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Lymphocytes from blood or tumors of patients with advanced cancer
did not proliferate and produced very low levels of tumor necrosis
factor and IFN-g when cultured with autologous tumor cells. Prolif-
eration and lymphokine production dramatically increased in the
presence of beads conjugated with mAbs to CD3 plus mAbs to CD28
andyor CD40, and the lymphocytes destroyed the tumor cells. Expres-
sion density of CD3 concomitantly increased from low to normal
levels. Furthermore, beads providing a CD3 signal (in combination
with CD28 or CD28 plus CD40) gave partial protection against the
inhibitory effect of transforming growth factor type b1 on lympho-
cyte proliferation and production of tumor necrosis factor and IFN-g.
MHC class I-restricted cytolytic T cells lysing autologous tumor cells in
a 4-h Cr51 release assay were generated when peripheral blood
leukocytes were activated in the presence of autologous tumor cells
and anti-CD3yCD28 or anti-CD3yCD28yCD40 beads. Experiments per-
formed in a model system using anti-V-b1 or anti-V-b2 mAbs to
activate subsets of T cells expressing restricted T cell receptor showed
that lymphocytes previously activated by anti-V-b can respond to CD3
stimulation with vigorous proliferation and lymphokine production
while retaining their specificity, also in the presence of transforming
growth factor type b1. Our results suggest that T lymphocytes from
cancer patients can proliferate and form Th1 type lymphokines in the
presence of autologous tumor cell when properly activated, and that
antigen released from killed tumor cells and presented by antigen-
presenting cells in the cultures facilitates the selective expansion of
tumor-directed, CD81 cytolytic T cells.

immunotherapy u tumor vaccines u tumor immunity u transforming growth
factor type b1

Immune responses do not protect against most cancers, although
data were published in the 1960s indicating that the immune

systems of cancer patients recognize antigens that can be targets for
tumor destruction (1). Recent evidence for immunogenic, tumor-
associated antigens includes the demonstration, with tetramer
technology, that lymphocytes from melanoma patients recognize
tumor epitopes (2), the finding of IgG antitumor antibodies by using
the SEREX technique (3), and the generation of cytolytic T cells
(CTL) to a large variety of tumor epitopes (4, 5). Most likely, the
failure of immunological mechanisms to prevent tumor formation
is due to mechanisms normally protecting against autoimmunity.
For example, most neoplastic (like most normal) cells do not
express key costimulatory molecules and are able to ‘‘sneak
through’’ immunological control until their antigens have been
taken up and processed by ‘‘professional’’ antigen-presenting cells
(6–8). Furthermore, tumors make immunosuppressive factors, as
can lymphoid cells in response to tumor antigens (9). Members of
the transforming growth factor (TGF) type b1 family (9–15) are
particularly important in this regard. Reflecting the immunosup-
pressed state, molecules involved in T cell signaling are down-
regulated among lymphocytes from blood or tumors derived from
tumor-bearing animals and human patients (16–18). Unless the
immunosuppression can be overcome, it is unlikely that tumor

vaccination or adoptive transfer of immune T lymphocytes will have
a major impact in patients with metastatic cancer.

We now show that lymphocytes from patients with advanced
cancer can proliferate, produce high levels of tumor necrosis
factor (TNF) and IFN-g, and generate tumor-destructive CTL in
the presence of autologous tumor cells after polyclonal activa-
tion, via CD3, and costimulatory signal(s), via CD28, alone or
together with CD40. We further show that lymphocytes stimu-
lated via CD3 plus costimulatory signals become relatively
resistant to inhibition by TGF-b1. These data are supported by
experiments performed in a model system where anti-V-b1 and
anti-V-b2 are used as surrogate antigens to which responses are
induced or recalled by using the respective specific mAbs.

Materials and Methods
Patient Material. Tumors were obtained at surgery or from malig-
nant effusions (mostly ascites) of patients with stage IV carcinomas.
Most studies were performed with eight patients, five of whom
(1OV, 3OV, 8OV, 44OV, 48OV) had ovarian carcinoma, two (1C,
22C) had colon carcinoma, and one (1HN) had a head and neck
carcinoma. Cells from an ovarian carcinoma line, 4007, also were
used.

Preparation of Tumor and Blood Samples. Solid tumors were sus-
pended in medium, and fluids were removed from effusions after
which the cells were resuspended. Erythrocytes were removed by
Ficoll-Hypaque (Amersham Pharmacia), and a Percoll gradient
(Sigma) was used to separate tumor cells from tumor-infiltrating
lymphocytes (TIL). Lymphocyte samples were used directly or
stored in liquid nitrogen for later use. Tumor samples were ex-
planted to establish cell cultures. Peripheral blood leukocytes
(PBL) were purified by using Ficoll-Hypaque. In the initial exper-
iments, CD81 T lymphocytes (.90% pure) were positively selected
from TIL by using VarioMac magnetic beads (Miltenyi Biotech,
Auburn, CA). For all other experiments, lymphoid cell populations
containing T lymphocytes, monocytes, and B cells were used.

Combination of Lymphocytes and Tumor Cells. In the initial experi-
ments, five lymphocytes were added per tumor cell, after which the
mixtures were incubated at 37°C in Costar (3513) 12-well plates
(Corning) with RPMI medium (GIBCO) and 10% FCS (Atlanta
Biological, Norcross, GA). They were followed by experiments in
which PBL or TIL were cultured with or without autologous tumor
cells in the presence of magnetic beads (Dynal, Lake Success, NY)
and conjugated, using a published technique (19, 20), with mAbs to
CD3, CD28, andyor CD40; beads not conjugated with mAb (or
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with an irrelevant mAb) were used as controls. The mAbs were 64.1
(21), 9.3 (21), and G28.5 (22), which, respectively, stimulate lym-
phocytes polyclonally (anti-CD3), costimulate them (anti-CD28),
or activate antigen-presenting cells (anti-CD40). When autologous
tumor cells were used, cells (40,000–75,000ywell) were first at-
tached by overnight incubation to Costar 24-well plates containing
2 ml Iscove’s modified Dulbecco medium with 10% FBS. mAb-
conjugated beads (3 3 106yml) were then added, followed by
lymphocytes (106yml) in RPMI with 10% FBS. The plates were
incubated at 37°C in a 6% CO2 in air atmosphere for 4–5 days. The
beads then were removed using a magnet, and the lymphocytes
were placed in new wells in medium containing 10 unitsyml of IL-2
(Roche Molecular Biochemicals) and moved into flasks when their
concentration had reached '2 3 106 cellsyml. Cultures were
observed for evidence of tumor cell destruction. Lymphocyte
proliferation was determined by counting. Media were sampled to
measure production of TNF andyor IFN-g, which was assayed with
WEHI cells (23) and an ELISA (IFN-g ELISA, EH-IFNG, Endo-
gen, Woburn, MA), respectively. TGF-b1 was purchased from
Sigma. In all experiments using TGF-b1, the molecule remained in
the cultures, also after removal of mAb-conjugated beads.

CTL Assays. Classical 4-h 51Cr release assays were performed. To
characterize the effector cells, experiments were done to inhibit
cytotoxicity by addition of mAb w6y32 (10 mgyml), which recog-
nizes a MHC class I framework determinant (Research Diagnos-
tics, Flanders, NJ). mAbs to the natural killer markers CD16 and
CD56 (Beckman Coulter), anti-CD8 mAb HIT8a (PharMingen),
and anti-integrin-b2 (CD18) mAb 60.3 (24) also were used.

Fluorescence-Activated Cell Sorting (FACS) Analysis of Lymphocytes.
Density of CD expression was evaluated by FACS (Epics XL,
Coulter), using phycoerythrin-labeled mAb and counting cells as
positive when they had a preset minimum brightness. To investigate
whether an increased density of CD3 expression after in vitro
activation of lymphocytes was due to the selective proliferation of
cells with originally high CD3 expression, PBL harvested from
cancer patients were labeled with the dye CFDA (Molecular
Probes). Subsequently, they were cultured in the presence of
anti-CD3yCD28yCD40 beads for 5 days, after which the beads
were removed and the lymphocytes were expanded in medium
containing 10 units IL-2yml. At two time points after removal of
the beads (4 h and 3 days) FACS analysis was performed, in which
cells were analyzed for labeling by CFDA and expression of CD3.
Labeled lymphocytes that had been cultured with control beads
were studied for comparison.

Use of a Model System with Anti-V-b1 and Anti-V-b2 as Surrogate
Antigens. Experiments were performed to investigate the effect
of stimulation of PBL from healthy adult donors (one donor in

each experiment) on the proliferation and lymphokine produc-
tion of naı̈ve lymphocytes and on lymphocytes activated by mAbs
to V-b1 and V-b2 (Beckman Coulter). The well bottoms of a
culture plate were coated with 1 mgyml of anti-V-b1 or anti-
V-b2 by incubation at 4°C overnight. Subsequently, PBL (2 3
106ywell) were added, either together with control beads or
beads conjugated with anti-CD3yanti-CD28yanti-CD40 mAbs.
After 4–5 days of coculture, beads were removed and lympho-
cytes were expanded in medium supplemented with 10 units
IL-2yml. The number of lymphocytesywell was counted, and
production of TNF and IFN-g was measured. Lymphocytes were
analyzed by FACS for expression of CD3, V-b1, and V-b2.

A second round of stimulation then was carried out to study the
effects of stimulation by anti-V-b andyor mAb-coated beads on
sensitized lymphocytes. In these experiments, lymphocytes sensi-
tized in the presence of either anti-V-b were cultured for 5 days in
the presence of the same or a different, immobilized anti-V-b, with
or without beads conjugated with anti-CD3yCD28yCD40 mAbs.

Results
Cocultivation of PBL or TIL with Autologous Tumor Cells. Six initial
experiments were performed in which CD81 T lymphocytes puri-
fied from TIL were cultured with tumor cells, after which the
supernatants were assayed for TNF or IFN-g. In a representative
experiment, CD81 TIL from a colon cancer patient (1C), first
cultivated with 1C tumor cells for 15 days, were removed and added
to either a fresh set of 1C cells or to tumor cells from a lung
carcinoma patient (3L). A small amount of TNF (1.2 pgyml) was
detected when 1C lymphocytes were combined with the 1C but not
with the 3L tumor, whereas TNF and IFN-g (1.5 pgyml) were
produced when TIL from 3L were combined with 3L tumor cells
but not when cultured alone. There was no evidence of lymphocyte
proliferation. In subsequent experiments, TIL populations com-
prising monocytes, CD41 T cells, and B cells in addition to CD81

lymphocytes were combined with autologous tumor cells. Approx-
imately 10 times higher levels of TNF (4.5–48 pgyml) and up to 150
pgyml of IFN then were detected in supernatants from cultures of
eight of 13 patients. There was still no lymphocyte proliferation.

We then adapted a system in which mAb-conjugated magnetic
beads are used to induce signals via various lymphocyte receptors
(19, 20). PBL or TIL were combined with autologous tumor cells
in the presence of beads conjugated with mAbs to CD3 and mAbs
to CD28, alone or together with CD40. Similar groups were
included with lymphocytes but without tumor cells. As controls,

Fig. 1. Proliferation of in vitro expanded TILs from 44 OV. (A) Autologous
tumor, control beads (similar results without tumor). (B) Autologous tumor,
anti-CD3yCD28yCD40-conjugated beads. (C) No tumor, anti-CD3yCD28yCD40-
conjugated beads.

Fig. 2. Proliferation of PBL from 1C after in vitro activation in the presence
of autologous or allogeneic 4007 mismatched ovarian carcinoma cells. (A)
Control beads. (B) Anti-CD28yCD40-conjugated beads. (C) Anti-CD3yCD28-
conjugated beads. (D) Anti-CD3yCD28yCD40-conjugated beads. (E) Anti-
CD3yCD40-conjugated beads.
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lymphocytes, with or without tumor cells, were cultivated with
control beads. After 3–5 days, the beads were removed and the
lymphocytes were incubated separately over 2–21 days with 10
unitsyml of IL-2.

Fig. 1 shows an experiment in which TIL from OV44 proliferated
vigorously when exposed for 4 days to anti-CD3yCD28yCD40-
conjugated beads. Lymphocytes cultivated in the absence of a CD3
signal did not proliferate and neither did lymphocytes cultured with
anti-CD28 andyor CD40 beads (data not shown). Proliferation was
greater when autologous tumor cells were initially present with the
beads inducing signals via CD3 (Fig. 1B). Anti-CD3yCD28-
conjugated beads induced proliferation similar to that with anti-
CD3yCD28yCD40-conjugated beads (data not shown).

Fig. 2 shows an experiment in which PBL from patient 1C and
various mAb-conjugated beads were cultivated for 5 days with
either autologous tumor cells or allogeneic (4007) cells. The
number of lymphocytes per culture was much higher when
CD3yCD28 (Fig. 2C) or anti-CD3yCD28yCD40 (Fig. 2D)
activated lymphocytes were combined with 1C tumor than with
4007 cells, a finding similar to that illustrated in Fig. 1. When, on
the other hand, the beads did not provide any signal via CD3
(Fig. 2 A and B), the situation was the reverse and probably
represented an immunological response to alloantigens ex-
pressed on the 4007 cells. FACS analysis showed that .90% of
the activated lymphocytes expressed CD3 and '70% of them
were CD81, with less than 5% expressing CD16 or CD56.

Most of the tumor cells were destroyed within 24–48 h after
exposure to autologous lymphocytes in the presence of anti-
CD3yCD28- or anti-CD3yCD28yCD40-conjugated beads, often
leaving cultures entirely comprising cells with lymphocyte mor-
phology. To study whether this destruction had immunological
specificity, four experiments were performed in which serial dilu-
tion of PBL (106–105ysample) from cancer patients were combined
with autologous tumor cells or with either tumor cells or fibroblasts
from an allogeneic donor. In two experiments, there was '10 times
more TNF in the culture supernatants in the presence of the
autologous tumor, but there was no difference in the killing of cells
from autologous or allogeneic tumors or of allogeneic fibroblasts.
We conclude that tumor cell destruction seen after 24–72 h in the
presence of lymphocyte activation was not immunologically spe-
cific, perhaps because large amounts of activated T lymphocytes
and lymphokines obscured any specific components.

MHC-class I-restricted CTL were generated from lymphocytes
activated by tumor cells plus anti-CD3yCD28 or anti-
CD3yCD28yCD40 beads. Fig. 3 presents an experiment with PBL
from 1C, which had been activated in the experiment shown in Fig.

2. After activation by tumor cells and mAb-conjugated beads, the
beads were removed and the lymphocytes were expanded with 10
units IL-2yml medium over 3 weeks in the absence of tumor cells
and beads. PBL activated by 1C and anti-CD3yCD28 beads were
strongly cytolytic to 1C cells, and lysis was inhibited by a mAb to
CD8 and by anti-MHC class I framework mAb w6y32 (Fig. 2A).
Allogeneic 4007 cells were killed by only 20% at an effector-to-
target cell ratio of 50:1, as compared with 98% lysis of 1C cells (Fig.
2A). Fig. 2B demonstrates analogous data for PBL stimulated with
anti-CD3yCD28yCD40 beads. Lysis of 4007 cells then was at the
same low level as that of 1C in the presence of mAb w6y32. In
contrast, PBL stimulated with anti-CD3yCD40 beads killed both
1C and 4007 cells, also in the presence of mAbs to CD8 or mAb
w6y32 (data not shown). CD81 cells enriched from the cell
population used in the experiment shown in Fig. 2B lysed 25% of
1C cells at an effector-to-target cell ratio of 1:20 as compared with
0% of cells from the 4007 line and 0% of cells from an allogeneic
B cell line. In this experiment, lysis of 1C cells was 5% in the
presence of mAb w6y32 and 5% with the anti-CD18 mAb 60.3, and
it only decreased from 25% to 18% with a combination of mAbs to
CD16 and-CD56. Lymphocytes activated by cocultivation with 4007
cells and any of the beads did not selectively lyse 1C or 4007 cells
(data not shown). The CTL assays were repeated twice with similar
results.

Large amounts of IFN-g were detected in supernatants of
cultures from lymphocytes activated via CD3 (Fig. 4). Fig. 4 also
shows that the production of IFN-g was higher when autologous
tumor cells were present during the first 4–5 days of culture.

Table 1 presents six additional representative experiments show-

Fig. 4. IFN-g produced by in vitro expanded PBL from 1HN. (A) No tumor,
anti-CD3yCD28-conjugated beads. (B) Autologous tumor, anti-CD3yCD28-
conjugated beads. (C) Autologous tumor, control beads (similar results without
tumor).

Fig. 3. Cr51 release data with PBL from 1C, tested on the indicated target cells, after activation on 1C cells by anti-CD3yCD28-conjugated beads (A) or
anti-CD3yCD28yCD40-conjugated beads (B). Standard deviations were ,10% of cpm. EyT, effector-to-target cell ratio.
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ing proliferation and lymphokine production by PBL or TIL, which
were either tested upon harvest from the patients or after one round
of in vitro activation with beads. Anti-CD3, anti-CD3yCD28,
anti-CD3yCD40, and anti-CD3yCD28yCD40 beads strongly in-
creased lymphocyte proliferation with no significant difference
between them. In contrast, anti-CD28, anti-CD40, and anti-
CD28yCD40 beads alone did not increase lymphocyte prolifera-
tion and lymphokine production over control beads (data not
shown), indicating that signaling via CD3 was essential. Production
of TNF and IFN-g correlated well. It decreased to background
levels when the lymphocytes were grown without tumor cells and
beads for more than 3–5 days (data not shown). As in Figs. 1 and
4, CD3 signaling was required to induce vigorous lymphocyte
proliferation and lymphokine production.

The density of CD antigen expression on lymphocyte populations
was measured by FACS before and after 3- to 5-day cultivation with
tumor cells and anti-CD3yCD28yCD40 beads, followed by an
additional 3- to 7-day expansion without beads. To reflect changes
in the density of CD receptor expression, the number of cells in each
population whose brightness at least equaled the density at the
chosen setting is reported (Table 2); unstimulated PBL from six
healthy donors (30–65 years of age) were analyzed for comparison.
Unstimulated PBL from the cancer patients had low levels of CD3,
CD4 and CD28. Four of five patients also had low CD8 density,
whereas the CD86 density was higher than among unstimulated
PBL from the healthy donors. Culturing of PBL with control beads
partially increased CD3 expression, but did not significantly in-
crease CD28 expression. In contrast, culturing with anti-
CD3yCD28yCD40 beads consistently restored the expression of
CD3 and CD28 to normal levels, and it doubled the number of cells
with high-density CD8 expression. Density of CD3 expression was

studied with TIL from five patients. It was 2.9%, 40.2%, 96%,
42.8%, and 40.1%, respectively—i.e., it displayed more variation
and was generally higher than for PBL. CD8 expression by TIL was
higher than among PBL and increased from 61.4% to 87.3%. The
corresponding figures for CD28 expression among TIL were 39.3%
and 52.8%. Before cultivation, PBL and TIL from cancer patients
comprised 10–20% CD141 cells (most likely monocytes). At 2 to 3
days after cultivation with anti-CD3yCD28 or anti-
CD3yCD28yCD40 beads, 5–20% of the lymphoid cells were
CD831yCD32; there was less than 1% of such cells with control
beads or anti-CD28yCD40 beads.

To investigate whether an increased density of CD3 expression
after in vitro activation of lymphocytes was due to the selective
proliferation of cells with originally high CD3 expression, experi-
ments were performed with TIL, 40.2% of which originally ex-
pressed CD3, which were labeled with the dye CFDA (25). After
activation via anti-CD3yCD28yCD40 beads, CD3 expression in-
creased to 95%. FACS analyses, using CFDA and phycoerythrin-
labeled anti-CD3 as probes, showed that there was no selective
proliferation of the subpopulation of PBL that originally had higher
CD3 expression.

Effect of TGF-b1 in the Presence of Activation Signals via mAb-
Conjugated Beads. Table 3 shows five representative experiments
performed to investigate whether the inhibitory effect of TGF-b1
on lymphokine production and lymphocyte proliferation could be
altered by coculture with beads inducing signals via CD3. With
control beads, the TNF and IFN-g levels were low, and these levels
were further suppressed by TGF-b1. In contrast, with anti-
CD3yCD28yCD40 beads these levels increased to levels often
approaching those seen in the absence of TGF-b1. Likewise, when

Table 1. Proliferation (cell numbers 3 106 per sample) and lymphokine production (pgyml of TNF or IFN-g) of freshly harvested PBL
and TIL from patients with advanced cancer after culturing for 4–5 days 6 autologous tumor cells in the presence of
mAb-conjugated beads, followed by 2–4 days without beads (same time within each experiment)

mAb-conjugated
beads

PBL TIL

10V 80V 1HN* 480V* 30V 22C*

3 106 TNF IFN-g 3 106 TNF 3 106 TNF 3 106 3 106 TNF IFN-g 3 106 TNF

Control 1.1 30 479 4.2 12 1.3 3 0.4 1.2 0 271 1.4 5
Anti-CD3 11.3 2,440 5,560 15.3 1,550 4.8 2,080 NT 8.2 950 3,720 NT NT
Anti-CD3yCD28 9.6 2,500 7,810 22.7 2,500 7.2 13,020 NT 7.0 2,100 4,730 5.8 1,660
Anti-CD3yCD40 7.8 2,500 4,480 18.6 .1,000 4.0 1,450 NT 5.4 660 3,060 3.6 1,540
Anti-CD3yCD28yCD40 NT NT NT NT NT NT NT 17.1 NT NT NT 6.5 2,060

Cultures were initiated with 106 PBL or TILysample. NT, not tested.
*Autologous tumor cells present together with the lymphocytes.

Table 2. CD expression (mean 6 SD) of PBL from six healthy adults and from cancer patients (5–8 patients per
group), tested directly (unstimulated) or after culturing with mAb-conjugated beads for 4–5 days

Marker

Healthy
donors,

unstimulated

Cancer patients

Unstimulated

Beads

Control Anti-CD3yCD28 Anti-CD3yCD40 Anti-CD3yCD28yCD40

CD3 72.3 6 11 20 6 24* 52 6 32 92 6 10† 96 6 5† 94 6 5†

CD4 45.4 6 11 21 6 20 37 6 24 42 6 23 29 6 20 51 6 18
CD8 21.7 6 10 9 6 7 18 6 13 47 6 26 70 6 15† 45 6 15†

CD28 62.1 6 12 33 6 17* 45 6 32 79 6 30 70 6 36 93 6 3†

CD56 2.2 6 3 11 6 12 25 6 34 2 6 4 3 6 2 1.5 6 2.4
CD80 0.1 6 0 2 6 2 4 1 6 1 3 6 5 5.6 6 9
CD86 0.2 6 0 34 6 24* 10 6 13 10 6 14 16 6 16 5 6 3

Five to eight samples were tested per group of cancer patients.

*, P , 0.01 compared to unstimulated lymphocytes from healthy donors.
†, P , 0.01 compared to unstimulated lymphocytes from patients.
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anti-CD3yCD28yCD40 beads were used, there was much less
inhibitory effect of TGF-b1 on lymphocyte proliferation with no
inhibition at all seen with patient 1HN. A relative resistance of T
cell proliferation and lymphokine production was seen also when
the TGF-b1 dose was increased to 20 ngyml and when the
concentration of lymphocytes was decreased to 105ysample (data
not shown). Beads stimulating via CD28, CD40, alone or together,
did not protect against TGF-b1 (data not shown).

Model Experiments with mAbs to V-b1 and V-b2 as Surrogate Anti-
gens. Because stimulation via CD3 interferes with the induction of
primary immune responses, experiments were performed in a
model system to investigate the effect of CD3 stimulation on
lymphocytes that had been activated by an antigen. As surrogate
antigen, we used mAbs to V-b1 or V-b2, which allowed both the
stimulation and recognition of CD31 T cells expressing specific T
cell receptors. PBL from healthy donors were exposed to anti-V-b1
or anti-V-b2 mAbs either in the presence of control beads or beads
conjugated with anti-CD3yCD28yCD40 mAbs.

The presence of anti-CD3yCD28yCD40 beads completely in-
hibited the induction of an immune response specific for anti-V-b1

or anti-V-b2 (data not shown). In contrast, as shown in two
representative experiments (Table 4), signaling via these beads
expanded the proliferation of V-b-specific T lymphocytes that had
been previously activated. Lymphocytes primed by exposure to
anti-V-b1 or anti-V-b2 proliferated, with retained specificity for the
given anti-V-b, in response to the respective anti-V-b alone or in
combination with anti-CD3yCD28yCD40 beads. Similarly, V-b
specificity was retained when cells activated by anti-V-b were
expanded with the anti-CD3yCD28yCD40 beads in the presence
of the same anti-V-b mAb, a different one, or no such mAb.
Stimulation via anti-V-b mAb together with activation signals via
anti-CD3yCD28yCD40 beads led to higher production of TNF
than achieved by antigen-specific stimulation or activation alone
(Table 4, experiment 1). The presence of anti-CD3yCD28yCD40
beads protected against the inhibitory effect of TGF-b1 on lym-
phocyte proliferation and allowed the production of significant
amounts of IFN-g 2 days after removal of the beads from the
lymphocytes and with TGF-b1 remaining in the culture medium
(Table 4, experiment 2). With the anti-CD3yCD28yCD40 beads,
.20,000 pg IFN-g was detected in the culture medium whether or
not TGF-b1 was present (data not shown). The number of T cells

Table 3. Proliferation (cell numbers 3 106 per sample) and lymphokine production (pgyml of TNF or IFN-g) by fresh or previously
stimulated (*) PBL and TIL from cancer patients cultured for 4–5 days with tumor cells and mAb-conjugated beads 6 (5 ngyml)
TGF-b1, followed by 2–3 days without beads or tumor cells but with TGF-b1 remaining

mAb-conjugated
beads

TGF-b1
present

PBL TIL

22C 480V 1HN* 480V 22C*

3 106 TNF IFN-g 3 106 IFN-g 3 106 TNF IFN-g 3 106 IFN-g 3 106

Control 2 4.6 40 264 0.5 310 1.3 3 23 4.4 98 1.7
1 2.8 0 19 0.5 19 0.4 5 48 2.8 27 1.4

Anti-CD3yCD28yCD40 2 19.7 2,900 .20,000 17.2 .10,000 7.2 11,680 24,050 8.1 9,810 6.5
1 15.5 860 6,700 9.8 3,810 7.4 4,640 19,250 3.7 5,220 3.1

Cultures were initiated with 106 PBL or TILysample.

Table 4. Secondary sensitization of PBL from two healthy donors in the presence of beads conjugated with
anti-CD3yCD28yCD40 mAbs (or unconjugated beads, as controls) using anti-V-b1 or anti-V-b2 as surrogate
antigens

Exp.
1st stimul. on

anti-V-b
2nd stimul. on

anti-V-b
Anti-CD3yCD28y

CD40 beads TGF-b

Lymphocytes (3 106)
Lymphokine

pgymlTotal V-b1 V-b2

1 1 1 2 2 12.1 11.4 0.04 150
1 2 2 2 2.5 1.9 0.05 NT
1 None 2 2 1 0.79 0.01 1
1 1 1 2 11.9 9.3 0.12 1,760
1 2 1 2 14.0 11.3 0.28 NT
1 None 1 2 15.7 12.9 0.16 880
2 1 2 2 0.9 0.03 0.54 NT
2 2 2 2 3.5 0.03 2.5 340
2 None 2 2 0.5 0.005 0.32 2
2 1 1 2 14.7 0.15 7.6 NT
2 2 1 2 11.5 0.23 5.1 5,040
2 None 1 2 13.9 0.14 7.2 1,960

2 1 1 2 2 12.1 8.0 0.1 1,220
1 1 2 1 1.1 0.8 0.1 194
1 1 1 2 14.9 6.5 0.1 1,546
1 1 1 1 11.0 8.2 0.3 405
1 2 2 2 4.4 3.7 0.3 47
1 2 2 1 1.8 1.6 0.2 47
1 2 1 2 19.1 12.1 0.2 536
1 2 1 1 16.9 12.8 0.3 161

TGF-b1 (5 ngyml) was added as indicated in exp. 2. Lymphocyte numbers (3 106) and lymphokine production (TNF in exp. 1 and IFN-g
in exp. 2) was measured 2 days after removal of the beads. NT, not tested.
*.90% of the lymphocytes are CD3-positive according to FACS analysis.
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in groups exposed to anti-V-b1 and not receiving TGF-b1 was
approximately the same whether or not anti-CD3yCD28yCD40
beads were present, whereas T cell proliferation sharply decreased
when the group stimulated only via anti-V-b1 was exposed to
TGF-b1. Consequently, the observed protection of CD3 engage-
ment against inhibition by TGF-b1 was not an artifact caused by
fewer molecules of TGF-b1 per T lymphocyte.

Discussion
Although initial experiments showed that PBL and TIL from
patients with stage IV cancer secreted TNF and IFN-g when
cocultivated with autologous tumor cells, the lymphokine levels
were extremely low (particularly in cultures lacking monocytes),
and there was no lymphocyte proliferation. In contrast, lymphokine
production was dramatically increased, and there was vigorous
lymphocyte proliferation when we used a procedure (19, 20) in
which beads conjugated with a mAb to CD3 in combination with
mAbs to CD28 andyor CD40 were added to the cultures. Tumor-
selective CTL, which were MHC class I-restricted and CD81, could
be generated from lymphocytes that had been activated over 4–5
days by anti-CD3yCD28 or anti-CD3yCD28yCD40 beads in the
presence of autologous tumor cells (and monocytes) and then
expanded in the absence of tumor cells and beads. We conclude that
stimulation of T lymphocytes via CD3 (and costimulatory signals)
expands all T lymphocytes and facilitates the generation of CTL in
the presence of autologous tumor cells and antigen-presenting cells
in the cultures. The low proliferation and lymphokine production
of unstimulated PBL harvested from cancer patients correlated
with their low expression of CD3, CD28, CD4, and CD8. Exposure
to anti-CD3yCD28 or anti-CD3yCD28yCD40 beads up-regulated
lymphocyte expression of CD3 and CD28, as it increased their
ability to proliferate and form lymphokines. Increased expression of
CD3 was not the result of a preferential expansion of lymphocytes
that originally had high density of CD3 expression.

Our data indicate that at least some patients with advanced
cancers have T lymphocytes that can mount tumor-destructive
immune reactions but are inhibited from doing so in vivo, and
that signals mediated via CD3 in the presence of tumor antigens
can activate these reactions. Because the view that polyclonal
stimulation via CD3 can activate antitumor immunity challenges
the current concept that such stimulation prevents or overrides
recognition of antigen by the T cell receptor, experiments were
performed in a model, using mAbs to V-b1 or V-b2 as surrogate
antigens. These experiments demonstrated that signals mediated
via CD3 dramatically expanded the proliferation of already
primed T lymphocytes without loss of their V-b specificity
whereas they prevented the de novo induction of a specific
response. Furthermore, exposure of T lymphocytes to the spe-
cific anti-V-b together with anti-CD3yCD28yCD40 beads was
optimal in inducing the production of TNF.

Tumor cells exposed to lymphocytes and stimulated via CD3 in
combination with CD28 andyor CD40 were regularly destroyed
within 24–48 h by a mechanism that had no detectable antigen
specificity, although TNF production appeared to be greater in the
presence of autologous tumor cells than allogeneic tumor cells or
fibroblasts. Most likely, polyclonal stimulation of CD3 plus costimu-
lation via CD28 and CD40 produced lymphokines that activated
natural killer cells and monocytes and also (like TNF) had a direct
toxic effect. We hypothesize that lymphocyte activation, accompa-
nied by tumor cell killing, causes the release of antigen, which is
taken up and processed by monocytes in the cultures that differ-
entiate into dendritic cells and present epitopes for the selective
expansion of tumor-reactive T cells. Therapeutic vaccines may be
based on the same principle to activate and expand suppressed
lymphocytes in tumor-bearing individuals and also may facilitate
the generation of immune responses to subdominant epitopes. It is
noteworthy that treatment of tumor-bearing mice with anti-CD3
mAb has been shown to have antitumor activity under certain
circumstances (26).

The procedures we have used make possible the generation of
CD831 dendritic cells and CD31 lymphocytes, which continue to
expand over .10 weeks of in vitro culturing and should lend
themselves to adoptive immunotherapy. This finding may be
because costimulation via CD28 decreases the probability for
lymphocytes to undergo apoptosis (27, 28), providing them with
a long lifespan in vitro (19). Costimulated lymphocytes also have
survived for a long time after transfer back to autologous
patients (29) as opposed to lymphocytes expanded in the pres-
ence of high doses of IL-2.

Most of the patients died within a year of donating PBL or TIL,
despite our evidence that their T cell repertoire at least in some
cases included lymphocyte clones that could recognize the tumors
as antigenically foreign. Most likely, the failure of these clones to
expand in vivo and differentiate into effector cells was due to the
production by the tumor andyor the host of molecules that down-
regulated or terminated T cell reactivity. Many such molecules are
known (9) with members of the TGF-b1 family being among the
most powerful. The effects of TGF-b1 were thus investigated. It is
encouraging that T cell stimulation via CD3 in combination with
CD28 alone or together with CD40 protected against '50% of its
inhibitory effect on lymphocyte proliferation and production of
TNF and IFN-g, even when the TGF-b1 was used at saturation
levels of 20 ngyml in the cultures. Likewise, T cell stimulation via
anti-CD3yCD28yCD40 beads protected against the inhibitory
effect of TGF-b1 in the anti-V-b model.
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