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ABSTRACT

Bispecific monoclonal antibodies can be used in the activation of effec
tor cells to lyse autologous tumor cells. We analyzed the activation of
human T-cells in vitro with bispecific monoclonal antibodies, which were
generated by hybridoma-hybridoma fusion. Preactivated allogeneic and
autologous T-cells could be triggered to lyse tumoral B-cells in the pres

ence of CD3 x CD19 bispecific antibodies. In addition, the combined use
of two CD3 x CD19 plus CD28 x CD22 bispecific antibodies induced
optimal interleukin 2 secretion by Jurkat T-cell acute lymphocytic leuke
mia cells in the presence of target B-cells. The same antibody combination

was able to generate cytolytic effector cells without prior activation, when
resting T-cells were cocultured with freshly isolated autologous leukemic
B-cells in the presence of the bispecific antibodies. The results suggest that
signals required to activate cytolytic T-cell precursors can be provided by
the two bispecific antibodies. Although activation of resting T-cells can be
achieved by CD3 x CD19 bispecific antibodies in association with mono-

specific bivalent CD28 antibodies, the second bispecific antibody, CD28 x
CD22, further increases the specificity of the target cell dependent acti
vation of T-cells. When used for immunotherapy of B-cell malignancies,

the CD3 x CD19 and CD28 x CD22 bispecific antibody combination may
avoid the need for ex vivo activated effector cells, because the antibodies
may induce T-cell activation directly at the tumor site.

INTRODUCTION

A major requirement in the immunotherapy of malignant tumors is
the activation of autologous T-cells. Many attempts have been made to
focus on autologous T-cells in tumor therapy. Some of these studies

showed that monovalent bispecific antibodies could serve as a unique
tool in the targeting of activated T-cells to the tumor (1â€”4).

Bispecific antibodies recognizing the TCR/CD33 complex and an

epitope on the tumor cell can induce preactivated T-cells to lyse the

tumor cells (5). Clinical studies by Nitta et al. (6) reported complete
responses in 4 of 10 patients with malignant glioma after intrathecal
application of CD3 X anti-glioma bispecific antibodies in combina

tion with LAK cells. However, the therapy with LAK cells has several
disadvantages and is frequently associated with severe side effects.
The use of the two bispecific antibodies may avoid the requirement of
LAK cells and ex vivo actvation of T-cells. The benefit to use bispe
cific antibodies is the activation of T-cells at the tumor site. Since
resting T-cells cannot be activated alone by the cross-linking of their
TCR/CD3-protein complex a second signal is required (7). As sug

gested by Jung et al. (8) this second signal can be provided by
cross-linking of the CD28 homodimer (9, 10).

In the present study the activation of resting T-cells by monoclonal

bispecific antibodies was analyzed in more detail. Cells of the Jurkat
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T-cell acute lymphocytic leukemia line, used as a model of resting
T-cells (11, 12), were stimulated with two bispecific monoclonal

antibodies, CD3 X CD 19 and CD28 X CD22. The optimal activation
of Jurkat T-cells was observed after coculture with both bispecific
monoclonal antibodies and CD19, CD22 double positive B-cells. In
addition, T-cells from patients with follicular lymphoma could be

activated by the bispecific antibodies with subsequent cytolysis of
autologous tumoral B-cells.

The activation of resting T-cell could also be achieved with CD3 x

CD 19 bispecific in combination with monospecific bivalent CD28
antibodies. However, targeting and activation of T-cells with two

bispecific antibodies may further increase the tumor specificity of this
therapeutic approach.

MATERIALS AND METHODS

Cell Lines and Isolation of Hybrid-Hybridoma. The hybridoma OKT3

(CD3/IgG2a; American Type Culture Collection, Rockvillc, MD) and the hy
bridoma 6A4 (CD19/IgGl; R. Levy, Stanford, CA) were kindly provided by

Dr. K. Thielemanns (University of Brussels, Brussels, Belgium). The hybri
doma 15E8 (CD28/IgGl) was kindly provided by Dr. R van Lier (Netherlands
Center for Blood Transfusion, Amsterdam, the Netherlands). The T-cell clones

SC, TB, and Hs(CD3 + , CD8 + , TCRa/ÃŸ+) were derived from patients with

allergic skin lesions and were a gift of Dr. M. Hertel (Hautklinik, UniversitÃ¤t
KÃ¶ln, KÃ¶ln, Germany). The Epstein-Barr virus transformed B-cell line
LAZ509 (CD19+, CD20+, CD22+, CD30+, CD28-, BB1 + ) was kindly

provided by Dr. S. Meuer (DKFZ, Heidelberg, Germany). All hybridoma cell
lines were grown in RPMI (Gibco, Eggenstein, Germany) medium supple
mented with L-glutamine (2 RIM),penicillin (100 IU), streptomycin (100 fig/

ml), and 1% fetal calf serum (referred as complete medium A). The isolation
of the CD3 x anti-L-Dl antibodies, capable of retargetting T-cells to colon

carcinoma cells, have been described elsewhere (18).
OKT3 hybridoma cells and 15E8 were selected for HGPRT deficiency by

culture in 8-azaguanine (20 /xg/ml) containing medium. Before cell fusion, the

second fusion partner, 6A4 or HD239 (IgG2b, CD22), was pretreated with a
lethal dose of iodoacctamide (5 HIM;15 min, 4Â°C).Cell fusion was carried out

using a standard protocol (13). Briefly, 3 X IO7 cells of each parental line were

washed twice in RPMI, mixed, and subsequently fused by addition of pre-

warmed polyethylene glycol 1500 (1 ml; Boehringer, Germany).
Hybrid-hybridoma were preselected in complete medium A supplemented

with HAT. Supernatants were tested in an ELISA for the presence of both
isotypes in individual wells. Multiple subcloning experiments were performed
to establish stable antibody producing clones.

Double Isotype ELISA. Goat anti-mouse IgG2a antibodies (1 fig/ml; PBS;

Southern Biotechnology Associates, Birmingham, United Kingdom/DUNN,
Zurheiden, Germany) were coated onto microtiter plates (Nunc, Roskilde,
Denmark). The plates were blocked with 200 fi.1 1% nonfat milk/PBS for l h
at room temperature and washed twice with 0.9% NaCl/0.01% Tween. Culture
supernatants were added and incubated for 1 h. Subsequently horseradish
peroxidase labeled goat anti-mouse IgGl antibodies (1/4000; SBA) were

added. Bound antibodies were finally detected by addition of the substrate
ABTS (2',2-azino-di-[3-ethyIbenzthiazo!in-suIphonate (6)] (Boehringer). The

extinction at 405 nm was measured with an ELISA reader. (Dynatech, Chan

tilly, VA).
Culture supernatant, containing bispecific antibodies, was diluted with 2 M

NH4(SO4)2 to a final concentration of 0.85 MNH4(SO4)2, loaded on a phenyl-

Superose (Pharmacia, Freiburg, Germany) column and eluted by a continuous
gradient from 0.85 M NH4(SO4)2/0.1 M Na2HP04, pH 7.2, to 0.001 M NH4-

(SO4y0.1 M Na,HP04, pH 7.2.
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ACTIVATION OF T-CELLS VIA TWO BISPECIFIC ANTIBODIES

Induction of Cytotoxic T-cells. The generation of cytotoxic T-cclls has

been described elsewhere (14). Briefly, Ficoll separated PBMCs from healthy
donors were cultured in complete medium A supplemented with 5 X 10~5 M

2-mercaptoethanol and PHA (Wellcome, Germany) (1 /ig/ml) for 48 h. Sub

sequently the cells were harvested, washed, and resuspended in complete
medium A supplemented with recombinant IL2 (30 IU/ml: Cetus). After 8 days

of culture the cells were used in the cytotoxicity assay.
Cytotoxicity Assay. LAZ509 B-cells (5 X 10") were incubated for l h at

37Â°Cwith KM)fiCi Na2 MCrO4 (3 mCi/ml; Medgenics, DÃ¼sseldorf,Germany).

The cells were washed twice in RPMI and resuspended in complete medium A
(1 x IO5 cells/ml). K562 cells (1 X IO6) were labeled with europium diethy-

lenetriaminepentaacetic acid as described (15). Target cells (1(K) (il/well) were
plated in V-shaped %-well plates and the indicated amounts of effector cells

and antibodies were added. The plates were centrifuged for 3 min at 250 x g
and incubated for 3-4 h at 37Â°Cin a 7% CO2 atmosphere. Bystander lysis was

measured in a time resolved fluorometery (Wallac, Finnland). The specific MCr

50 -i

1:50 1:100 1:500

dilution of culture supernatant

0.1 0.01

antibody concentration (|ig/ml)
Fig. I. Activation of PBMC from healthy donors by the bispecific mAb OKT3 X 6A4.

A, goat anti-mouse IgGl antibody coated plates were incubated with indicated dilutions of

OKT3 (CD.?) (D), 6A4 (CD/9) (D), or OKT3 X 6A4 (CD.? X CD/9) (â€¢).The piales
were washed twice with 200 ^1 RPMI 1640 and subsequently 1 X IO5 PHA preactivated
PBMC were added to each well. After 5 days proliferation was measured by [3H]-
thymidine incorporation. B, goat anti-mouse IgG2a antibody coaled plates were incubated
with indicated amounts of purified OKT3 (CD.?) (D), 6Ã‚4 (CD/9) (D), or biisotypic
OKT3 X 6A4 (CD.? X CD/9) (â€¢).The plates were washed twice with 200 (il RPMI1640
and subsequently I x 10s PHA preactivated PBMC were added lo each well. After 5 days
proliferation was measured by [3H]-thymidinc incorporation. Columns, mean of triplicate

measurements; bars, SEM.
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Fig. 2. Cytolysis of B-cells induced by cytotoxic T-cells. In A, PHA and IL2 stimulated
PBMCs were incubated with 5lCr-labcled LAZ5IW B-cells at an effectortarget ratio of
50:1. 5'Cr release was determined after a 3-h culture period. In B, three different skin
derived T-cell clones (CD3+/CD8 + ) with unknown specificity were cultured with 5lCr-

labeled LAZ509 cells at an effector:target ratio of 1:1 for 4 h. The antibodies were added
to each well at a final concentration of 0.1 (ig/ml. Columns, mean of triplicate measure
ments; bars, SEM.

or europium release was calculated as

% of specific release =
Experimental release - spontaneous release

Maximum release - spontaneous release X KM)

T-Cell Stimulation. Goat anti-mouse IgGl antibodies (1 fig/ml PBS; SBA)
were coated overnight onto 96-well plates. The plates were washed and

blocked with RPMI/10% fetal calf serum (200 jxl/well), and serial dilutions of
culture supernatants were added and incubated for 1 h at room temperature.
Plates were washed and subsequently PHA preactivated (5 /xg/ml, 48 h)
PBMCs from healthy donors (1 X IO5 cells/well) were added. T-Cell prolif

eration was measured by pHJthymidine incorporation (0.5 (iCi/well; Amer-

sham, Braunschldeig, Germany) during the last 16 h of the total culture period
of 72 h. The data were given as the mean cpm Â±SEM of triplicate measure
ments.

Immunofluorescence Staining. LAZ509 B-cells and .luik.it T-cells (IX
lO'cells/test) were incubated with l(K) Â¡Ãºof 10-fold diluted culture superna

tants (OKT3, 6A4, 15E8, HD239, OKT3 x 6A4, 15E8 x HD239) for 30 min
at 4Â°C.The cells were then washed and stained with isotype specific FITC

labeled goat anti-mouse IgG. Staining was evaluated by FACScan (Becton
Dickinson, Heidelberg, Germany). A minimum of 1 X IO4 cells was analyzed

using the FACScan software. Staining buffer (PBS/1% bovine serum albumin/
0.01% NaN;,) was used for all fluorescence activated cell sorting experiments.

Costimulation Experiments with Jurkat T-Cells and I,A/50') B-Cells.
LAZ509 cells (1 x IO5) were incubated with supernatants of the indicated cell
lines for 1 h at 4Â°C.The cells were washed twice in complete medium A to

remove unbound antibodies, and subsequently Jurkat cells (1 X HP/ml) were
added (1 ml). After gentle centrifugation (200 X g, 2 min) the cells were
incubated for 24 h at 37Â°Cin 7% CO2. The supernatants were then harvested
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ACTIVATION OF T-CELLS VIA TWO BISPEC1F1C ANTIBODIES

B C

antibodies used for stimulation

Fig. 3. Cytolysis of tumoral B-cclls. PBMC from a patient with follicuiar lymphoma
were stimulated with OKT3 X 6A4+ I5E8 X HD239 (A), 15E8 X HD239 (B), OKT3 X
6A4 (C), OKT3, 15E8, 6A4, HD239 (D) (0.1 tigjmÃ¬each) for 8 days. The cytotoxicity
against autologous B-lymphoma cells was measured in a standard s'Cr release assay.The

cffcctor:target ratio was kept constant at 10:1. Columns, mean of triplicate measurements;
bars, SEM.

and tested for IL2 activity using the murine T-cell line CTLL (16). Briefly, 2
X 10' CTLL-cells were plated in %-well plates in the presence of culture

supcrnatants or serial dilutions of rccomhinant IL2. Proliferation of CTLL cells
was quantified by |'H]thymidine incorporation (0.5 jxCi/well) during the last

K h of the 48-h culture period and measured with a liquid scintillation counter

(Beckmann, MÃ¼nchen,Germany). All data are expressed as the mean cpm Â±

SEM of triplicate measurements.

RESULTS

Isolation and Functional Analysis of CD3 x CD19 Bispecific
Monoclonal Antibodies. The bispecific monoclonal antibody OKT3
X 6A4 (CD3 X CD 19) was obtained from a fusion of the HGPRT
deficient hybridoma line OKT3 (CD3, IgG2a) and iodoacetamide
treated 6A4 hybridoma cells (CD19, IgGl). The secreted antibodies
were tested in two independent assays.

OKT3 X 6A4 bispecific antibodies were functionally tested by
stimulation of PHA preactivated PBMC from healthy donors. Goat
anti-mouse IgGl coated plates were incubated either with OKT3 X

6A4 (CD3 X CD 19) bispecific antibodies or with the two parental
antibodies OKT3 or 6A4 as controls. As shown in Fig. L4, OKT3 X
6A4 induced proliferation of preactivated peripheral T-cells. The pa
rental antibodies alone or in combination did not induce T-cell pro
liferation. The capacity of bivalent CD3 antibodies to stimulate T-cells
was determined on plates coated with goat anti-mouse IgG2a anti

bodies. The results obtained from these experiments indicate that the
stimulation induced by the bispecific CD3 X CD19 antibodies is
comparable to the T-cell stimulation mediated by cross-linked bivalent

Table 1 Cytotoxicity against bystander cells
Europium labeled target cells 5 X IO3 of each cell line, were incubated together with

cylotoxic T-lymphocytes in a 4-h cytotoxicity assay. The effcctontargct ratio was kept
constant at 20:1. The antibody concentration was 1 fig/ml. The experiment was performed
in duplicate in order to prove bystander lysis. The data were obtained in a time resolved
fluorometer (Wallac/Finland) and express the mean of triplicate measurements. The stan
dard error of the mean did not exceed 89r<of the value indicated.

AntibodiesOKT3

(CD3)
6A4 (CD 19)
OKT3 X 6A4 (CD3 X CD 19)
P8D4(CD3 X anti-L-DI)

Medium%

of specificlysisLAZ509

K5623

20
2 1.9

25 2
2 10
3 4

CD3 antibodies (Fig. IÃŸ).In order to evaluate the activation potential
of the purified CD3 X CD19 bispecific antibodies, these antibodies
were used in comparison to bivalent parental CD3 antibodies. Results
shown in Fig. IB indicate that the stimulation by bivalent CD3 anti
bodies was as good as the stimulation mediated by bispecific anti
bodies.

Cytolysis of Leukemic B-Cells by Preactivated T-Cells. OKT3
X 6A4 antibodies were tested for their ability to mediate B-cell target
lysis. Effector T-cells from healthy donors generated by stimulation
with PHA and IL2 (12) as well as CD3 + , CD8+ T-cell clones could
lyse allogeneic B-celis (LAZ509) in the presence of CD3 X CD 19

bispecific antibodies (Fig. 2). Even at a concentration of 4 ng/ml CD3
X CD 19 the bispecific antibodies led to specific target cell lysis. In
control experiments the parental antibodies OK.T3 and 6A4 did not
induce significant cell lysis under the same conditions. The effects of
the bispecific antibodies upon CD 19 negative cells can be seen in Fig.
3. In this experiment K562 and LAZ509 cells were coincubated to
gether with cytotoxic T-lymphocytes and the indicated purified anti

bodies. There was no lysis of K562 cells in the presence of CD3 X
CD 19 bispecific antibodies. However, there was substantial killing of
K562 when parental CD3 antibodies or crude culture supernatant of
the CD3 X CD19 or CD3 X anti-L-Dl antibodies were used. This

effect is probably due to the presence of bivalent CD3 antibodies
which have a high affinity to the Fc receptors on K562 cells. In
addition, there was no cytolysis of the B-cell target LAZ509 in the
presence of CD3 X anti-L-Dl bispecific antibodies.

Isolation and Characterization of the (1)22 x CD2S Bispecific
Antibodies. The bispecific monoclonal antibody CD22 X CD28 is
secreted by the hybrid-hybridoma cell line 15E8 X HD239. This cell

line was obtained by cell fusion of the HGPRT deficient mutant
15E8-H (CD28, IgGl) with iodoacetamide treated cells of the hybri

doma HD239 (CD22, IgG2b). The supernatants were initially tested
for the presence of both IgGl and IgG2b isotypes by ELISA in the
same wells.

Fig. 4. Staining of T- and B-cells with CD28 x CD22 (15E8
X HD239) bispecific antibodies. Jurkat T-cells (A ) and LAZ509
B-cells (B) were incubated with 10-fold diluted supernatants of
15E8 X HD239 ( ) or with I5E8 (CD28, IgGl) and
HD239 (CD22. IgG2b) parental antibodies ( ). Bound anti-
bodics were detected with FITC conjugated goat anti-mouse
IgG2b (A ) or FITC conjugated goat anti-mouse IgGl antibodies

(B).
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Table 2 Stimulation nfJurkat T-cclls with hisptvific mtmncltmal un/i/Wi'cv

mAh" Specificity lL2h (IU/ml)

OKT3 + 6A4 + 15E8 + HD239
15E8 X HD239
OKT3 x 6A4
OKT3 x 6A4 + 15EX x HD2.W
OKT3 X 6A4 + PMA'CD3,

CD 19, CD2X, CD22
CD28 X CD22
CD3 X CD19
CD3 X CD 19, CD28 X CD22
CD3 X CD 190.6

Â±0.09
1.4 Â±0.5
5.5 Â±0.8

22.1 Â±1.2
19.2 Â±0.4

" Monoclonal antibodies (mAb) were preincubatcd with LAZ509 B-cells (1 X IO5
cells/test) for l h al 4Â°C.The cells were washed twice and cocullured with I x HI'1Jurkat

cells for 24 h.
'' Supernatanls from each individual culture were tested for IL2 activity in a standard

CTL1 assay.
" PMA. phorbol myristale acetate.

Culture supcrnutunts containing both IgGl and IgG2b isotypes were
further examined for binding to Jurkat T-cells (CD28+, CD22-) and
LAZ509 B-cells (CD28-, CD22+), respectively. As shown in Fig. 4,

binding of bispecific antibodies 15E8 X HD239 to LAZ509 cells was
demonstrated with FITC labeled goat anti-mouse IgOl antibodies.
Binding of the 15E8 X HD239 bispecific antibodies to Jurkat T-cells
was demonstrated with FITC labeled goat anti-mouse IgGZb antibod

ies. These results prove that the 15E8 X HD239 (CD22 X CD28)
bispecific antibodies possess two functional binding sites.

Cytolysis of Leukemic B-Cells by Autologous Cytotoxic T-Cells

Generated by Stimulation with CD3 x CD19 and CD28 x CD22
Bispecific Antibodies. Cytolytic effector T-cells were generated by
coculture of freshly isolated, monocyte depleted PBMC with autolo-
gous leukemic B-cells from a patient with follicular lymphoma and

the combination of the two bispecific antibodies. After an initial
stimulation period of 8 days the T-cells were harvested and tested in
a standard cytotoxicity assay with 51Cr-labeled target B-cells. It was

shown that these activated T-cells could lyse the leukemic B-cells in

the presence of CD 19 X CD3 bispecific antibodies (Fig. 3). The
parental antibodies did not induce T-cell activation and furthermore
there was no cytotoxic activity against the NK-cell target cell K562

(Table 1).
Activation of Jurkat T-Cells. The activation of resting T-cells was

studied using Jurkat T-cells. Jurkat T-cells were induced to secrete

optimal amounts of IL2 when cultured with the two bispecific anti
bodies, OKT3 X 6A4 and 15E8 X HD239, in the presence of B-cells
as a cross-linking surface (Table 2). Cross-linked CD3 antibodies with

soluble monospecific bivalent CD28 antibodies can induce Jurkat
cells to secrete IL2. To rule out the effects of the CD28 X CD22
bispecific antibody, the B-cell targets were preincubated with the

indicated antibodies and washed extensively to remove unbound
CD28 antibodies. No augmentation of IL2 production was seen when
monospecific bivalent CD28 antibodies were preincubated with the
LAZ509 B-cclls, suggesting the absence of functional Fc receptors.

Optimal stimulation of Jurkat cells was induced by OKT3 X 6A4
antibodies with phorbol myristate acetate. The parental antibodies as
well as 238T28 bispecific antibodies or phorbol myristate acetate
alone did not induce IL2 secretion. The effects caused by stimulation
with OKT3 X 6A4 antibodies alone were approximately 30% of the
maximum IL2 secretion and may be due to the expression of the B7
antigen on LAZ509 B-cells, the natural ligand for CD28. There was
also no stimulation when Jurkat T-cells were incubated with the bispe

cific antibodies (CD3 X CD 19, CD22 X CD28) in the absence of
B-cells (data not shown).

DISCUSSION

Most therapeutic strategies using bispecific antibodies have been
focused on antibodies that recognize the CD3 molecule, expressed by
nearly all mature T-cclls, and tumor specific or tumor associated

antigens (17, 18). As has been shown in experimental tumor models

like the murine 38C13 B-lymphoma, CD3 X anti-idiotype antibodies
can be used effectively for immunotherapy of B-cell lymphomas (19).
However, there is evidence that only preactivated T-cells are recruited
for tumor cell lysis by such CD3 X anti-tumor bispecific antibodies.
Thus, immunotherapy with the CD3 X anti-tumor antibodies alone
requires ex vivo T-cell activation.

The activation of effector T-cells in vivo through bispecific anti

bodies may avoid the additional requirement for LAK cells. Most
T-lymphocytes in the peripheral blood or at the tumor site are in a
resting state and can be activated only after cross-linking of their

CD3/TCR complex in combination with a second signal.
In this study we present evidence for an effective and specific

activation of resting T-cclls by two bispecific antibodies. Furthermore
it could be shown that the T-cell activation resulted in a drastic

increase of the cytolytic activity. The OKT3 x 6A4 bispecific anti
bodies (CD3 x CD 19) recognize an epitope on the e-chain of the CD3
molecule on T-cells and the CD 19 antigen present on B-cells, while

the bispecific antibodies 15E8 X HD239 (CD28 X CD22) bind the
CD28 epitope on T-cells and the CD22 antigen on B-cells. The ap

proach with these two bispecific antibodies may allow the activation
of T-cells in patients with B-cell tumors, which carry both CD 19 and
CD22 antigens. The cross-linking of both CD3 and the CD28 antigens
results in activation of T-cells (Table 2). Since bispecific antibodies
are monovalent for each antigen, T-cell activation occurs only in the
presence of CD19/CD22 double positive B-cells. Jurkat T-cells could

be activated with subsequent IL2 secretion when cocultured with the
Epstein-Barr virus transformed B-cell line LAZ509 and the bispecific

antibodies CD3 X CD22(OKT3 X 6A4) and CD28 X CD22(15E8 X
HD239) (Table 2).

The results may have further implications for the therapy of ma
lignant B-cell tumors. A therapy with CD3 X CD19 and CD28 X
anti-common idiotype antibodies may lead to the activation of tumor
infiltrating lymphocytes and perhaps idiotype specific T-cells (2()-22).
These T-cells, which are supposed to exist according to the idiotype
network theory, may be the ideal target T-cell population for this
therapy (23, 24). Initially activated by this stimulation the T-cells

could further be expanded by stimulation with their natural antigen
(idiotope determinant), presented by the tumoral B-cell.

Although LAZ509 cells are positive for the B7 antigen, the natural
ligand for the CD28 homodimer on T-cells (25, 26), optimal stimu

lation required both OK.T3 X 6A4 (CD3 X CD19) and 15E8 X
HD239 (CD28 X CD22) antibodies. This phenomenon was also seen
with a variety of B-cell tumors (27). None of the examined B-cells
tumors, although positive for the B7 antigen, could costimulate T-cclls

in the presence of CD3 X CD 19 bispecific antibodies. The usage of
activated normal B-cells, however, did not require the signaling via
CD28 antibodies (data not shown). The lack of the intercellular B7-

CD28 costimulation is not clear yet and may be due to either a defect
in the B7 molecule expressed on tumor B-cells or to inhibitory signals
like ILK) given by the tumoral B-cells.

ACKNOWLEDGMENTS

We would like to thank Dr. R. van Lier and Dr. K. Thiclemanns tor
providing antibodies and hyhridoma cells. Also we thank Dr. G. Jung lor
helpful discussions.

REFERENCES

1. Roosnek, L:.. Tunnacliffe, A., and Lan/avecchia, A. T cell activation by a bispecific
anti-CD3/anti-major histocompatibility complex class I antibody. Eur. J. Immunol.,
20: 1393-1396. I"90.

2. Garrido. M. A.. Valdayo, M. J.. Winkler, D. F., Titus. J. A., llcchl, T. T., Perez, D.,
Segal D. M.. and Wunderlich, J. R. Targeting human T-lymphocytes with bispecific
antibodies to react against human ovarian carcinoma cells growing in nu/nu mice.
Cancer Res., 50: 4227^1232, I99<>.

4313

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/18/4310/2451705/cr0530184310.pdf by guest on 19 M

ay 2023



ACTIVATION 01- T-CLLLS VIA TWO HISI'IrCIIR ANTIBODIES

3. Jung. G.. Freimann, U., Von Marschall, Z., Reisfeld, R. A., and Wilmanns. W. Target
cell-induced T cell activation with bi- and trispecific antibody fragments. Eur. J.
Immunol., 10: 2431-2435, 1991.

4. Weiner, G. J., and Hillstrom, J. R. Bispecific anti-idiotype/anti-CD3 antibody therapy
of murine B cell lymphoma. J Immunol., 147: 4035-4044, 1991.

5. Segal, D. M., Oian, J. H., Garrido, P. M., Perez, A.. Winkler. D. F., Wunderlich. J. R..
Snider. D. P., Valdayo, M. J., and Tilus, J. A. Targeting of cytotoxic cells against
tumors with heterocrosslinked, bispecific antibodies. Int. Symp. Princess Takamatsu
Cancer Res. Fund, 19: 323-331, 1988.

6. Nitta, T., Vagita, H., Azuma, S., Sato, K., and Okumura. K. Bispecific F(ab')2

monomer prepared with anti-CD3 and anti-tumor monoclonal antibodies is most
potent in induction of cytolysis of human T cells. Eur. J. Immuno]., 19: 1437-1441,

1989.
7. Baroja. M. L., Lorre, K., Van-Vaeck, F., and Ceuppens, J. L. The anti-T cell mono

clonal antibody 9.3 (anti-CD28) provides a helper signal and bypasses the need for
accessory cells in T cell activation with immobilized anti-CD3 and mitogens. Cell.
Immunol., 120: 205-217, 1989.

8. Jung, G., and Eberhard!. H. J. An in vitro model for immunotherapy with antibody
heteroconjugates. Immunol. Today. 9: 257-261, 1988.

9. June, C. H., Ledbetter, J. A., Linsley, P. S., and Thompson, C. B. Role of the CD28
receptor in T-cell activation. Immunol. Today, 11: 211-216, 1990.

10. 11.nuli'. N. K., Klussman, K., Linsley, P. S., and Aruffo. A. Differential costimulatory
effects of adhesion molecules B7. 1CAM-1, LFA-3, and VCAM-1 on resting and
antigen-primed CD4 + T lymphocytes. J. Immunol., 148: 1985-1992, 1992.

11. Benichou, G.. Kanellopoulos. J. M.. Mitenne, F., Galanaud, P.. and Leca, G. T-cell
chemiluminescence. A novel aspect of T-cell membrane activation studied with a
Jurkat tumour cell line. Scand. J. Immunol., 30: 265-269, 1989.

12. Geppert, T. D., Wacholtz, M. C., Patel, S. S., Lightfoot, E., and Lipsky, P. E.
Activation of human T cell clones and Jurkat cells by cross-linking class I MHC
molecules. J. Immunol.. 142: 3763-3772, 1989.

13. KÃ¶hler,G., and Milstein, C. Continous culture of fused cells secreting antibody of
predefined specificity. Nature (Lond.). 256: 495^t98, 1979.

14. Pupa, S. M., Canevari, S., Fontanella. R., Menard, S., Mezzanzanica, D., Lanzavec-

chia. A., and Colnaghi, M. I. Activation of mononuclear cells to be used for hybrid
monoclonal antibody-induced lysis of human ovarian carcinoma cells. Int. J. Cancer,
42: 455^(59, 1988.

15. Blomberg, K., Granberg, C., HemmilÃ¤,I., and LÃ¶vgren,T. Europium-labelled targe!
cells in an assay of natural killer cell activity. J. Immunol. Methods, 92: 117-123,

1986.

16. Stankova, L., Hoskin, D., and Roder. J. Murine anti-CD3 monoclonal antibodies
induce potent cytolytic activity in both T and NK cell populations Cell. Immunol..
121: 13-19, 1989.

17. Gravelle, M., and Ochi, A. The targeting of CD4+ T lymphocylcs lo a B cell
lymphoma. A comparison of anti-CD3-anti-idiotype antibody conjugates and antigen-
anti-idiotype antibody conjugates. J. Immunol., 142: 4079-4084. 1989.

18. Barr. I. G., Miescher, S., von-Fliedner, V., Buchegger, F., Barras, Câ€žLanzavccchia,

A., Mach, J. P., and Carrel, S. In vivo localization of a bispecific antibody which
targets human T lymphocytes to lyse human colon cancer cells. Int. J. Cancer, 43:
501-507, 1989.

19. Bohlen, H., Leo, O., Theunissen, J., and Thielemanns, K. A bifunctional monoclonal
antibody with defined specificity for the Â«-chainof TCR-complcx and an idiotope on
the murine B-lymphoma 38C13 (Abstract). Int. Congr. Immunol., 59: 5. 1989.

20. Kohler. H., Kieber-Emmons, T.. Srinivasan, S., Kaveri, S., Morrow, W. J., Muller, S.,
Kang, C. Y., and Raychaudhuri, S.. Revised immune network concepts. Clin. Immu
nol. Immunopathol., 52: 1(14-116, 1989.

21. Masaki. H.. Shirakawa. C.. Matsuda, M., Morita, S., Koyama, A., Horiuchi, F.,
Hamazaki, H., Fujimoto, T., Maeda. Y.. and Irimajiri, K. Induction of anli-idiotypic T
cells through a nelwork mechanism. Immunol. Lei!., 30: 107-112. 1991.

22. Sakalo, N., Rugdech, P., Yoda, T., Ola, A., Zhao, Y, Semma, M., Suzuki. Y, and Fujio,
H. Aclivation of idiotype-specific CD4+ T-cell line: cellular processing of exogenous
self-immunoglobulin. Immunology, 71: 153-157, 1990.

23. Wilson, A., George, A. J., King, C. A., and Stevenson, F. K. Recognition of a B cell
lymphoma by anti-idiolypic T cells. J. Immunol.. 145: 3937-3943, 1990.

24. Vandenberghe, P., Freeman, G. J., Nadler, L. M., Fletcher, M. C., Kamoun Turka, L.
A., Ledbelter, J. A., Thompson, C., and June, C. H. Antibody and B7/BB1-mediated

ligation of (he CD28 receptor induces lyrosine phosphorylation in human T cells. J.
Exp. Med., 775: 951-960, 1992.

25. Lindsley, P. S., Clark, E. A., and Ledbetter, J. A. T-cell antigen CD28 mediales
adhesion with B cells by interacting with activation antigen B7/BB-1. Proc. Nati.
Acad. Sci. USA, 87: 5031-5035. 1990.

26. Azuma, M., Cayabyab, M., Buck. D.. Phillips, J. H., and Lanier, L. L. CD28 inter-
aclion with B7 costimulates primary allogeneic proliferative responses and cytotox-
icity mediated by small, resting T lymphocytes. J. Exp. Med., 775: 353-360, 1992.

27. Bohlen, H., Hopff, T., Manzke. O.. EngerÃ,A., Kube, D., Wickramanayake, P. D.,
Diehl, V.. and Tesch, H. Lysis of malignant B-cells from patients with B-chronic
lymphocytic leukemia by autologous T-cells activated with CD3 X CD19 bispecific
antibodies in combination with bivalent CD28 antibodies. Blood, in press. 1993.

4314

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/18/4310/2451705/cr0530184310.pdf by guest on 19 M

ay 2023




