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Como resultado del Examen de Fondo realizad
de la Decision 486 de la Comision de la Comur

1. Documentos estudiados

2008

0, con fundamento en el Articulo 45
ridad Andina, se comunica:

Descripcioén: Folios 10 a 159 23/Septiembre/2009
Reivindicaciones: Folios 160 a 172 23/Septiembre/2009
Dibujos: : Folios 173 a 196 23/Septiembre/2009
Listado de Secuenmas Folios 197 a 217 23/Septiembre/2009
Prioridad: US 60/903,693 27/Febrero/2007

2. Analisis de la Prioridad

Se acepta la reivindicacién de Prioridad porque
del plazo establecido (Art. 9 D 486), y su conten
prioridad reivindicada.
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3. iObjeto de la invencion
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Titulo de la solicitud: “Anticuerpos OX40 antagonlstas y¢ uso en el tratamiento de
enfermedades inflamatorias y autoinmunes”.

El problema planteado en esta solicitud consiste en la nécesidad de suministrar un
anticuerpo antagonista dirigido a la proteina OX40 ~para el tratamiento de
enfermedades inflamatorias y autoinmunes.

Para resolver este problema técnico la solicitud en estudio proporciona un anticuerpo
antagomsta aislado que se enlaza especificamente a un. epltopo de OX40.

El objeto de la presente Solicitud se relaciona con la Clasuﬂcacnon Internacional de
Patentes (CIP): A61K 39/395; A61P 37/00; CO7K 16/28. .

4. iExcepcién a la Patentabilidad (Art 20 D 486 literal (d))

El objeto de las reivindicaciones 26 - 34 y 42 no es patentable de acuerdo con el Art
Cltado :

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

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

Las reivindicaciones 37, 38 y 41 definen el anticuerpo pqr referencia al uso, lo cual
noles patentable de acuerdo con el Art 14.

6. | De la Solicitud de Patente
i
Titulo
t
i .
Eltitulo no corresponde con el objeto de la solicitud porque hace referencia a materia
no|patentable, por lo cual se sugiere al Solicitante hacerila correccidén necesaria.
|

Réivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones 1 — 12 carecen de concisién porque definen el anticuerpo por
una region de cadena pesada o ligera al utilizar el término “y/0”. Se recuerda al
sohmtante que un anticuerpo se define por la secuencia de aminoacidos de las
cadenas pesaday ligera, la secuencia de aminoacidos de las regiones variables de
las cadenas pesada y ligera o la secuencia de aminoacidos de las 6 regiones
determinantes de complementariedad (CDRs) en su conjunto. Ademas, no existe
soporte en la descripcién que un anticuerpo que comprende solamente una CDR
comparte la actividad del anticuerpo 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

Ex;’a‘ediente 09-103883 1er Art 45




‘ 312
del objeto que. se busca proteger. Se sugiere definir estos términos por sus
caracteristicas técnicas.

La reivindicacion 25 reclama una comppsicion que comprende el anticuerpo. Se
recuerda al solicitante que una composigion 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 Depédsito para el hibridoma al que se hace referencia en la
reivindicacion 36.

Las reivindicaciones 43 y 44 carecen de concisién porque reclaman kits que
comprenden el anticuerpo o la composicion en “una cantidad predeterminada”. Se
sugiere definir las proporciones dentro dejlos mismos.

Las reivindicaciones 45 — 48 carecen de concisidén porque reclaman un dispositivo
meédico. Sin embargo, no se definen las caracteristicas técnicas que comprenden el
dispositivo y no se encuentra soporte en la descripcion 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 aclaracjones necesarias.
7. Unidad de invencién (Art 25 D 486)

La Solicitud no cumple con el Requisito de Unidad de Invencidn 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; 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 secuencia SEQ ID NO: 12; v) una CDR2 de VL
gue tiene la secuencia SEQ ID NO: 13; y vi) upna CDR3 de VL que tiene la secuencia
SEQ ID NO: 14. Reivindicaciones 1 — 48, parcialmente.

2° Un anticuerpo que se enlaza especificamente a OX40 que comprende i) una
CDR1 de VH que tiene la secuencia SEQ ID QTO: 17;ii) una CDR2 de VH que tiene la
secuencia SEQ ID NO: 18; iii) una CDR3 de \H 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: 16. Reivindicaciones 1 — 48, par¢ialmente.

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 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: 15; 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.
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4° Un antlcuerpo 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 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 secuencia SEQ ID NO: 15; 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.

No se guarda un concepto inventivo comun porque los anticuerpos no comparten
una estructura comun esencial para la actividad y porque anticuerpos dirigidos a
OX40 ya eran conocidos en los documentos D1 y D2.

|
Se sugiere presentar las Solicitudes Divisionales que considere necesarias, 6 limitar
la solicitud inicial a una sola invencién, eliminando de ella las otras invenciones.

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

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

ftem Documento Titulo Fecha de Publicacion
5 Compositions and methods for
D1 WO2004019866 treating cardiovascular disease 11/Marzo/2004
D2 WQ2006029879 Anti-OX40L antibodies 23/Marzo/2006

D 1http://worldwide.espacenet.com/publicationDetails/originalDocument?CC=WO&NR=2004019866A2
8KC=A2&FT=D&ND=8date=20040311&DB=&locale=en _EP divulga un anticuerpo antagonista
aislado que se enlaza especificamente a un epitopo de OX40 humano (Pag. 20,
lineas 31-33).

D2http://worldwide espacenet.com/publicationDetails/biblio?CC=WO&NR=2006029879A28KC=A2&FT
=D&ND=33date=20060323&DB=EPODOC&locale=en_EP divulga un anticuerpo antagonista
aislado que se enlaza especificamente a un epitopo de OX40 humano (Resumeny
Pag. 70, reivindicacién 15).

9. Examen de Patentabilidad (Art 14 D486) ®
Nivel Inventivo (Art18 D486)

La reivindicacién 1 consiste en un anticuerpo antagonista aislado que se enlaza
especificamente a un epitopo de OX40 humano, el anticuerpo esta caracterizado
porque comprende:
(a) una regidn variable de cadena pesada (VH) que comprende:
i) una CDR1 de VH que tiene la secuencia de aminoacidos de SEQ ID NO:17;
i) una CDR2 de VH que tiene la secuencia de aminoacidos de SEQ ID NO:18
' y/o
i) una CDR3 de VH que tiene la secuencia de ammoacndos de SEQ ID NO:19
y/o
(b) una region variable de cadena ligera (VL) que comprende:
Expedlente 09-103883 1er Art 45
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i) una CDR1 de VL que tiene la secuencia de aminoacidos de SEQ ID NO:12,

15 0 61; _

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

iii) una CDR3 de VL que tiene ia secuencia de aminoéacidos de SEQ ID NO: 14 o
16. .

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

Caracteristicas esenciales | D1 D2
Un anticuerpo 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: epitopo de OX40 humano | especificamente a un
a) unaregion variable de cadena pesada epitopo de OX40 humano
(VH) que comprende: (Pag. 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 amincacidos de
SEQ ID NO:18 y/o

i) una CDR3 de VH que tiene la
secuencia de aminoacidos de
SEQ ID NO:19 y/o

b} una region variable de cadena ligera

(VL) que comprende:

i} una CDR1 de VL que tiene la
secuencia de aminoacidos de
SEQID NO:12, 15061

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

iii) una CDR3 de VL que tiene la
secuencia de aminoacidos de
SEQ ID NO: 14 0 186.

Los documentos D1y D2 se consideran el lestado de la técnica cercano a la
invencién definida en la reivindicacién 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 ensefia un método
para producir el anticuerpo (Pag. 39), una compbsicién que comprende el anticuerpo
(Pag. 2) y un dispositivo médico para la liberacion 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 pesaday ligera.

D2 ensefia un anticuerpo antagonista aislado que se enlaza especificamente a un
epitopo de OX40 humano (Resumen y Pag. 70, reivindicaciéon 15). D2 también
divulga un metodo para producir el anticuerpo que comprende cultivar una célula

Expediente 09-103883 1er Art45




315
hospedera que comprende el vector que a su vez comprende el acido nucleico que
codifica elianticuerpo (Pag. 72, reivindicacion 26), una composicion farmacéutica que
comprende el anticuerpo (Pag. 73, reivindicacion 34) y un kit que comprende el
anticuerpo (Pag. 73, reivindicacién 39).

La diferencia entre la invencién, definida en la reivindicacién 1 y el anticuerpo de D2
consiste en que la solicitud define secuencias especificas para las regiones variables
de las cadenas pesada y ligera.

Esta diferencia no parece conceder un efecto técnico inesperado o una ventaja al
anticuerpo reclamado en esta solicitud porque no parece presentar una mayor
actividad moduladora de la actividad de la proteina OX40.

El proBIema 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 la
materla 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 OX40 para el tratamiento de enfermedades inflamatorias y
autoinmunes porque es bien conocido en el estado del arte que la sefializacién a
trav?%ie este receptor resulta en un incremento de la expresion de citoquinas Th1y
Th2"

De manera que la solucion propuesta por esta solicitud 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

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

"~ Item Documento Reivindicaciones afectadas Requisito que afecta
D1 WQ2004019866 1-25 35 36y43-48 Nivel Inventivo
D2 W02006029879 1-25,35 36y43-48 Nivel Inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacién de la presente comunicacién. En caso

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

2 S. Salek, et al. Regulation of CD4 T cell memory by OX40 (CD134). Vaccine, Vol 24, Pag. 872-
883. Publicado 7 de Septiembre de 2005.

3 Y. Satake. Characterization of rat OX40 ligand by monaclonal antibody. Biochemical and
‘Biophysical Research Communications. Vol. 270, Pag. 1041-1048.
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de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesion, 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 e), 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

7 8 SET. 2012

Elaborado por. Juan David Mcncaleano p s/
Revisado por: Consuelo Leguizamon L.
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'"THERAPEUTIC TARGETING OF THE

'EFFECTOR T-CELL CO- STIMULATORY

'MOLECULE OX40

| Kazuo Sugamura®, Naoto Ishii*

nd Andrew D. Weinberg®

i An emerging immunotherapeutic strategy for T-cell-mediated diseases is to directly target

; anhgen specific T cells that are responsible for the clinical effects, without causing general

widespread immunosuppression.

based therapies in several human diseases.

ON40 (CD134) is a member of the tumour-necrosis
factor (TNTF) receptor superfamily'?, and is transiently
expressed by T cells after ligation of the T-cell receptor
{TCR)!-*. Initially identified as a T-cell activation
marker in 1987 (REF. 3), it has bgen shown to have co-
stimulatory functions®*’. The ligand for OX40 (OX40L)
was originally termed glycoprotein 34 kDa (GP34) and
was identified on human T-cell leukaemia virus type 1-
transformed T cells®. Cloning of GP34 revealed that
the molecule belonged to/the TNF superfamily®.
Subsequently, GP34 was identified as the ligand for
OX40 (REFS 4.5). OX40L is mainly expressed by antigen-
presenting cells (APCs), such as activated B cells, 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 0X40-OX40L
interaction between a T cell and APC contributes to opti-
mal T-cell function®”'*'%1%, In particular, OX40-OX40L
interactions are crucial/for the generation of memory
T cells, by promoting the survival of effector T cells after
antigen priming?>%,

It was first shown i
OX40-expressing effector T cells — by targeting OX40
with a toxin-fused OX40-specific monoclonal antibody

1996 that selective depletion of

T-cell co-stimulatory molecule, OX40, which is transiently
. expressed after antigen recognitign, 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 autoimmune disease without severe
‘immunosuppression. In addition, deliberate ligation of OX40 in tumour-bearing hosts enhances
l anticancer immunity. We discugs how targeting OX40 is potentiafly an ideal strategy for immune-

IMMUNOTOXIN) — was therapeutic for a T-cell-mediated
autoimmune disease®. Since that report, several studies
have confirmed 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 0X40,4-1BB (CD137) and C28 or cytotoxic T lym-
phocyte antigen 4 {CTLA4), have been successful 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 tumour anti-
gens, through its ability to target antigen-specific effector
T cells directly. Here, we discuss the presentand future
prospects of OX40-specific therapies.

Roles of 0X40 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 “~ (r1G.1). In
the absence of co-stimulatory signals, naive T cells
that recognize antigen will become anergic and die.

420 | JUNE 2004 | VOLUME 4
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Naive T cell
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CDas 1-2 days

OX40
OXa0L ¥

Maturatior:

Activated effector T cell
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Reactivation
of memory T cells

Memory effector T cell

Figure 1 | Roles for OX40-OX40L interactions in T-cell function, Optimal activation of naive T cells after antigen recognition
reduires signals through early co-stimulatory molecules, such as CD28-CD80/CD86, CD27-CD70 and CDA0L-CD40. After
anﬁgen stimuiation together with signals through CD28, activated T cells express OX40, 4-1BB and cytotoxic T lymphocyte
antigen 4 (CTLAY) on their cell surface. Simiarl fy, stimulation of antigen-presenting dendritic cells with CD40L through CD40,

or |1popolysacchande {LPS) through Toli-like receptors (TLRs), induces optimal OX40L and 4-1BBL expression. So, efiicient
interaction between OX40 and OX40L probably occurs 1-2 days after antigen recognition. During the effector phase, as the
affinity of CTLA4 for CD8O/CD8S is much higher than that of CD28, CD80/CDE6 on antigen-presenting cells (APCs) preferentially
binds to CTLA4 on activated T cells, resuiting in suppression of T-cell activation, Ligation of OX40 on T cells by OX40L on APCs
can indtice the activation of nuclear factor-xB (NF-xB). It has been shown that crucial OX40-specific signals for memory T-cell
generatxon are transmitted through TRAF2 (tumour-necrosis factor receptor-associated factor 2). Sustained PKB/AKT activation
in activated T cells has also been shown to be important for OX40-specific effector T-cell survival, OX40-induced survival of
effector T cells might contribute to the generation of memory T cells, in which expression of the anti-apoptotic proteins BCL-2,
BCL-X, and BFL1 is maintained. Furthermore, OX40 signals through T-cell-APC interactions also contribute to the optimal
reactlvahon of memory T cells, PKB protein kinase B TCR, T-cell receptor

Among sélveral co-stimulatory receptors, signals
through CD28, which is constitutively expressed by
naive T cells, are indispensable for the T cells to
respond to antigen and clonally expand. The ligands
for CD28 — CD80 and CD86 — can also bind
another receptor, CTLA4, which is transiently
expressed following activation of T cells after antigen
recognition, and provides a negative signal#tiranas
that counteracts the pro-inflammatory CD28 signal.
As the binding affinity of CTLA4 to CD80/CD86 is
much higher than that of CD28, T-cell activation is effec-
tively suppressed after expression of CTLA4 on the T-cell
surface*™#8 (p1G, 1 CTLA4, therefore, is important in
downregulating T-cell function.

In addition to the importance of the CD28/CTLA4
pathways during Tycell priming, further molecular
interactions are requued to generate memory T cells
from activated etfector T cells. Several members of the
TNF receptor superfa_mlly, such as OX40,CD27 and
4-1BB, are known to function in this capacity. These
molecules induce co-stimulatory signals, which pre-
vent antigen-inducedicell death and consequently
promote the survival of, effector T cells, resulting in

the generation of memory T cells***% (r1G. 1), Unlike
the CD28/CTLA4 pathways, these co-stimulatory
receptors lack additional ligands that can downregulate
T-cell function*”. Among these co-stimulators, the
OX40-OX40L interaction is crucial for T-cell activation
and survival. OX40 expression by T ¢ells is induced by
TCR stimulation, and peaks 48 hours after antigen
recognition™". Similarly, OX40L expression by APCs is
inducible following CI40 or lipopolysaccharide stim-
ulation, and peaks 48-72 hours after in vitro stimula-
tion!"¥313 Ga, the interaction between OX40 and
OX40L seems to occur approximately 2 days after
antigen recognition by T cells, CD28 and its binding
partners CD80/CD86, by contrast, interact early after
antigen recognition, due, in part, to constitutive
expression of CD28 by T cells**##%. The absence of
CD28 signals suppresses T-cell division mainly during
the first 2-3 days after antigen stimulation?, resulting
in suppressed effector T-cell generation and a conse-
quent reduction in the number of memory T cells™.
OX40-deficient T cells show robust proliferation and
cell division 2-3 days after TCR ligation, but reduced
proliferation by 5-6 days. By days 1213, there is also
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CON FACT HY PERSENSITIVITY
A delaved-tvpe hypersensitivity
in which T cells respond to
antigens that are introduced
by contact with the skin.

In common animal models,
hapten treatment of the skin
induces this hypersensitivity,
which is measured by swelling
of the sensitized skin, such as
ear thickness.

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
molecules, and indicate that they have unique 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-OX40L
co-stimulatory pathway on immune responses, gene-
targeted mice for OX40 and OX40L have been exten-
sively studied. As shown in Ta8LE 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 HYPERSENSITIVITY
responses'®*** Interestingly, CD&* T-cell functions,
cytotoxic T lymphocyte (CTL) activity and cytokine
production are notmal 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
OX40-0X40L interactions might only affect effector
CD4" T-cell function and be dispensable for the CTL
response and immunoglobulin production in certain
immune responses.

Advantages of targeting 0X40

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 responsible for disease 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 OX40L-deficient mice

Strain immune responses examihed Results phenotypic features References
OX40-deficient mice
(C57BL/6 x 129) Influenza virus infection impaired GD4* T-cell profiferation and IFN-y 55
hybrid production; reduction in CD4* T-cell infiltration
into the lungs of influenza-virus-infected mice
3
C578L/6 Ex vivo T-celf proliferation after CD3 stimulation Reduced T-cell proliferation 18
C57BL/6 T-celi responses to protein antigen Reduced effector T-cell function and impaired 20
' memory T-je!l generation
C578L/6 £x vivo T-cell proliferation and survival after Marked reduction in T-cell survival despite almaost 22,54
antigen stimulation normal prolfferation; reduction in Pkb/Akt activation
in effector T cells: reduction in Bel-2 and Bei-X_
exprassioniby long-lived T cells
C57BL/G Used as danor in experimental GVHD Reduced GVHD mortality 34
C578L/6 Airway hyperreactivity using ovalbumin Diminished lung inflammation; impaired T,2-cel 80
! responses; impaired reactivation of T, 2 memory celis
C57BL/6 Experimental autoimmune encephalomyelitis Reduced symptoms; impaired function of 66
: infitrated T tells in the central nervous system
Cs78L/6 Regulatory T-cell number and function Reduced nymbers of CD4+*CD25" T cells in young 72
OX40-deficient mice; less ex vivo suppressive
function of PX40-deficient regulatory T celis
OX40L-deficient mice .
BALB/c CHS in response to haptens Reduced CHS responses; impaired APC function of 13,18
‘ splenic dendiritic cells and Langerhans cells
C57BLG. CD4+ T-cell responses to protein antigen impaired effector CD4* T-cell responses; reduced 19
mermory CDd* T-cell function
Cs578L/6 Experimental autoimmune éncephalomyelitis Reduced symptoms; impaired function of antigen- 85
specific T cells
BALB/ Airway hyperreactivity using'ovalbumin Suppressed|iung inflammation; reduced T, 2-cell 43,81
; responses _
BALB/C Infection with Hefigmosomoides polygyrus Reduced T _2-cell responses; compromised host 106
’ defence (inctease in parasite eggs)
NOD Spontaneous diabetes development No disease symptoms 67
C578L/6 T,.2-cell responses in B-cell-deficient mice Less T_2-cell responses induced in mice transferred 52
transferred with exogenous B celis with OX40L -gleficient B cells compared with those
receiving wild-type B cells
129/Syv, BALB/G Used as recipient in experimental GVHD Reduced GVHD mortality 34
Ca7BL/G Experimental inflammatory bowel disease No disease symptoms in OX40L/Rag?2 double- 72

deficient micg transferred with CD4-CD25* T cells

APC, antigen-presenting cell; CHS, contact hypersensitivity; GVHD, graft-versus-host disease: IFN-y, interferon-y; NOD, non-obese diabetic: OX40L, OX40 ligand;
Rag2, recombinase-aciivating gene 2; T,,, T helper.
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Table 2 | Expression of 0X40 and OX40L in several disease states

Disease

Humans ’
Rheumatoid arthr’rtie‘;;P
Multiple sclerosis

. t
Crohn's disease r

Ulcerative colitis
GVHD f
Polymyositis

Breast cancer

bl

Colorectal cancer .

Mice v
EAE

EAE y
Hapten-induced colitis

!

T-cell-transfer—indg{;ed colitis

Ovaloumin-induced airway
hyperreactivity !

Inﬂuenza—virus—incf!hced
lung inflammation
I

Cancer models

Rats
EAE
QVHD i

e}

Cells expressing OX40 Cells expressing OX40L Tissues References

CD4+ T cells N.D. Synovial fiuid 23,107,108

T cells N.D. Perivascular infammatory lesion 66

Menonuclear cells Endothelial cells Lamina propria and submucosa 73,74
of the colon

Mononuclear cells Endothelial cells Lamina propria of the colon 7374

CD4* and CD8* T cells N.D. Peripheral blood 23,68-70

Mononuclear cells N.D. Perivascular inflamrnatory sites 109

CD4* Tcells N.D. Primary tumour and tumour- 28,092,101
invaded lymph node

Lymphocytes N.D. Primary tumour and tumour- 110
invaded lymph node

CD4+ T cells Microglia/macrophages Spinal cord and brain 12,30,65

N.D. Vascular endothelial celis Spinal cord .30

Mononuclear cells N.D. Peyer's patches and lamina 25
propria of the colon

N.D. CD11c¢c* dendritic celis Mesenteric lymph nodes 31

CD4-CD44: T cells N.D. Peribronchial and perivascular 36
areas of the lungs

CD4* and CD8* T cells N.D. Bronchoalveolar lavage and 37
mediastinal lymph nodes

CD4 and CD8- T cells N.D. Primary tumour and tumaour- 89,9095
draining lvmph node

Antigen-specific CD4-T cells N.D. Spinal cord 23,93

CD4* T cells N.D. Peripheral blood, spleen, lymph 111,112

nodes and fiver

EAE, expermental autoimmune encephalomysittis; GVHD. grafi-versus-host disease; N.D., not determined; OX40L, OX40 ligand.

EXPERIMENTAL AUTOIMMUNE
ENCEPHALOMYELITIS

(EAE). An experimental model
for the human disease multiple
sclerosis. Autoimmurie disease
ix induced in experimental
animals by immunizdtion with
mvelin antigen or peptides that
are derived from my’élin The
animals develop a paralytic
disease with inflamation and
dermyelination in the-brain and
spinal cord.

INFLAMMATORY BO%\"EL DISEASE
(IBD). A chronic condition of
the intestine that is characterized
by severe inflammation and
mucosal destruction. The most
common forms in himans are
ul¢erative colitis and Crohn's
disease. Animal models indicate
that they result from
dysregulation of thélocal
immune response t4 normaily
harmless commengal bacteria.

infections and cancer. More recently, second-generation
immunotherapies targeting cytokines or their recep-
tors that are responsible for disease pathogenesis 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 function of the
entire T-cell repertoire.

Targeting the T-cell co-stimulatory molecules CD28
and OX40 is a promising strategy for controlling T-cell-
mediated immune disorders, by regulating the T cells
that cause disease. In spite of the indispensable role for
CD28 during T-cell priming, CD28 blockade is unable
to effectively suppress effector T-cell function or reacti-
vation of memory T cells in many models™.
Therefore, blocking the CD28-CD80/CD86 interaction
might be insufficient to prevent ongoing symptoms in
certain T-cell-mediated diseases. By contrast, blockade of
QX40-OX40L 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**?337%,
OX40L blockade might be a favourable strategy in such
clinical settings. In addition to its co-stimulatory roles,

OX40 is thought to contribute to T-cell migration and
tissue infiltration through its interaction with OX40L on
endothelial cells'*. These OX40-specific functions are
not apparent in the CD28 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 vivo blockade
of OX40-OX40L 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 DISEASE
(IBD), allergic asthma and pneumonia induced by
influenza virus infection 3303236374,

Recently, blocking CD28 signals with a CTLA4-
immunoglobulin fusion protein has been shown to be
effective in reducing symptoms in patients with
rheumatoid arthritis®' 2. 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, blockade of both
CD28 and OX40 was more effective in preventing
graft rejection than either blockade alone®. Moreover,
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Figure 2 | Therapeutic intervention in animals with e)?(perimenta! autoimmune
encephalomyelitis by targeting OX40* T cells at theisite of inflammation. Myglin-reactive
CD4* T cells isolated from the peripheral blood of animals with experimental autoimmaine
encephalomyelitis (EAE) do not express OX40, but myelin-reactive T cells isolated from the
central nervous system (CNS) are posttive for OX40 expression. This scenario allows for target-
argan-specific immunotherapy of myelin-reactive T cells. At present, it is not known exactly
where and when GX40 expression is upregulated by T celis after they cross the blood-brain
barrier and enter the CNS. OX40 ligand (OX40L) is expressed by macrophages and endothelial
cells in the CNS. The CNS-isolated macrophages express MHC class Il molecules and have
been shown to stimulate proliferation of myelin-reactive T cells in an OX40-dependent manner.
The current fiterature indicates that signals from the T-celt receptor (TCR), CD28 and OX40 are all
required for effective activation of myelin-reactive effector T cells in the CNS. If alf three pathways are
intact, T helper 1 (T,;1)-type cytokines are produced, which, in turn, cause demyelination, leading to
the clinical signs of EAE (paralysis). Two modes of OX40-specific therapy have been shown to inhibit
the clinical signs of EAE: deleting OX40* T celis with an OX40-specific immunotoxin; or biocking
OX40-0X40L interactions with an OX40L-specific antibody or an OX40-immunaglobulin fusion
protein (OX40-lg). thereby inhibiting OX40-specific T-cell signalling and/or blocking T-cell entry into
the ONS. IFN-y, interferon-v; IL, interleukin.

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

Targeting 0X40/0X40L in autoimmunity

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 GRAFT-VERSUS-HOsT Diseask (GVHD), is well docu-
mented (TABLE 2). Targeting OX40 might dampen the
autoantigen-specific T-cell responses and therefore be a
potential therapy for these diseases. Several reagents that
target the OX40-specific pathway have been used.
Monoclonal antibodies specific for OX40L and
OX40-immunoglobulin fusion proteins bind to OX40L
and therefore interfere with OX40-OX40L interactions.
Alternatively, toxin-fused 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.

GRAFT-VERSUS-HOST DISEASE
(GVHD?. Tissue damiage in

a recipient of allogeneic
transplanted tissue (usually
abone-marrow transplant)
that results from the activity
of donor T cells that recognize
the recipient’s tissue as foreign.
GVHD varies markedly in
severity, but can be life-
threatening in severe cases,
Typically, damage to the skin
and gut mucosa leads to clinical
manifestations.

Experimental autoimmune encephalomyelitis. The first
evidence that OX40 could be targeted for therapeutic
benefit in an autoimmune disease 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
0OX40 (REFS 63,64), whereas T cells isolated from non-
inflammatory compartments (peripheral blood and
spleen) in the same animals had low levels of 0X40
expression. At present, it is not known exactly where and
when OX40 expression is upregulated by T cells after
they cross the BLoop-BraIN BarRIER and enter the CNS.
Myelin-specific CD4" T cells that were isolated from the
CNS one day before disease onset expressed the highest
levels of OX40, and as the discase-related signs and
symptoms peaked, the number of OX40™ T cells declined
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 EAE (FIG. 23. One method depletes OX40" T cells by
administration of an OX40-specific immunotoxin,
whercas the other uses an OX40L-binding agent to block
0X40-0X40L interactions in vivo'**, OX40-specific
immunotoxin-mediated depletion of autoreactive T cells
was 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 CNS bound the OX40-specific
immunotoxin®.

The second mode of therapy is based on blockade
of the OX40-OX40L interaction in vive using agents
that bind to OX40L (recombinant OX40-immuno-
globulin fusion protein or an OX40L-specific anti-
body)!##-379-3138 Both 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?6366 Two separate
studies reported that blocking OX40-OX40L interac-
tions in wild-type mice with EAE decreased clinical
signs of the disease'?*, although each study used a
different timing scheme and a different reagent to
block OX40~-OX40L interactions. The first study used
an OX40-immunoglobulin fusion protein adminis-
tered at disease onset'?, whereas the second 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
0OX40-OX40L 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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BLOOD-BRATN BARRIER
The central nervous syste'm
(NS is known to be an,
immune-privileged site such
that no lymphocytes can fcross
from the blood to the brain.
In certain diseases,

such as multiple sclerosis,.

the endothelial-cell wall that
protects this barrier is broken
down and, when this occurs,
lymphocytes can pass freely
into the CNS.

NON-OBESFE DIABETIC MI{]F,
{NOD mice). A strain of mice
that normally develops
wdiopathic autoimmune diabetes
that closély resembles typé 1
diabetes i humans, The target
antigen(s) recognized by the
pathogenic CD4- T cells that
initiate disease is expressedby
pancreatic islet cells, but its
identity is unknown,

GRAFT VERSUS LEUKAEMIA
(GVL). Hosts with leukaemia
who receive an allogeneic bone-
marrow transplant have far
fewer disease relapses than
individuals obtaining
autologous bone-marrow:
transplants, This is due to the
transplanted T cells recognizing
alloantigens expressed by the
leukaemia.

CD4:CD25* REGULATORY T CELLS
(T, cells). A specialized subset
of CD4" T cells that can
suppress other T-cell responses.
These cells are characterized by
expression of the interleukin-2
receptor o-chain (CD25)and
some T-cell-activation niarkers.
I'he transcription factor FOXP3
is specifically expressed by these
cells and contributes to the
suppressive function.

However, the OX40-immunoglobulin-treated mice
relapsed with similar frequency when compared with
control mice. When OX40-immunoglobulin was deliv-
ered during an active relapse, the disease severity was
reduced, but as soon as the treatment was discontinued,
the mice redeveloped clinical signs of disease’. These
data indicate that blocking OX40-0OX40L interactions
in vivo inhibits the function of autoreactive T cells, but
that this effect is short-lived and the autoreactive T cells
persist and can reinitiate clinical signs of disease.

The second study showed that treatment with
OX40L-specific antibody before clinical signs of disease
was effective during the acute phase of EAE and its
therapeutic effect was dose dependent. This regimen
had little effect on antigen-specific T-cell responses in
the draining lymph nodes; however, a decrease in the
number of OX40™ myelin-specific T cells was observed
in the target tissue (spinal cord). These authors
detected OX40L expression on endothelial cells in the
inflamed CNS, which led them to speculate that the
mode of action of OX40L-specific antibody was block-
ade of T-cell migration through the blood-brain bar-
rier’. Both in vive blocking studies indicate that
0OX40-OX40L interactions probably have a dual role in
this T-cell-mediated disease: OX40-mediated entry into
the CNS through endothelial barriers and OX40-specific
co-stimulation once the T cells have entered the CNS.
FIG. 2 shows the OX40-OX40L interactions that are
thought to lead to the development of EAE and illus-
trates how OX40-specific therapies have been used to
ameliorate clinical signs of EAE.

Diabetes. Recently, a crucial role for OX40-OX40L
interactions in the development of autoimmune dia-
betes has been shown. Whereas the mouse models pre-
viously discussed were experimentally treated to
induce disease, the diabetes model described in this
report is a spontancous form of autoimmune discase,
and might be more relevant to human autoimmune
diseases. OX40L-deficient mice that were crossed onto
the nox-osese paseric (NOD) background did not
develop diabetes®”. Interestingly, this report showed
comparable numbers of pathogenic antigen-specific
memory T cells and infiltrated T cells around islets in
wild-type and OX40L-deficient diabetes-prone mice
when these mice were old enough to develop diabetes®.
These results indicate an additional OX40-specific mech-
anism, other than memory T-cell generation or T-cell
trafficking, that might contribute to the development of
autoimmune diabetes.

Targeting 0X40/0X40L in inflammation

Graft-versus-host disease. Patients with active GVHD
have increased numbers of circulating CD4*0X40"
T cells?*$%-7; it has been proposed that quantifying
0X40- cells could enable clinicians to predict resis-
tance to therapy as well as the onset of chronic
GVHD®* In mouse models of GVHD, 0X40 signals
in effector T cells are crucial for the pathogenesis of this
disease; blocking OX40--OX40L interactions by treat-
ment with an OX40L-specific monoclonal antibody or

OX40-immunoglobulin fusion protein prevents lethal
GVHD?#3, Whereas CD28-deficient or OX40L-
deficient donor T cells could still induce GVHD,
0OX40-deficient T cells failed to induce lethal GVHD
in recipient mice*. Importantly, GVHD induced by
CD28-deficient T cells could be prevented by OX40L-
specific antibodies®, So, reagents that are designed to
block OX40-0X40L interactions in vivo could be a
promising therapy for human GVHD. Donor-derived
allo-specific eftector T cells during bone-marrow trans-
plantation are also important for GRAFT-VERSUS-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 bore-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 accompanied by inappropriate activation of
mucosal effector T cells™. These IBDs are hypothetically
caused by atbreakdown in mucosal tolerance to bacterial
flora in the intestine”’. OX40 signalling is required for
the development of several mouse models of IBD,
including hapten-induced colitis**, the spontaneous
development of IBD in interleukin-2 (IL-2)-deficient®*
and OX40L-transgenic mice®, IBD in lymphopaenic
mice after transfer of CD4"CD25CD45RB! T cellg 72,
and IBD induced by treatment with dextran sulphate
sadium?. In vivo administration of OX40L-specific
monoclonal antibody or OX40-immunoglobulin
fusion protein ameliorates even ongoing IBD symp-
toms in these models, and the disease does not develop
in OX40L-deficient mice. In these various models of
IBD, OX40L expression was found on dendritic cells,
whereas OX40 T cells were identified in the mesen-
teric lymph nodes and in the inflamed colon’®. An
increased number of OX40™ T cells has also been iden-
tified in the lamina propria of the colon from patients
with ulcerative colitis and Crohn’s disease™7%.
Furthermore, the number of OX40L* blood vessels was
also higher in patients with ulcerative colitis and
Crohn’s disease compared with normal controls™.
These observations indicate a possible contribution of
0X40-0X40L interactions to the pathogenesis of IBD
in both humans and mice.

The development of IBD in some mouse models
might be caused by dysfunctional cpa-co:s: REGULATORY
T (T, 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-
phopaenic recipient mice completely ameliorates IBD?'.
Mice protected from IBD by the co-transfer of T, cells
had fewer OX40L" dendritic cells than mice with dis-
ease, The CD4* CD25* T cells might limit inflamma-
tion in IBD, which in turn might reduce the number of
OX40L" dendritic cells found in treated animals.
Additional evidence for the involvement of T, cells in
IBD can be found in [L-2-deficient mice, which lack
Ty, cells in the periphery and spontaneously develop
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IMMUNOGENIC TUMOURS
The immunogenicity of a
tumour is defined by its ability
to enhance immune responses
afier irradiation and
subcutaneous vaccination into
naive mice. Highly
immunogenic tumours will
allow 100% of the vaccinated
hosts to be protected against live
tumour challenge 30 days after
immunization, whereas less
immunogenic tumours elicit
pourer immune responses,
resulting in 50% or less of hosts
that succumb to five tumour
challenge after immunization.

presence of T cells”. Furthermore, the uge of APCs
. ey - . .
that constitutively express OX40L or additior} of agonis-

APCs or other resident cells in colonic tissues

to [BD development by interference with T, _-tell func-
tion. Although immunotherapy with TNFtspecific
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 golitis is
still controversial™. In a T-cell transfer model of IBD,
treatment with OX40L-specitic monoclonal aritibody
was more effective at ameliorating clinical signs\of dis-
ease than were TNFE-specific antibodies. A combination
of monoclonal antibodies specitic for both OX40L and
TNF was most effective™. Therefore, future clinical trials
could test acombination of these two antibodies for
refractory Crohn's disease and ulcerative colitis.

Lung inflammation. Following several commor
piratory diseases (such as allergic asthma and
pneumonia), inflammatory lung damage is, in
caused by an excessive immune response. Cytoki
produced by, T cells that infiltrate the lung tidsue

asthma has been shown®*%8! Lung inflammatipn
was markedly'diminished in OX40-deficient mice
(C57BL/6 background) with experimentally induced
asthma; there was a marked reduction in the numbers
of eosinophils in bronchoalveolar lavage cells, and
goblet cells in lung tissues, compared with wild-type
controls®. This group also showed that treatment of
mice with OX40L-specific monoclonal antibody wals
effective at controlling the memory T-cell reactivatio
that induces asthma, by inhibiting lung infiltration
goblet-cell hyperplasia and mucus secretion’, Simila
results were obtained in BALB/¢ mice that lack
OX40L 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 genetic 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 a viral model of lung 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
onset of clinical symptoms, is effective in terms of
reducing autoimmune, allergic and inflammatory
diseases (including tissue inflammation during viral
infection) without global immunosuppression.
Importantly, the therapeutic effects of OX40-0X40L
blockade by treatment with OX40L-specific antibod-
ies or OX40-immunoglobulin fusion proteins are
similar to the disease suppression in OX40- or OX40L-
deticient mice in most disease settings. This implies
that the effects of these regimens are a direct result of
the specific blockade of OX40-0X40L interactions.
These observations indicate that OX40 blockade is a
promising therapeutic target for these diseases.

Targeting OX40 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 for
0X40 would inhibit autoimmune disease by blocking
interaction with its ligand; however, OX40-specific anti-
bodies actually signal through OX40 and caused exacer-
bation of both autoimmunity and GVHD?*#, 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 vivo
leads to a series of pro-inflammatory events that can
overcome CD4™ T-cell tolerance?! 7285 agonist anti-
bodies and a soluble OX40L-immunoglobulin fusion
protein were injected in vivo to test their ability to
enhance immune responses in tumour-bearing
mice®2 Ligation of OX40 in vivo 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 1
year after tumour inoculation). IMMUNOGENIC TUMOURS
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™?, In vivo administration of OX40-specific anti-

body was also therapeutic in the presence of brain and

R

426 | JUNE 2004 [ VOLUME 4

www.nature.com/reviews/immunol



REVIEWS

Increased T-cell |,
proliferation and | —————
migration A\

oxdo-
¥ specific
antibody _

Increased memory T-cell survival l

N ol
Increased Perforin
cvioking }”\
production A )

CD4+ effector . . . Granzyme

T cell Hnp g 0 0 g0 b vl § l

oo © 0
o®o
Tumour f

peptide

f
Tumour

fragments

Figure 3 | Ligation of 0X40 in tumour-bearing mice enhances antitumour immunity,
leading to therapeutic effects. Agonist OX40-specific antibodies or an OX40-
ligand—immunoglobulin fusion protein {(not shown) can elicit enhanced CD4* and CD8*
T-cell responses in tumour-Bearing mice. The OX40-accentuated response is mainly
attributed to enhanced CD4- T-cell function (through increased cytokine production and
mcreased survival of memory T cells), but CD8* T cells are also essential for OX40-specific
antibodies to have a positive impact in tumour-bearing mice. It has been shown both in
Auman tumours and mouse tumour models that OX40 T cells are found in a wide variety
of solid malignancies; therefore, the OX40-specific enhancement probably occurs n or near
the tumour micreenvironment, Potential mechanisms of OX40-enhanced tumour-celi killing
(not all shown) include an increass in CO8- T-cell cytotoxicity (through perforin and
granzymes), direct lysis of tumour celis through enhanced production of tumour-necrosis
tactor by GD4- T cells, anjincrease in CO25/CDI5L -mediated tumour-cell killing, or an
increase in the productiop of interferon-y by CD4* T cells, leading to enhanced tumaour-cell
lysis mediated by natural killer cells. Most tumour models that have been ‘cured' through
OX40 ligation are MHC Sass negative; therefore, indirect priming of tumaour-antigen-
specific T cells by professional antigen-presenting cells (APCs) is probably required to
intially stimufate CD4+ T cells at the tumour site. After mice have been cured by OX40
ligation, they are immune to subsequent rechallenge with the primary tumour, but they

are not immune to tumours of a different origin (indicating enhanced tumour-specific
T-cell-mediated memorfy). TCR, T-cell receptor.

liver metastases®¥, and was effective against lung

[ metastases when given in combination with adoptive
‘ T-cell immunotherapy®. Mice cured through 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-cell memory had been

i established?.
Similar to studies carried out in EAE®%
CD4'0OX40' T cells that were isolated from the site of
inflammation in tumour-bearing mice (tumour-draining
lymph nodes) were enriched tor T cells with reactivity
to tumour antigens™, So, targeting OX40™ T cells in

tumour-bearing mice would preferentially stimulate
tumour-specific T cells?##9-9293% 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
tumours described in these studies were MHC class II
negative, OX40 crosslinking probably enhances the
tunction of CD4~ T cells that are activated by APCs
presenting tumour antigens in the context of MHC
class [T molecules. So far, the data indicate that the
0OX40-enhanced CD4" T cells are not the ultimate
effector cells, but provide increased T-cell help to
tumour-specific cytotoxic CD8* T cells. Elimination
of either CD4* or CD8* T cells before treatment with
agonist OX40-specific antibody completely negates
the OX40-enhanced antitumour effect®. OX40 is pref-
erentially expressed by CD4" T cells, but in some
mouse cancer models, both tumour-infiltrating CD4~
and CD8™ T cells were shown to express OX40 (REE 89).
Therefore, OX40 ligation might also directly stimulate
CD8" T cells to increase their effector tunction, leading
to increased tumour-cell destruction.

Most human tumours have escaped immune surveil-
lance and can inhibit immune function through various
mechanisms™1%, In accordance with reports of tumour-
induced immune suppression, few OX40" T cells were
found in large human tumours after surgical resection’®.
Therefore, agonist OX40-specific antibody together
with other immune-enhancing reagents 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" T cells'™. In one study, a colon carcinoma cell
line was transfected with OX40L, with or without co-
transfection of granulocyte—macrophage colony-
stimulating factor (GM-CSF)**. Tumours transfected
with GM-CSF and OX40L were more immunogenic
than untransfected tumour cells or tumour cells trans-
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 cells 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, In a second study, a combination of agonist
4-1BB-specific and OX40-specific antibodies, and
adenoviral 11.-12 (delivered intratumorally), was used
in a liver metastases model for colon cancer®. The
triple ‘drug’ therapy was superior to each individual
reagent or double-treatment combinations in this
model and generated tumour-specific CTLs with the
greatest biological activity®. As shown in FIG. 3, injec-
tion of agonist OX40-specific antibody or soluble
0OX40L-immunogiobulin fusion protein enhanced
both CD4" and CD8' T-cell immunity to tumour cells,
leading to the therapeutic effects in tumour-bearing
mice described earlier,
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Targeting 0X40 as a vaccine adjuvant

The potent adjuvant properties that occlir after OX40
ligation, which enhance T-cell immunity and increase
memory T-cell generation, could be used during vac-
cinations. A recent report showed thatiinjection of
0OX40L-immunoglobulin fusion protein into mice
that were infected with Cryprococcus eoformans
increased the number of interferon-y (IFN-Iy)-secreting
CD4* T cells and decreased the C. neoformans burden
in the lungs®. An improvement in immuneé responses
to deadly pathogens (such as HIV and malaria) will
be an important future arena for OX40-induced aug-
mentation. To this end, our laboratory (A.D.W.) has
just completed a project in which rhesusimonkeys
were immunized with a purified simian immunodefi-
ciency virus (SIV) protein (gp130) and infised with
monkey-0X40-specific agonist mouse antibody or
control antibody. Monkeys that received the OX40-

unpublished observations). Although the treatment
was not toxic and the immune enhancement was
promisingand consistent with previous studies in
mouse models?®?!, purified antibodies might be too
expensive for widespread vaccinations (espetially
in developing countries). Therefore, 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 stratdgy
and has been well documented in many animal djs-
ease models. Most importantly, unlike conventional
immunotherapies, blockade of OX40-OX40L interac-
tions seems to inhibit disease-responsible effector T-cell
function specifically, and therefore does not caus
widespread immunosuppression. Although OX4
blockade seems to be an ideal treatment for acut
inflammation, some therapeutic strategies that targe
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 diseases, prolonged OX40 blockade might be
more effective. However, prolonged blockade might
also cause immune suppression of concurrent inflam-
matory processes that are important to maintain a
healthy host, Theretore, timing and dosing will be key
issues when planning future clinical trials in relapsing
autoimmune 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
“Rumanized human-OX40L-specific monoclonal anti-
body for phase I 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 QX40 fusion protein. So, the
human OX40-immunoglobulin fusion protein has
already been tested in vivo for efficacy and potential
toxicity, and would be a suitable candidate for phase
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 SV monkey studies described above (A.D.W,
and W. J. Urba). Phase I safety and immunological
testing of the OX40-specific antibody in late-stage
cancer patients will be carried out in the coming year.
At present, fully 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
or IL-12, in combination with OX40-specific antibody
treatment.

A potential problem with the clinical trials
described above is that excessive OX40 signals might
induce autoimmunity and/or unwanted inflammation
by breaking it vivo T-cell tolerance to seli-antigens.
This type of 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 immunological 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 ¢linical 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
autoimmunity in mice. OX40-deficient mice have
fewer T,  cells in the periphery as infants than do
wild-type mice, and Ty, cells from OX40-deficient
mice have a marked reduction in suppressive effect on
CD3-stimulated T-cell proliferation. These observa-
tions indicate that OX40 blockade might affect the
roles of Ty cells and lead to autoimmune manifesta-
tions under certain conditions. However, 0X40 block-
ade has not yet induced any autoimmune states or
enhanced disease symptoms in several disease settings
discussed here. Importantly, human T,_ cells in the
peripheral blood do not seem to express OX40 (N.1.,
unpublished observations), whereas mouse T cells
onstitutively express OX40 (REF. 72). We suggest that
here are different roles of OX40 in Ty -cell function
between human and mouse immune systems. Further
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studies will be required to understand fully the effect
of OX40 blockade on TReg—cel] function, especially
how it relates to the human immune system.
Immunological effects of OX40-immunoglobulin
fusion proteins are varied depending on the IgG subclass
used to produce the fusion protein. The 0X40-IgG1
fusion protein activated antibody-dependent cellular
cytotoxicity and complement, leading to lysis of
OX40L-expressing cells, whereas the OX40-1gG4
fusion protein did not*. Asa TNF-specific monoclonal
antibody, which is more effective than other reagents
for the treatment of Crohn’s disease and rheumatoid
arthritis, can also have cytotoxic effects on membrane-
bound TNF-expressing cells', OX40-1gG1 might be
more effective in the clinical setting. On the contrary,
possible lysis of OX40L-expressing cells (probably
APCs) by OX40-IgGl might lead to widespread
immunosuppression, as the cell lysis might not be spe-
'cific for antigens that cause disease. Therefore, the
. appropriate IgG subclass must be selected in accordance

Concluding remarks

Accumulating evidence now indicates that targeting
0OX40 and OX40L in vivo might lead to new therapeutic
strategics for several immunological disorders, cancer
and unwanted inflammation from viral infections.
Blockade of OX40-OX40L interactions inhibits ongo-
ing antigen-specific immune responses by specifically
suppressing the survival'of effector T cells. This seems
to be an ideal therapeutic approach for T-cell-mediated
immune disorders. In certain situations, such as GVHD
and organ transplantation, combination therapy that
targets both the OX40 and CD28 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 molecules, such
as GM-CSE, 4-1BB-specific antibody and IL-12. In con-
clusion, the use of reagents that target human 0X40
and OX40L holds great promise for therapeutic disease
intervention in several diseases in which current drugs -

_ with the results of clinical trials.
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€4 memory ' cells play a critical role in protection agdinst repeated exposure to infectious agents such as
parasites, yet can also contribute to the aberrant immune fesponses associoted with autoimmune and allergic
mechanisms that conirol ctfective memory responses has important ramifications for vaccine design and i
iimmune reactions. Recent advances in studies of T cell memory have implicated the tumor-necrosis-factor rec
OX40 (CD134), as a key co-stimulatory molecule involved in the regulation of C1D4 memory T cells. In this
developments in the context of past research und current models for the generation, persistence. angd re-activat
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1. Introduction

tious agents, Antigen specific CD
cells such as macrophages and dery
ular and intracellular pathogens th
retease of immunontodulatory cyt
vide helpto I3 lymphocytesand C1
to antigen. CD4* memory T cell
infection and. like naive T cells.
15~71. However, compared with
respood more rapidly and diffeq
effector cells than their counter,
response. These attributes of mem

Tmmunological memory is a cardinal feature of the adap-
tive immuune system that protects organisms from recurreant
infection by puthogens | 1-<|. The protective nature of mem-
ory responses is largely attributable to B cells, CD4*, and
CLS* T lymphocytes. CD4* T eclls play an important role in
coordinaling the hosl's adaptive immune response to infec-
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rough cell—cell contact and
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D8* T cells in their response

develop during a primary
ire long-lived lymphocytes
naive cells, memory cells
entiate more quickly into

parts during the primeary
pry Tcclls, together with an
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increased [requency specific for a given antigen, contribute (o
the greater magnilude and effectiveness of secondary immumne
FESpONses in Ihcﬁ'n‘c.wncu of limiting antigen (Ag) and/or
inflammation, as'may be the case very early after pathogen
encounter. This rapid subsequent eltector response would
serve to Lhmm'xtc the pathogen. Central to the question of
immunological |m.mory is defining the regulatory mecha-
nisms that g bovem the effective generation and reactivation of
4% memory Toeclls as well as their maintenance through-
out the life of an‘ndividual. Understanding these regulatory
pathways is of great siguificance for exploiting the immuue
system Lo protect ag inst pathogens, in stherapy of can-
cer, and to dampcn iminunio-pathology in allergic responses
and in .|ulounmunuy

Among factofs influcncing the fate of naive T cclis
after antigen cncountcr. funetiona! intcraction between co-
stimulatory molcgulcs on the surface of T cells and their
ligands expressez_l on APC play an important rofe. Io this
review, we will focus on recent studies designed to clucidate
the coslimululor'y requirements for effective CD4* memory
T cell responses. Marticular emphasis will e put on the role
of the mmor-nccrosis-factor receptor (INFR) family mem-

'i

Naive cel! 1 Activated calis
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ber, OX40 (CD 134) in the regulation of CD4* munory 0
cell development, reactivation and persistence.

2. Development of CD4 memory T cells

The generation of (D4 memory T cells occurs over two
phases after infection or vaccination (Iig. 1). 'Vhe tirst phase
beging when circulating peripheral naive CID4 T cells enter
into sccondary lymphoid organs such LNs, Peyer’s patches,
and the spleen from the blood and recognize antigenic pep-
tides bound to MIC class Il complexes on the surface of
mature dendritic cells (DCs) via their TCR. Antigen recog-
nition initiates naive T cell proliferation and differenftiation
into an expanded population of effector T cells that can be
subdivided into at least two functionally distinct populations
hased on their cytokine secretion profiles. CID4”* ' he¢lper |
{F'hl) secrete [PN-v, lymphotoxin, and 11.-2 whereas: CD4*
Th2 cells secrete L4, IL-5, IL-9, I.-13, and [L-10/[8]. A
unber of factors including the duration of TCR-engagement
19-13J. the nature and dose of antigen | 14161, the availabil-
ity and type of APC [13,17.18], co-stimulatory molecules

Effactor colls

Memory cells

T, lineage
i

) Vi}gble colls

™ no Ag
Déad celle
Y (>14 days)
o 4Ag ‘
& — !
(12 days) .
4; T2 tineage .
: . el '
i .
: L4l
Ny no Ag LS|
i -9
: (+14 days) et
i !
. Activation ) Expansion/Diffarentiation Contraction and mamory development !

£ig. 1. Sequestinl differcatiation oc Lisens model for effector and memory ¢ell generation, The figure summarizes the knows stages in the wnnsitionifor najve
CD4 T eells to Lm:mrs and then memory cells. During the privnary response, naive T cells recognize MHC ctass [f-peptide complexes on professional nnugcn

prescnting cclls in splm.n and lymph mxdss and undergo clonal eapansion. Depending on the nawre of antigen and the inft

tig

y milieu,

effector T cells are induced to differentiste into T helper type 1 (Thi) or Thl cells. After eliminating the pathogen. most effector cells die, but some CIG-ZO%)

survive (o fong loug -lived memory cells.
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{19=21], and the cytokine milicu [22,23] determine the size
of the effector T cell pool and their differentiation into either
Thl or Th2 cells. After antigen removal, a sccond phase
of memory T ¢ell development ensues, whereby tost of
the antigen-specific CDd effector T cells die and the sur-
viving effectors go on to persist as long-iived memory T
cclls [24-26]. The cffectiveness of the memory response
when antigen 1s re-encountered is largely dictated by the
overall size of the antigen specitic CID4 memory! 1" cell
pool that is generated after the contraction phase of the pri-
mary immune response as well as the particular array of
cytokines that these cells are programmed (0 secrete. The
precise factors that govemn the transition of cffector C4 T
cclls into long-lived memory 1 cells are presently unclear.
Several recent reports have suggested that this transition can
occur in the absence of further division 126] and antigen
25-28).

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

Identification of naive, ¢ifector and memory cells has been
based on a combination of phenotypic, biochemical and func-
tiopal changes that occur upon activation [2.5,29]. Phenotyp-
ically, naive CI4 T cells express high levels of lymph node
homing receptor molecule CDO2IL (MEL-14, 1-sclectin),
and the CD45 high-molceular-weight isoform (CID45RB/A),
CD127 (IL-7Ra), and low CD44 expression. Effecior CO4 T
cells express several activation markers including C69, (L-2
receptor a (CD235), CD44 high, and have down-reguliited the
cell surface expression of IL-7Ra. Memory cells can be het-
crogencous with respect to CD62L expression (so-called cen-
tral and effector memory subsets), although it can be argued
that true memory cells are CD62LL high (central mewmnory).
Memory cells are generally CD4SRB/A low, CD44-high,
have regained LL-7Ra ¢xpression but have lost the expres-
sion of activation markers such as CD25 and CD69. Naive and
memory CD4 T cells are characterized as small resting cells
whercas ctfector T cells have a lymphoblastoid morphology
characteristic of activated cells. Naive and memory T cells
cxpress activation markers with the same kinetics, buf mem.
ory T cells proliferate and perform cffector functions faster
than their naive counterpasts |30]. Functionally. memory and
effector T cells produce the sume type of effector cytokines
1311 but effector T cells can exhibit 4 more rapid effector
function than resting memory T cells {2]. Moreover. effec-
tor T cells exhibit o much higher susceptibility to apoptosis
in the carly stages of activation, whereas the susceptibility to
apoptosis in memory T cells is similar to that of a naive T cell,
Consistent with this, cxpression of the intracellutar sarvival
proteins such as Bel-2 is dowa-regulated during the effector
phase of the immune response, whereas memory cells per-
sisting after clearance of antigen show up-regulution of these
proteins again (30]. !

4. Regulation of primary imm
development of CD4 memory ]

it is well established that optis
sition of effector functions by nai]
costimulatory signals are provide:
(APC). The Ig superfamily men
hoth B7-1 (CN80Y and B7-2 (C1
primary co-stimulatory receptor,
cxpansion, and provides carly sig
of anti-apoptotic members of the
death [32). CD28 signals also r
duction in particular TL-2, and T
additional carly anti-apoptotic si
nuls we given within 24 h lollowi
itis now clear that they are not syl
survival. [n the absence of addit
days later, a majority of T cells u

une responses and
[ cells by OX40

wal profiferation and acqui-
ve I'cells only ensues when
il by antigen presenting cells
nber CD28, a reccptor for
86). is eansidered to be the
that controls initial ¢lonal
nals to augment cxpression
Bel-2 family to prevent cell
egulate erly cylokine pro-
.-2R signals may provide
gnals. Although, CLI28 sig-
ng encounter with antigen,
fficient for long-term T ccll
jonal signals provided -2
ndergo apoptosis,

In the case of CD4 T cells, several groups have shown

that OX40, a member of the TN

IFR superfumily, represents

a major costimulatory receptor [20.21). Unlike CD28, OX40

is not constitutively expressed on

naive T cells but is induced

24-48 h after cngagement of TCR {33-36]. with peak levels
in vivo gencrally seen between days 2 and S after immuniza-
tion with antigen [36]). Similarly; OX40 ligand (OX40L). a
member of the TNF superfamily, is also induccd on APC
such as B cells [37.38], macrophages, and DCs |39] after

activation. Initially, the relative

rontribution of CD2¥- and

OXd40-mediated co-stimulation in primary CD4 rcsponses

was assessed by transfecting MH
cell lines lucking or expressing
ing murine OX40L. |36). These

C ¢lass I+ mouse fibroblast
B7-1 with ¢DNA encod-
cells were used to stinmu-

late nuive CD4 T cclls isolated from TCR transgenic mice.
Although, OX40 was readily expressed 24—48h after Ag
stimulation, APCs transfected with OX40L alone had lit-
\le ability to induce 1L-2 secretidn or proliferation of naive

T cells. However. a strong syner

gy was observed when B7

was co-cxpressed. resulting in enhanced expansion and sur-
vival aver a § day period. Additional in vitro studies using
TCR trapsgenic CD4 T cells demonstrated that in contrast to
T cells tacking CI1328, those lacking OX40 initially divided
normally, were minimally impaired in the production of [L-2,

and survived cfficiently over a sh
(40]). However, OX40-deficient T
levels of anti-apoptotic proteins
BA-1. and consequently the major
long-term [40.41). Collectively,

prt time frame of 3-5 days
cells did not maintain high
uch as icl-2. Bel-xL. and
ty of 'T' cells did not survive
hese results have implicd

that a temporal sequence of events is necessary for optimal
‘I celi proliferation and survival, brought about by sequentinl

engagement of CD28 and OX40
this, optimal cxpression of OX40

20.21.42}. Cousistent with
and OX401. require CD28-

B7 interactions. Based on these resulls and others [20.21.42]
ithas been proposcd that OX40 costimulation prolongs T ccll
survival beyond the effector phase of the immune response
and thus serves to increase the number of memory T cells

by inhibiting effector T cell deatl

h [20,21.42]. Several stud-

25\
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ies using OX40 or OX401.-deficient mice, or agonists Abs
against OX40. have now provided direct in vivo evidence for
this proposition [20,21]. Tn ane such study, anti-OX40 Ab
wreatment enhanced T cefl numbers by 34-fold in the drain-
ing lymph nodes at day 4. and by 10-fold in the spleen on
day 8 compared with mice receiving control Ab, Anti-OX40
treatiment also enhanced the secretion of both ‘T'hi and Th2
cytokines by between four- and six-fold [43]. To determine
the impact of m1tf-0X40 treatment on memory development,
the frequency of antigen-reactive CD4 1" cells and cytokine
production in secondary lymphoid organs were assessed 35
days after immun:imlion with amtigen in adjuvant [43). Anti-
(OX40 resulted inbetween four- and cight-fold increase in the
absolute numbers of memory CD4 T cells in the spleen and
draining lymph r‘@odcs. corrciating with the action of OX40
an promioting enhanced frequencies of primary cffector cells.
‘The memory CO4 T cells generated as a result of OX40
engagement wcr';: functionally competent as evidenced by
their production of cytokines upon re-stimulation with anti-
gen ex vivo. Consistent with these resulls, OX40-deficient
mice developed fewer Ag-specitic CD4 effector T cells late
in the primary response in vivo and consequently the frequen-
cies of Ag-specific memory cells were 10- to 20-fold fower
35 days after priming. Interestingly, when LPS was com-
bined with anti-OX40 Ab treatment in another immunization

Nalve cell Activated cefls

- OX40

" Ag
1
{1-2 days)

+ OX40

Iﬂf .
@ Viatite cells

Daad cells

Fig. 2. Role of OX40 in CD4 memuey T cell developmeant. Rofe of OX40in CD4 memory T celt develupment. OX40 signals provide divisiva and anti-apoptotic
sigauls several days ilftera nalve 1 cell ¢ acounicers antiges. These signals allow continued turnover of cells and prowacte survival. preventing cxcessive spoptusis

regime using soluble antigen or superantigen {441, a 60-fold
increase in the number of memory T cells was observed
lwa months post inumunization as compared with a 15-fold
increase in mice that received Ag plus anti-0X40 alone. This
observation implies that in addition (o TCR- and (0X40-
cogagement, additional signals provided by danger signals
(LIPS or proinflanumatory cytokines) arc necessary to pro-
mote uptimal generation of long-lived CD4 memory in vivo,
Danger signals may cxert their effects both indirectly through
activation of APC which can lead to enhanced cxpression

of several co-stimulatory ligands including OX40L {44.45] |

und induction of pro-inflammatory cytokings, or by acting
dircetly on T eells toenhance their survival [46], cytokine pro-
duction, and possibly OX40 expression. Interestingly, uuti-
0X40 Ab trcatmeat also induced a dramatic increase in the
number of long-lived Ag-specific CD4 T cells detected in
the peripheral blood and other peripheral organs up to 196
days post-immunization {47], suggesting that OX40 engage-
ment can also increase peripheral migration. Coliectively,
these studies provide strong evidence that OX40-(OX40L
interactions play a critical role in enhancing naive CDD4 T
cell clonal expansion, diffcrentiation, and survival and thus,
in determiniog the oumber of CD4* memory T cells that
are generated at the end of the primary immune respoose
(Fig. 2).

Eftactor cells Memory cels

no Ag

{=14 days)

et

of effector cells at the peak of the pamasy immune response. Consequently OX40 increases the numher of effector celis thet enter the memory pool,
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§. OX40 and the costimulatory requirements for
memory T cell response

‘The importance of OX40/0X40L intcractions in cffec-
tive priming of naive CD4 T cells and hence dictating the
number of memory T cells has now been well established in
a varicty of hasic and discasc-related systems using OX40-
and OX401.-deficient or transgenic animals, and in blocking
regimens [20,211. However, studies addressing |hc‘_ specific
question of whether OX40 can also influcnce reactivity or
persistence of a CD4 memory T celf once it has been gener-
ated have lagged behind. .

The regquirement of costimulatory signals for reactivation
of C1M memory 1" cclls is conrroversial ar present. In vitro
studies carried out a number of years ago using dendritic
cells. B cells, or monocytes as APCs suggested that CD4
memory T cells have a reduced requirement for costimmu-
lation thap their oaive counterparts and that in many cases
TCR signaling might be sufficieat for their dilferentiation
and clfector function | 19,481 More recently. using APCs
(rom B7-deficient mice to stimulate TCR transgenic uaive or
meinory CD4 T cells, London et al. {49) demonstrated that
memory cells are less dependent on B7 molecules than naive
cells with regards to both proliferation and cytokine pro-
duction. Similarly. in vivo, blocking B7-CD)28 interactions
during sccondary responscs to the nematode parasites Helig-
mosomoides polvgvrus | 50), and Nippostrongylus brdsilien-
sis [51], or immunogenic apti-mouse [gD antibody treatment
[52). failed toinhibit CD4 memory T cell responses, whereas
blocking C1228 at the time of priming was inhibitory. Based
largely on these observations it has been thought that while
optinal in vive priming of naive T cells for proliferation,
survival, and cffector function requires costimulation, reac-
tivation of CD4 memory T cells might be partly or wholly
costimulation independent. The reduced requirement for co-
stimulation has been suggested by some groups to facili-
tate the more rapid Kiselics associated with the secoadary
immunc response. since the lag time (gencrally 24-72 h) nor-
mally required for up-regulation of co-stimulatory receptors
on T cells or their cogoate ligands on APC is bypassed'[53].
However, no or little requirement for costimulatory signals in
reactivation of memory cells could pose a potential problem
1o the host by increasing the likelihood of uctivation by cross-
reacting sci-antigens presented by non-professional APCs.
as well as when paniculate foreign or nen-immunogenic air
born antigens are repeatedly encountered. :

An alternative scenario may be that rather than becoming
co-stimulation (37/C1328) indcpendent, memory I cells.nay
shifl to being more reliant on other inducible molecules that
are up-regulated on memory T cells with faster kinetics thay
that obscrved on their naive counterparts during the primary
immune response. OX40 is down-regulated after the efféctor
phase of primary T cell responses and returmns to low or basc-
line kevels within a week after initial antigen encounter {36},
Significantly, however, antigen-primed effector CID4 " ¢ells
¢can up-regulate OX40 more rupidly than naive T cells and the

majority can re-express OX40|within four hours of antigen
stimulation (36). Early in vitra studies with IE¥ expressing
OX401. or B7 transfected fibrpblasts demonstrated that in
contrast 1o their role in priming jof naive T cells | 36], OX40L
alone, but not B7, induced high levels of proliferation and
cytokine production (including [I1.-2, 1.4, 11.-S, and I'N-vy)
from previously activated ‘I cells, ‘his obscrvation is consis-
tent with the notion that in conlrast to CD28, the reactivity
of an antigen-expericnced or memory ‘T celt may be predom-
inantly regulated by inducible dostimulatory receptors such
as OX40. Similarly. an anergic GD4 T cell, which also repre-
sents an antigen-experienced cell, can also re-express OX40
at low levels and be receptive to 0X40 engagement resulting
in cohagced Ag-specific prolifcration and cytokine produc-
tion {54). Collectively, thesc obs¢rvations imply that, similar
to naive T cells, OX40 may play jan important role in a range
of C04 memory T eell activities, lincluding proliferation, sur-
vival and effector function.

Recently. this possibility was cxamined using a well-
established murine model of asthma ([55,56). The aller-
gic responsc in this model is clicited by initial sys-
temic immunization with ovalbymin (OVA) and the Th2-
inducing adjuvant alum [57.58). Several weeks later, once
CD4 memory cells have developed, mice are repeatedly
exposed to acrosolized OVA over|several days. Within hours
after OVA inhalation, a dramalic increase in the oum-
her of antigen-specific memory/memory cffector T cclls
(CDA+CDANEN OXA0+) was séen in the draining medi-
astinal lymph nodes (MLNs) {581l Notably. thesc cells were
nol present in mice that were immunized with alum only,
implying that prior exposure to thd same antigen is critical in
this model, which is consistent with a memory or secondary
immuge response [ 581. Peak numbers of CD4+/0X40+ mem-
ory/memory cffector T cells were first ohserved in the MILN
at day 1 after recall antigen challenge, after which they
remained stable for at least four tlays. Few CDa+/0X40+
memory/memory effector T cells were detected in the BALE
and the perivascular and peribronchial arcas of the resting
lung before antigen inhalalion. However, after challenge, but
only in previously primed miice, :Lilny CD4+/0X40+ niem-
ory effector cells accutnulated although with delayed kinetics
compired to appearance in the draining lymph nodes. This
inplicd that the initial memory T cell expansion developed in
the MLN. and within 24 h the T cclls started to migrate to the
lung. The nppearance of CD4+/CDM4PE/0OX40+ T cells in
the lung was closely associated with increases in pulmonary
cosinophil numbers, Th2 cylokinc;TLLA. L5, IL.-9, and IL-
13 recovered from the BALF. seram OVA-specific IgE levels
and the development sirway hyperresponsiveness (ATIR) 10
methacholine (MCh).

Studies involving adoptive transfer of labeled antigen-
pulsed 1Cs and/or OVA into the trachca of cxperimental
animals, as well as ccil-type specifi¢ deplction experiments,
have shown that airway DC are the |principal APCs respon-
sible for reactivatiog of memory Th2 cells both within the
airway mucosa and the lymph nodc [39,60). In this regard, the
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kinctics and distribution of OX40+ memoryfeffector T cells
after inhalation of autigen mirror the Kinetics and direction
of mrigration of OX40L expressing CDIle+/CDIb+/MUC-
Class [IM8d DCs (Salek-Ardakani and Croft unpublished).
implying that OX40/0X40L interactions may be important in
the initiation and/ot anplification of memory Th2-depeadent
allergic responses. Consistent with this, an carlicr study using
OX40-deficient mice had demonsirated a requirement for
OX40 signals in the initial development of asthmatic symp-
torus (57], a finding that was subsequently reproduced in
mice with a turgeted deletion of OX40L gene {61]. However.
as discussed above, hecause primary immune responses are
defective in these mice it is difficult to make any conclusions
regarding a requirenent for OX40 in the secondary response
of a memory Th2 cell that ultimately induces lung inflamma.
tion and AHR.

6, Role of oxw' in re-activation, effector function,
and suevival of CIX4 memory T cells

To cxaming the contribution of OX40/0X 0L interactions
10 reactivaion of resting memory Th2 cells a blocking anii-
OX40L mAb, RM134L [62]. was administered to OVA sen-
sitized mice atthe tine of re-chaticnge with acrosolized anti-
gen. Strikingly, specific blockade of OX40-OX40L interac-
tions throughout the challenge period reduced the scenmla-
tion of C1D4 T cells, and specifically CD4+/CD44MBhOX A0+
cells at all days examined, and almost completely suppressed
the memory 'Th2 cell driven pulmonary inflammation. More-
over, MENSs or lung celf cultures from mice where OX40L
was blocked showed little reactivity with respect (o antigen-
specific proliferation and Th2 cytokine production ex vivo.
This data provided the first direct cvidence that OX40-
0OX401. interactions are required for mernory I cell reac-
tivity and for development of a recall immnune reaction, and
was consistent with the idea that in the ahscnce of OX40
signals few functional antigenereactive secondary clfoctor
T cells developed after memory T cells ce-encountered
antigen. .

“To directly show that OX40 expressed on a memory T celt
was required for their response and for driving lung inflanuna-
tion, OVA-specific OX40-deficicnt CD4 cells were produced
by crossing 0X40-knockout mice to OT-11 TCR transgenic
mice, which exclusively bear Va2/V(BS CD4 cells reaclive
with the 1A -resuicted epitope of OVA [58]. Purified naive
CD4 cells from wild-type (OX40+/4) or OX40-deficient
(OX40—/-) OT-1T mice were cultured in vitro with anti<(’D3
and andi-CD28 under Th2 (TL-4, anti-TL.-12, and amli-IFN-vy)
polarizing conditions for a time period thatallowed primary T
eclt cxpunsi(m‘ur\d cantraction to proceed, essentially mim-
icking an in vivo primary T cell response. These in viro
rested Th2 cells were then fabeled with CI'SE, adoptively
irnaslerred iato naive recipients. and then these mice were
challenged intranasally with OVA. This protocol serves two
purposes. One is to hypass the requircment for OX<40 in prim-

ing naive T cells. The second is to bypass the requirement for
seasitizing mice in vivo before acrosol challenge. Such in
vitro stinmlated and rested cells are phenotypically similar
to memory T cells that develop in vivo. and they caa direcily
reproduce an inflammatory event that occurs after challeng-
ing previously primed animals [25.63.64].

Adoptive transfer of wild-type OVA-specific memory Th2
cells followed by repeated intranasal QVA challenge resulted
in pronounced division of all OX40+/+ 1" cells and accu-
mulation in numbers was observed in the lymph podes
and the fung. This was associated with a recruitment of
cosinophils and production of Th2 cytokines. Significantly.
OX40—/—memory T cclls were impaired in expanding in
oumber such that approximately four-fold fewer cells accu-
mulated in MEN and the lung at the end of the antigen chal-
lenge period. Consistent with OX401.-blocking experiments,
mice receiving OX40-deficient memory T cells, showed little
or no increase in the oumbers of inflammatory cells recov-
¢red from bronchial lavages, relatively normal lung histology.
and a virtual absence of Th2 cytokines. These results clearly
showed that OX40 cxpressed onamemary T cell was required
for promoting lung inflammation. Furthermore. they suggest
that OX40 signals regulate the number of memory ¢lfector
cells that are generated over time after they re-cacounter anti-
gen.

The exact downstream signaling pathways that fead to
enhanced division and survival of antigen-responding mem-
ory (D4 T cells upon OX40 engagement are currently
unclear. Recent data suggest that one target of OX40:are the
anti-apoptotic proteins of the Bel-2 family such as Bel-xL,
Bfi-1, and Bcl2, which are increased after OX40 ligation
and comrespondingly decreased when 'L cells canaot express
OX40 [40.41]. Additionally. OX40 might simultageously
cxert cffects on suppressing capression or activity of pro-
apoptotic proteins such as Bad and Bim (J. Song and M.
Croft, unpublished ohservations). The kinase Akt otherwise
known as protein kinase 13 (PKDB), inost likely dircctly or
indirectly controls the effects of OX40 whether it is during
initial priming of effector cells or during the reactivation of
memory T cells. Akt kinase activity was not susinined over
time in OX40-deficient T cells. and significantly. a consti-
(utively aclive form of Akt iotroduced iolo in vitro acti-
vated OX40-deficicnt CD4 cells by retroviral transduction,
was ablc to complctely compensate for the lack of OXA40.
Moreover, direcily relevant to the data with memory-induced
luag inflummation, active Akt restored the ability of OX40-
deficient memory T cells (o expand in numbers in vivo and (o
promote such inflammation {41). More recently, another tar-
get of OX40 costimulation was clucidated. o moleeule lermied
survivin which belongs to the Inhibitor of Apoptosis (IAP)
family (Song and Croft, in press). Survivin was shown to be
regulated by Akt not upregulated cfficicntly in the absence
of OX40, and its defective expression was associated with
a block in cell cycle progression and coincident apoptosis.
Additionally, survivin, retrovirally iateoduced into in vitro
primed OX40«deficiem T cclls, was able to restore division
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and clonal expansion of these I cells when encountering
recall antigen in vivo (Song and Crolt, in press).

Taken together, these data suggest that OX40 act$ at least
on some responding memory T cells in an analogous masner
10 ils action oo naive T cells, und strongly coutrols the abso-
lutc munber of antigen-specific memory cffector 1 dells that
accumulate during the recall response. Regardless of the pre-
cise mechanisms, the finding that reactivation of some types
of memory cells, like naive T cells, require co-stimulation
through OX44 has important ramifications not only for our
understanding of the basic mechanisms of CD4 memory. but
alsoindesigning more cfficient vaccines to combat infections
or awtoimmunc and alicrgic disorders,

7. CD4 memory T cell heterogeneity and
requirement for OX40 \

An attractive mode! of how T’ cell memory develops
depicts a stepwise differentiation of naive cells through effec-
tor cells, direetly into memory T cclls, and then into sec-
ondary cffector cells only when recall antigen is encountered
(Fig. 1). However, studies carried out in a number of experi-
meantal systems suggest that memory CD4 T ¢el) populations
arc heterogencous, containing subsets that migrate through
tymph vodes (CDG2L-high; ‘central’ memory I cells) and
those that migrate to tissues (CNG2T.-tow; "effector” wiemory
I cells) [65-67). The relationship between these subsets is
stilt being clucidated, and the effector memory subset might
represent an intermediote primed stage that is retaided for
some time after antigen encounter before a truly quicscent
central memory population is produced [4.7]. The ‘central’
memory cells might be considered to be less ready for'action
with slowcr kinctics of cffector cytokine production, but with
increased proliferative potential, Based on these observations
it has been postulated that ‘effector” memory T cells that
reside or recirculate through non-lymphotd tissucs such as
the lung participate dirccily in the initiation of cither pro-
tective [68.69] or pathogenic {70,711 memory responies by
rapidly producing cffector cytokines at the site of antigen
encounter, whereas activation of ‘central’ imemory CI34 cells
in the secondary lymphoid organs is required for the geer-
ation of new rounds of ‘effector” memory T ceils and thus
may coutribute to the maintenance and/or amplification of
the overall response (Fig. 3a). '

The existence of at least two phenotypically and per-
haps {uactionally distinet memory subscts mises an inter-
esting question as (o whether different memory subsets
have different requirements for co-stimulatory signals with
respect to their survival and functionality. The aforemen-
tioned study of asthmatic fung inflammation demonsirated
that blocking OX4(/OX40L. during recall rosponses to
inhaled antigen almost completely reduced the number of
COHCDA4MBAOX A0+ cells visualized in the MLN af the
height of the response, and prevented the ensuing asthmatic
response [$8). At first glance this might suggest that OX40

signals influence amigen presantation hy 1DCs to ‘central’

memory T ¢ells and dictate th
over time (Fig. 3b). However,

ir ability 0 expund/survive
antigen prescitation in the

MLNs is not the only site of interaction between DCs and
memory T cells in this model. *)ma gathered more recently
il

show that CID44hehCRE2lw ¢

cctor’ memory ‘I cells that

reside or recirculate through the fung can be stimulated

locally by airway submucosal
inhalation [70,71]. Perhaps thi
DCs and ‘effector’ memory I

DCs within 2h of antigen
carly interaction between
cells in the airways directs

migration of DCs into the affergnt lymphatics, towards the
T cell arcas of MLNs where théy can interact with resting
‘centrai’® memory cells and induce their proliferation and
differeatiation into effector cells|(As showa in Fig. 3a). Cer-

fainly it is not known whether
memory T cells in the airways

XC activation by ‘cffector’
is an absolute prerequisite

for DC maturation and migration into LNs and therefore,
whether subsequeat activation of]‘central” memory Th2 cells
can occur in its abscnce, but thislis an intriguing possibility.
If 5o this could imply that the reduction in ‘central' memory
CD4 numbers scen in MLNS in the ab of OX40signaling
may be indireet, i.¢. duc to redured activation of ‘effector’
memory cells in the airways and/or inhibition of DC mat-
uration and migration to LN (through reverse signaling by
OX40L). Kinetic hlocking experiments where mice reccived
anti-OX40L Ab at different timeb after the ipitial antigenic
insult showed that although delaying anti-OXd0L. treatment
by | or 2 days reduccd the overall inflammatory response by
50% and 80% the most dramatic kffect was only seen when

0X40/0OX40L interactions were

inhibited at the time of ini-

tial encounter with recall antigen {58]. 'This observation could
then be equally consistent with the idea that OX40/0X40L
interactions might be crucial for activation and early produc-
tion of cytokincs by ‘effector” memory T eclls in the airways,

and through reverse signaling for

migration to LNs (Fig. 3¢). Furthe

clptimal IDC maturation and
studies will he required 1o

understand whether there is truly [a differential requirement
for OX40 signals by central und cffector memory T cells.

8. Is there a role for ()X40 in pepsistence of C14

memory T cells?

It has been known for many

ytars that memory CD4 T

cells can survive for a long time at/least as a population, and

memory appears to be maintained

of least in part through peri-

odic slow cell division and contingous replacement of cells,
To dute, 1wo signals have been considered to play a role in
maintenance of CN4 memory T eells, namely MHC-peptide
and cytokines. arly reports from jnouse models supported
the idea that the longevity of cffedtive memory was depen-

dent on periodic exposure toantigen [ 1,72.73]. Howcever, data
gathered subscquently challenged this idea and suggested that

memory CD4 T cells can survive

far extended periods in the

ubsence of specific antigen and in some cases in the obsence
of any MHCII molecules [27). Mgre recently, Kassiotis ot
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(A) O%a0 requirement by Tcy & Tey (B)  OX40 requirement by Ty,
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Airwey
Epithefium
Activation at Ty, by OC Activation of Tgy by DC
Th2 cytokine praduction < Th cytoking production
b A

({C) OX40 requirement by T,

Regucet Th2 eytoking
production by Ty,

Cionad expanslon Reduced survival of Tem in the Reduced survival of Tom in the
#nd differntistion sbsente of OXA0-signals spence of OX40-tignate
Breining lymph node

Fig. 3. Diffescat subscts of CD4 memory T eells fullowing imawunizrtion/infection and their requiremwat for OX0 sigaals. (A) Alter primary infection o
immuaizativa. CDH T ecll memory is established in the lymphoid urgans (CD44-high/CD62L-high: ceetral meaxxy T eells (Tom)) and the lungs (CDEE
high/CD62Ldow: Fffector memory T cells (Tew ). Antigen is taken up across the mucosal impermeable bartiee by immatre respiratory dendritic cells (DC),
Within Zh afler nn[igzn encounter, airway 1XCs intecact with resident Jong-lived Ty cells in the submucosal areas of the lung. This interaction results in
activation of ‘Tem add initistion of their effectoe function. Al the same time DC maturation and migration to the I' cell arcas of MULNs via the cferent
lymphatics occurs. Within 4 days, this will tcad to clonal expansion of residenr antigen specific Tew followed by their subscquent differcatiation to T cells
and cgression nf:h'. Trm cells back w the lung. These elfectors (Pryd can then he ee-stimulated by tung DCs 1o then mediate a I hetper 2-type (msmuphll-

dinted) infl v« (B} OX40 requirement by contral memory 'F cells, Tn the sbsence of OXAD signals in the MINs, TCM celle initidlly divide
sormally but fail to maiatain bigh levels of anti-apoptotic proteins such as Bic)-2 and Bel-xL. and BA- 1. and consequeaty the masjority of T cells do aot survive
to differcatiate to Ty and migrate baek to the lung 1o mediste their effector function, (C) OX+0 requirerment by effector memory T cclls. In the gbseace of
OXJ0 signals in thé lung, Tem are not clficienily aglivaied (o produce Cytokings in the alrways. Additionally. the absence of reverse signaling trrough OX+0L

may resultin inhibikan of DC maturation and migeation Lo MIN, followed by their inshility to induce oplimal activalion and expansion of Tewm eells.

al. {28] shed some light on these apparent discrepancics by
providing experimental evidence, which indicates that a CD4
memory ‘I cell can persist in the absence of signals accompa-
nying antigen recognition, but such imeractions are needed
to maintain func¢tional activity of thesc cells overtime.
Evidence that cytokines play a role in maintenance of
memory T cells came initially from studies showing that
injection of cithier type 1 [FN (IWN-«/@) or induccrs of [F'N-
/B sumuk\lcd ‘I'CR-independent prolileration of memory
CD8 T cells invivo [74,75]. Subsequenily, s number of other
cytokines, including TL-12, M.-15. IL.-18, and [FN-v, were
found 1o have similar efTects [76-79]. By comparison, it was
thought likc]y:lhul CI4 memory cells also require eytokines
for survival. Memory C4 1 cells are found in normal num-

bersinll-15 ~/— and IL1Sa—~/— mice, and these C1 )4 T cells
are not particularly sensitive to 115 induced proliferation
suggesting that this cytokine may not play a role in their main-
tenance (80,811, Consistent with this, 4 memory T cells
were found to he lang-lived in mice deficicnt for the com-
mon y-chain, indicating thal none of the cytokines utiliziog
this receptor component (1.2, 1.4, 11.-7, 11.-9, and T.-15)
are esseatial for their survival [82], Similarly, unlike mem-
ory CD3 cells, homeostatic proliferation of memory CID4
cells is independent of ITL 4, IL-7, agd IL-15 [83]. [8 contrast
to the reported dispensability of y-chain cytokines are more
recent studies that have suggested a role for [L..7, both in the
formation of CD4 memory cells, and also in their mainte-
nance {84-86]. 'The discrepancics between these studics are
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presently unclear but they may suggest that additional ¢lasscs
of survival factors/interactions exist. ‘

One possibilily is that memory T cell number/survival
and/or functionality is maintained over time through continu-
ous or perivdic interaction between costimulatory molecules,
We have hegun 10 address this issue in the asthuna model
described above. Because blocking OX40 signals during the
secondary encounterof a memory T cell profoundly inhibited
the ability to promote lung inflammation, we tested whether
this would result ia [urther impairment if antigen was encoun-

tered later in a tertiary response, Accordingly. sensitized mice -

receiving anti-OX40L at the time of secondary éxposure to
acrosolized OVA were rested for several months and then
re-cxposed to a tertiary chaflenge of acrosoliced OVA, but
in the abscnce of anti-OX40L. (Salck-Ardakani.and Croft
unpublished). A robust lung inflammatory response including
eosinophilia was found in the tuags of control animals treated
with irretevant Ig in the sevondary respouse. In contrast, much
reduced histological evidence of lung inflammation and dam-
uge was found in animals that received anti-OX40L at the
time of secondary challenge. These data imply that blocking
OX40/0X40L. interactions can severely limit the persistence
of & memory Th2 response and effectively prevent further
lung pathology for a significant period of time after antibody
treatment. :

Exactly how OX40 might control the maintenance of such
memnory remains to be determined. The simplest idea is that
OX40 signals are required for proliferation and survival of
memory T cells when antigen is encountered, and as 0X40
lurgets anti-upoptotic proteins. without these signals many of
the responding T cells will die rather than live to maintain
the high [requency of the memory T cell pool. Another oon-
mutually exclusive possibility is that OX40 signals impact on
the functional activity of the surviving meniory T cell popula.
tion rather than the froquency of antigen-reactive T cells. The
latter would be in agreement with the notion put forward by
Kassiotis ot al. {28] that suggest that signals reccived during
antigen recognition are required for the function of memory
T cells but not pecessarily for their persistence,

Tn support of the idea that OX40 sigaals inay play a role
in the maintenance of C1)4 memory is the recent identifica-
tion of an accessory cell (CD3-CD4+CDIle-MICTE+) in the
B:T cell interface and within B cell follicles of the secondary
lymph nodes that constittively cxpresses OX40L (87.48).
Inierestingly, these cells were visnalized (o associate with
OX40+ bul not OX40— memory CD4 T cells several weeks
after immunization, and this inleraction was suggested (o be
important for survival of OX40+/+ T cells in vivo, Thus.
it is conccivable that these aceessory cells could influence
tongevity of ‘central’ memory CD4 I cells that reside in
secondary lymphoid organs by providing survival signals
over time. Here the periodically dividing memory populd-
tion may he more reliant on signals through OX40 or other
co-stimulatory molecules (89].

Ju addition to secondary lymphoid organs. recent studies

indicate that memory ' cells can also survive for cxtended

perieds of time in non-lyniphoid tissues. 1°or cxample, using
tetramer staining and ELISPOT analysis, Togan et al. [68)]
showed that high frequentics of antigen-specific CD4 and
CD8 T cells remained in thd lung airways and parenchyma for
several months following resolution of Sendai and inflwenza
virus infections. Similarly, long-lived th2 memory cells have
heen detected in the fungs o&micc 100-400 days after recav-
ering from acute allergic asthma. These cells have a memory
phenotype and respoud rapidly by scercting 114 and IL-5
upon Ag stimulation (90]. The source and the nawre of sig-
nals required for longevity bf memory T cells in the fung
is presently unclear but may result from their interaction
with long-lived CIDUb+CIDlEc+174/80+ airway 1>C popula-
tion recently described by Jufin et al. {911, The scenario in
which airway 1JUs play a role in maintenance of memory
C1D4 T cells inthe lung is consistent with the findings that air-
way DCs produce chemokines that selectively atract memory
cells to the fung {92). Whether|OX40 and its ligand might be
involved in this type of memony langevity is not known, but
ilis interesting that at least ut the peak of a lung inflammatory
response, most CRICDIe+DC are expressing OX401.. 1f
this is maintained on these APC} for long periods is not clear.

9, Conclusions und future directions

Understanding the regulatory mechanisms involved in
CI>4 memory cell development has important implications
with regards to the important \issue of vaccine design.
Successful vaccioes induce strong and long-term humoral
responses, and at least for 1" cells, depend on strong initial
clonal expansion of precursor cells, [Further success in vac-
cine design might rely on developing strategies that reduce
cell death at the end of the primary immune response, therchy

-augmenting the entry of effector (eells into the long-lived

memory cell pool. Additionally, it ight be possible 10 target
molecules or pathways to interferc with homeostasis and off-
setting the balance between proliferition and attsition during
the persistent phase of memory cells. In this review we have
discussed experimental evidence dumonstruting that OX40
signals dramatically exhance the survival and functionality of
clfector Tcells at the end of the primaty imnume respouse ind
consequently the number of memory T cells that are devel-
oped once antigen is cleared. Momok/er‘ we have discussed
recent data oblained in a murine model of asthma demonstrat-
ing that OX40 signals are critical forreactivation of resting
memory Th2 cells und their persisichee/Tunctionalily over
time. These results strongly imply thatltrgeting OX40 could
represent a promising new target for mapipulating CN4 mem-
ory cell gencration, reactivation and persistence. [mportant
questions that remaia unanswered ard whether OX40 sig-
nals are similarly requircd for re-activalion of memory cells
(C1>4 or CHR) in acute and chronic ipfection models? In
view of recent findings demonstruting that great migratory
and functional heterogeneity exists améug CD4 memory T
cells itwill be important to examine whether OX44 signals are
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preferentially required by different memory subsets (ie. cen-
tral versus effector). In this regard. further characterization
of lymphoid and non-lymphoid memory subsets in different
organs and systems is needed to dissect the effects of loca-
lion on memory T cell survival/function and costimulaory
requirements. Fusthermore, an important but relatively unex-
plored arca of research is the question of whether long-term
survival and functionality of memory CD4 T cells requires
contiious or periodic signals from costimuliatory molecules
such.as through OX40. ffinadly, s OX40 is a member of o
family of molecules' with similar and perhaps overlapping
functions. it will he important to cxamine how additional
signals provided by others in the TNER superfamily such as
4138, LIGHT, HVEM, and CD27 arc inlcgrated with OX40
signals to achieve optimal generation. persistense and re-
activation 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 anti-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 lipopolysaccha-
ride (LPS), but not on peritoneal macrophages. Inter-
estingly, splenic dendritic cells (DC) expressed OX40L
constitutively, which was further upregulated by LPS
stimulation. The potent costimulatory activitdes of
splenic DC for anti-CD3-stimulated rat CD4* T cell
proliferation and cytokine (IL-2, IFN-v, IL-10, and I1L-
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. ¢ 2000 Acsdemic Press

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

Abbreviations used: OX40L, 0X40 ligand: HTLV-1, human T celi
leukemia virus type [; DC. dendritic cells; mAb, monoclonal antd-
body; EAE, experimental autoimmune encephalomyelitis; GVHD,
acute graft-versus-host disease; RA, rheumatoid arthritis; EAU, ex-
perimental autolmmune uveoretinitis; LPS, lipopolysaccharide;
BSA, bovine serum albumin, -
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OX40 mAD (1). cDNA cloning of rat, mouse, and human
0X40 showed that It belongs to the tumor necrosis
faﬁtor (TNF) receptor superfamily (2-4). We previously
identified the rat ligand for OX40 (OX40L) by cDNA
clohlng (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 reles in regulat-

ing icellular activation, differentiation, and apoptosis
(8-10).

ression and function of the OX40/0X40L mole-
cules have been studied in the mouse and human sys-
tems, It has been shown that the expression of OX40 is
restricted to activated 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 c¢DNA transfectants have shown that OX40L
provides a costimulatory signal to T cells, resulting in
increased proliferation and cytokine preduction (1, 6,
7). Very recent studies using OX40- or OX40L-deficient
mice have shown that these mutant mice exhibited an

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
lmpalredlhumoral immune response was observed in
OX40L-deficient mice in a certain condition (19). Col-
lectively, |these studies suggested that the OX40/
OX40L system plays substantial role in regulating
cellular and humeral immune responses /n vivo. 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 5 mouse leishmaniasis mode] (20). Besides
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such physiological functions, OX40 has been suggested
to be preferentially expressed on pathogenic T cells in
experimental autoimmune encephalomyelitis (EAE) in
rats, and acute graft-versus-host disease (GVHD) and
rheumatoid arthritis (RA) in humans (21-23}. Further-
more, it has been shown that both OX40 and OX40L
are expressed at high levels on human T cell leukemia
virus type I (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
0X40/0X40L system to these diseases remains to be
verified in appropriate animal models.

To further explore the physiological and pathelogical
functions of OX40L, the rat system has some advan-
tages over the human and mouse system. Superior
models of autoimmune diseases, such as collagen-
induced arthritis, experimental autoimmune uveoreti-
nitis (EAU), and EAE have been developed in rats
(29-31). Some models of human diseases, such as
HTLV-1-associated pathologies (32), are unique in the
rat system. In order to facilitate the studies in the rat
system, we now generated a functional blecking mAb
against rat OX40L and characterized the expression
and function of OX40L in the rat system.

MATERIALS AND METHODS

Animals and cells. Six-week-old female SD rats and Lewis rats
were purchased from Charles River Japan (Atsugl, Japan). HTLV-
1-transfromed rat T cell lines (F344-S1, ACI-S1, WKA-S1, and
Lewis-S1) (33) were provided by Dr. T. Yoshiki (Hokkaido Univer-
sity, Sapparo, Japan). A rat thymic lymphoma cell line (FTL13) (34)
was provided by Dr. T. Ueda (Hokkaido University). A rat macero-
phage cell ine (WRT7/P2) (35) was provided by Dr. M. Hosokawa
(Hokkaido University). A normal rat kidney cell line (NRK-52E) was
provided by Dr. T; Otsuka (Institute of Cytosignal Research, Inc.,
Tokyo, Japan). A;murine T lymphomsa L5178Y and a murine my-
eloma P3UL (P3X63Ag8U.1) were purchased from ATCC (Rockville,
MD). These cells’ were cultured in RPMI 1640 medlum containing
10% FCS, 10 mM HEPES, 2 mM t-glutamine, 1 mM sodium
pyruvate, 0.1 mg/ml penicillin and steptomycin, and 50 uM
B-mercaptoethansl.

Antibodies and reagents. PE-conjugated goat anti-human IgG Ab
was purchased {from Caltag (South San Francisco, CA). Purified
and-CD3 (G4.18), antl-DC (OX62), anti-mouse IgG3 (R40-82), and
eontrol mouse' IgG1 {107.3) mAbs, FITC.conjugated anti-CD4
(OX35), CD8 (G28), CD11b/c (0X42), CD45R (HIS24), and control
mouse [gG2a (G155-178) and IgG2b (49.2) mAbs, PE-conjugated
ant-CD25 (0X39) and control mause IgG1 (Al112-2) mAbs, biotinyl-
ated anti-rat CD134 (OX40), control mouse IgG1 (107.3) and IgG2b
{49.2) mAbs, ;and PE-labeled streptavidin were purchased from
PharMingen (San Diego, CA). Ant-CD80 (3HS5) and CD86 (24F)
mAbs were prepared as described previously (36). A fusion protein
consisting of the extracellular portion of murine OX40 and the Fc
portion of human IgG1 (OX40-Ig} was prepared as described previ-
ously (5). Bovine serum albumin (BSA) and lipopelysaccharide (LPS)
were purchased from Sigma {St. Louis, MO). Collagenase was pur-
chased from Wako (Osaka. Japan).
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Preparation of rat OX{OL transfectants. Rat OX40L ¢DNA was
subeloned into the pMKITneo expression vector and transfected into
NRK-52E and L5178Y cells by electroporation as described previ-
ously (5). Mock transfected cells were also produced by electropora-
tion of the pMKITneo vector without an insert. Afer selection by |
mg/ml of geneticin, transfectants stably expressing rat OX40L were
identified by staining with 0X40-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 my-
eloma cells. After hypoxanthine-aminopterin-thymidine selection,
one hybridoma producing ATM-2 mAb (mouse IgG1,x) was tdentified
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 acid, and purity was
verified by SDS-PACE analysis.

Cell preparation and culture.  Splenic T cells (2.5 X 10%ml) were
prepared from SD or Lewis rat splenocytes using a nylon wool col-
umn (Wako, Osaka, Japan) and stimulated with immobilized anti-
CD3 mAb (10 pg/ml) for 24~ 48 h. Splenic lymphocytes (2.5 X 10%m])
were prepared from Lewlis rat splenocytes by depleting adherent
macrophages and stimulated with LPS (10 ug/mi} for 24-48 h.
Perttoneal macrophages were obtained from Lewis rats by peritoneal
lavage with ice-cold PBS and depletion of nonadherent cells after a
brief culture on plastc dish, and then stimulated with LPS (1
ug/ml) for 24-48 h. Splenic DC were prepared according to the
previously described methads (37, 38) with slight modifications.
Briefly, spleens from Lewlis rats were injected with 200 U/ml colla-
genase in HEPES-buffered . saline (pH 7.2) and were chopped into
small fragments with sdssors in a culture dish. The perfusate from
these treatments was collécted and stored on ice. The small frag-
ments of spleens were left in the culture dish with 400 U/ml colla-
genase, incubated for 30 min at 37°C, and then agitated by rapid
pipetting. The spleens and the perfusate were disrupted further by
passing through a stainless steel screen and grinding with a syringe
plunger. All the released cells were pooled and centrifuged at 1,500
rpm for 5 min at 4°C. The cell peilet was resuspended in dense BSA
solution (p = 1.080) at 1 x 10*/ml, overlaid 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 in culture medium, and cultured in 6 well-plate
for 90 min at 37°C. The non-adherent cells were removed and then
the adherent cells were further cultured overnight in culture me-
dium. After this overnight culture, nonadherent cells, which con-
tained 60-80% OX62-positive cells as estimated by FACS analysis,
were collected and used for T cell costimulation or stimulated with
LPS (10 ug/ml) for 24-48 h.

Flow cytometric analysts. Cells (5 X 10% were first preincubated
with normal rat [gG (1 ug/ml) to avoid non-specific bindtng and then‘
incubated with a saturating amount of OX40-1g, FITC- or PE-labeled
mAb, or bistinylated mAb. After washing with PBS twice, the celis
were incubated with PE-conjugated goat anti-human IgG Ab for
0OX40-Ig or PE-labeled streptavidin for biotinylated mAb. After
washing with PBS twice, the stained cells (live-gated on the basis of
forward and side scatter profiles and propidium lodide exclusion}
were analyzed on a FACSCalibur (Becton Dickinson, San Jose,
CA), and data were processed using the CellQuest program (Becton
Dickinson).

T cell proliferation and cytekine assays. Splenic T cells (5 X
10°/well) were cocultured with 100 Gy irradiated rOX40L/NRK or
mock/NRK transfectants (1 X 10%well) in the presence of ! ug/mi
antd-CD3 mAb and 0.5 ug/ml anti-mouse IgG3 mAb In 96-well flat
bottamed culture plates at 37°C, 5% CO, for 72 h. Various concen-
trations of ATM-2 were added at the start of culture. Splentc CD4* T
cells (5 X 10°Awell), which were purified from nylon wool passed
splenocytes by using Rat CD4 Cell Recovery 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 1.5178Y-derived transfectants (rOX40L/NRK,
rOX40L/L5178Y, mock/NRK, and mock/L5178Y), HTLV-1-transformed T cell

(F344-S1, WKA-S1, ACI-St, and Lewis-S1), a macrophage

cell line (WRT7/P2), and a thymic lymphoma cell line (FTL13) were stained with FTC-labeled ATM-2. The bold lines represent stalning with
FITC-labeled ATM-2 and the plain lines repment background staining with FITC- labeled contral mouse IgG.

‘ (1 % 10%well) in the presence of 0.3 pg/ml immobilized antd-CD3

mAD in 96-well flat bottomed culture plates at 37°C, 5% CO, for 48 h.
For estimating proliferative responses, the cultures were pulsed with
0.5 uCi/well of [°H]-thymidine (Amersham, Buckinghamshire, UK)
for the last 6 h or 12 h and harvested using a Micro 96 Harvester
(Skatoron, Lier, Norway). Incorporated radioactivity was measured
{n a micro beta counter (MicroBeta Plus, Wallac, Turku, Finland). To
determine cytokine (IL-2, IFN-y, [L-4, [L-10, and [L-13) productien,
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
Immunoassay kit (BloSource, Camarillo, CA) and OptEIA sets for
rat [L-2, IL-4, or [L-10 (PharMingen) according 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
0X40-Ig (5). Therefore we immunized BALB/c mice
with F344-S1 cells and fused the splenocytes with
P3U1 myeloma cells. The hybridomas producing ant-
rat OX40L mAb were screened by specific reactivity
to rat OX40L cDNA-transfected L5178Y (rOX40L/
L5178Y) cells. As shown in Fig. 1, one 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/L.5178Y) cells. Some rat
T cell lines were also tested for OX40L expression
by staining with ATM-2. HTLV-I-transformed rat T
cell lines {F344-S1, WKA-S1, ACI-S1, and Lewis-S1),
which expressed OX40L mRINA 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 not express OX40L
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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 lines expressed OX40L con-
stitutively, possibly due to the transactivation by Tax
encoded by the pXregion of HTLV-1 (7, 25, 27, 39). Tax
has been shown to transactivate not only the viral long
term repeat but also the expression of various host
genes,| including IL-2 receptor, IL-2, c-fos, c-jun, and
0X40,|and to play an essential role in HTLV-1-induced

T Cell|\Castimulatory Activity of Rat OX40L and
Its Blockade 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/L5178Y cells was
almost completely inhibited by preincubation of the
cells with ATM-2. This indicated that ATM-2 can in-
terrupi the interaction between OX40L and OX40.

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 praliferative responses were assessed. As shown in
Fig. 2B. rOX40L/NRK cells costimulated the prolifera-
tion of antl-CD3-stimulated T cells far more efficiently
than mock/NRK cells. This proliferative response co-
stimulated by rOX40/NRK cells was inhibited by

O
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FIG. 2. Functional properties of ATM-2. (A) Blocking of OX40-Ig binding to rat OX40L transfectants. rfOX40L/L5178Y cells were
pretreated with or without ATM-2 or control mouse [gG and then stained with OX40-Ig followed by PE-labeled goat and-human IgG Ab. The
control histogram represents background staining with ATM-2 and PE-labeled ant-human IgG without 0X40-Ig. (B) Blocking of T cell
costimulatory activity of rat OX40L by ATM-2. SD rat splenic T cells (5 X 10°Awell) were cocultured with irradiated rOX40L/NRK (O) or
mock/NRK (O} cells (1 X 10*Awell) in the presence of anti-CD3 mAbD (1 ug/mi) and the indicated concentrations of ATM-2 for 72 h. Proliferative
response was assessed by pulsing the cultures with 0.5 uCi/well [*H]-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-
dicated that ATM-2 can efficiently block the T cell
costimulatory activity of rat OX40L.

Expression of OX40 and OX40L on Rat T Cells

We next examined the expression of 0X40 and
OX40L on rat splenic T cells by flow cytometric analy-
sis using an anti-rat 0X40 mAb (MRC 0X40) and
ATM-2. An anti-rat CD25 mADb was also included as an
activation marker. Splenic T cells from Lewis rats were

stimulated for 24-48 h with immobilized. anti-CD3
mAb. As shown in Fig. 3, the expression of 0X40 was
detected on CD4" T cells after stimulation with anti-
CD3 mAb, but not on CD8" T cells. This preferential
expression of rat OX40 on CD4" T cells in the rat
system was consistent with previous reports by others
(1, 40). In contrast, we previously reported that OX40
was expressed on both CD4* and CD8* T cells in the
mouse system (13), which represents a species differ-
ence in 0X40 expression on T cell subsets. On the other

CD4™ T cells CD8™* T cells
0X40 OX40L CD2S 0X40 OX40L CDh2s
Oh i 5
. 109 10" 10F 10® 10* 1% 10" 10 10% 10t 1o so' 10 0P 10 108107 107 18 10 100 10" 107 10B 16*  1c® 16! 107 1c® 10*
3 3
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i ¥ |
!= 109 10' 10? 10® 10*  10P 10" 10”7 1% e 109 1of 10f vo® 10t 5 109 10" 107 10 10* 1 10° 10" 107 10® 10t 10% 10! t0f 10 to*
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0P 1ot 107 16" 10t 1 16t 107 P tet w' i 1 w' 1% 19" 1o% 1% 1e*  1C 1of 10 1% 0t 160 100 10¢ 10° 10*

Fluorescence intensity

Fluorescence intensity

F1G. 3. Expression of 0X40 and OX40L on rat T cells. Splenic T cells from Lewis rats were stimulated with immobilized anti-CD3 mAb

and harvested at the indicated periods. Cells were stained with FITC-labeled anti-CD4 or anti-CD8 mAb and biotinylated ATM-2, OX40, or
control IgG followed by PE-labeled streptavidin or PE-labeled anti-CD25 mAb. Histograms shown are staining of electronically gated CD4*
or CD8" cells. The bold lines represent staining with mAb against the indicated molecules and the plain lines represent background staining
with contrel 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 stained with FITC-labeled anti-CD45R or antl-CD11We mAb
and blotinylated ATM-2 or control IgG followed by PE-labeled
streptavidin. Histograms shown are staining of electronically gated
CD45R"* or CD11b/c" cells. The bold lines represent staining with
ATM-2 and the plain lines represent background staining with con-
trol IgG.

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

Expression of OX40L on Rat B Ce)]s, 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
splenic 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
OX40L 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 costimulatory
molecules CD80 and CD86 (Fig. 5). These results indi-
cated the expression of rat OX40L on professional
antigen-presenting cells (APC) including activated B
cells and DC, suggesting the possible contribution of
OX40L 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

M
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hether the OX40L expression can be regulated by the
D40-CD40L interaction also in the rat system, we
resently could not address this issue because an mAb
gainst rat CD40 has not been established yet and
D40L has not been identified in rats. Therefore, the

regulation by CD40 remains to be determined in the
ture study.

ontribution of OX40L and CD80/CD86 to
Costimulation of CD4" T Cells by Splenic DC

The above observations of a potent T cell costimula-
tory actlvity of OX40L (Fig. 2B) and the expression of
0X40 on CD4" T cells (Fig. 3) and OX40L on splenic

(Fig. 5) suggested that OX40L might play a role in
CD4" T cell activation by splenic DC, which also ex-
p CD80 and CD86 as the other costimulatory mol-
ecules. We then examined the relative contribution of
OX40L and CD80/86 to T cell costimulation by splenic

. 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-CD80/86 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 li’ig. 6., splenic DC exhibited a potent costimulatory
acti}\ty for anti-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

w10 1 o w! 10 10" 102 10® 0!
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FIG. 3. Expression of OX40L on rat DC. Splenic DC from Lewis

rats were stimulated with LPS and harvested at the indicated peri-
ods. Cells were stained with biotinylated OX62 mAb and FITC-
labeled ATM-2, anti-CD8D mAb, antl-CD86 mAb, or contro} 1gG
followed by PE-labeled streptavidin. Histograms shown are staining
of electro y gated OX62* cells. The bald lines represent staining
with mAb against the indicated molecules and the plain lines repre-
sent background staining with control IgG.
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FIG. 6. Contribution of OX40L and CD80/86 to costimulation of CD4" T cells by splenic DC. (A) Inhibitory effects of anti-OX40L and
ant-CD80/86 mAbs on CD4* T cell proliferation costimulated by splenic DC. Splenic CD4* T cells from Lewis rats (5 X 10°/well) were
cocultured with irradiated DC (1 X 10'%Awell) in the presence of anti-CD3 mAb (0.3 ug/ml) and the indicated mAbs (5 ug/ml each; total
concentration of mAbs was adjusted to 15 ug/ml with cantrol mouse IgG1) for 48 h. Proliferative response was assessed by pulsing the
cultures with 0.5 uCi/well [*H]-thymidine for the last 12 h. (B-E) Inhibitory effects on cytokine production. Cell-free supernatants were
collected from the replicated cultures set as in A at the indicated periods. IL-2 (B), IFN.vy (C). IL-10 (D), and IL-13 (E) contents were measured
by ELISA specific for each cytokine. Data in A~E are expressed as the mean * SD of triplicate wells. Simllar results were obtained from three
independent experiments. *, P < 0.05; **, P < 0.01.
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Proliferative response was partially inhibited by either
anti-OX40L mAb or anti-CD80/86 mAbs alone or by the
combination of these mAbs (Fig. 6A). IL-2 production
was strongly inhibited by either anti-OX40L mAb or
anti-CD80/86 mAbs alone (Fig. 6B). Production of
IFN-y, 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 anti-OX40L. mAb were almost comparable to those of
anti-CD80/86 mAbs. These results indicated a substan-
tial contribution of OX40L to the costimulatory activity
of splenic DC that enhances T cell proliferation and
production of both T helper type I (Thl) cytokines (IL-2
and IFN-y) and Th2 cytokines (IL-10 and IL-13). This
is consistent with a recent observation in mice that
OX40L-deficient DC showed an impaired ability to in-
duce IL-2, IFN-y, and IL-4 production by CD4* T cells
(18). The only partial inhibition even by the combina-
tion of anti-OX40L mAb and anti-CD80/86 mAbs sug-
gest a contribution of the other costimulatory mole-
cules such as CD70, CD30L, and 4-1BBL, which were
found on mouse DC by us and dthers (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. 0X40/0OX40L 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). OX40/0X40L have been also implicated in
the pathogenesis of autoimmune 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 pathephysiological roles of the
0OX40/0X40L system in rat models of inflammatory
diseases and virus-associated diseases.
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