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Expression of gp34 (OX40 Ligand) and OX40 on Human T Cell Clones
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gp34, which we previously cloned, is a ligand of OX40 (CD134), a costimulatory molecule involved
in T cell activation. To elucidate the role of human OX40/OX40L interaction, we examined
the expression of gp34 (OX40L) and OX40 in normal human hematopoietic cells by using flow
cytometry. OX40 expression is observed on activated T cells, while OX40L is expressed in antigen-
presenting cells. However, cytotoxic T lymphocyte (CTL) clones specific for Epstein-Barr virus (EBV)-
transformed autologous lymphoblastic cell lines (LCLs) induced both OX40 and OX40L expression
after antigen or T cell receptor (TCR) stimulation. This study suggests a possible function of
OX40L/OX40, through T cell-T cell interaction, in the reactivation of memory T cells in an auto-
crine manner, with implications for the pathogenesis of viral infections and neoplasms.
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OX40 (CD134), a member of the tumor necrosis factor
(TNF) receptor superfamily, is preferentially expressed on
normal activated T cells in human, rat and mouse.1–7)

Co-stimulatory signal transduction of OX40 has been dem-
onstrated to be involved in proliferation and cytokine
production of activated T cells in vitro.1–3, 6, 7) Further
investigations have revealed the presence of OX40-
expressing T cells at inflammatory sites of various dis-
eases, such as neoplasms,8) graft-versus-host-disease
(GVHD),9–11) and experimental allergic encephalomyelitis
(EAE).12) OX40 ligand (OX40L), a type II membrane pro-
tein, was identified as the mouse homologue of human
gp34 that we molecularly cloned as a target molecule for a
trans-acting transcriptional activator, Tax, of the human T
cell lymphotropic virus type I (HTLV-I).6, 13–15) Expression
of OX40L, initially described on HTLV-I-infected T cell
lines,13, 14) has been found on murine B cells,16–19) human
endothelial cell lines,20) dendritic cells (DCs),19, 21, 22) and
among a population of antigen-presenting cells (APC) in
the central nervous system during the course of clinically
apparent EAE.23)

Recently, we and others have demonstrated impairment
of antigen-specific activation of T cells in both OX40L-
and OX40-deficient mice due to dysfunction of APC and
T cells, respectively.19, 24, 25) These results suggest that the

interaction between OX40L expressed on professional
APC and OX40 expressed on activated T cells is crucial
for antigen-specific T cell activation through APC func-
tion in vivo and in vitro. A number of reports have demon-
strated the functional importance of OX40L in activating
T cells. However, little is known about the functional sig-
nificance of OX40L expression on T cells including
HTLV-I-infected T cells, especially since either freshly
isolated T cells or stimulated T cells seemed to express lit-
tle, if any, OX40L. In this context, our present study, dem-
onstrating that antigen stimulation induces expression of
OX40L on human cytotoxic T lymphocyte (CTL) clones,
is an important finding with clear implications for the
function of the OX40L/OX40 system in T cell-T cell
interactions in immune responses, particularly with regard
to the control of viral infections and tumors.

We first analyzed the expression of OX40L and OX40
on normal human PBMCs. No appreciable expression of
OX40L was seen on CD3+ T cell and CD19+ B cell popu-
lations of unstimulated PBMCs (Figs. 1 and 2A). Stimula-
tion with anti-CD3 monoclonal antibody (mAb) (Fig. 1),
phytohemagglutinin (PHA), phorbol ester (PMA)/
ionomycin, or anti-CD3 plus anti-CD28 (data not shown)
was not effective in inducing expression of OX40L on
CD4+ or CD8+ T cell populations, as shown previously,14)

while CD19+ B cell populations clearly expressed OX40L
after stimulation with anti-CD40 mAb and anti-IgM poly-
clonal Ab (Fig. 2A) or pokeweed mitogen (PWM) (data
not shown). OX40 expression was seen in a portion of
CD4+ T cells, but not CD8+ T cells or B cells before treat-
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ment with mitogens. Profound expression of OX40 was
induced by stimulation of PBMCs with anti-CD3 mAb on
CD4+ T and CD8+ T cells, reaching a maximum on day 2
of stimulation, with a gradual decrease thereafter (Fig. 1).
Stimulation of PBMCs with PHA or PMA/ionomycin also
resulted in induction of OX40 expression on CD4+ T and
CD8+ T cells (data not shown). Addition of anti-CD28
mAb to anti-CD3 stimulation did not increase the expres-
sion level and kinetics of OX40 on T cells as compared
with anti-CD-3 alone in spite of a previous report showing
that CD28 signaling enhanced the expression level of
OX40 after stimulation with anti-CD3 in mice.26) Stimula-
tion of PBMCs with anti-CD40 mAb and anti-IgM poly-
clonal Ab resulted in no induction of OX40 expression on
CD19+ B cells (Fig. 2A), though stimulation with PWM
induced significant OX40 expression on CD19+ B cells
(data not shown).

We next investigated the expression of OX40L on
human natural killer (NK) cells, and peripheral monocyte-
derived DCs. Upon stimulation with interleukin (IL)-2, the
CD16+CD56+ NK cell population showed no OX40L
expression, but developed significant OX40 expression

Fig. 1. Induction of OX40L and OX40 on T cells among anti-
CD3-stimulated T cells. Human PBMCs were treated with
immobilized anti-CD3 mAb (PharMingen, San Diego, CA) for
the indicated days. The cells were double-stained with FITC-
anti-CD4 or FITC-anti-CD8 in combination with either biotiny-
lated anti-OX40L mAb (TAG34) or biotinylated anti-OX40 mAb
(Ber-ACT35) followed by streptavidin-APC. CD4+ and CD8+ T
cells were separately gated and APC staining was analyzed with
FACScan. Thick lines indicate results of staining with biotiny-
lated TAG34 or Ber-ACT35 and thin lines indicate biotinylated
mouse IgG1 (control) staining. The results are representative of
five independent experiments using PBMCs from ten healthy
adults.

Fig. 2. A. Induction of OX40L and OX40 on activated B and
NK cells. For B and NK cell activation, human PBMCs were
treated with anti-CD40 mAb (Mabtech AB, Nacka, Sweden) plus
anti-IgM polyclonal Ab (Organon Technika, West Chester, PA) or
rIL-2 for the indicated days. The cells were stained with FITC-
CD19 (B cells) or FITC-CD16 plus PE-CD56 (NK cells) in com-
bination with either biotinylated anti-OX40L mAb (TAG34) or
biotinylated anti-OX40 mAb (Ber-ACT35) followed by streptavi-
din-APC. CD19+ B or CD16+CD56+ NK cells were separately
gated and APC staining was analyzed with FACScan. Thick lines
indicate results of staining with biotinylated TAG34 or Ber-
ACT35 and thin lines indicate biotinylated mouse IgG1 (control)
staining. The results are representative of five independent experi-
ments using PBMCs from ten healthy adults. B. Induction of
OX40L and OX40 on activated DCs. To isolate monocyte-derived
DCs, the adherent cells from human PBMCs were treated with
GM-CSF and IL-4 for 5 days. The detached cells were incubated
in the presence of anti-CD40 mAb (Mabtech AB) or LPS for the
indicated days. The cells were double-stained with PE-CD11c in
combination with FITC-CD80, biotinylated anti-OX40L mAb
(TAG34) or biotinylated anti-OX40 mAb (Ber-ACT35) followed
by streptavidin-APC. CD11c+ activated dendritic cells were sepa-
rately gated and analyzed as described in the legend to Fig. 1.
Thick lines indicate results of staining with biotinylated TAG34,
Ber-ACT35 or FITC-CD80 and thin lines indicate biotinylated or
FITC-conjugated mouse IgG1 (control) staining. The results are
representative of four independent experiments using PBMCs from
four healthy adults.
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after 4 days of stimulation (Fig. 2A). Anti-CD40 mAb
stimulated DCs significantly upregulated the expression of
OX40L, but not OX40. On the other hand, lipopolysaccha-
ride (LPS) stimulation clearly induced the DC to express
both OX40L and OX40 (Fig. 2B). These results are the
first evidence showing OX40 is expressed by non-T cells.
Both anti-CD40 mAb and LPS were equally able to induce
CD80 expression on the activated DC (Fig. 2B). This
result suggests that OX40 signaling might affect APC
function as well as OX40L expression. To elucidate the
functional role of OX40 on APCs, further study will be
necessary.

To examine the expression of OX40 and OX40L at the
single cell level in long-term-cultured T cells, we estab-
lished human CTL clones specific for Epstein-Barr virus
(EBV)-transformed autologous LCL cells. EBV-trans-
formed lymphoblastic cell lines (LCLs) and human CTL
clones specific for the autologous LCL were prepared as
described previously.15, 27) Briefly, human PBMCs were
stimulated with the irradiated autologous LCL cells for 7
days. OX40 was expressed on activated T cells at this
stage while no OX40L was seen (data not shown). Three
further rounds of restimulation in the presence of autolo-
gous LCL cells were conducted, and three CD4+ T cell
clones, CT4-1, CT4-2 and CT4-3, and a CD8+ T cell
clone, CT8-1, were established by limiting dilution. These

clones were cultured for 14 days in the presence of autolo-
gous LCL cells and IL-2. All of the CTL clones, which
showed little or no proliferation in response to IL-2 (data
not shown), indicating a resting state, were examined
for expression of OX40L and OX40. No expression of
OX40L or OX40 was detectable at this stage (Fig. 3). Sur-
prisingly, OX40L expression was clearly induced on all
the CTL clones a day after restimulation and peaked tran-
siently on day 2 (Fig. 3). CT4-2 and CT4-3 showed lower
induction of OX40L expression as compared with other
clones. Expression of OX40, however, varied among the
CTL clones; significant induction of OX40 was seen in
CT4-1 and CT4-2 on day 2 after stimulation, whereas
CT4-3 and CT8-1 showed distinct but low levels of
expression of OX40 during stimulation for 7 days (Fig. 3).
Expression levels of CD25 on each clone were similar
during antigen stimulation (data not shown), suggesting
that all the clones were activated normally in spite of the
different expression levels of OX40L and OX40.

One possibility is that LCL stimulator cells produce cer-
tain cytokines which are able to induce OX40L expres-
sion. To exclude this possibility, two of these CTL clones,
CT4-2, CT4-3 were stimulated with anti-CD3 mAb
instead of LCL stimulator cells. Expression of OX40L was
induced on both CT4-2 and CT4-3 clones after the stimu-
lation with anti-CD3 mAb, with similar kinetics to that

Fig. 3. Induction of OX40L and OX40 on CTL clones upon stimulation with their target cells. Four human CTL clones, CT4-1, CT4-
2, CT4-3 and CT8-1, were cultured for the indicated days in the presence of irradiated autologous LCL cells, which are target cells for
the CTL clones. The CTL clones were then double-stained with FITC-anti-CD3 mAb in combination with either biotinylated anti-
OX40L mAb (TAG34) or biotinylated anti-OX40 mAb (Ber-ACT35) followed by streptavidin-PE. CD3+ T cells were gated and PE
staining was analyzed with FACScan. Solid lines indicate results of staining with biotinylated TAG34 or Ber-ACT35 and dotted lines
indicate biotinylated mouse IgG1 (control) staining.
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seen with LCL stimulator cells (Fig. 4), indicating that
stimulation through the T-cell receptors of the CTL clones
directly contributes to induction of the expression of
OX40L.

We have examined DNA synthesis and IL-2 production
of all the CTL clones after antigen stimulation. However,
we have not observed a correlation between DNA synthe-
sis or IL-2 production, and expression level of OX40L on
each clone (data not shown). Furthermore, we have esti-
mated the cytotoxic activity of the four CTL clones to B-
LCL. The three clones, CT4-1, CT4-2, and CT4-3, which
showed various levels of OX40L expression, demonstrated
no significant difference in CTL activity to B-LCL. Only
the CTL activity of the CT8-1 clone, which had high
expression of OX40L, was clearly lower than those of the
other CD4+ CTL clones (data not shown). We are unable
to conclude, at present, that the OX40L/OX40 interaction
plays an important role in CTL induction. To elucidate the
effect of OX40L expression on CTL function, further
study will be required.

The present study has provided the first evidence that
not only OX40, but also OX40L is transiently expressed
on normal activated T cells after T cell receptor (TCR)

stimulation. Although soluble OX40-Fc fusion proteins
were previously shown to bind weakly to mouse activated
T cells, which suggested possible expression of OX40L on
the activated T cells,6) a recent report using a mouse
OX40L-specific mAb revealed that OX40L is not
expressed on mouse activated T cells.18) We have con-
firmed the latter observation using MGP34, a mAb spe-
cific for mouse OX40L (data not shown). Similarly, we
demonstrated that normal human T cells activated by vari-
ous T cell stimuli such as anti-CD3, PHA, anti-CD3 plus
anti-CD28, and phorbol ester plus ionomycin were unable
to induce OX40L expression even after seven days of in
vitro culture. However, when normal human activated T
cells specific for EBV were maintained in vitro for a long
period of time, they acquired the ability to express both
OX40L and OX40 upon TCR stimulation. This suggests
that there may be a critical difference between primary
and long-term activated T cells in the regulatory mecha-
nism of OX40L expression. We previously demonstrated
that OX40L expression is induced by stimulation with
anti-CD40 mAb or with anti-CD40 mAb plus anti-IgM Ab
in mouse splenic DCs and B cells, respectively.19) CD40 is
known to transduce intracellular signals through activation
of NFκB.28) We have also revealed that HTLV-I Tax
induces expression of human OX40L, in which two
NFκB-like elements in the OX40L promoter region are
involved.29) These data suggest that NFκB or NFκB-like
transcription factors may be involved in the regulation of
OX40L expression. However, it is still unknown whether
or not such transcription factors are involved in OX40L
expression on long-term activated T cells.

OX40L expression was revealed to be inducible upon
antigen stimulation in long-term activated T cells, but not
naive or primary activated T cells. In other words, mem-
ory T cells including CTL clones may express OX40L
induced by rechallenge with their specific antigens. This
notion is supported by our recent observations demonstrat-
ing that the function of memory T cells in OX40L-defi-
cient mice is impaired, although naive T cells show
normal reactivity to several mitogens or cytokines.19) Fur-
thermore, it has also been reported that OX40 not only
mediates growth and anti-apoptotic signals in activated
human and mouse T cells,1–4, 6, 7, 30) but OX40L expressed
on APC such as activated B and dendritic cells acts as a
co-stimulatory molecule to activate human and mouse T
cells.17, 18, 20, 22, 31) We hypothesize that OX40L and OX40
expressed on T cells may play a critical role during both
the recall activation of memory T cells through T cell-T
cell and T cell-APC interactions. To explain fully the func-
tional significance of OX40L on T cells, further examina-
tion will be necessary.
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Fig. 4. Induction of OX40L and OX40 on CTL clones upon
stimulation with anti-CD3 mAb. Two human CTL clones, CT4-2
and CT4-3 were cultured for the indicated days in the presence
of immobilized anti-CD3 mAb. The CTL clones were then dou-
ble-stained with FITC-anti-CD3 mAb in combination with either
biotinylated anti-OX40L mAb (TAG34) or biotinylated anti-
OX40 mAb (Ber-ACT35) followed by streptavidin-PE. CD3+ T
cells were gated and PE staining was analyzed with FACScan.
Solid lines indicate results of staining with biotinylated TAG34
or Ber-ACT35 and dotted lines indicate biotinylated mouse IgG1
(control) staining.



Expression of gp34 and OX40 on T Cell Clones

381

human OX40. We also thank Dr. Lishomwa C. Ndhlovu for a
critical reading of the manuscript. This work was supported in
part by CREST (Core Research for Evolutional Science and
Technology) of the Japan Science and Technology Corporation
(JST) and by a Grant-in-Aid for Scientific Research on Priority

Areas from the Ministry of Education, Science, Sports and Cul-
ture of Japan.

(Received January 22, 2001/Revised March 16, 2001/Accepted
March 22, 2001)

REFERENCES

1) Paterson, D. J., Jefferies, W. A., Green, J. R., Brandon, M.
R., Corthesy, P., Puklavec, M. and Williams, A. F.  Anti-
gens of activated rat T lymphocytes including a molecule of
50,000 Mr detected only on CD4 positive T blasts.  Mol.
Immunol., 24, 1281–1290 (1987).

2) Mallet, S., Fossum, S. and Barclay, A. N.  Characterization
of the MRC OX40 antigen of activated CD4 positive T
lymphocytes—a molecule related to nerve growth factor
receptor.  EMBO J., 9, 1063–1068 (1990).

3) Calderhead, D. M., Buhlmann, J. E., van den Eertwegh, A.
J. M., Claassen, E., Noelle, R. J. and Fell, H. P.  Cloning of
mouse Ox40: a T cell activation marker that may mediate
T-B cell interactions.  J. Immunol., 151, 5261–5271 (1993).

4) Latza, U., Dürkop, H., Schnittger, S., Ringeling, J.,
Eitelbach, F., Hummel, M., Fonatsch, C. and Stein, H.  The
human OX40 homolog: cDNA structure, expression and
chromosomal assignment of the ACT35 antigen.  Eur. J.
Immunol., 24, 677–683 (1994).

5) Al-Shamkhani, A., Birkeland, M. L., Puklavec, M., Brown,
M. H., James, W. and Barclay, A. N.  OX40 is differentially
expressed on activated rat and mouse T cells and is the sole
receptor for the OX40 ligand.  Eur. J. Immunol., 26, 1695–
1699 (1996).

6) Baum, P. R., Gayle, R. B., III, Ramsdell, F., Srinivasan, S.,
Sorensen, R. A., Watson, M. L., Seldin, M. F., Baker, E.,
Sutherland, G. R., Clifford, K. N., Alderson, M. R.,
Goodwin, R. G. and Fanslow, W. C.  Molecular chracteriza-
tion of murine and human OX40/OX40 ligand systems:
identification of a human OX40 ligand as the HTLV-I
related protein gp34.  EMBO J., 13, 3992–4001 (1994).

7) Godfrey, W. R., Fagnoni, F. F., Harara, M. A., Buck, D.
and Engleman, E. E.  Identification of a human OX-40
ligand, a costimulator of CD4+ T cells with homology to
tumor necrosis factor.  J. Exp. Med., 180, 757–762 (1994).

8) Vetto, J. T., Lumm, S., Morrism, A., Sicotte, M., Davis, J.,
Lemon, M. and Weinberg, A. D.  Presence of the T-cell
activation marker OX-40 on tumor infiltrating lymphocytes
and draining lymph node cells from patients with melanoma
and head and neck cancers.  Am. J. Surg., 174, 258–265
(1997).

9) Tittle, T. V., Weinberg, A. D., Steinkeler, C. N. and
Maziarz, R. T.  Expression of the T-cell activation antigen,
OX-40, identifies alloreactive T cells in acute graft-versus-
host disease.  Blood, 89, 4652–4658 (1997).

10) Stüber, E., Von Freier, A., Marinescu, D. and Folsch, U. R.
Involvement of OX40-OX40L interactions in the intestinal
manifestations of the murine acute graft-versus-host dis-
ease.  Gastroenterology, 115, 1205–1215 (1998).

11) Tsukada, N., Akiba, H., Kobata, T., Aizawa, Y., Yagita, H.
and Okumura, K.  Blockade of CD134 (OX40)-CD134L
interaction ameliorates lethal acute graft-versus-host disease
in a murine model of allogeneic bone marrow transplanta-
tion.  Blood, 95, 2434–2439 (2000).

12) Weinberg, A. D., Bourdette, D. N., Sullivan, T. J., Lemon,
M., Wallin, J. J., Maziarz, R., Davey, M., Palida, F.,
Godfrey, W., Engleman, E., Fulton, R. J., Offner, H. and
Vandenbark, A. A.  Selective depletion of myelin-reactive
T cells with the anti-OX-40 antibody ameliorates autoim-
mune encephalomyelitis.  Nat. Med., 2, 183–189 (1996).

13) Tanaka, Y., Inoi, T., Tozawa, H., Yamamoto, N. and
Hinuma, Y.  A glycoprotein antigen detected with new
monoclonal antibodies on the surface of human lympho-
cytes infected with human T-cell leukemia virus type-I
(HTLV-I).  Int. J. Cancer, 36, 549–555 (1985).

14) Miura, S., Ohtani, K., Numata, N., Niki, M., Ohbo, K., Ina,
Y., Gojobori, T., Tanaka, Y., Tozawa, H., Nakamura, M.
and Sugamura, K.  Molecular cloning and characterization
of a novel glycoprotein, gp34, that is specifically induced
by the human T-cell leukemia virus type I transactivator
p40tax.  Mol. Cell. Biol., 11, 1313–1325 (1991).

15) Higashimura, N., Takasawa, N., Tanaka, Y., Nakamura, M.
and Sugamura, K.  Induction of OX40, a receptor of gp34,
on T cells by trans-acting transcriptional activator, Tax, of
human T-cell leukemia virus type I.  Jpn. J. Cancer Res.,
87, 227–231 (1996).

16) Stüber, E., Neurath, M., Calderhead, D., Fell, H. P. and
Strober, W.  Cross-linking of OX40 ligand, a member of
the TNF/NGF cytokine family, induces proliferation and
differentiation in murine splenic B cells.  Immunity, 2, 507–
521 (1995).

17) Stüber, E. and Strober, W.  The T cell-B cell interaction
via OX40-OX40L is necessary for the T cell-dependent
humoral immune responses.  J. Exp. Med., 183, 979–989
(1996).

18) Akiba, H., Oshima, H., Takeda, K., Atsuta, M., Nakano, H.,
Nakajima, A., Nohara, C., Yagita, H. and Okumura, K.
CD28-independent costimulation of T cells by OX40 ligand
and CD70 on activated B cells.  J. Immunol., 162, 7058–
7066 (1999).

19) Murata, K., Ishii, N., Takano, H., Miura, S., Ndhlovu, L. C.,
Nose, M., Noda, T. and Sugamura, K.  Impairment of anti-
gen-presenting cell function in mice lacking expression of
OX40 ligand.  J. Exp. Med., 191, 365–374 (2000).

20) Imura, A., Hori, T., Imada, K., Ishikawa, T., Tanaka, Y.,
Maeda, M., Imamura, S. and Uchiyama, T.  The human
OX40/gp34 system directly mediates adhesion of activated

query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2828930&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2157591&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8228223&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7510240&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8765008&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8076595&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7913952&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9324133&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9192792&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9797376&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10733518&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8574963&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2997042&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1996093&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8613423&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7749983&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8642301&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10358148&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10637280&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8642328&dopt=Abstract


Jpn. J. Cancer Res. 92, April 2001

382

T cells to vascular endothelial cells.  J. Exp. Med., 183,
2185–2195 (1996).

21) Ohshima, Y., Tanaka, Y., Tozawa, H., Takahashi, Y.,
Maliszewiski, C. and Delespesse, G.  Expression and func-
tion of OX40 ligand on human dendritic cells.  J. Immunol.,
159, 3838–3848 (1997).

22) Brocker, T., Gulbranson-Judge, A., Flynn, S., Riedinger,
M., Raykundalia, C. and Lane, P.  CD4 T cell traffic con-
trol: in vivo evidence that ligation of OX40 on CD4 T cells
by OX40-ligand expressed on dendritic cells leads to the
accumulation of CD4 T cells in B follicles.  Eur. J. Immu-
nol., 29, 1610–1616 (1999).

23) Weinberg, A. D., Wegmann, K. W., Funatake, C. and
Whitham, R. H.  Blocking OX-40/OX-40 ligand interaction
in vitro and in vivo leads to decreased T cell function and
amelioration of experimental allergic encephalomyelitis.  J.
Immunol., 162, 1818–1826 (1999).

24) Chen, A. I., McAdam, A. J., Buhlmann, J. E., Scott, S.,
Lupher, M. L., Jr., Greenfield, E. A., Baum, P. R., Fanslow,
W. C., Calderhead, D. M., Freeman, G. J. and Sharpe, A. H.
Ox40-ligand has a critical costimulatory role in dendritic
cell: T cell interactions.  Immunity, 11, 689–698 (1999).

25) Kopf, M., Ruedl, C., Schmitz, N., Gallimore, A., Lefrang,
K., Ecabert, B., Odermatt, B. and Bachmann, M. F.  OX40-
deficient mice are defective in Th cell proliferation but are
competent in generating B cell and CTL responses after
virus infection.  Immunity, 11, 699–708 (1999).

26) Walker, L. S., Gulbranson-Judge, A., Flynn, S., Brocker, T.,
Raykundalia, C., Goodall, M., Forster, R., Lipp, M. and
Lane, P.  Compromised OX40 function in CD28-deficient
mice is linked with failure to develop CXC chemokine
receptor 5-positive CD4 cells and germinal centers.  J. Exp.
Med., 190, 1115–1122 (1999).

27) Sugamura, K. and Hinuma, Y.  In vitro induction of cyto-
toxic T lymphocytes specific for Epstein-Barr virus-trans-
formed cells: kinetics of autologous stimulation.  J.
Immunol., 124, 1045–1049 (1980).

28) Rothe, M., Sarma, V., Dixit, V. M. and Goeddel, D. V.
TRAF2-mediated activation of NF-κB by TNF receptor and
CD40.  Science, 269, 1424–1427 (1995).

29) Ohtani, K., Tsujimoto, A., Tsukahara, T., Numata, N.,
Miura, S., Sugamura, K. and Nakamura, M.  Molecular
mechanisms of promoter regulation of the gp34 gene that is
trans-activated by an oncoprotein Tax of human T cell leu-
kemia virus type I.  J. Biol. Chem., 273, 14119–14129
(1998).

30) Maxwell, J. R., Weinberg, A., Prell, R. A. and Vella, A. T.
Danger and OX40 receptor signaling synergize to enhance
memory T cell survival by inhibition of peripheral deletion.
J. Immunol., 164, 107–112 (2000).

31) Gramaglia, I., Weinberg, A. D., Lemon, M. and Croft, M.
OX-40 ligand: a potent costimulatory molecule for sustain-
ing primary CD4 T cell responses.  J. Immunol., 161, 6510–
6517 (1998).

query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8642328&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9378971&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10359115&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9973447&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10626891&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10626892&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10523609&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6244347&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7544915&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9603911&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10605000&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9862675&dopt=Abstract

