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Abstract Due to their dual binding capacity, bispecific
antibodies (bsAb) can be used to cross-link cytotoxic
effector cells with malignant targets and may thereby im-
prove adoptive immunotherapy. In this study, the devel-
opment and preclinical testing of the quadroma-derived
bsAb HD37xT5.16 of the specificity CD19xCDS5 is re-
ported. Effector cells used were a population of ex vivo
expanded and activated T cells called cytokine-induced
killer (CIK) cells expressing CD5. When combined with
CIK cells, the cytolytic potency of HD37xT5.16 against
CD19 positive B cell lymphoma lines was comparable to
that observed with a previously described CD19xCD3
bsAb. Further on, we could demonstrate that bsAb
CD19xCDS5, in contrast to its CD3-binding counterpart,
does not induce proliferation of resting T cells and causes
only little activation-induced cell death. Therefore, this
novel bsAb binding effector T cells via CD5 may be par-
ticularly useful in combination with adoptive transfer of
ex vivo activated T cells, e.g., in the setting of adoptive
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immunotherapy after allogeneic stem cell transplantation.
The in vitro studies outlined here support the experimental
use of bsAb HD37xT5.16 in preclinical in vivo models for
evaluation of its safety and efficacy profile.
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Introduction

Bispecific antibodies (bsAb) are artificial proteins that
carry two different antigen-binding sites. By virtue of their
dual specificity, bsAb can trigger effector cells via a
membrane receptor and at the same time link them to a
tumor cell. This interaction may lead to the subsequent
killing of the tumor cell [32].

Cytokine-induced killer cells are a heterogeneous pop-
ulation of ex vivo expanded and activated peripheral blood
mononuclear cells and have been characterized in great
detail [18, 28]. They are generated by the timed addition of
IFN-y, OKT3 and IL-2 for 2-3 weeks. About 90% express
the T cell markers CD2, CD3 and CDS5, and a variable
proportion (10-50%) co-express T and NK cell markers.
Both CD3+CD56- and CD3+CD56+ cells contribute to
their cytotoxicity. CIK cells develop cytotoxic activity
against various lymphoma cells [18, 21, 26, 27] and have
been retargeted with bsAb to tumor cells in vivo [24]. They
can be easily generated in large amounts [13, 18, 27, 28]
and cause MHC-unrestricted cytolysis without prior
exposure to target cells. Cytotoxicity is mediated by a
perforin/granzyme-dependent mechanism [21, 33]. How
CIK cells recognize target cells is not completely under-
stood. Recently, a role for the C-type lectin activating
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receptor family member NKG2D for targeting myeloma
cells has been demonstrated [34]. CIK cells do not elicit
toxic effects on normal hematopoietic progenitor cells [29].

To mediate redirected lysis, a bsAb must bind either an
already activated effector cell or must activate a resting
effector cell by binding to a triggering molecule [30]. Most
of the studies investigating bsAb for therapy of malignan-
cies have focused on T lymphocytes as effector cells. For
this, T cell activation was achieved by ligation of the T cell
receptor-associated CD3 epsilon chain. Such anti-T cell x
anti-tumor cell bsAbs have been used for the treatment of
non-Hodgkin’s lymphoma and solid tumors like ovarian and
renal cell cancer [6, 10, 16, 20]. To become fully activated,
T cells require co-stimulatory signals via the CD28 receptor,
and lack of co-stimulation may induce anergy.

In this study, cytotoxicity of cytokine-induced killer
cells targeted with the newly established HD37xT5.16
bsAb to lymphoma cells was investigated. We also ex-
amined apoptosis and proliferation of CIK cells after cross-
linking to the target cells. BsAbs using CDS5 for T cell
binding and redirection may have several advantages, as
they may prevent activation-induced cell death and may
thus lead to longer survival of CIK cells in vivo. To the
best of our knowledge, this is the first description and
characterization of a CD19xCD5-reactive bsAb.

Materials and methods
Production and purification of bsAb HD37xT5.16

Bispecific antibody HD37xT5.16 was produced using the
mouse hybrid-hybridoma technique. Briefly, bsAb was
prepared by fusing the hybridoma cell lines HD37 (IgGl,
directed against CD19, the broadest pan B cell antigen
known) [22] and T5.16 (IgG2a, directed against CD5 ex-
pressed on virtually all mature T cells and a subset of B
lymphocytes). After several rounds of subcloning and
testing for the secretion of bi-isotypic antibodies, a stable
quadroma cell line was established. Quadroma cells were
cultured in a Miniperm bioreactor (Greiner, Frickenhausen,
Germany). Supernatant containing the antibody mixture
was purified first by affinity chromatography on a protein
A-Sepharose CL-4B column (Amersham Biotech Europe,
Freiburg, Germany) to remove IgG1 parental antibodies.
Subsequently, the eluant was subjected to FPLC purifica-
tion on a Mono Q column (Amersham Biotech Europe) that
allowed separation of bispecific antibody using a Tris—HCl/
sodium chloride gradient at pH 8.0. Purity of the eluted
material was assessed by SDS-PAGE under reducing
conditions and was higher than 95%. The recently de-
scribed bsAb HD37xOKT3 (CD19xCD3) was included in
several experiments for comparison [8].
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Flow cytometry

Target and effector cells were analyzed for surface markers
by indirect immunofluorescence. Approximately 1 x 10°
cells were stained with the following mAbs: HD37 (anti-
CD19, IgGl), T5.16 (CD5, IgG2a) and HD20 (anti-idio-
type, IgG1, serving as a negative control). Isotype-specific,
FITC-labeled goat-anti-mouse IgG1 and IgG2a antibodies
(Southern Biotechnology Associates, Birmingham, USA)
and FITC-conjugated goat anti-mouse IgG/Fc antibodies
(Jackson ImmunoResearch, West Grove, USA) were used
as second-step reagents. Dead cells were discriminated by
propidium iodide staining (Sigma, Deisenhofen, Germany).
To prevent mAb interaction with the natural ligand binding
site of Fc receptors, all incubations were carried out in the
presence of 2.5 mg/ml polyclonal human IgG (Venimmun
N, ZLB Behring, Marburg, Germany). Analysis was per-
formed on a FACScan cytometer (Becton Dickinson,
Heidelberg, Germany) using CellQuest software.

For apoptosis measurement, CIK cells were labeled after
ex vivo expansion with the red membrane dye PKH26
(Sigma). Subsequently, cells were washed with ice cold
PBS and stained with Annexin V-FITC (ApoAlert Annexin
V Apoptosis Kit, BD Bioscience, Heidelberg, Germany)
and analyzed on an FACScan flow cytometer using Cell-
Quest software. A gate was set around the PKH26-positive
cell population, representing CIK cells. The number of
Annexin V-positive cells within this gate contained apop-
totic and dead cells. The results reported are mean values
of three independent experiments.

Cell lines

K422 human B cell lymphoma cells were obtained from
the German Collection of Microorganisms and Cell Cul-
tures (Braunschweig, Germany). The non-Hodgkin’s lym-
phoma cell line SU-DHL-4, isolated from the peritoneal
effusion of a 38-year-old male with diffuse large cell
lymphoma was kindly provided by Dr. Ron Levy, Stanford
University. Raji B-lymphoma cells (CD19") and Jurkat T
cells (CD5%) were purchased from the American Tissue
Type Collection (Manassas, USA). All cell lines were
grown in RPMI 1640 medium (Biochrom, Berlin,
Germany) supplemented with 10% heat-inactivated FCS
(C.C. Pro, Oberdorla, Germany) and 2 mM L-glutamine
(Biochrom).

Generation of CIK cells

Peripheral blood mononuclear cells (PBMNCs) were
isolated from buffy coat obtained from healthy donors via
the blood bank of the University of Heidelberg. Peripheral
blood mononuclear cells (PBMNCs) were isolated by
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ficoll density gradient centrifugation, washed and resus-
pended 2 x 10° cells/ml in complete RPMI containing
10% fetal calf serum (C.C. Pro), penicillin 100 U/ml,
streptomycin 100 U/ml and 2 mmol/l L-glutamine. On
day 1, IFN-y (Imukine, Boehringer-Ingelheim, Ingelheim,
Germany) was added to the final concentration of
1,000 U/ml. On day 2, cells were transferred into cell
culture flasks coated with antibody to CD3 (Orthoclone-
OKT3, Janssen-Cilag, Neuss, Germany) at a final con-
centration at 25 ng/ml. At the same time, IL-2 (Aldes-
leukin, Proleukin, Chiron, Ratingen, Germany) at a final
concentration of 300 U/ml was added. Cultures were fed
every 3 to 4 days with complete RPMI medium and IL-2
(300 U/ml) for a total of 14 days (termed below as Cul-
ture 1) or 21 days (Culture 2).

Cytotoxicity assay

In this assay, target cells were labeled with chromium-51
and incubated with CIK cells. The amount of °'Cr re-
leased into the supernatant correlates with cell lysis and
is a measure of CIK-cell-mediated cytotoxicity. Below, a
standard assay at an effector to target ratio of 10:1 is
described: Target cells were harvested, washed twice and
resuspended in complete RPMI; 1 x 10° cells in com-
plete medium were labeled with 200 pCi Na,->'CrO, for
1 h at 37°C. Effector cells were washed and resuspended
to 2 x 10° cells/ml. Then, 100 pl of cells were pipetted
out into 96 U-bottomed plates in triplicate. Labeled
target cells were washed three times and resuspended at
a concentration of 2 x 10* cells/ml in complete medium.
Next, 100 pul of cells were then added into 96 U-bot-
tomed plates in triplicates to give a total volume of
200 pl. Then, 10 pl of bispecific antibodies with a final
concentration of 1 pg/ml was added and incubated for
4 h at 37°C and 5% CO,. Spontaneous release was ob-
tained by incubating target cells in complete medium
alone and maximal release was determined by incubating
100 Wl 1% Triton X-100 (Merck, Darmstadt, Germany)
with 100 pl target. After the 4 h incubation time, the
supernatant was carefully removed and counted in a
gamma counter (Cobra Auto Gamma, PerkinElmer Life
and Analytical Sciences, Rodgau-Jiigesheim, Germany).
The cytotoxicity was determined using the mean cpm for
each triplicate of wells and calculated according to the
formula,

% specific lysis
experimental release — spontaneous release

maximum release — spontaneous release

The results reported are mean values of three indepen-
dent experiments done in triplicate.

Proliferation assay

Proliferation of cells was measured by incorporation of
[’H]-thymidine. Maxisorp microtitre plate were coated
with the appropriate bispecific antibody and incubated
overnight at 4°C. Freshly prepared PBMNCs from healthy
donors and CIK cells were cultured in round-bottom 96
well plates with or without bsAb at a total of 10> cells/
well for 1-3 days in complete medium in a final volume
of 200 pl/well at 37°C and 7% CO,. At 18 h before the
end of the assay, 1 pCi of [3H]-thymidine was added. The
cells were harvested and the incorporated radioactivity
was determined by liquid scintillation counting (Wallac
1414 Liquid Scintillation Counter, PerkinElmer Life and
Analytical Sciences) and given as cpm. All assays were
done with a bsAb end concentration of 1 pg/ml. The re-
sults reported are mean values of three independent
experiments.

Statistical analysis

Specific lysis, apoptosis and thymidine incorporation in the
cell populations analyzed were evaluated using the paired
1 test.

Results

Establishment of the quadroma line, production
and purification of bsAb HD37xT5.16

A quadroma cell line was raised by fusion of the HGPRT-
deficient hybridoma T5.16 (anti-CD5, IgG2a isotype) and
the iodoacetamide-treated hybridoma HD37 (anti-CD19,
IgGl isotype). A total of 45 clones grew out under selec-
tion in HAT medium. They were initially tested for the
production of both parental immunoglobulin species by a
double isotype ELISA and for reactivity with cells
expressing the respective antigens using flow cytometry.
The quadroma line showing the highest immunoglobulin
secretion rate was subsequently cloned twice by limiting
dilution and established as hybrid-hybridoma clone
HD37xT5.16. For medium-scale production of bsAb, a
modular miniaturized bioreactor was employed. BsAb
was purified by protein A affinity chromatography and
subsequent FPLC separation on a Mono Q column. The
FPLC elution profile using a sodium chloride gradient in
Tris—HCI is depicted in Fig. la.

With SDS-PAGE, the apparent electrophoretic mobil-
ities of the parental antibodies differed in the case of the
light chains. This allows a rough estimate of the relative
amounts of both parental immunoglobulins. After protein
A purification of the crude bioreactor-derived supernatant
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(fractions 5-44), a clear overrepresentation of IgGl
immunoglobulin species containing bsAb and parental
antibody HD37 was seen, which also reflects a loss of
parental antibody T5.16. By a further purification proce-
dure using a Mono Q column, the parental HD37 anti-
body was removed, resulting in a high enrichment of
bsAb (fractions 20-27), as indicated by the nearly equi-
molar representation of both immunoglobulin light chains.
A representative SDS-PAGE under reducing conditions is
displayed in Fig. 1b. The yield of bsAb HD37xT5.16 was
in the range of 10-15% of total immunoglobulin. To
assess the purity of the pooled bsAb fractions, a separate
gel with high resolution was run comparing quadroma
supernatant, initial protein A-purified material and the
bsAb pool after FPLC separation that was used in all
further experiments (Fig. 1c). Essentially, no contami-
nants were detectable in the final bsAb preparation,
indicative of purity higher than 95%. Functional activity
of bsAb was evaluated by flow cytometric detection of
labeled antibody binding to CD5 on Jurkat or CD19 on
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Fig. 1 a Purification of bsAb HD37xT5.16 by FPLC separation on a
Mono Q column. Elution was performed using a sodium chloride
gradient in Tris—-HCl (pH 8.0). The hatched peak contained the
bispecific antibody. b SDS-PAGE analysis under reducing conditions
of HD37xT5 16 preparations in comparison with parental monoclonal
antibody. Lanes HD37 and T5, parental mAbs; lane M, molecular
weight marker; lanes 5—44, FPLC-eluted fractions. Fractions 20 to 27
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Raji cells (Fig. 2). The parental mAb T5.16 (IgG2a) binds
to its antigen on Jurkat cells and can solely be detected
with FITC-labeled GAM-IgG2a antibodies. Since CD19
antigen is not expressed on Jurkat cells, no binding was
observed. By contrast, bsAb HD37xT5.16 binding to CD5
antigen was detected by both isotype-specific antibodies
GAM-IgGl- and GAM-IgG2a-FITC. The corresponding
staining was performed on Raji cells. To minimize non-
specific Fc receptor-mediated binding, all incubations
were carried out in a medium containing 5% pooled
human IgG. On Raji cells, parental antibody HD37
(IgG1) bound to the CD19 antigen and was detected
by GAM-IGgl-FITC second step reagent; mAb T5.16
did not show any specific reaction with Raji cells that
are devoid of the CD5 antigen. Again, only bsAb
HD37xT5.16 was reactive with Raji cells using both
GAM-IgG1- and GAM-IgG2a-FITC secondary antibodies.
These results clearly demonstrated that the two binding
sites of the bispecific antibody are functional in that they
interact with both, CD5 and CD19 molecules.

HD37T5 5 7 9 11132022 26 26 303236 38 40 44 M

contained the bsAb and were pooled. ¢ SDS-PAGE analysis under
reducing conditions of HD37xT5.16 bsAb before and after purifica-
tion. Lanes I and 7, molecular weight marker; lane 2, quadroma
supernatant; lane 3, protein A-Sepharose CL-4B purified material;
lane 4, FPLC-purified bsAb pool; lane 5, parental mAb HD37; lane 6,
parental mAb T5.16. The positions of immunoglobulin heavy (/) and
light (L) chains are indicated
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CIK cells efficiently kill B-cellular lymphoma targets
in the presence of bsAb HD37xT5.16

The ability of bsAb HD37xT5.16 to direct CIK cells
against lymphoma cells was tested in a cytotoxicity assay.
For this, CIK cells from healthy donors were generated and
cultured as stated in ‘‘Materials and methods’ and two
different B cell lines were employed as targets. In the
presence of 1 pg/ml bsAb HD37xT5.16, a standard chro-
mium release assay was carried out. The parental anti-
bodies HD37 and T5.16, alone and as a mixture, at the
same concentration as HD37xT5.16 as well as medium,
served as negative controls. The results of the cytotoxicity
assay are shown in Fig. 3. At an E:T cell ratio of 10:1,
bsAb HD37xT5.16 yielded a specific lysis of 38 and 72%
for CIK culture 1 and 2, respectively, with cell line K422
(Fig. 3a). A specific lysis of 37 and 40% was observed for

Fluorescence intensity

CIK culture 1 and 2, respectively with cell line SU-DHL-4
(Fig. 3b). Addition of parental mAbs or a mixture of them
resulted in a background lysis of 15% or less with K422
cells and a background lysis of 22% with SU-DHL-4.
Differences between parental antibodies and bsAb were
statistically significant in all combinations of cell lines and
CIK cultures tested (P < 0.05). The cytotoxicity induced
by bsAb HD37xT5.16 was comparable to that obtained
with bsAb HD37xOKT3, which was included in the
experiment as a positive control. Target cell lines, SU-
DHL-4 and K422, expressed intermediate amounts of
CD19 and were devoid of CD5 as revealed by flow
cytometry. Interestingly, bsAb HD37xT5.16 showed slightly
higher mean fluorescence intensity than the parental
HD37 mAb when probed with a second-step reagent reac-
tive with all mouse IgG isotypes (MFI 119 of HD37 vs. 131
of HD37xT5.16 in case of SU-DHL-4 cells, and MFI 156
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of HD37 vs. 181 of HD37xT5.16 in case of K422 cells;
Fig. 3c).

A dose-response relationship for bsAb HD37xT5.16
was established using CIK cells from healthy donor and
SU-DHL-4 target B cells (Fig. 3d). Specific target cell lysis
started at 0.5 pg/ml and reached a plateau at bsAb con-
centration of 5 pg/ml. With this concentration, lysis was
comparable to that achieved with the previously described
bsAb HD37xOKT3 at 1 pg/ml.
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« Fig. 3 BsAb HD37xT5.16 elicits cytotoxic activity of CIK cells

towards B-lymphoma cell lines. a BsAb HD37xT5.16 induced
cytotoxicity against lymphoma cell line K422. b BsAb HD37xT5.16
induced cytotoxicity against lymphoma cell line SU-DHL-4. Indi-
cated antibodies were added at a final concentration of 1 pg/ml and
31Cr-labeled target cell were incubated with effector cells at an E:T
ratio of 10:1 for 4 h. CIK cells from healthy donor after 2 weeks
(culture 1) and 3 weeks (culture 2) were employed. ¢ Phenotype of
target cell lines SU-DHL-4 and K422 with regard to CD19 (HD37),
CD5 (T5.16) and bsAb (HD37xT5.16) expression. The gray
histograms represent a negative control by non-binding mAb HD20.
d Dose-response curve of bsAb HD37xT5.16 at increasing concen-
trations compared with HD37xOKT3 (1 pg/ml) employing CIK cells
cultured for 2 weeks and SU-DHLA4 cell line. Data from three
different independent experiments done in triplicate are presented
with standard deviation

BsAb HD37xT5.16 does not induce proliferation
of resting T cells from peripheral blood

In order to analyze the capacity of the bsAb HD37xT5.16 to
activate resting T cells, proliferation of cells was measured
by incorporation of [*H]-thymidine. Cells were harvested
and radioactivity incorporated into DNA was determined by
liquid scintillation counting. Figure 4a shows proliferative
activity of two immobilized bsAb, CDI19xCD3 and
CD19xCDS5, on naive T cells. Expectedly, a high prolifer-
ation rate was observed in naive T cells with CD3-binding
bsAb HD37xOKT3 on days 3 and 5. Essentially the same
effect was seen when mAb OKT3 was bound to the culture
plates. In sharp contrast, bsAb HD37xT5.16 did not induce
T-cell proliferation at all (P < 0.01). These results clearly
demonstrate that incubation of naive T cells with bsAb
HD37xT5.16, and the consequential cross-linking of CD5
complexes, does not deliver a signal sufficient for the
induction of T-cell proliferation. Figure 4b shows prolif-
eration of pre-activated T cells (CIK cells) with and without
immobilized bsAb. Here, HD37xOKT3 increased prolifer-
ation of CIK cells (82,000 cpm) as OKT?3 bivalent antibody
did (76,000 cpm), while the proliferation observed with
HD37xT5.16 was comparable to CIK cells alone (45,000
and 42,000 cpm, respectively) on the 3rd day of incubation
(P < 0.05).

Apoptosis induced in CIK cells during bsAb-mediated
interaction with target cells

To determine whether effector cells undergo apoptosis
when redirected to tumor targets by bsAb, a flow cytom-
etry-based assay was used. Effector cells (CIK cells) were
first incubated with the membrane dye PKH26, which al-
lows them to be distinguished from target cells by flow
cytometry. For analysis of apoptosis, Annexin V-FITC
binding to sphingomyelin residues exposed on the outer
leaflet of the cell membrane during early apoptosis and
propidium iodide staining of dead cells were used. Using
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this methodology, the induction of apoptosis in CIK cells
after 4 h of incubation with tumor targets and bsAb under
various conditions was analyzed. CIK cells incubated with
target cells alone or CIK cells alone served as controls.
Figure 5 shows apoptosis induced in effector (CIK) cells
when incubated with and without bsAb with K422 lym-

45 4 p<0.05

p<0.01

O Culture 1
m Culture 2

% specific apoptosis

ClK cells CIK CIK
+HD37xOKT3 +HD37xT5.16

Fig. 5 Apoptosis induction in CIK cells following interaction with
target cells (K422 cell line) and bispecific antibody. CIK cells from
healthy donor after 2 weeks (culture 1) and 3 weeks (culture 2) were
employed. The indicated antibodies were added at a final concentra-
tion of 1 pg/ml. Data from three experiments are presented with
standard deviations

+HD37xOKT3 +HD37xT5.16

phoma cell line as target. Specific apoptosis of 10 and 9%
(CIK culture 1 and 2, respectively) occurred when using
bsAb HD37xT5.16, compared to 28 (P < 0.01) and 15%
(P < 0.05) with bsAb HD37xOKT3 and less than 6%
specific apoptosis without cross-linking antibodies (con-
trol). Similar results were obtained with SU-DHL-4 lym-
phoma cell line. No significant apoptosis was observed
with any of the bsAb when used with naive T cells (result
not shown).

Discussion

The use of bispecific antibodies is aimed at increasing
effector cell targeting and enhancing anti-tumor specificity.
To mediate redirected lysis, a bsAb must either bind to an
already activated effector cell or must activate a resting
effector cell by binding to a triggering molecule [30]. In the
present study, cytotoxicity of cytokine-induced killer cells
towards B-lymphoma cells targeted with the newly estab-
lished HD37xT5.16 bsAb was investigated. This antibody
connects CD5 on effector T cells with CD19 on target
cells. We also examined apoptosis induction and prolifer-
ation of CIK cells during interaction with the target cells.
BsAb increased specific lysis and specific apoptosis in
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lymphoma cells significantly. This demonstrates that cross-
linking CIK cells with target cells by a bsAb can overcome
the need for target cell activation and cell adhesion for
effector function.

The quadroma line HD37xT5.16 (CD19xCDS5) was
generated by cell fusion of the parental hybridoma lines.
Larger quantities of bsAb were produced in a miniaturized
bioreactor and were subsequently purified by a two-step
method taking advantage of protein-A CL-4B affinity
chromatography that removed the parental T5.16, followed
by FPLC separation on a Mono Q column that separated
the desired bsAb from mismatched combinations. The
yield of bsAb HD37xT5.16, isolated from the hybrid-
hybridoma supernatant, was between 10 and 15% of total
immunoglobulin content. Flow cytometric analysis re-
vealed the desired functional activity of purified bsAb.

In vitro experiments further demonstrated that bsAb
HD37xT5.16 was able to effectively recruit CIK cells for
killing CD19 positive lymphoma cell lines. SU-DHL-4
cells are well established as experimental targets for CIK
cells [28]. We have elected to also include cell line K422 in
our studies, as this cell line is not targeted efficiently by
CIK cells without bsAb-mediated cross-linking. Interest-
ingly, with bsAb, cytotoxicity of CIK cells is similar against
both cell lines, suggesting that retargeting of CIK cells with
HD37xT5.16 may be effective in lymphoma cells resistant
to spontaneous CIK cell cytotoxicity.

Specific lysis of target cells in a standard chromium
release assay with CIK cells cross-linked via CDS5 using
bsAb HD37xT5.16 at an effector to target ratio of 10:1
reached 38-70% specific lysis. Comparable results have
been achieved with bsAb HD37xOKTS3. The latter reagent
was included in the experiments because CD3-targeting
antibodies have been extensively tested before [2—4, 7, 8,
10, 12, 14, 19, 25]. The resulting activation of effectors is
thought to be one of the key events explaining anti-tumor
activity of T cells binding to their target via bsAbs. Con-
trasting with this view, using pre-activated CIK cells as
effectors, we found a similar cytotoxicity with the CD5-
binding bsAb HD37xT5.16 as compared to the CD3-
binding bsAb. In this case, the factor responsible for
increased cytolysis after bsAb-mediated cross-linking may
be primarily the close proximity between effector and
target cells. This may stimulate cytotoxic effectors through
ligand-receptor interaction of molecules involved in cell
adhesion and non-MHC-restricted immunity [15]. Differ-
ences in specific lysis of individual CIK cell cultures are
most likely due to variations in T-cell function and acti-
vation status between the different healthy blood donors
used for the generation of CIK cells. With regard to the
potential use of CIK cells in the clinical setting, we did not
observe a functional difference in CIK cells expanded from
healthy blood donors or from patients suffering from
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lymphoma or breast cancer, and expression of surface
markers was not different between tumor patients and
healthy controls (unpublished results). Also, CIK cells
generated from tumor patients were analyzed in vitro [15]
and used in a clinical phase I trial [17].

Quadroma-derived mouse bispecific antibodies com-
posed of IgG1 and IgG2a immunoglobulin heavy chains
(like HD37xOKT3, HD37xT5.16 and others) are poor
mediators of antibody-dependent cytotoxicity (ADCC) in
human effector cells due to their weak interaction with
activating Fc-gamma receptors as CD16 and CD64. To
improve binding to Fc-receptors, so-called trifunctional
bispecific antibodies combining mouse IgG2a and rat
IgG2b immunoglobulins have been engineered. These
reagents are able to efficiently recruit and activate
accessory cells as macrophages, natural killer cells and
dendritic cells leading to T-lymphocyte- and NK cell-
mediated target cell lysis and cytokine release [23, 36]. A
role of ADCC for retargeting CIK cells by bsAb
HD37xT5.16 seems unlikely since the majority of CIK
cells represent T lymphocytes and only approximately
10% do express CD16 [27]. To further exclude a contri-
bution of ADCC, we have tried to retarget CIK cells with
therapeutic antibodies against CD20 (Rituximab, chimeric
human IgGl) and CD52 (Alemtuzumab, humanized
IgG1), known to induce ADCC of human effector cells.
However, the cytotoxicity towards CD20- or CD52-
expressing B-lymphoma target cells was not improved
(unpublished data).

Understanding the fate of T cells following cross-linking
to tumor targets may be of help in developing effective
protocols for clinical trials. Therefore, the proliferation and
apoptosis of T-cell effectors after interaction with bsAb
was analyzed. For this, we investigated proliferation by
immobilizing antibodies onto the plastic surface of cell
culture vessels, allowing for the cross-linking of antigens
on the surface of effector cells. No significant proliferation
was observed when naive T cells were incubated with bsAb
HD37xT5.16. These data demonstrate that CD5-binding
bsAbs, which are not able to cross-link the TCR, do not
provide a signal for proliferation of resting T cells. As
shown in Fig. 4a, b, bsAb HD37xOKT3, reacting with
TCR-associated CD3 epsilon-chain, readily activates and
induces proliferation in naive T cells and CIK cells. The
results are not surprising as bsAbs with specificity for CD3
and CD19 have been used for the activation and retargeting
of T cells against lymphoma and leukemia cells in vitro
and in vivo [3, 8, 10, 12, 25]. The inability of CD5-directed
bsAb to activate T cells may reduce its efficacy when used
in combination with resting T cells, but this is not relevant
when bsAbs are used for retargeting CIK cells that have
been pre-activated ex vivo. Indeed, a better killing was
not observed with this bsAb in our experiments when
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compared to bsAb HD37xT5.16. More importantly, CD5
targeting bsAb may be advantageous when applied after
allogeneic stem cell transplantation, because the unwanted
non-specific activation of T cells that may be directed
against antigens of the allogeneic host would not occur.
Therefore, the danger of inducing graft versus host disease
in the recipient might be reduced.

CIK cells represent activated T cells, and as such they
undergo activation-induced cell death (AICD) upon re-
ligation of the TCR [1, 5, 11, 31]. AICD is in part mediated
through auto and paracrine interactions between Fas and
FasL that are both expressed on CIK cells [35]. Cellular
proliferation and apoptosis induction are tightly linked
processes. Moreover, it has previously been shown that
upon tumor encounter, some activated T cells proliferate
and then undergo apoptosis [9]. As expected, bsAb
HD37xT5.16 targeting CIK cells via CDS induced less
apoptosis than CD3-binding bsAb HD37xOKT3. Thus,
targeting of T cells through HD37xT5.16 may have the
advantage of preventing AICD and may thus lead to longer
survival of CIK cells in vivo.

In conclusion, bsAb HD37xT5.16 increases cytolytic
activity of CIK cells against SU-DHL4 and K422 lym-
phoma cells. This increase in cytotoxicity is similar to that
observed with bsAb HD37xOKT3. BsAb recruiting effec-
tor cells via CD5 may be advantageous when used with
CIK cells, since induction of AICD is drastically reduced.
CDS targeting bsAbs may also offer a benefit in the setting
of allogeneic stem cell transplantation, as these bsAb nei-
ther activate nor induce proliferation of naive T cells
potentially directed against host antigens. The preclinical
studies described here support the experimental use of
bsAb HD37xT5.16 for adoptive immunotherapy with
activated effector T cells.
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