Fig. 3a). Cer-
fainly il is not known whether DC activation by ‘cffccror’
memory T cells in the nirways is an absolute prercguisite
for DC muution and migration into LN3 and therefore,
whether subsequent activation of 'ceniral’ memory Th2 cells
can oceur i its absence, but this is an intriguing possibility.
If so this could imply that 1he reduction in *centml’ memory
CD4 numbers seznin MLNs in the ahsence o OX40 signaling
may be iidirect, ¢, due to redoced activation of *effecior’
memory cells in te nirways und/or inhibition of 1C mat-
urntion and migration 10 LN (through reverse sigouling by
OX40L). Kinetie hlocking experintents where mice reccived
anti-GX40L Ab o difereol limes after the initial antigenic
insult shinwed that althnugh delaying anti-OX 408, Irvaiment
by | or 2 days redueed the overall inflammatory resposse by
S0%: and 80T the most deasnatic vffect was only scen when
OX0/0X40L interactions were inhbited at the lime of ini-
tial encounter with reeall antigen 58], Mhis ohservation could
then be equally consisient with the idea that OX40/0X40L
intermetions maght be crucial for activution and early produc-
tion of cytokines by “cffector’ memory T eells in the airways,
and through reverse signaling for optimal DC maturation and
migrution 1o LNs (Fig, 3e). Further stndies will be requined 1o
understand whether there is truly a differential requirement
for OX40 signuls by centrud und effector memory T eells.

B. Is there a role for (X 40 In persistence of U4
memory T cells?

{1 has heen known for many yenrs that inemory CD4 T
cetls eun survive forafong time at least as o population, wnd
memory nppenrs to be maimained ol teast in part through peri-
odic slow cell division und continuous replacement af colls,
To dute. lwe signals have been considered 10 play o rale in
wmintenanee of CD4 memory T eclls, wamely MITC-peptide
ond eytokines. Early neports from anouse models supported
the kdea shut the longevity of efTective memory wus depon-
dent on periedic exposure tonntigen | 1,72.73], However. data
gathered subsequentty challenged this idea and suggested that
memwry CO4°F eclls can survive for extended periods in the
ibsence of specidic ontigen und io some cases in the absenve
of any MHCH malecules (27). Morc recently, Kassiolis ci
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mrweizags CLOH T coll memoey {s established in whe [ymphad ugany (CDA-Righ/CDGIhIgh: cenysl memory T cells (Touw 1 wod the tuags (CDa-
highsCI21Llow: Flfectue memaory T cedla (Tea ). Anugen it 1aken up weriss the mucosal impermeable hamee by immature respiratery dendritie cells DC).
Within I b afler antigen encounter, alrwoy DCs inieragt with resident long-lived Tew cellt in the submudosel arens of the tung, This interucion resuil in
activarion of Fem aod iatimoa of telr eMecior funcuon, As the same time DC mauursuon wod migratigs to o= I coll eress of MULKS via e oferent
tymphatics ocowry, Withia 4 days, dus will kesd 1o ¢loes) cxmasion of resident seigen specifie Tew folloswed by their subsequea differeatingon 16 Tea ¢ells
and vpression al e Try oclh back W the (ung. These effectons M) can then e re-simulated by lung I?Cs o thea medte w T helper 2oty feusinophul-
meduicd) inflammatory aponte. (R) OX-A0 requicement by centeal memery T orlls. [n the abncace of OXaD signals in the MLR3, 1M cells initially divide
aormally bul fail 1o maiatala high levels uf sot-apepiodle proteics such as Bel-2 and iel-xL, sad DA. 1, and consequenily the majanity of T ectly do got survive
1o differentiae 10 Tpy and migrate back to the lung 1o mediste ihelr ¢Tector function, (C) XS0 requirersent by offecior memory T eclis, In the ahience of
OX40 nignaly in the lung. Tem we mu efliclenly acuvand 1o produce cytokanes o e tirways, Addiucaally. the ahaenee of reverse ugnahing thargh OXSUL
may fesult in inhubitkes of DC mawrtim and migaatio 10 MUK, tlhmwed hy theif insdulity o induce opimal sctvation and expansion of Tepm celb.

ab. (28] shed some light on these apparent discrepancies by
praviding experismental evidence, which indicates that a Cl4
memory ‘I cell cim persist in the vhsence of signals accompa-
nying antigen recagnilion, hut such internctions ive sevded
I waiatoin funcrionn! activity of these cells overtime
Evideove Uun cyiokines play o role iu mainienance of
memory T cclls came ininally from studies showing thar
injectinn of cither type | 1N (JIN-w/B) or inducers of IFN.
off stimalaed TCR-indepradent protiferalion of memuory
CDH T celis in vivo (74,751, Subsequenily. o aumber of other
cytokines, incinding [L-12, N.-15. T1-18. and fFN-y, were
found 10 have similar effects [76-79]. By compurison, it was
thaught likely thut CD4 meniery cells mso requine eylokines
for survival, Memory CD4 I eclls are found in normat qun-

bers in 115 ~/= oad .1 Sa —/— nice, and these CI+T cctls
are not panicularly sensitive to §1L-15 indueed proliferution
suggesting that this pytokioe may not play a role in thelr main-
tenanwe [80.81] Cyasistent with this, CP mremwry T eells
were found 1o he Ipng-livcd in mice deficicnt for the com-
mon y-chutn, indicting that none ol the ¢ylokines ulilizing
this receptor component (1.2, L4, 16,7, 1L-9. and .- 15}
are cssential For (hitir survival [82). Similarly, unlike mem-
ory €124 cells, hofncostalic prolifenvion of memory CI4
cells is independent of L4, IL.-7, zod TL-15 {831, [n conurast
to the reported dispensahility of y-chain cyrokines are mare
recent stidies that have sugpested arote for IL-7, both in the
formnntion of Cm:uh:mory eells, nnd alko dn their mainie-
nonce {84-—86). The discrepancics betwoen these siudics are
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presenily uncleur bu they miny suggest that addfitionsl ¢lasses
of survival Ietorsfinterictions exist,

One possibilily is that menory T cell numberdsurvival
andfor functionality is maintined over lime thrutgh continu-
ous or periwdic interaction between costimulatory nwlecules.
We have begun lo address this issue in the asthma moedel
descrihed above. Becouse blocking OX40 signals during the
seconidury encounler of o memory I vell profoundly inhibired
the ahility to pronotw tung inflammation, we tested whether
this would resultin further impairme if antigen was encoun-
tered later in u lentiary response. Accordingly. sensitized mice
receiving anli-OX40L a (he time of seeondary vxposure 10
acrosolized QVA were rested for several months and then
re-cxposed to a lertiary challenge of nerosolized OVA. but
in the ahsence of anti-OX401. (Salck-Ardakani and Croft
unpuhlished), A robust luag inllammalory response including
vosirophilia was {cund io the lupgs of control animals treated
with irrelevant Ig in the secondiry respouse. lnconlrast, much
reduced histologicnl evidence of fiing inAammation and dam-
uge was [ound in ankmals tha received anti-OX40L ot the
1leie of secandary challenge. These data inply that bincking
OX40/0X40L. interactions can sewerely limit the persistence
of # memory Th2 respouse amd elfectively prevent fuher
lung putholoyy for a significant period of time after sntibody
trcaiment.

Exacity how OX40 might conteul the maintenance of such
IMCITKEY renuing 10 be determined, The simplest idea is thu
OX40 signals are required for proliferation and survival of
memory T celts when antigen is encountercd. and as OX40
Srgets dnli-zpoplolic protwins, without these signals many of
the respanding T cetis will dic rather than live 1o naintain
the high (requency of the memory °I' cell pool. Anvther non-
mutuatly exclusive possibility is that OX<0 signals impacton
the functional aetivity of the surviving memeory T cel) popriz-
tion rather shan the frequency of untigen-reactive ' cells. The
bateer would be in ngrecinen with the notion pat forward by
Kassiotis ¢t al. 28] that suggest thot signals reeeived during
antigen recognition we required for the funclion of memory
T cells but not necessarily lor their persistence,

In suppont of the iden that OX40 signals may play a role
inthe mainienance of CIX memory is the recent identifica-
tion of an accessory vell (({D3-CD44+CDIk-MIICH+) in e
:T cell interface and wilhin B cell tollictes of the secondary
lymph nodes that constitutively expresses (3X40L (87.88].
loteresiingly, these cells were visualized 10 ngsocinte with
OXa0+ but nol OX40- memary CD4 T cells severnl weeks
ufter immunizaion, and this intermetion was suggested (o be
importan for sirvival of OX40+/4+ T cells in vivo, Thus,
it is conceivahle that these aceessory cells could influence
langevily of ‘ceateal’ memory C134 1 cells thnt eeside in
secondary lymphoid orguns by providing survival signals
aver time, Here the perlodically dividing memory popula-
tion may he more relinnt on signals through (X440 or ather
co-stimulatory mefecules [R9).

Tu addition to secondisy lymphoid organs. tecent studics
indicaie that memory T cells can also survive for cxtended

perinds of lime in nun-lymphoid tissues. For cxamiple, using
letzamee staining and ELISPOT analysis, [logan el ul. {68]
showed (hat high lreguencivs of antigen-specific CNG ind
CD8 F cells remained in the lung airways ind parenchym: for
severn) months following resolution of Seudid and infMhrenzn
virus infections., Similudy, long-lived Th2 memory eclls have
heen detected in the lungs of imice 100-300) days after recov.
ering (rom acute allergic asthmn, ‘These cells have a memory
phenotype and respond eapidly by sceecting -4 and IL-§
wpon Ag stinmlation (901 The source und the nature of sig-
aals required for longevity of memory T cells in the lung
is presuntly maclenr bul gy nesult from aheir internwtion
with long-lived CIOIB+CDIE+ 4/80+ airway 1C popula-
tion recently described by Julin et ab. 191§, The seeanrio in
which airway 12Cs play a rak in maiatcnance of memory
C3477 cells in the lung is consistent with the findings that air-
way DCs preduce chemokiaes that selectively senel memory
vells to the Tnog [42]. Whether OXa0 wad its ligand migh be
involved in this type of aemory longevity is not known, hug
it iy interesiing that w lenstut the peak of a luog wiammaitory
response, mast CRIBCDC+DC are expressing OX401.. IF
this ts maintaised on these APC for long periods is wot clear.

9. Conclusions und future directions

Understanding the tegulatory mechimising involved in
C14 memory cell development has impartast impHentions
with regards to the important issue of vaceine design,
Success[ul vacvines induce strong uad lorg-term humoral
responses, and at least for T cells. depend en strong initial
clonal expansion of precurser cells. Lurther success in vac.
cine design might rely on developing siewegivs thal reduce
cell death at the end of the primary imnwne response. therchy

angmenting the cotry of cffector cells into the tong-lived

muemury cell peol, Additionatly, it might be possible to Larget
maolecules o pathways 16 interfere with homeostasis and off-
seiting (he halance bewween protiferation and witrition during
the persistent phase of memory cells. In this review we have
discussed experimentu) cvidence demonstriging (ha OX40
signuls dramaicudly eahiace the survival ind funcionality of
<[fector Teells ut the wod of the primary immune respouse juid
consequently the number of mensory T eclls that are devel-
oped ance antigen is cleared. Moreaver, we have discossed
recenl duis oblained in s ovurine model of asthmn demonstral -
ing that OX40 signuls are critica) for ceactivalion of restiog
mermory “Th vells und heir persisienceffuncrionality over
time. These results strongly imply that vrgeting OX40 could
represent o proinising mew targel for mumipitlating CR4 ien-
ory ccll gencmition, reactivation and persisience. (mportant
tuestions that remain unanswered we whether 0X40 slg-
nals are similarly requined for re-activation of memary cells
{C134 ar CI8Y in acute and chronic infection nmdels? in
vlew of recent findings demonstruting that greal migratory
url fimelional heterogeneity caisis smouy CD4 memory T
cells it will be impottant toesamine whether OX 40 signals ase

7,3’7(
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preferentially requircd by different memory subses (e, cen-
il versus effecior). o this regand. funher characlerization
of lymphoid and non-lymphaid memory subsets in dilferent
organs and systems 15 nected 1o dissect the elfects of loca-
tiou on meniory T cell ywrvivalfunction and cosimulitory
nequiretnents. Purthermare, an important but eelatively unex.
plored area of research is (he question of whether forg-lenn
supvivad nod Tuncticoxlity of memory CO4 T cells requires
continuous or periodic signals from costimulatory molecules
such us through QX40. Pinully, as OX40 is a member of o
fumily of melecules with similar and perhaps overlepping
luctions, it will he importint 1o exaimine how additional
signals provided by others in the TINIFR superinmily such as
4138, LIGHT, HVEM, und CD27 are Integrted with OX40
signals to achieve optimal generation, persistence ond re-
activalion of memory 1 cells.
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0X40 (CD134) is a member of the tumor necrosis
factor (TNF) receptor superfamily first identified as a
rat T cell activation marker. We previously identified
the rat ligand for 0X40 (OX40L) by molecular cloning.
In the present study, we newly generated an and-rat
OX40L. mAb (ATM-2) that can inhibit the binding of
0X40 to rat OX40L and thus efficiently inhibits the T
cell costimulatory activity of rat OX40L.. Flow cytomet-
ric analyses using ATM-2 and an anti-rat 0X40 mAb
(MRC 0X40) indicated that 0X40 was inducible on
splenic CD4* T cells by stimulation with immobilized
anti-CD3 mAb, while OX40L was not expressed on rest-
ing or activated T cells. OX40L was expressed on
splenic B cells after stimulation with lipopotysaccha-
ride (LPS), but not on peritoneal macrophages. Inter-
estingly, splenic dendritic cells (DC) expressed OX40L
constitutively, which was further upregulated by LPS
stdmuladon. The potent costimulatory activitdes of
splenic DC for antl-CD3-stimulated rat CPD4* T cell
proliferation and cytokine (IL-2, IFN-v, IL-10, and IL-
13) production were substantially inhibited by ATM-2.
These results indicated that OX40L is expressed on
professional antigen-presenting cells (APC), and may
be involved in humoral immune responses via T-B in.
teraction and In cellular immune responses via T-DC
interaction in the rat system. © 1000 Academic Pres

0X40 (CD134) was originally identified as a cell sur-
face antigen on activated rat CD4" T cells using MRC

Abbreviations used: OX40L, OX40 ligand: MTLV-1, human T cell
leukemia virus type I; DC. dendritic cells; mAb, monoclanal antd-
body; EAE, experimental sutolmmune encephalomyelitis; GVHD,
acute graft-versus-host disease; RA, rheumatold arthrids; EAU, ex-
perimental autoimmune uveoretinitls; LPS, lipopolysaccharide;
BSA, bavine serum albumin.
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OX40 mAb (1). cDNA cloning of rat, mouse, and human
OX40 showed that it belongs to the tumor necrosis
factor (TNF) receptor superfamily (2-4). We previously
identified the rat ilgand for OX40 (OX40L) by ¢cDNA
cloning (5), which is a type II membrane protein be-
longing to the TNF superfamily as in mice and humans
{6, 7). Members of the TNF/TNF receptor superfamily
have been shown to play critical roles in regulat-
ing cellular activation, differentiation, and apoptosis
{8-10).

Expression and function of the OX40/0X40L mole-
cules have been studied In the mouse and human sys-
temns. It has been shown that the expression of OX40 is
restricted to actlvated T cells in rats, humans, and
mice (1, 3, 11). The expression of OX40L has been
found on activated mouse B cells (3, 12, 13), human
dendritic cells (DC) (14). and human vascular endothe-
lial cells (15). In vitro studies using mouse and human
OX40L cDNA transfectants have shown that QX40L
provides a costimulatory signal to T cells, resulting in
Increased proliferation and cytokine production (1, 6,
7). Very recent studies using OX40- or OX40L-defictent
mice have shown that these mutant mice exhibited an
impalired T cell proliferation and cytokine production
in certain condition, which appeared to be primarily
due to a defect in T cell costimulation through Interac-
tion with DC (16-19). In addition, OX40L expressed on
activated B cells has been suggested to transmit a
signal that enhances proliferation and secretion of im-
munoglobulin upon crosslinking by OX40 (12), and an
impaired humoral immune response was observed In
OX40L-deficient mice in a certain conditlon (19). Col-
lectively, these studies suggested that the 0OX40/
OX40L system plays substantial role in regulating
cellular and humeral immune responses /r; vive, Con-
sistent with this notion, we recently demonstrated that
administration of a neutralizing anti-mouse OX40L
mAb Inhibited T cell responses and antibody pro-
duction in a mouse leishmaniasis model (20). Besides

0006-291X/00 $35.00
Copyright © 2000 by Acedernic Press
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such physlological functions, OX40 has been suggested
to be preferentially expressed on pathogenic T cells in
experimental autelmmune encephalomyelitis (EAE) in
rats, and acute graft-versus-host disease (GVHD) and
rheumataid arthritds (RA} in humans (21-23). Further-
more, it has been shown that both 0X40 and OX40L
are expressed at high levels on human T cell leukemia
virus type [ (HTLV-1)-transformed human T cells pos-
sibly due to transactivation by Tax, suggesting that the
OX40/0X40L system may be Involved in growth and
malignant transformation of HTLV-1-infected T cells
(24 -28). However, the possible contribution of the
0OX40/0X40L system to these diseases remains to be
verified in appropriate animal medels.

To further explore the physiological and pathological
functions of OX40L, the rat system has some advan-
tages over the human and mouse system. Superiorl
models of autoimmune diseases, such as collagen-
tnduced arthritls, experimental autolmmune uveoret}-
nitls (EAU), and EAE have been developed in ratsl
(29-31}. Some models of human diseases, such as
HTLV-i-assaclated pathologies (32), are unique in the
rat system. In order to facilitate the studles In the rat
system, we now generated a functional blocking mAb
against rat OX40L and characterized the expression ‘
and function of OX40L [n the rat system.

MATERIALS AND METHODS |

Animals and cells. Six-week-ald female SD rats and Lewls rats.
were purchased from Charles River Japan (Atsugl, Japan). HTLV-
1-transframed rat T cell lines (F344-81, ACI-S1, WKA-51, and
Lewls-S]} (33) were provided by Dr. T. Yoshiki (Hokkaido Univer-
siry, Sapparo, Japan). A rat thymic lymphoma cell line (FTL13) (34)
was provided by Dr. T. Ueda (Hokkaido University). A rat macro:
phage cell line (WRT7/P2) (35) was provided by Dr. M. Hosokawa
{(Hokkaldo University). A normal rat kidney cell line (NRK-52E) was
pravided by Dr. T, Otsuka (Institute of Cytosignal Research, Inc.)
Tokyo, Japan). A murine T lymphoma L5178Y and a murine my-
elomsa P3U1 (P3X63Ag8U.1) were purchased from ATCC (Rockville,
MD). These cells were cultured In RPMI 1640 medium contatning
10% FCS, 10 mM HEPES, 2 mM CLglutamine. 1 mM sodium
pyruvate, 0.1 mg/ml penicillin and streptomycin. and 30 uM
B-mercaptoethanol.

Antibodies and reagents. PE-tonjugated goat ant-human [gG Ab
was purchased from Calteg (South San Frarcisco. CA). Purified
ant-CD3 (G4.18), anti-DC (OX62). antl-mouse IgG3 (R40-82), ard
control mouse IgG1 {107.3) mAbs, FITC-canjugated anti-CDd
(0X35), CDB (G28), CD11b/e (0OX42). CD45R (HISZ4), and contrél
mouse IgG2a {G155-178) and [gG2b (49.2) mAbs, PE-conjugated
anti-CD25 {0X38) and control mouse IgG1 {A112-2} mAbs, biotiny)-
ated anti-rat CD134 (0OX40). control mouse 1gG1 (107.3) and IgG2b
(49.2) mAhs, and PE-labeled streptavidin were purchased from
PharMingen (San Diege, CA). Ant-CD80 (3H5) and CDBG (24F)
mAbs were prepared as described previgusly (35). A fusien proteln
consisting of the extracellular portion of murine OX40 and the Fc
portion of human 1gG1 {OX40-1g) was prepared as described previ-
ously (5). Bovine serum albumin (BSA) and lipopolysaccharide (LFS)
were purchased from Sigma (St. Louts, MO). Collagenase was pur-
chased from Wako {Osaka, Japan).

|
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Preparation of rat OX40L transfectants. Rat OX401, ¢DNA was
subcloned into the pMKITneo expresston vector and transfected inte
NRK-52E and L5178Y cells by electroporation as described previ-
I ously (5). Mock trunsfected calls were also produced by slectropora-
don of the pMKITneo vector without an insert. ARter selecton by 1

mg/mi of geneticin. ransfectants stably expressing rat OX40L were
| identified by stalning with OX40-Ig.

Generatian of anti-rat OX40L mAb. A SD rat was immunized
with F344-S1 cells three times at 7-day Intervals. Three days after

| final immunization, the splenacytes were fused to P3U1 mouse nvy-

" eloma calls. After hypoxanthine-aminopterin-thymidine selection,
one hybridoma producing ATM-2 mAb (mouse IgG1,x) was Identified
by its strong reactivity with rat OX40L-transfected L5178Y cells, but
not with mock-transfected L5178Y cells, and was purified from as-
cites by standard procedures with caprylic acld, and purity was
verifted by SD5-PACE analysis.

Cell preparation and culture. Splentc T cells (2.5 % 10%ml) were
prepared frem SD or Lewls rat splenocytes using a nylon woal col-
umn {(Wake, Osaka, Japan) and stimulated with immobilized and-
CD3 mAb (10 ug/mi) for 24~ 48 h, Splenic lymphocytes (2.5 % 10%mi)
were prepared from Lewis rat splenocytes by depleting adherent
macrophages and stimulated with LPS (10 ug/mi) for 24-48 h.
Peritoneal macrophages were obtained from Lewis rats by peritoneal
lavage with lce-cold PBS and depletion of nonadherent cells after a
brief culture on plastc dish, and then stimulated with LPS (10.
ug/ml) for 24-48 h. Splenic DC were prepared according to the
previously deseribed methods (37, 38) with slight modifications,
Briefly. spleens from Lewls rats were injected with 200 U/mi colla-
genase in HEPES-buffered saline (pH 7.2) and were chopped into
small fragments with scissors {n a culture dish. The perfusate from
these treatments was collected and stored on lce. The small frag-
ments of spleens were left in the culture dish with 400 U/m) colla-
genase, incubated for 30 min at 37°C, and then agitated by rapld
pipetting. The spleens and the perfusate were disrupted further by
passing through a stainless steel sereen and grinding with a syringe
plunger. All the released cells were peoled and centrifuged at 1,500
rpm for 5 min at 4°C. The cell petlet was resuspended in dense BSA
solution {p = 1.080) at | X 10*m], overlald with 1/5 velume of culture
medium, and centrifuged at 100.000g for 15 min at 4°C. Low-
density cells were collected from the interface, washed twice, resus-
pended at 8 X 10%ml tn culture medium, and cultured in 6 well-plate
for 30 min at 37°C. The non-adherent cells were cemoved and then
the adherent cells were further cultured overnight in culture me-
dium. After this overnight culture, nonadherent cells, which con-
tairred 50-80% OX62-positive cells as estdmated by FACS analysis,
were collected and used for T esll costimulation or stimulated with
EPS (10 ug/mi) for 24-48 h,

Flow cytomatric analysis.  Cells (5 X 10%) were first preincubated
with normal rat [gG (1 xg/ml) to avold non-specific binding and then
incubated with a saturating amount of OX40-1g, FITC- or PE-lahelod.
mAb, or blotinylated mAb. After washing with PBS twice, the cells
were incubated with PE-conjugated goat and-human [gG Ab for
OX40-Ig or PE.labeled streptavidin for blodnylated mAb. After
washing with PBS twice, the stained cells (live-gated on the baals of
forward and stde scatter profiles and propldium lodide excusion}
were analyzed on a FACSCalibur (Bectonn Dickinson, San Jose,
CA}, and data were processed using the CellQuest program (Becton
Dickinson).

T ceil profiferation and cytokine assays. Splenic T cells (5 x
10*Awell) were cocultured with 100 Gy Uradiated rOX40L/ANRK or
mock/NRK transfecrants (1 X 10‘/well) in the presence of 1 ug/mi
antd-CD3 mAb and 0.5 pg/ml and-mouse [gC3 mAb In 85-well flat
bottomed culture plates at 37°C, 5% CO, for 72 h. Varlous concen-
tratians of ATM-2 were added at the start of culture. Splenic CO4* T
cells (5 x 10%well), whith were purified from nylon wool passed
splenecytes by using Rat CD4 Cell Recavery Column kit (Cedarlane,
Ontario. Canada). were cocultured with 20 Gy Irradiated splenic DC
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Reactivity of ATM-2 with rat OX40L transfectants and rat cell lines. NRK-52E- and L5178Y-derived transfectants (rOX40L/NRK.,

rOX40L/L5178Y. mock/INRK. and mock/L5178Y), HTLV-1-ransformed T cell Lines (F344-S1, WKA-S1, ACI-S1, and Lewls-51), a macrophage
cell line (WRT7/P2), and a thymic lymphoma cell line (FTL13} were stained with FITC-labeled ATM-2. The bald lines represent stalning with
FITC-labeled ATM-2 and the plain lines represent background staining with FITC. labeled contra] mouse [gGC.

(1 % 10'well) in the presence of 0.3 pg/ml immobilized ant-CD3
mAb In 98-well Aat bottomed culture plates at 37°C, 5% CO, for 48 h.
For estimatng proliferative responses, the cultures were pulsed with
0.5 pCi/well af ["H)-thymidine (Amersham, Buckinghamshire, UK)
for the Iast 8 h or 12 h and harvested using a Mlero 85 Harvester
(Skatoron, Lier, Norway). [ncorporated radioactivity was measured
Ln a micro beta counter (MicroBeta Plus, Wallac, Turku, Finland). Ta
determine cytokine (TL-2, [FN-y, IL-4, [L-10, and IL-13) production,
cell-free supernatants were collected from the replicated cultures at
24, 48, or 72 h and subjected to ELISA using rat IFN-y or IL-13
Immuncassay kit {BloSourze, Camartllo, CA) and OptEIA sets for
rat [L-2, IL-4, or IL-10 (PharMingen) mccording to the manufac-
turer’s instruction.

RESULTS AND DISCUSSION
Establishment of Anti-Rat OX40L mAb

We previously demonstrated that an HTLV-1-
transformed rat T cell line F344-S1 expressed rat
OX40L mRNA abundantly and strongly reacted with
QX40-1g (5). Therefore we immunized BALB/c mice
with F344-51 cells and fused the splenocytes with
P3U! myeloma cells. The hybridomas preducing ant-
rat OX40L mAb were screened by specific reactivity
te rat OX40L cDNA-transfected L5178Y (rOX40L/
L5178Y) cells, As shown In Fig. 1, ane mAb, designated
ATM-2, was obtained, which bound to rat OX40L
cDNA-transfected NRK-52E (rOX40L/NRK) and
rOX40L/L5178Y cells but not to mock-transfected NRK
(mock/NRK) or L5178Y (mock/L5178Y) cells. Some rat
T cell lines were also tested for OX40L expression
by staining with ATM-2. HTLV-!-transformed rat T
cell lines (F344-S1, WKA-S1, ACI-S1, and Lewis-S1),
which expressed OX40L mRNA as estimated by North.
ern blot analysis (5), were reactive with ATM-2, but a
rat macrophage cell line (WRT7/P2} and a thymic lym-
phoma cell line (FTL13), which did nat express OX40L

mRNA as estimated by Northern blot analysis (5), were
not reactive with ATM-2. These results indicated a
strict coincidence of OX40L mRNA expression and
ATM-2 reactivity. It has been reported that HTLV-1-
transformed human T cell Ilnes expressed OX40L con-
stitutively, possibly due to the transactivation by Tax
encoded by the pX region of HTLV-1 (7, 25, 27, 39). Tax
has been shown to transactivate not only the viral long
terminal repeat but also the expression of various hast
genes, including IL-2 receptor, IL-2, c-fos, c-jun, and
0X40, and to play an essentjal role in HTLV-!-induced
cellular transformation (27, 28). It seems likely that
the expression of OX40L In the HTLV-1-transformed
rat T cell Hnes also results from the transactvation
by Tax.

T Cel! Costimuliatory Actvity of Rat OX40L and
Its Biockade by ATM-2

We next examined whether ATM-2 recognizes the
binding site of OX40L to OX40. As shown in Fig. 2A,
the binding of OX40-Ig to rOX40L/1.5178Y cells was
almost completely inhibited by preincubation of the
cells with ATM-2. This Indicated that ATM-2 can In-
terrupt the interaction between OX40L and 0X40.

We previously indicated that rat OX40L provided a
costimulatory signal for T cell proliferation and cyto-
kine production (5). To examine whether ATM-2 can
block the costimulatory activity of rat OX40L, splenic T
cells were cocultured with rOX40L/NRK or mock/NRK
cells in the presence of anti-CD3 mAb and ATM-2, and
the proliferatlve responses were assessed. As shown in
Fig. 2B, rOX40L/NRK cells costimulated the prolifera-
tion of ant-CD3-stimulated T cells far more efficiently
than mock/NRK cells. This proliferative response co-
stimulated by rOX40/NRK cells was Inhibited by
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FIG. 2. Functonal propertdes of ATM-2. (A) Blocking of OX40-Ig binding to rat OX40L transfectants. rOX40L/L5178Y cells were
pretreated with or without ATM-2 or control mouse [gG and then stained with OX40-Ig foliowed by PE-labeled goat anti-human IgG Ab. The
control histogram represents background staining with ATM-2 and PE-labeled and-human IgG without 0X40-1g. (B) Blocking of T cell
costimulatory activity of rat OX40L by ATM-2. SD rat splenic T cells {5 X 10%well) were cocultured with irradiated rOX40L/NRK (@) or
mock/NRK {O) cells (1 X 10/ well) in the presence of ant-CD3 mAb (1 ug/ml) and the Indicated concentrations of ATM-2 for 72 h. Proliferative
response was assessed by pulsing the cultures with 0.5 uCliwell 'Hi-thymidine for the last 6 h. Data are expressed as the mean = SD of
triplicate wells.

ATM-2 In a dose-dependent manner. These results In-; stimulated for 24-48 h with immobilized. antl-CD3
dicated that ATM-2 can efficlently block the T cell mAb. As shown in Fig. 3, the expression of 0X40 was
costimulatory activity of rat OX40L. detected on CD4" T cells after stimulation with anti-
CD3 mAb, but not on CD8" T cells. This preferential

Expression of OX40 and OX40L on Rat T Cells l expression of rat OX40 on CD4* T cells in the rat
We next examined the expression of OX40 and system was consistent with previous reports by others
OX40L. an rat splenic T cells by flow cytometric analy- (1, 40). In contrast, we previously reported that OX40
sis using an antl-rat OX40 mAb (MRC OX40) and was expressed on both CD4* and CD8" T cells In the
ATM-2. An anti-rat CD25 mAb was also included as an  mouse system (13), which represents a specles differ-

activation marker. Splenic T cells from Lewis rats werei: ence in 0X40 expression on T cell subsets. On the other

CD4" T cells CD8™ T cells

OX40L cD2s

0OX40 0OX40
|
1
107 10% 1 100 q0f 1ol wof 1od et @ el il 10* T RT LT ST T Y ST ANNT T NT- T ET.LT- T M
|& m: 15 ‘; [T SRT- LT LT LT P . L m! 15 15 o' l; w: \5 .? 1
1L m! 1; |; [ * l IO! -5 15 [ tt rn! :5 u? 10*

Fluorescence intensity l Fluorescence intensity
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FIG. 3. Expresston of OX40 and OX40L on rat T cells. Splenic T cells from Lewis rats were stimulated with Immobilized ant!-CD3 mAb
and harvested at the indicsted periods. Cells were stained with FITC.labeled anti-CD4 or and-CD8 mAb and biotinylated ATM-2. OX40, or
control IgG followed by PE-labeled streptavidin or PE-labeled and-CD25 mAb. Histograms shown are staining of electronically gated CD4*
or CD8° cells. The hold lines represent staining with mAb against the indicated molecules and the plain lines represent background staining
with control IgG.
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FIG. 4. Expression of OX40L on rat B cells and macrophages.
Splenic B cells and peritoneal macrophages from Lewis rats were
stimulated with LPS and harvested at the indicated periods. Cells
were stalned with FITC-labeled and-CD45R or antl-CD1i lb/c mAb
and biodnylated ATM-2 or control 1gG fallowed by PE-labeled
streptavidin, Histograms shown are staining of electronically gated
CD45R* or CD11b/e” cells. The bold lines represent staining with
ATM-2 and the plain ltnes represent background stalning with con-

trol IgG.

hand, OX40L was not found on either CD4* or CD8"* T
cells even after stimulation with antl-CD3 mAb.

Expression of OX40L on Rat B Cells, Macrophages,
and DC

We next examined the expression of OX40L on rat B
cells, macrophages, and DC. These cells were purified
from the spleen or peritoneum, stimulated with LPS
for 24-48 h, and then stained with ATM-2. As shown
in Fig. 4, the expression of OX40L was inducible on
splenie B cells after stimulation with LPS, which ap-
peared at 24 h, but was not found on resting B cells. In
contrast, peritoneal macrophages did not express
OXA40L significantly even after stimulation with LPS.
Most interestingly. splenic DC expressed OX40L con-
stitutively, which was a further upregulated by LPS
stimulation, along with the other T cell costmulatory
molecules CD80 and CD86 (Fig. 5). These results Indi-
cated the expression af rat OX40L on professional
antigen-presenting cells (APC) including activated B
cells and DC, suggesting the possible contribution of
QOX40L to humoral Immune responses via CD4* T-B
Interaction and to cellular immune responses via CD4 "
T-DC interaction In the rat system. It has been re-
ported that CD40 signal regulated the expression of
OX40L on mouse and human DC (14, 41}, and mouse B
cells (12, 13). Although It Is Interesting to examine

25
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whether the OX40L expression can be regulated by the
CD40-CD40L Interaction also In the rat system, we
presently could not address this issue because an mAb
against rat CD40 has not been established yet and
CD40L has not been identified In rats. Therefore, the
regulation by CD40 remains to be determined in the
future study.

Contribution of OX40L and CD8Q/CD86 to
Costimulation of CD4" T Cells by Splenic DC

The above observations of a potent T cell costimula-
tory activity of OX40L (Flg. 2B) and the expression of
0X40 on CD4" T cells (Fig. 3) and OX40L on splenic
DC (Fig. 5) suggested that OX40L might play a role in
CD4" T cell activation by splenic DC, which also ex-
press CD80 and CD86 as the other costimulatory mol-
ecules. We then examined the relative contributlon of
OX40L and CD80/86 to T cell costimulation by splenic
DC. Purified splenic CD4" T cells were cocultured with
Irradiated splenic DC in the presence of anti-CD3 mAb
and the combination of anti-OX40L. mAb {ATM-2)
and/or anti-CD8(0/86 mAbs for 24~48 h, and then the
proliferative response and cytokine (IL-2, IFN-y, IL-4,
IL-10, and IL-13) production were assessed. As shown
in Fig. 6, splenic DC exhibited a potent costimulatory
activity for antl-CD3-stimulated CD4* T cell prolifer-
ation and IL-2, IFN-vy, IL-10, and IL-13 production,
whereas IL-4 was not detectable (data not shown).

OX40L CD80 CD86
Oh
10 10F w? ! o 0" ef ! 10!
%J
24n 31
i)
LT LT T LT ST T LT Y T ST T ST
48 h
w ! W 1% o0 o 1f i to! 1P 19 ot
Fluorescence intensity

FI1G. 5. Expression of OX40L on rat DC. Spienic DC from Lewis
rats were stmutated with LPS and harvested st the Inglcated perd-
ods. Cells were stalncd with blotinylated OX62 mAb and FITC-
iabeled ATM-2. antl-CDBO mAb, ant-CDB6 mAb, or control [gGC
followed by PE.labeled streptavidin. Histograms shown are staining
of electronizally gated OX62* cells. The bold lines represent staining
with mAb against the Indicated molecules and the plain lnes repre-
sent backgreund staining with control IgG.
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FIG. 6. Contribution of OX40L and CD8I/6 to costimulation of CD4” T cells by splenic DC. (A) Inhibitory efTects of ant-OX40L and
ant-CDB0/86 mAbs on CD4* T cell proliferation costimulated by splenic DC. Splenic CD4" T cells from Lewls rats {5 x 10%/well) were
cocultured with irradiated DC (1 X 10*Awel)) In the presence of ant-CD3 mAb (0.3 ug/ml) and the indicated mAbs {5 ug/ml each; total
concentration of mAbs was adjusted ta 15 ug/ml with cantrol mouse IgGl) for 48 h. Proliferative response was assessed by pulsing the
cultures with 0.5 uCuwell ['H]-thymidine for the last 12 h. (B-E) Inhibitory effects on cytokine production. Cell-free supernatants were
cotlected from the replicated cultures set as in A at the indicated periods. IL-2 (B}, IFN. (C), IL-10 (D), and IL-13 (E) contents were measured

by ELISA speclfic for each cymk!.ne Data in A~E are expressed as the mean = SD of triplicate wells, Similar results were obtained from thres
independent experiments. *. £ < 0.05: **, P < 0.01,
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Proliferative response was partially inhibited by elther
anti-OX40L mAb or and-CD80/86 mAbs alone or by the
combination of these mAbs (Fig. 6A). IL-2 production
was strongly Inhibited by either antl-OX40L mAb or
anti-CD80/86 mAbs alone (Fig. 6B). Production of
IFN-v, IL-10, and IL-13 was significantly inhibited by
either anti-OX40L mAb or anti-CD80/86 mAbs alone
and additionally Inhibited by the combination of these
mAbs (Figs. 6C-6E). In general, the inhibitory effects
of antl-OX40L mAb were almost comparable to those of
antl-CD80/86 mAbs. These results indicated a substan-
tial contribution of OX40L to the costimulatary activity
of splenic DC that enhances T cell proliferation and
production of both T helper type I (Th1) cytokines (TL-2
and IFN-y) and Th2 cytokines (IL-10 and IL-13). This
is consistent with a recent observation in mice that
OX40L-deficlent DC showed an impaired abillity to in-
duce IL-2, IFN-v, and IL-4 production by CD4" T cells
(18). The only partial inhibition even by the comblna-
tion of antl-OX40L mAb and antl-CD80/86 mAbs sug-
gest a contributon of the other costimulatery mole-
cules such as CD70, CD30L, and 4-1BBL, which were
found on mouse DC by us and others (20, 42). Further
studies are needed to address the contribution of these
molecules, ,

In the present study, we generated a mAb specific for
rat OX40L and determined the expression of OX40L on
LPS-activated B cells and splenic DC. We also substan-
tiated the costimulatory function of OX40L expressed
on splenic DC for CD4°* T cells. 0X40/0X40L have been
implicated in the pathogenesis of HTLV-1-assoclated
diseases, such as adult T cell leukemia (ATL) (43, 44},
myelopathy, uveitis, arthropathy, and Sjégren’s syn-
drome (45). OX40/0OX40L have been also implicated in
the pathogenesis of autolmmune diseases such as EAE
(a model of multiple sclerosis) (23, 46) and RA (23). and
inflammatory bowel disease (47). The present estab-
lishment of a neutralizing anti-rat OX40L mAb en-
ables us to define the pathophysiological roles of the
0X40/0X40L system In rat medels of inflammatory
diseases and virus-associated diseases.
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