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SUMMARY

Co-stimulatory blockade may be a promising strategy for tolerance induction in transplantation. In
allogeneic bone marrow transplantation (BMT) for leukaemia treatment, however, preservation of the
graft-versus-leukaemia (GVL) effect is another critical requirement for clinical application. In this
study, we have compared the effect on GVL of using CD28 and CD40 co-stimulatory blockades as
graft-versus-host disease (GVHD) prophylaxis in a murine allogeneic BMT model with simultaneous
transfer of BCL1 leukaemia. Despite the relative improvement of GVHD as assessed by survival and
body weight in both treatment regimes, treatment with anti-CD154 moAb clearly diminished the GVL
effect, whereas treatment with anti-CD80 and CD86 MoAbs maintained this effect. Although T cell-
mediated effector function at 14 days post-BMT assessed by IFNy expression and cytotoxicity against
host alloantigen was comparable between both co-stimulatory blockades, IL-12 mRNA expression was
preferentially reduced by CD40 blockade. Our results suggest the differential involvement of the CD28
and CD40 co-stimulatory pathways in the development of GVHD and GVL effects. CD28 blockade

may be a favourable strategy for tolerance induction in leukaemia patients undergoing BMT.
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INTRODUCTION

An optimal T cell activation requires antigen stimulation and
co-stimulation. CD28 and CD40 co-stimulation may play crucial
roles in the interaction between T cells and antigen-presenting
cells (APC). Blockade of either CD28 or CD40 pathway with
MoAbs or recombinant fusion proteins (e.g. CTLA-4Ig) inhibits
lethal acute graft-versus-host disease (GVHD) efficiently [1-5].
The simultaneous blockade of the CD28 and CD40 pathways
successfully induces long-term acceptance of allografts [6-8],
suggesting that a combined co-stimulatory signal blockade has
a great promise for clinical application. However, in allogeneic
bone marrow transplantation (BMT) for leukaemia treatment,
the therapeutic requirement is not a complete immunosuppres-
sion but rather a moderate suppression with a preserved graft-
versus-leukaemia (GVL) effect.

On the one hand, CD28 and CD40 are involved in antitumour
immune responses. Transduction of CD154, CD80 or CD86 into
leukaemia cells induces host antileukaemia responses mediated
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by T and NK cells [9-13]. Therefore, blockade of these molecules
may reduce antileukaemia immune responses after BMT. On the
other hand, Blazar et al. [14] demonstrated that the GVL effect
against leukaemia cells in delayed lymphocyte infusion (DLI)
post-BMT was eliminated by treatment with anti-CD80 MoAbs,
suggesting involvement of the CD28-CD80 pathway in the GVL
effect. The depletion of T cells from the bone marrow (BM) graft
prevents GVHD, but increases the risk of leukaemia relapse, sug-
gesting the involvement of donor T cells in both the GVH reac-
tion and the GVL effect. Several recent reports demonstrated the
differential effects between GVHD prophylaxis and the GVL
effect by IL-2 [15], a metalloproteinase inhibitor [16], and TL-11
[17]. These observations suggested that the molecules and effec-
tor cells involved in the GVH reaction and the GVL effect are
not completely identical.

In this study, we have compared the effect on GVL of GVHD
prophylaxis using either treatment with anti-CD154 MoAbD or a
combination of anti-CD80 and CD86 MoAbs in a murine model
of fully major histocompatibility complex (MHC)-mismatched
allogeneic BMT with a simultaneous injection of leukaemia cells.
We further compared the effector function of T cells, NK cells and
APC in the recipient mice after performing these two types of
co-stimulatory blockades.
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MATERIALS AND METHODS

Mice

Female C57BL/6 (B6, H-2"), BALB/c (H-2%), and BALB/c nu/nu
mice were purchased from Japan SLC (Hamamatsu, Shizuoka,
Japan). Donors for BM were 4-5-week-old and those for
splenocytes were 12 weeks old and recipients were 8-10-weeks
old at the time of BMT. All mice procedures were reviewed and
approved by the Animal Care and Use Committee in the National
Children’s Medical Research Center.

Monoclonal antibodies

Hybridomas producing anti-mouse CD80 (RMS80, rat IgG2a)
and CD86 (PO3, rat IgG2b) MoAbs were generated as described
previously [18]. A hybridoma producing anti-mouse CD154
MoAb (MR1, hamster IgG) was obtained from the American
Type Culture Collection (Rockville, MD, USA). RM80 and
PO3 were purified from ascites as described [19] and MR1
was purified from hybridoma supernatant using protein A MAPS
II Kit (Japan Bio-Rad, Tokyo, Japan). The pyrogen level was
<0-01 ng/ug protein as determined by a Limulus amebocyte lysate
assay. MoAbs against the following antigens were used for
immunofluorescence analysis: CD3 (145-2C11, hamster IgG),
CD4 (RM4-5, rat IgG2a), CD8 (53-6-7, rat IgG2a), CD45R/B220
(RA3-6B2, rat IgG2a), NK1-1 (PK136, mouse IgG2a) and
H-2K® (SF1-1-1, mouse IgG2a). All FITC-, phycoerythrin
(PE)-, or peridinin chlorophyll protein (PerCP)-conjugated
MoAbs were obtained from BD-PharMingen (San Diego, CA,
USA).

BMT

BM cells and T cell-depleted (TCD)-BM cells treated with anti-
Thyl-2 (30-H-12, BD-PharMingen) MoAb and rabbit comple-
ment (Cedarlane, Ontario, Canada) were obtained as described
previously [4]. Sublethally irradiated (6-5 Gy) BALB/c recipient
mice received TCD-BM (2-5 x 107) and either whole or asialo
GML1* cell-depleted splenocytes (2:0 x 10°) from wild-type B6
mice. For depletion of asialo GM1" cells, splenocytes were treated
with antiasialo GM1 antibody (Rabbit IgG, Yamasa, Choshi,
Japan) and guinea pig complement (Cedarlane) and then used as
asialo GM1™ splenocytes. A control group of mice received TCD-
BM cells alone. The day of BMT was designated as day 0. Re-
cipients receiving TCD-BM and splenocytes from wild-type B6
mice were divided randomly into three groups and treated with
either control reagent, a combination of anti-CD80 and CD86
(CD80/86) MoAbDs or anti-CD154 MoAb. One hundred micro-
grams of each MoAb was injected i.p. every other day until day
21 post-BMT.

Engraftment of leukaemic cells

BCL1 was originally derived as a spontaneous murine B-cell
leukaemia from BALB/c mouse [20] and is maintained in vivo by
serial passages in a syngeneic BALB/c strain. Leukaemia was
introduced by injection of 1 x 10° BCL1 tumour cells at the time
of BMT. Recipient mice were killed and spleen weight was mea-
sured on day 28. A20 is a B cell lymphoma of BALB/c origin
and cultured in RPMI-1640 medium supplemented with L-
glutamine, gentamicin and 10% fetal bovine serum (FBS). BCL1
cells express high levels of MHC class 1, class II, CD40, CD80
and CD86 on their surface, but A20 cells express reduced

levels of MHC class I and CD80, and do not express CD86
(not shown).

Multicolor staining for intracellular IFNy and

cell-surface antigens

Multicolour staining for intracellular IFNyand T cell surface anti-
gens were performed as described previously [21]. Briefly, single
cell suspensions of splenocytes were stimulated with PMA and
ionomycin in the presence of brefeldin A for 4 h. After washing,
cells were stained with MoAb against cell surface antigens, and
then intracellular staining was performed after fixation and per-
meabilization. Samples were analysed by flow cytometry. Flow
cytometry and data analysis were performed using a FACSort and
CellQuest software (Becton Dickinson Immunocytometry
Systems, San Jose, CA, USA).

Measurement of cytotoxicity against host allo-antigens

Single cell suspensions of whole splenocytes from recipients at
14 days post-BMT were used as effector cells. Cytotoxicity against
BCL1, A20 and BALB/c PHA blasts was measured by a 6-h >'Cr-
release assay. BALB/c PHA blasts were prepared by the culture
of BALB/c splenocytes with 5 ug/ml of PHA (Dako-Japan, Tokyo,
Japan) for 4 days.

RT-PCR for IL-12

For determination of mRNA for 1L.-12, B6 mice received irradi-
ated (20 Gy) 2 x 107 cells of BALB/c splenocytes. Recipient mice
were treated with anti-CD80/86 MoAbs, anti-CD154 MoAb or
control reagent. Two hundred micrograms per mouse of each
MoAb was administrated i.p. at the time of splenocyte transfer.
After the indicated periods, total RNA was isolated using
ISOGEN (Nippon Gene, Toyama, Japan). First-strand cDNA was
synthesized using 0-5 ug oligo(dT) primer (Pharmacia Biotech,
Uppsala, Sweden) and SuperScript Il-reverse transcriptase
(G1BCO-BRL, Gaithersburg, MD, USA) from 5 ug of each RNA
sample. For quantification of PCR products, the amounts of
cDNA were preliminarily normalized to produce the same
amount of PCR products for f2-microgloblin based on the inten-
sity of the ethidium-bromide fluorescence of each band measured
by the charge-coupled device (CCD) imaging system (Densito-
graph AE-6920 M, Atto, Tokyo, Japan). The cDNA samples were
amplified in a reaction mixture containing 2-5 U of Taqg DNA
polymerase (Takara, Shiga, Japan), 200 uM each of dNTP, 0-5 um
each of 5" and 3’ primers and 1 x PCR buffer with 15 mm MgCl,
(Takara). PCR was performed on a DNA thermal cycler (Perkin
Elmer) for 22 and 32 cycles (94°C for 1 min, 58°C for 1 min, 72°C
for 1min) for M2-microgloblin and IL-12 p40, respectively,
followed by a 5-min extension at 72°C. Oligonucleotide primers
used for mouse IL-12 p40 and B2-microgloblin were follows:
IL-12 p40, forward, CTGGCCAGTACACCTGCCAC; reverse,
CTGGCCAGTACACCTGCCAC and 2- microgloblin, forward,
TGACCGGCTTGTATGCTATC; reverse, CAGTGTGAGCCA
GGATATAG. The PCR products were electrophoresed on 2-5%
agarose gel with ethidium bromide and the image was acquired
using a densitograph.

Statistical analyses

Significant differences between experimental groups were ana-
lysed by the Mann-Whitney U-test, the Mantel-Pete-Cox y?, and
two-way analysis of variance (ANOVA).
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RESULTS

Treatment with anti-CD154 and anti-CD80/86 MoAbs
comparably reduced the clinical manifestation of acute GVHD
Previously we and others have shown that the in vivo adminis-
tration of anti-CD154 [3,5] or anti-CD80/86 MoAbs [4] amelio-
rated the lethality of murine acute GVHD. In addition, donor T
cells lacking either CD154 [22] or CD28 [23] reduced the GVHD-
associated mortality. Thus, the blockade of CD40 or CD28 or the
lack of CD154 or CD28 on donor T cells comparably inhibited
the lethality of GVHD. Here we have established a B6 into
BALB/c fully MHC-mismatched allogeneic BMT model to inves-
tigate simultaneously both GVHD prophylaxis and the GVL
effect. We transferred 2 x 10° splenocytes and 2-5 x 10’ TCD-BM
from the wild-type B6 donor mice into sublethally (6-5 Gy) irra-
diated BALB/c mice and monitored the survival and body weight.
The mice that received TCD-BM alone (referred to as BM mice)
showed no evidence of clinical GVHD and graft rejection, and
over 85% of splenocytes were of donor origin at 28 days post-
transfer (data not shown). In this BMT model, more than 70% of
the mice that received TCD-BM and splenocytes (referred to
as BMS mice) could survive without treatment and over 90%
of mice treated with either anti-CD154 or anti-CD80/86 MoAbs
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survived at 28 days post-BMT (Fig. 1a). The mean body weight
was comparable at 28 days post-BMT (Fig. 1b). All groups of
BMS mice showed a severe lymphopenia in the peripheral blood
and a clear atrophy of the spleen demonstrated by a reduction in
the total cell number of splenocytes (Fig. 1c). Although the reduc-
tion in lymphocytes was milder in the anti-CD154 MoAb-treated
mice, a significant difference was not observed.

GVL effect was significantly reduced by the anti-CD154 MoAb
treatment, but not by the anti-CD80/86 MoAb treatment

BCL1 is a spontaneous murine B-cell leukaemia derived from a
BALB/c mouse [20]. Inoculation of 10° BCL1 cells into BALB/c
mice results in a typical B cell leukaemia characterized by
extreme splenomegaly with subsequent peripheral blood lym-
phocytosis exceeding 20000/mm® and 100% mortality occurring
within 4-5 weeks. In this model, we transferred 1 x 10° of BCL1
tumour cells at the time of BMT. The individual spleen weight at
day 28 is shown in Fig. 2a. All BM mice inoculated with BCL1
showed an extreme splenomegaly by growth of the leukaemia.
In contrast, both BCL1 inoculated and non-inoculated BMS
mice showed a slight splenic atrophy associated with GVHD.
Splenomegaly in half of the anti-CD154 MoAb-treated BMS mice
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Fig. 1. Effects of treatment with either anti-CD154 or anti-CD80/86 MoAbs in a complete allogeneic GVHD model. Each group of sub-
lethally (65 Gy) irradiated BALB/c mice received 2-0 x 10° splenocytes and 2-5 x 10’7 TCD-BM cells from wild-type B6 mice, and treated
with either control reagents (BMS, @) anti-CD80/86 (RM80/PO3) MoAbs (BMS CD80/86, W), or anti-CD154 (MR1) MoAb (BMS CD154,
A). One group of mice received TCD-BM cells alone (BM, O). Each group consists of 8-19 mice. Survival rates (a) and mean body weight
(b) are plotted. Data shown are representative of three experiments. BM versus BMS, P = 0-013, BMS CD80/86 versus BMS, P = 0-043,
BMS CD154 versus BMS, P = 0-043. (c) Peripheral blood cells and splenocytes were analysed at day 28 post-BMT. ALC; absolute
lymphocyte count. Splenocytes were stained with FITC-anti-CD4, PE-anti-CDS8 and PerCP-anti-CD3 MoAbs. CD3", CD3"4" and CD3"8"
cells were counted as donor T, CD4" T, CD8" T cells, respectively. More than 99% of splenocytes were H-2d™ donor-derived cells in all
groups. Data represent the mean * s.d. from five mice in each group. *Statistically different (P < 0-05).
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Fig. 2. Treatment with anti-CD154 MoAb permits growth of BCLI. Sublethally irradiated BALB/c recipient mice received TCD-BM
(2-5x107) and either whole (a) or asialo GM1* cell-depleted (b) splenocytes (2:0 x 10°) from B6 mice with 1 x 10°BCLI1 cells. In (c), BALB/c
nude mice were inoculated with 1 x 10° BCL1 cells. In all experiments, MoAb treatment was performed as described in Fig. 1. Recipient
mice were killed on day 28 and each spleen weight was measured. 1One mouse treated with anti-CD154 MoAb died by leukaemia before
day 28 in (b). The bars represent the mean * s.d. *Statistically different (P < 0-05).

was suggestive of BCL1 cell growth whereas, except for one
mouse, no indications of splenomegaly were observed in the anti-
CD80/86-treated BMS mice. To evaluate a minor leukaemia infil-
tration which is visually undetectable, 1 x 10° cells of individual
recipient splenocytes were transferred into immunocompetent
BALB/c secondary host mice and the tumour growth was assessed
by the survival of the secondary host. All secondary host mice
receiving splenocytes from the BM and anti-CD154-treated BMS
mice died by day 120, while 20% of secondary host mice that
received splenocytes from the control BMS and 45% of those that
received cells from anti-CD80/86-treated BMS mice were still
alive. These results indicate that the treatment with anti-CD154
MoAb significantly reduced antileukaemia immune responses,
whereas the treatment with anti-CD80/86 MoAbs did not clearly
affect those responses.

Depletion of donor asialo GM1" cells reduces the GVL effect

It has been reported that asialo GM1" cells are involved in the
GVL response against BCL1 [24]. To see the involvement of
asialo GM1* cells in the differential effect of both treatments,
we depleted asialo GM1" cells from donor splenocytes. This treat-
ment eliminated most conventional NK (CD3°NK1-1*), NKT
(CD3*NK1-1%), and a part of CD8" T cells from 4-4 to 0-9%, 2-2
to 0-4% and 12-5 to 8:0%, respectively. Asialo GM1™ splenocytes,

TCD-BM cells and BCL1 tumour cells were co-transferred, and
then treated with MoAbs. The individual spleen weight was
evaluated at 28 days post-BMT. Depletion of asialo-GM1* cells
significantly enhanced the enlargement of spleens in all groups of
mice (Fig. 2b) compared with the corresponding experimental
mice retaining asialo-GM1" cells (Fig. 2a). Treatment with anti-
CD154 MoAb enhanced the growth of BCL1 as assessed by the
spleen weight. Two-way analysis of variance between populations
with and without depletion of donor asialo GM1" cells (a and b)
indicates that the depletion of donor asialo GM1* cells did not
significantly interact with the differential effects of BCL1 tumour
growth observed between the anti-CD80/86 and anti-CD154
MoAb treatments. To account for the possibility that anti-
CD80/86 or anti-CD154 MoAb treatment might allow for host
NK or antibody dependent cell-mediated cytotoxicity (ADCC)
against BCL1, BALB/c nude mice were infused with the same
number of BCL1 cells and underwent MoAb treatments as
described previously. At 28 days after BCL1 transfer, a clear
difference was not observed between the mean spleen weights
of control, anti-CD80/CD86 and anti-CD154 treated groups
(Fig. 2c), suggesting that host ADCC and NK cells may not
be involved in the differential effects observed between anti-
CD80/86 and anti-CD154 MoAb treatments. These results suggest
that CD40 blockade may inhibit the GVHD-related immune

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 129:61-68



GVL effect after co-stimulatory blockade

responses mediated by asialo GM1~ cells and the additional
responses which are independent of GVHD. Our results demon-
strated that donor asialo GM1" cells were critical effectors for
immune responses against BCL1, but CD40 blockade may pref-
erentially inhibit the GVL responses that are independent of
asialo GM1* cells.

Effector function by T cells is comparably inhibited by both
co-stimulatory blockades

To investigate the reason why the anti-CD154 MoAb treatment
dramatically reduced the GVL effect, we examined T cell effec-
tor function. Because our preliminary kinetic analysis showed

65

that donor T cell expansion and IFNyexpression in the BMS mice
appears to be maximum during 12-14 days post-BMT, we com-
pared IFNyexpression in splenocytes at 14 days post-BMT. IFNy
expression by CD4* T cells was significantly inhibited by either
treatment with anti-CD80/86 or anti-CD154 MoAb (Fig. 3a).
No statistically significant difference was observed between both
treatments. IFNy expression by CD8" T cells was suppressed to
similar levels by both treatments. Cytotoxicity of recipient spleno-
cytes against BCL1, A20 and BALB/c PHA blasts was observed
in an E/T ratio dependent manner (Fig. 3b). However, no clear
differences were observed between the three groups. In the re-
cipient splenocytes at 28 days post-BMT, the percentages of T
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Fig. 3. IFNyexpression by CD4*T cells and T cell expansion are inhibited comparably by both treatments. (a) Expression of IFNyin indi-
vidual splenocytes from each group of mice at 14 days post-BMT was assessed by immunofluorescent staining of intracellular cytokines
by flow cytometry. Cells were stained with either FITC-anti-CD4 or anti-CDS8, PerCP-CD3 and PE-anti-INFy or with appropriated
fluorochrome-conjugated control Ig. Samples were analysed by flow cytometry. An electronic gate was set on either CD3"4" or CD3"8"
lymphocytes, and the expression of IFNy was analysed. (b) Splenocytes from each recipient at 14 days were used as effector cells.
Cytotoxicity against BCL1, A20 and BALB/c PHA blasts was measured. Each bar represents the mean * s.d. from five mice; @, cont.
Ig; W, CD80/86; A, CD154. (c) Cells were stained with FITC-anti-CD4, PE-anti-CD8 and PerCP-anti-CD3 MoAb or with appropriated
fluorochrome-conjugated control Ig. Samples were analysed by flow cytometry. CD3*, CD34" or CD3*8" lymphocytes were counted as T,
CD4" T and CD8" T cells, respectively. Over 98% of splenocytes were H-2d™ donor origin in all groups (not shown). *Statistically differ-

ent (P < 0-05). Data are representative of two experiments.
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cells, CD4" T cells and CD8" T cells were comparably inhibited
by both treatments (Fig. 3c). These results indicate that T cell
effector function at 28 days post-BMT was similar between both
co-stimulatory blockades.

Treatment with anti-CD154 MoAb preferentially reduces 1L-12
mRNA expression

We next focused on APC function. IL-12 produced from APC
just after antigen stimulation may be critical for Thl, CTL and
NK cell differentiation and activation. We examined IL-12 p40
mRNA expression in splenocytes after allo-antigen stimulation by
RT-PCR. Expression of IL-12 mRNA was induced rapidly at 3 h
after transfer of allogeneic splenocytes and reached maximum at
6-12h (Fig. 4a). We therefore compared the expression of IL-12
mRNA at 6h in each group. The treatment with anti-CD154
MoADb significantly reduced IL-12 mRNA expression compared
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Fig.4. Treatment with anti-CD154 MoAD significantly inhibits IL-12
mRNA. B6 mice received 2 x 107 irradiated BALB/c splenocytes and
MoAb treatment as described in the Methods. Total RNA from spleno-
cytes at the indicated time after transfer was isolated and expression of
IL-12 p40 mRNA was assessed by RT-PCR as described in the Methods.
(a) Kinetic change in IL-12 p40 mRNA expression after transfer. The
predicted product sizes for IL-12 p40 and [2-microglublin were 384
and 222 bp, respectively. (b) Comparison of IL-12 p40 mRNA at 6 h after
transfer. The amount of mRNA for IL-12 p40 and f2-microglobulin in
individual samples at 6 h after transfer was measured by densitograph
and the unit values were normalized to the amount of mRNA for f2-
microglobulin. The bars represent the mean + s.d. from each group of
seven to eight mice. *Statistically different (P < 0-05).

with the anti-CD80/86 MoAb treatment (Fig. 4b). These results
suggest the preferential suppression of IL-12 production from
APC by CD40 blockade.

DISCUSSION

In this study we have demonstrated that, despite the comparable
inhibition in clinical manifestation of acute GVHD assessed
by survival, body weight and lymphocyte reconstitution, CD40
blockade clearly reduced the GVL effect, while CD28 blockade
preserved the GVL effect in an allogeneic BMT model using
BCL1 leukaemia.

BCLI1 has been commonly used for assessment of GVL effect
in a murine model of BMT. In earlier studies, the dominant
involvement of CD8" T cells rather than NK cells for GVL activ-
ity has been reported in F1 hosts after allogeneic BMT [25,26].
On the one hand, the elimination of asialo GM1" cells [24] from
the graft reduced antileukaemic activity, while the GVL effect can
be developed even after T cell depletion in GVHD-free recipi-
ents [27]. These observations suggest that asialo GM1* NK and
T cells may be major effectors for eliciting GVL effect in a
BCL1 model. Consistent with these observations, our results also
revealed that asialo GM1* cells are potent mediators of the GVL
effect.

It should be noted that even after the depletion of asialo
GM1* cells, a preferential abrogation of antileukaemic responses
was seen consistently by CD40 blockade. This suggests that CD40
blockade preferentially affected a reduction of the GVL effect in
an asialo GM1" cell-independent mechanism. However, in our
analysis using splenocytes at 14 days post-BMT, we failed to
observe obvious differences in IFNyexpression by both CD4* and
CD8" T cells and cytotoxicity against host alloantigen, suggesting
that T cell function at the effector phase was not preferentially
reduced. The only single difference that we could observe in this
study was IL-12 mRNA expression just after transfer. Ligation of
CD40 is crucial in conditioning immunogenic versus tolerogenic
presentation of antigen to T cells by DC [28-31]. CD40 ligation
via CD154 activates APC leading to up-regulation of a number
of co-stimulatory molecules and cytokines. IL-12 produced by
CD40 ligation on APC is a crucial cytokine for CTL priming and
CD4* T cell help for generation of CTL [28,32,33]. At present, we
cannot clarify the discrepancy of our results between the in vivo
GVL effect and the in vitro analysis. A mechanism of differential
tolerance induction between the CD28 and CD40 blockades has
been suggested [31]. Recent accumulating reports suggested a
regulatory function induced by CD40 blockade. The regulatory
property of linked suppression [34] and the involvement of
CD4'CD25" regulatory cells [35,36] in CD40 blockade were
demonstrated. CD40 blockade caused a shift from Thl to Th2 in
murine allergic contact dermatitis [37], and high IL-10 production
in allogeneic responses in vitro [38]. Thus, it is likely that regula-
tory cytokines or regulatory cells may be involved in the in vivo
suppression of GVL by CD40 blockade, although we failed to
detect such suppression in the analysis in vitro. Further studies
will be required to clarify this issue.

In contrast to a broad range of immune suppressive effects
elicited by CD40 blockade, CD28 blockade does not directly inac-
tivate APC. Therefore, the conditioned APC activated by CD40
signalling could present antigen and prime CTL in a B7-
independent manner. A considerable number of CD288" T cells
exist, and they possess less proliferative ability but a high level of
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cytolytic activity [39]. Furthermore, less dependence on CD28 co-
stimulation in naive CD8 T cells has been suggested in antitumour
[40,41] and antiviral responses [42]. CD28-independent activation
of naive CD8" T cells was reported in 2C TCR transgenic mice
[43] or in an assay using peptide/MHC tetramers [44]. CD28
blockade was less effective in CD8" T cell-mediated allograft
rejection [45]. Reverse of CTLA-4 mediated regulatory function
by anti-CD80/86 MoAb treatment may be involved in the aug-
mentation of antileukaemia immune responses. These accumu-
lating reports suggest that naive CD8* T cells are not readily
tolerized by blockade of CD28 co-stimulation. This may be the
reason why CD28 blockade retained the GVL effect.

In this study, we first demonstrated the differential effect on
GVL between CD28 and CD40 co-stimulatory blockades in a
comparative study using BCL1 leukaemia. Our results provide a
warning against CD40 blockade for tolerance induction, although
further studies using a panel of leukaemias are required. In
leukaemia patients undergoing BMT, blockade of CD28 signal
may be favourable for clinical application.
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