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Abstract Tumor cells, including renal cell carcinoma
(RCCQ) cells, do not effectively stimulate T lymphocyte
responses against specific antigens presented on their
surface. Reasons for this low immunogenicity may in-
clude low or absent expression of MHC class I and/or
class II molecules, as well as accessory and costimula-
tory molecules. We used tumor cell pretreatment with
cytokines, together with monoclonal antibodies (mAbs)
directed at receptors for costimulatory molecules, to
render RCC cells immunostimulatory. Interferon-y or
tumor necrosis factor-o pretreatment enhanced expres-
sion of MHC class I and class II molecules, as well as
CD54, but had only minimal effects on T cell activation.
A CD28 mAb, or an even more effective combination of
CD28 and CD5 mADb, induced strong primary prolifer-
ative responses of allogeneic resting T lymphocytes.
Cytokine pretreatment further augmented this T cell
response in vitro and allowed T cell expansion and es-
tablishment of T cell lines. Stimulation of T cells with
autologous RCC cells resulted in a similar T cell acti-
vation but with the expansion of cytolytic T cells
directed at autologous MHC class II molecules. These
experiments demonstrate that cytokines combined with
costimulatory mAbs are useful for increasing the
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immunogenicity of tumor cells. They also indicate,
however, that autologous MHC class II expression on
tumor cells, together with strong costimulation, may
lead to the activation of autoreactive T cells.
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Introduction

Spontaneous regression and partial or complete remis-
sion of metastatic renal cell carcinoma (RCC) and
melanoma in some patients after immunotherapy pro-
vided the first indications for the presence of cellular
antitumor immune responses [33]. In addition, RCC,
melanoma, and some other solid tumors frequently
contain CD3+ rich T lymphocyte infiltrates that often
display antitumor reactivity when cultured in vitro,
suggesting a participation of T lymphocytes in human
tumor immunity [1, 12, 22, 24, 25, 37].

Binding of the T cell receptor (TCR) to an MHC/
antigen (Ag) complex provides the first signal for T cell
activation and determines the specificity of a T cell re-
sponse [38]. Additional interactions between accessory
molecules, such as CD54, CD58, CD72, and CD80/
CD86, and their corresponding receptors CDI11/18,
CD2, CDS5, and CD28/CTLA-4, deliver costimulatory
second signals [31]. Only the combination of Ag-specific
and costimulatory signals leads to complete T lympho-
cyte activation, clonal expansion, and differentiation of
lymphocytes into effector T cells [38], as well as para-
and autocrine cytokine interactions. Stimulation of the
TCR in the absence of costimulatory signals induces
antigen-specific T cell anergy [19, 28].

Recently, in the case of melanoma, numerous tumor-
associated antigens (TAAs) have been identified at the
molecular level [3]. TAA from most other cancers are
less well characterized, although evidence for RCC-de-
rived T cell antigens has been reported [4, 5, 13, 17, 18,
23, 32]. The low expression of TAAs may be one reason



that inefficient immune responses are generated against
RCC. Another cause for the low immunogenicity of
tumor cells may be their failure to express costimulatory
molecules such as CD80 and CD86. Consequently, im-
mune cells encountering tumor cells may receive signal 1
in the absence of signal 2, resulting in the induction of T
cell anergy [31, 38]. Furthermore, downregulation of
accessory molecules such as CD58 and CD54 and MHC
class I molecules, as well as lack of MHC class II ex-
pression, may contribute to immune escape [29, 34, 39].
As a compensation, providing costimulatory signals
represents one strategy to augment the immunogenicity
of tumor cells and to activate tumor-specific T lym-
phocytes. Since many autologous antigens are presented
by tumor cells, increasing the immunogenicity of tumor
cells harbors the potential of not only inducing tumor-
specific responses but also of breaking tolerance against
autoantigens.

Costimulatory signals can be provided through
genetic modification of tumor cells, allowing them to
express cytokines and/or costimulatory molecules such
as CD80. Such modified tumor cells were demonstrated
to induce tumor-specific immune responses and tumor
protection in animal models [2, 7, 10, 11, 14, 16, 41, 44].
In the case of human tumor cells, CD80 expression was
shown in vitro to render tumor cells capable of inducing
resting T lymphocyte proliferation and differentiation
into cytolytic effector cells [20].

The CDS5 receptor on T lymphocytes is known to be
involved in T cell activation and T-B cell interactions.
Recently it could be shown that simultaneous ligation of
CD5 and CD28 could induce T cell activation in the
absence of signal 1, providing evidence for a pathway of
Ag-independent T cell activation via CD5 and CD28
[46]. This pathway of activation may be interesting in
cases of tumor cells where specific tumor antigens are
unknown.

The present report describes an alternative strategy
for providing costimulatory signals. Cytokine pretreat-
ment of tumor cells was employed to augment the ex-
pression of cell surface molecules in combination with
monoclonal antibodies (mAbs) directed against the T
cell molecules CD28 and CDS5 in order to provide co-
stimulatory signals. We demonstrate that such an ap-
proach produced activated T cells directed against
nonimmunogenic RCC cells previously unable to induce
T cell responses. However, our studies also indicate that
such treatments contain the risk of activating autoreac-
tive T cells.

Materials and methods

Cell lines

The human RCC cell lines KTCTL-30, -104, -140, -187, and -195
were obtained from the DKFZ Tumorbank (Heidelberg, Germa-
ny). All cell lines were grown as adherent monolayers in tissue
culture flasks in RPMI medium (Gibco, Eggenstein, Germany)
supplemented with 10% FCS (Serva, Heidelberg, Germany), 2 mM
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L-glutamine (Gibco), and 1% penicillin/streptomycin (Gibco).
Confluent cultures were passaged using 10 mM EDTA in phos-
phate-buffered saline without Ca2+ and Mg2+, and 0.05%
trypsin-EDTA  (Gibco). Peripheral blood mononuclear cells
(PBMC) were prepared from peripheral blood of healthy donors or
—in two cases (KTCTL-187, -195), from patients with RCC — by
density gradient centrifugation using Ficoll (Ficoll-Hypaque,
Farmacia, Uppsala, Sweden). MHC class II typing using specific
primers for PCR confirmed that T cells and tumor cell lines orig-
inated from the same patient (data not shown). T lymphocytes were
subsequently prepared by adherence of PBMC on plastic dishes
followed by rosetting with sheep erythrocytes (ICN, Meckenheim,
Germany). T cells were >90% CD3+, >95% CD2+, and <1%
CD14+, as determined by flow cytometry. M7 is an Epstein-Barr
virus-transformed lymphoblastoid cell line (B-LCL). K562 is a
natural killer (NK) cell sensitive erythroleukemic cell line. SkMel63
is a melanoma cell line.

Immunofluorescence

Indirect immunfluorescence was performed as described [30].
MADs were anti-MHC class I (W6/32, ATCC), anti-MHC class 11
(AIMHCII, our laboratory), anti-CD54 (MEM112, Dr V. Horejsi,
Prague, Czech Republic), anti-CDS58 (PAK1, our laboratory), anti-
CDS80 (clone 104, 1 mg/ml; Dianova, Hamburg, Germany), and
anti-CD86 (IT2.2, 2 mg/ml; Dianova, Hamburg, Germany). As a
secondary antibody, fluoresceinated rabbit antimouse-Ig (F(ab’)2)
(Dako, Hamburg, Germany) diluted 1/40 in culture medium, was
used. Negative control samples were incubated with the secondary
Ab alone. Cells were washed and subsequently fixed with PBS
containing 1% formaldehyde. Fluorescence intensity was measured
using a Coulter Profile flow cytometer (Coulter Electronics, Hia-
leah, Fla., USA) with logarithmic amplification (3 log scale).

Proliferation assay

T cells were cultured at 10° cells per well in 96-well, flat bottomed
microtiter plates (NUNC, Roskilde, Denmark) for 5 days, together
with 10* y-irradiated (200 Gy) stimulator cells. The CD28 mAb (Dr
V. v. Fliethner, Ludwig Institute, Epalinges, Switzerland) was of
the IgM isotype and comitogenic in soluble form without cross-
linking; it was used as culture supernatant at a final concentration
of 25%. The CD5 mADb (9HS, our laboratory) was of IgG3 isotype
and comitogenic in soluble form without crosslinking;; it was used
at a final concentration of 50 ng/ml; 37 kBq ["H]-thymidine
(74.0 GBg/mmol, New England Nuclear, Boston, Mass., USA) per
well were added for further 18 h of incubation. Thymidine uptake
was determined by liquid scintillation counting and expressed as
mean cpm of triplicate wells.

Cytokines

Cytokines were titrated and the most effective concentrations were
used. Tumor cells were pretreated when indicated by incubating for
24 h (which was shown as optimal) with TNF-« (25 ng/ml, Boeh-
ringer-Mannheim) and IFN-y (250 U/ml, Boehringer-Mannheim).
IL-2 (natural human IL-2 provided by Biotest, Dreiech, Germany)
was added directly into T cell tumor cell cultures at indicated
concentrations.

Propagation of T cells

A total of 1-2x10°® autologous T lymphocytes were cocultured in
24-well plates with 1-2x10° y-irradiated (200 Gy) stimulator cells
and restimulated in weekly intervals under identical conditions.
CD28 and CD5 mAbs were added in concentrations, as described.
From the third day on of the second stimulation (day 10), replaced
medium was supplemented with IL-2 (50 U/ml).
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Cytotoxic T cell assay

Cell-mediated cytotoxicity was performed in a standard chromium
release assay. Stimulated allogeneic or autologous T cells were in-
cubated for 3 h with >'Cr-labeled tumor cells in the presence of
different target cells.

Specific cytotoxicity was calculated according to:

(experimental cpm — spontaneous cpm)
(maximal cpm — spontaneous cpm)

x 100

(1)

Antibody inhibition experiments were performed, including the
following mAbs: anti-MHC class I (W6/32, 10 pg/ml, ATCC) and
anti-MHC class II (AIMHCII, ascites 1:100).

Results

The impaired immunostimulatory capacity of RCC
cell lines is augmented by IFN-y and TNF-«

We investigated established cell lines from human RCC
(n=>5) for their ability to induce in vitro a primary al-
logeneic T lymphocyte response. To this end human
resting T lymphocytes from healthy donors (exp.l +2)
were incubated with irradiated tumor cells and T cell
proliferation was analyzed. Table 1 shows representative
results obtained with two different donors, demon-
strating that no, or only weak, T cell proliferation was
induced. In contrast, T cell activation was promoted by
the allogeneic B lymphoblastoid cell line (B-LCL) M7
under identical conditions. We did not observe a
decrease in T cell responses towards phytohemagglutinin
(PHA) in the presence of tumor cells, except with
KTCTL-30 (Table 1). Reasons for the immunosuppres-
sive activity of KTCTL-30 were not further addressed.
Phenotypic analysis of RCC cells by immunofluo-
rescence revealed that all five cell lines expressed MHC
class I antigens (Fig. 1; not shown, KTCTL-30, -104). In
contrast, MHC class II molecules were not expressed
constitutively on RCC cells. CD54 was expressed only
by KTCTL-195 and -104, whereas only low levels of
CD58 were detectable on the cell surface of all RCC cell
lines. RCC cells were then incubated with recombinant
IFN-y and TNF-o, cytokines known to enhance several
surface molecules (e.g., MHC and CD54). As shown in
Fig. 1, such treatment for 24 h resulted in increased
expression of MHC class I, CD54, and — to a lesser

Table 1 Analysis of T cell proliferation in allogeneic mixed lym-
phocyte tumor cell culture (MLTC) by (3H) thymidine incorpo-
ration. In case of cytokine (Cytok.) treatment tumor cells (KTCTL)
were incubated for 24 h with a combination of tumor necrosis

extent — CD58 on KTCTL-140, -187, and -195. The
combination of TNF-o and IFN-y resulted in an even
stronger effect. Remarkable is the induction of MHC
class II expression on KTCTL-140, -187, and -195 by
IFN-y and TNF-a, respectively, which was again higher
following incubation with both cytokines.

Given the importance of the costimulatory molecules
for the induction of T lymphocyte responses, we tested
RCC cell lines for their expression of CD80 and CD86
by immunofluorescence. Although not shown here, the
cell lines under investigation in this study did not express
CD80 or CD86 following treatment with IFN-y and
TNF-a, either alone or in combination.

To analyze how cytokine treatment of RCC impacted
on T cell responses, we tested RCC cells that were pre-
treated with a combination of TNF-o and IFN-y for
their ability to induce T cell proliferation. Table 1 shows
that cytokine pretreatment had no effect on T cell acti-
vation by KTCTL-30 and KTCTL-104. In contrast,
KTCTL-140, -187, and -195 stimulated a low but sig-
nificant response of resting T lymphocytes after prein-
cubation with both cytokines.

Augmentation of T cell responses towards RCC cell
lines by CD5 and CD28 mAbs

Given the rather low effects of cytokine pretreatment on
the immunogenicity of RCC cell lines, we next included
CD5 and CD28 mAbs in our experiments in order to
provide costimulatory signals for the activation of T
cells. Figure 2 shows that the addition of a CD28 mAb
resulted in a significant response of T lymphocytes to-
wards KTCTL-187 and KTCTL-195, respectively. This
response was up to eightfold higher when cytokine-
pretreated (IFN-y + TNF-«) tumor cells were used for
stimulation. The CD5 mAb augmented T cell prolifer-
ation only towards cytokine-pretreated RCC cells. The
strongest T cell responses were observed following
stimulation with RCC cells in the presence of CD5 plus
CD28 mAbs. However, preincubation with cytokines
showed no significant improvement. All other RCC cell
lines gave comparable results. It should be noted that the
CD5 and CD28 mAbs, either alone or in combination,
did not stimulate T cells in absence of RCC.

factor -o (25 ng/ml) and interferon-y (250 U/ml). Note that T cells
from two different donors were used in experiments 1 and 2. med
medium control, nd not done, PHA phytohemagglutinin

Cytokine PHA med M7 KTCTL
-30 -104 -140 -187 -195
Exp. 1 - - 177 6.555 282 278 315 193 383
- + 54.613 nd 27.962 57.392 65.564 41.540 54.039
Exp. 2 - - 150 10.250 544 418 756 382 288
+ - - nd 436 588 3.440 1.026 2.226
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Fig. 1 Immunfluorescence analysis of renal cell carcinoma (RCC)
cell lines. RCC cell lines (KTCTL-140, -187, -195) were analyzed
for expression of MHC class I (striped bars), MHC class 11 (gray
bars), CD54 (open bars), and CDS58 (dotted bars) following
incubation in medium (med), 250 U/ml IFN-y (IFN), 25 ng/ml
TNF-o (TNF), and a combination of IFN-y plus TNF-o (TNF/
IFN), respectively. M7 is a B-lymphoblastoid cell line. Medium-
control (full bars)

Generation of cytolytic T lymphocytes reactive
against an allogeneic RCC cell line

In order to test the ability of RCC cells to promote the
generation of cytolytic effector cells, we stimulated al-
logeneic T cells with KTCTL-187 cells under various
conditions. Tumor cells alone, or CD5 plus CD28 mAb
alone, did not promote T cell expansion but resulted in a
steady decline in the number of T cells. Only stimulation
of T cells with tumor cells in the presence of CD5 plus
CD28 mAbs allowed T cell expansion up to 50 days in
culture. The ratio of CD4+ /CD8+ T cells remained
constant during this period (approximately 75% CD4+
and 25% CDS8+, not shown).

As shown in Fig. 3a, T cells stimulated with cytokine-
pretreated KTCTL-187 in the presence of CD5 and
CD28 mAbs exhibited a substantial cytolytic activity
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towards untreated KTCT-187 cells. This activity was
only partially inhibited by competing for NK activity
and, moreover, cytolysis of K562 cells was low. This
suggests that MHC-restricted cytolytic T cells were
generated. In contrast, stimulation of T cells by CD5
plus CD28 mAbs in the presence of KTCTL-187 cells
that were not pretreated with cytokines, resulted in the
generation of cytotoxic T cells with non-MHC restricted
activity that were only weakly cytolytic towards
KTCTL-187 RCC cells (Fig. 3b).

Generation of cytolytic tumor-reactive T cells
following stimulation with autologous RCC cells

We employed the above strategy to stimulate T lym-
phocytes from an RCC patient (KTCTL-195) against his
own tumor cells. The phenotypic characterization of
PBMC from this patient revealed 56% CD3+, 58%
CD4+, 7% CDS8+, and 1% CDS56+ cells. This un-
usually high proportion of CD4+ T cells, which was
observed at independent time points, could not be ex-
plained by the patient’s case history and remains un-
clear. As observed following stimulation with allogeneic
RCC cells, T cell expansion did not occur following
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Fig. 2 T cell proliferative response towards renal cell carcinoma
(RCC) cells following costimulation with anti-CD28 and anti-CD5
monoclonal antibodies (mAbs). 10° T cells were incubated with
medium, 10* untreated (open bars) or IFN-y plus TNF-u
preincubated (striped bars) tumor cells. CD28 and CD5 mAb were
added in solution. T cell proliferation was determined by thymidine
incorporation on day 5

Fig. 3a, b Cytolytic activity of
T cells generated following
stimulation with the allogeneic
renal cell caracinoma (RCC)

stimulation with cytokine pretreated tumor cells alone
or mAbs alone. However, T cells were expanded fol-
lowing stimulation with tumor cells in the presence of
mADb (either CD28 or CD5/CD28) and gave rise to T
cells (>95% CD3+) of predominantly CD4+ pheno-
type (85% CD4+, 10% CD8+), as judged by immu-
nofluorescence in both cases (data not shown).

Whereas resting PBMC could not be activated after 2
weeks of stimulation without cytokines, specific lysis of
KTCTL-195 was slightly enhanced. Blocking experi-
ments showed only weak inhibition by MHC class I or
class IT (Fig. 4a).

As shown in Fig. 4b, autologous T cells exhibited
cytolytic activity after cytokine pretreatment of tumor
cells, whereas their NK activity (lysis of K562 cells) was
low. Blocking experiments revealed that a MHC class II
specific mAb (12G6) inhibited cytolysis of autologous
tumor cells by >70%. In contrast, an mAb directed at
MHC class I (W6/32) inhibited only marginally. Fig. 4c
shows that the allogeneic tumor cell lines KTCTL-187
(RCC) and SkMel63 (melanoma) were lysed at low
efficiency, whereas KTCTL-30 (RCC) was not. Impor-
tantly, a strong cytolytic activity was also observed when
autologous B lymphoblastoid cells were used as targets.
This demonstrates that cytokine pretreated KTCTL-195
induced an MHC class Il-restricted cytolytic response
that is not restricted to autologous RCC cells.

Discussion

In this study we investigated the use of mAbs directed at
costimulatory receptors in order to generate T cell re-
sponses against RCC cell lines in vitro. Employing mi-
togenic mAbs directed against lymphocyte receptors
with costimulatory function circumvents the necessity to
genetically modify tumor cells to express costimulatory
ligands. This is of particular relevance for clinical
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Fig. 4a—c Cytolytic activity of a T cell line generated following
stimulation with autologous renal cell carcinoma (RCC) cells
(KTCTL-195). T cells were propagated by stimulation with
cytokine pretreated autologous RCC cells in the presence of
CD28 and CDS5 monoclonal antibody (mAb). Cytolytic activity
was analyzed on day 14 against different target cells: a autologous
tumor KTCTL-195 (vertical lines), autologous tumor KTCTL-195
plus MHC class I specific mAb W6/32 (open squares), autologous
tumor KTCTL-195 plus MHC class II specific mAb 12G6 (open
triangles); b autologous cytokine pretreated tumor cells KTCTL-
195 in the absence of blocking mAb (vertical lines), or in the
presence of a MHC class I W6/32 (solid squares) and MHC class 11
12G6 (solid triangles) specific mAb, respectively, and against K562
(solid circles); ¢) autologous B lymphoblasts B-LCL-195 (crosses)
and allogeneic cell lines KTCTL 30 (solid circle), KTCTL-187 (open
circle), SkMel63 (solid triangles)

applications since it avoids several problems associated
with the in vivo or in vitro use of viral vectors, including
time-consuming transfection methods, low transfection
efficiencies, low or absent target cell specificity, and risk
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of uncontrolled viral replication in immune compro-
mised tumor patients.

Besides anti-CD28, several other mAbs, in addition
to CD28, have been demonstrated to augment T cell
activation induced by anti-CD3, mitogens, or alloanti-
gens. We tested CD28, CDS5, CD27, and CD29/49d
(VLA-4) mAbs, among which CD28 and CD5 mAbs
were found to enhance T cell activation by allogeneic
human tumor cells (unpublished observation). Syner-
gistic effects of CD28 and CD5 mAbs, as demonstrated
here, were observed previously [27] following anti-CD3
stimulation of human T lymphocytes. In addition, T
lymphocytes were induced to proliferate by a combina-
tion of anti-CD28 and anti-CDS5 in the absence of ad-
ditional TCR stimulation [46]. Under the experimental
conditions employed here, however, the function of
CD28 and CD5 mAbs was strictly dependent upon the
presence of tumor cells serving as an antigenic stimulus.

Several studies have demonstrated a role for CDS in
delivering accessory signals to human T lymphocytes
during activation and proliferation [40, 43]. The fact that
anti-CD5 alone did not show any costimulatory effect in
the present study may be interpreted to be the result of a
weak primary stimulation via the T cell receptor by renal
carcinoma cells in comparison to other strong stimuli
such as immobilized anti-CD3. (Several studies suggest
that the TCR-CD3 complex and CDS5 are functionally
linked [6, 9].) However, the activity of CD5 triggering
became obvious when a CD28-mediated signal, in ad-
dition an antigen/MHC signal, had already increased the
T cell activation status. Thus, the contribution of signals
from both costimulatory pathways CD28 and CDS35
yielded a stronger response than CD28 triggering alone.

The influence of IFN-y and TNF-«, respectively, on
the expression of MHC molecules, as well as accessory
molecules like CD54, is known and was demonstrated
for many cell types, including RCC cells [16, 36, 45].
Such enhanced expression may contribute to improved
cell/cell contact and antigen recognition that became
most effective in T cell activation only in the presence of
costimulatory signals induced by CD28 or CD5/CD28
triggering. In addition, the induction of MHC class 11
expression facilitated the activation of CD4+ killer T
cells that, in turn, may support the induction of CD8+ T
lymphocytes.

The results presented here demonstrate that the co-
stimulatory mAbs CD5 and CD28 can be used for the
generation and expansion of T cell lines directed against
RCC cell lines. Preincubation of RCC cells with IFN-y/
TNF-a improved the generation of MHC-restricted
cytolytic T cells. Therefore, a combination of costimu-
latory signals, i.e., by means of mAbs and increased
MHC expression induced by cytokines, seems to be a
reasonable approach to generate T lymphocytes directed
against tumor antigens in association with MHC mole-
cules. When this approach was tested directly for its
efficiency in an autologous RCC model, it was observed,
however, that a high proportion of T cells with a spec-
ificity unrelated to the RCC cells was induced. These
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T cells were most likely directed against autologous
MHC class II molecules, since they were inhibited by an
MHC class II-specific mAb and were also reactive with
autologous B lymphoblasts.

Several reports demonstrated that the expression of
CDS80 on tumor cells resulted in the generation of CD8+
MHC class I-restricted T cells [20, 44, 21]. The genera-
tion of MHC class II-specific T cells, as observed here,
may be due to the fact that (1) the induction of MHC
class II molecules by IFN-y/TNF-« or, (2) the combi-
nation of CD5 and CD28 mAbs, favored the expansion
of MHC class Il-specific T cells. However, the fact that
the high proportion of CD4+ T cells in the patient was
responsible for the predominant generation of MHC
class II reactivity cannot be excluded.

It is known that T lymphocytes directed against
autologous MHC class II determinants are activated in
an autologous mixed lymphocyte reaction (AMLR)
following stimulation with B cells or monocytes. Such
autoreactive T cells were discussed as representing
components of a network of existing but regulated — and
thus nonactive — T cells [8]. The increase of costimula-
tory signals together with MHC class II molecules on
RCC cells may have resulted in the activation of auto-
reactive T cells, as observed in an AMLR.

Our findings and interpretations have the following
consequences regarding the use of tumor cells with im-
proved immunogenicity: T cell preparations can be de-
pleted in vitro of autoreactive T cells by focussing
particularly on CD8+T cells as responders. This is
particularly important because the majority of defined
tumor antigens were found to be MHC class I-restricted
and recognized by CD8+ T cells. With regard to using
immunogenic tumor cells as vaccines, the employed
methods for improving the potency of a tumor cell to
activate T cells should be adjusted so that potential
autoreactive T cells will not be activated. Although the
stimulation of CD4 helper cells is being discussed as
having positive effects on the generation of antitumor
responses [42], our findings indicate that “unphysiolo-
gic” levels of MHC class II and strong costimulation
should be avoided, particularly in combination with
autologous tumor cells. However, in cases where allog-
eneic tumor cells are being employed as vaccines, al-
logeneic class IT molecules may support the activation of
tumor-specific T cells by activation of allospecific helper
T cells.

Perhaps new methods, including the use of bispecific
Abs (antitumor/anticostimulatory receptor), or the
chemical coupling of a costimulatory Ab to a tumor cell,
could be helpful to find optimal costimulatory levels for
enhancing the immunostimulatory capacity of tumor
cells, particularly ex vivo [26, 35, 47].
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