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Abstract Targetingof immune cells by bispecific antibodies has proven to be a powerful tool for the investigation 
of cellular cytotoxicity, lymphocyte activation and induction of cytokine production, as well as to represent an 
innovative form of immunotherapy for the treatment of cancer. The hallmark of this approach is the use of the specificity 
of monoclonal antibodies to join target and immune cells by virtue of the dual specificity of bispecific antibodies for the 
two entities. More precisely, the bispecific antibody has two different binding sites, which are capable of recognizing 
tumor associated antigens on the one hand and lymphocyte activation sites on the other. This process of crosslinking 
results in the activation of the lymphocyte and triggering of i ts lytic machinery, as well as lymphokine production. .A 
major advantage of this therapeutic modality is, that use is made of the normal cellular immune defence system and 
therefore is only associated with minor toxicity. The distinct lymphocyte populations, which can be used for adoptive 
immunotherapy and the various bispecific antibody preparations, as well as the chimeric immunoglobulin/T cell 
receptor construction, are the major topics of this review. 
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TUMOR ANTIGENICITY ELICITING IMMUNE 
REACTIVITY 

Experimentally induced tumor cells can ex- 
press “new antigens” (Ag) on their surface. 
Such Ag are unique or selective, may be immu- 
nogenic, and thus elicit a tumor specific cyto- 
toxic T lymphocyte (CTL) response. The study 
of tumor-specific immune reactions was stimu- 
lated by the postulation of immune surveillance, 
as formulated by Ehrlich in 1909 [ l l  and adapted 
by Burnet in 1970 [2]. The keynote of the hypoth- 
esis is that antigen-specific T lymphocytes are 
the critical surveillance cells that arrest or elim- 
inate cancer cells from the host. In general, 
specific T cells recognize their antigen in the 
context of the major histocompatibility complex 
(MHC) on the surface of the Ag presenting cell. 
In experimentally induced tumor models such 
MHC-restricted tumor-specific T-cells have been 
identified. In humans, “tumor-specific” CTL 
which are not MHC-restricted have been demon- 
strated [3,41. Importantly, there appears to be a 
correlation between autologous tumor cell kill- 
ing activity and prognosis (e.g., in lung cancer) 
[51. The discovery of host antitumor immune 
reactivity has stimulated further extensive inves- 
tigations in preclinical and clinical settings. 
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WAVES OF IMMUNOTHERAPY 

The first wave of immunotherapy started to 
roll at the end of the 19th century. It was William 
Coley who used anticancer “vaccines” consist.- 
ing of bacteria. However, this immune approach 
was eclipsed by the advent of radiotherapy. A 
second wave then occurred in the late 1960s, 
and early 1970s, when certain bacteria, notably 
Bacillus Calmette-Gue‘rin (BCG) and Corynebac- 
terium parvum (C. paruum) were used for the 
treatment of cancer. These bacteria acted as 
adjuvants by nonspecifically stimulating cellu- 
lar and humoral immune reactivity. Meanwhile, 
the demand for highly purified biological re- 
sponse modifiers (BRM), with better defined 
modes of action, became stronger. 

The extension of our knowledge of the im- 
mune system to the molecular level has led to 
the identification, cloning, and large-scale pro- 
duction of a multitude of cytokines, while the 
advent of large-scale immune cell culture tech- 
niques allows the ex vivo activation and expan- 
sion of patients’ lymphocytes for their clinical 
application. In  addition, the availability of 
monoclonal antibodies (mAb) that bind selec- 
tively to tumor cells has allowed novel therapeu- 
tical strategies. 

It is the synergism of these disciplines that 
gives way to the engineering of lymphocyte spec- 
ificity. The present state-of-the-art technol- 
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ogies are continuously being translated into clin- 
ical treatment protocols for the immunotherapy 
of cancer: the third wave of biotherapy. 

LYMPHOCYTE SUBSETS WITH LYTlC CAPACITY 
Natural Killer Lymphocytes 

MHC-unrestricted, “spontaneous” cytolysis of 
tumor cells by lymphocytes is described as “nat- 
ural killer” (NK) activity. NK lymphocytes do 
not express a T cell receptor (TCR)/CD3 com- 
plex, implying that non-TCR structures must be 
involved in MHC-unrestricted cytolysis (see be- 
low). Their lytic activity is, by definition, MHC- 
unrestricted. This feature, together with the 
fact that NK cells exert lysis without prior acti- 
vation requirements, represent the fundamen- 
tal differences to the antigen-specific cytolysis 
displayed by TCR’ lymphocytes [6,7,8,9]. 

T Cell Receptor Positive Lymphocytes 

The TCR’ lymphocyte population comprises 
two distinct lymphocyte subsets which are both 
capable of exerting cell-mediated cytotoxicity: T 
lymphocytes that express an antigen receptor, 
that is a disulphide-linked heterodimer com- 
posed of an 01 and a p protein [61, and T lympho- 
cytes with an antigen-receptor composed of a y 
and a 6 protein. The y and S chains can be either 
disulphide or nondisulphide linked [lo, 111. 

The specific antigens for MHC-restricted CTL 
are presented by class I or I1 molecules. TCRaP 
lymphocytes represent the  vast majority 
( > 90%) of peripheral-blood antigen-specific T 
lymphocytes and are either CD4’ or 8’. The 
CD4’ lymphocyte subset acts as helper or cyto- 
toxic cell and is restricted by MHC class I1 A g  
presenting molecules on the target cells. The 
CD8’ lymphocyte subset represents cytotoxic T 
lymphocytes that are restricted by MHC class I 
Ag presenting molecules [61. After recognition 
of Ag, helperlinducer lymphocytes become acti- 
vated and secrete a variety of growth and differ- 
entiation factors, such as the interleukins, to 
facilitate the antibody andlor CTL responses. 
CD8’ CTL are involved in the elimination of 
host cells, expressing non-self antigens. Follow- 
ing, appropriate activation, these CD4’ and CD8’ 
specific CTL can also exert MHC-unrestricted 
lysis, probably involving non-TCR structures 
(see below). 

The minor TCRyS lymphocyte fraction, (34% 
of the TCR’ lymphocytes) virtually all lack the 
expression of CD4 or CD8 antigens 110-131. 

Freshly isolated TCRyS lymphocytes do not 
lyse NK-susceptible target cells. Upon in vitro 
activation, TCRy6 lymphocytes can exert MHC- 
unrestricted cytolysis towards a variety of tu- 
mor cells of distinct histologic origin, which does 
not involve the TCR. Antigen-specific TCRyS 
lymphocytes have also been identified. Some of 
the identified Ag are CDlc, TCT-1, HLA-A2, 
A23, DR7 and Dw6 [141. TCRyS lymphocytes 
can be divided on the basis of their functional 
rearrangements into two distinct subsets. The 
Vy9-VS2 encoded TCRyS heterodimer is the pre- 
dominant receptor type in peripheral blood, 
whereas the V61 encoded TCRyS heterodimer 
represents a minority D31. Both subsets can 
produce a variety of lymphokines. 

RECEPTORS INVOLVED IN CYTOTOXICITY 
The T Cell Receptor 

The T-lymphocyte structure capable of spe- 
cific antigen recognition is the membrane-ex- 
pressed polymorphic TCR [15,161. The TCR is 
noncovalently associated with the nonpolymor- 
phic CD3 complex that comprises five different 
proteins. The TCR genes contain segments ho- 
mologous to the variable (V), diversity (D), join- 
ing (J), and constant (C) gene segments of the 
immunoglobulin (Ig) gene. Thus, antigen-spe- 
cific cellular cytotoxicity is exerted by lympho- 
cytes that express a surface TCR capable of 
discriminating between “foreign” cells and nor- 
mal autologous cells. The binding of these Ag 
specific TCR’ lymphocytes to their target cell 
generates an activation signal. 

Non-TCR Lymphocyte Surface Receptors 
Involved in MHC-Unrestricted Cytolysis 

Nonpolymorphic glycoproteins, such as CD2, 
CD3, CD16, CD28, are also involved in lympho- 
cyte activation and triggering for lysis. Some of 
these structures are functionally interrelated, 
or they interact with the TCRaP, TCRyS, or 
putative NK lymphocyte receptors and with each 
other. As we originally proposed [171, such syn- 
ergism has now been determined between, e.g. 
CD2 and CD3, and has also been identified in 
MHC-restricted antigen recognition Ll8l. The 
functional interplay between distinct activation 
sites suggests that their individual activation 
pathways converge intracellularly [17,19-211. 
These data strongly argue in favor of the hypoth- 
esis that a multireceptor recognition process is 
involved in MHC-unrestricted target-cell recog- 
nition and lysis [22,231. Therefore, activation 
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via one receptor can be blocked via another 
using the relevant mAb [13,17,19,20,24-271. 

ENGINEERING OF LYMPHOCYTE SPECIFICITY 

Because most efforts to produce human CTL 
specific for human tumors have failed and be- 
cause many mAb are available that bind selectiv- 
ity, although not exclusively, to tumor cells, the 
combined use of CTL and mAb, offered a novel 
approach to selectively direct the CTL to the 
tumor cells. These engineered lymphocyte speci- 
ficities may in the future play a key role in the 
destruction of tumor or virus-infected cells. The 
employment of mAb, bs-mAb or chimeric TCR-Ig 
receptors to engineer lymphocyte specificity to- 
gether with cytokines represents a promising 
immunotherapeutic approach. 

Monoclonal Antibody Directed Lymphocyte 
Mediated Lysis 

After the discovery that an anti-clonotypic 
mAb producing hybridoma was lysed by the 
CTL specifically binding their mAb 1281 it was 
reported that lysis could also be induced using 
mAb specific for the nonpolymorphic CD3 by 
mAb against CD2, expressed by T and NK lym- 
phocytes; mAb against CD16, expressed on virtu- 
ally all NK lymphocytes and a subset of TCRy8 
lymphocytes, or mAb against CD26’ T-lympho- 
cytes. Noteworthy, induction of cytolysis only 
occurred when the target cells expressed recep- 
tors, that bind the Fc-parts of the mAb, i.e. 
I@-FcR (CD16-FcR) [291. 

Bispecific Monoclonal Antibody Targeting of CTL 

Thus, an interesting exploitation of the phe- 
nomenon that mAb mediated lymphocyte activa- 
tion results in triggering of the lytic machinery 
(see above) is the use of bs-mAb [30,311. Bs-mAb 
can be produced by chemically coupling a mAb 
that is specific for the TCR-complex, for exam- 
ple to a second mAb specific for a given tumor 
associated antigen (TAA) structure. For in- 
stance, chemically crosslinked antibodies, one 
binding site recognizing the CD16 activation 
site on the effector lymphocytes, and the other 
recognizing a TAA [321, have been produced. 
Such mAb heteroaggregates bridge the effector 
lymphocyte to the target cell (conjugate forma- 
tion) and trigger the lymphocyte lytic machin- 
ery. The heteroconjugated antibody triggers cy- 
tolysis by binding to CD16 via its Fab, rather 

than via its Fc-portion. Along the same line, 
many preparations of bs-mAb, that recognize 
the CD3 complex on the one hand and a TAA on 
the other (e.g. melanoma, renal, ovarian, lung 
and mammary carcinoma) have been developed 
[33-371. Such bs-mAb have also been generated 
by fusion of two hybridomas that produce CD3- 
specific mAb and the target-cell-specific mAb 
respectively [38]. The hallmark of this mecha- 
nism is that the binding of the bs-mAb to the 
CTL endows the CTL with the bs-mAb speci- 
ficity. These bs-mAb targeted CTL can effec- 
tively be used for adoptive transfer of immunity 
1391. 

Since mAb with specificity for particular lym- 
phocyte activation sites trigger different func- 
tions or lymphocyte subpopulations, their use 
also allows the selective activation and expan- 
sion of particular subsets of lymphocytes and 
eliminates the need for prior isolation of these 
subsets. 

These laboratory-engineered immune lympho- 
cytes are presently being used for clinical adop- 
tive immunotherapy. We and others have re- 
cently started a phase 1-11 clinical trial employing 
bs-mAb retargeted lymphocytes for the intraperi- 
toned treatment of ovarian carcinoma patients 
[401. 

Chimeric T Cell Receptor-Immunoglobulin 

Bs-mAb targeted T lymphocytes retain the 
antibody-dictated specificity for limited periods 
of time (6-72 h) due to the dissociation of the 
bs-mAb from the cell surface [33, and Bolhuis, 
manuscript in preparation]. In addition, it is not 
known whether or not the mAb targeted lympho- 
cytes can traffic and home to the tumor site. 
Bs-mAb targeted T lymphocytes are therefore 
expected to be clinically most effective when 
applied locally for the cytolytic attack and the 
initiation of inflammatory reactions. The total 
eradication of established tumors requires a 
“long-lasting” systemic immune response. Re- 
cently, molecular engineering of T lymphocytes 
has resulted in permanently acquired, labora- 
tory chosen, antibody-dictated specificity of lym- 
phocytes. To become effective, such T lympho- 
cytes require not only the stable expression of 
the engineered receptor at the lymphocyte sur- 
face, but also an association of this receptor with 
their signal-transducing elements. These re- 
quirements were met by the introduction and 
expression of chimeric TCR/Ig genes, in which 
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the variable (V) gene segments of the TCRa and 
TCRP chains were replaced by the variable gene 
segments of the heavy or light chain of an Ig 
with known specificity, e.g., against phosphati- 
dylcholine, trinitrophenyl or digoxin [41-47]. 
Upon transfection of the expression vectors con- 
taining these chimeric TCR/Ig genes in recipi- 
ent mouse T cell lines, chimeric proteins were 
synthesized and became stably and functionally 
expressed at the surface of the lymphocytes in 
association with the signal transducing CD3 com- 
plex. Both combinations of complementary chi- 
meric TCR/Ig genes, i.e., V,-Ca + V,-Cp or 
V,-C@ + V,-Ca, produced a functional chimeric 
heterodimer [42,461. Consequently, the chi- 
meric receptor endowed the T lymphocytes with 
the antibody-dictated, MHC-unrestricted speci- 
ficity, and was able to transduce signals for T 
cell activation as determined by Cqz+ mobiliza- 
tion [46]; IL-2 production [41-44,471; prolifera- 
tive response [47], and cytotoxic activity 
[42,43,47]. 

In view of anticipated clinical applications it is 
important that a high percentage of lympho- 
cytes can be simultaneously infected. This will 
reduce the need of prolonged lymphocyte cul- 
tures in order to yield the large number of 
lymphocytes required for immunotherapy to- 
day. In addition, it ensures the polyclonality of 
the genetically modified T lymphocytes. In our 
opinion this can be best achieved by retroviral 
mediated gene transfer, which can transfect a 
wide variety of cell types with a much higher 
efficiency than other procedures 1481. 

Indeed, mouse and human T lymphocytes have 
been successfully transduced with various genes 
using retroviral vectors [48-531. An additional 
advantage of retrovirus-mediated gene transfer 
is that all proviral copies become stably inte- 
grated into the chromosomal DNA of the recipi- 
ent cell. This chromosomal integration of the 
transduced gene ensures the constitutive expres- 
sion of chimeric TCR/Ig genes, a prerequisite 
for prolonged immune reactivity. 

Before clinical application of these genetically 
modified lymphocytes becomes a reality, the 
safety of the administration of these lympho- 
cytes has to be assessed, because foreign DNA is 
inserted randomly in the genome. This may 
theoretically trigger an oncogenic transforma- 
tion. So far, studies, in vitro in animals and 56 
months of observation of patients who received 
neo gene transfected autologous lymphocytes in 

a phase I clinical protocol have not revealed any 
abnormalities or side-effects. 

The results of these novel strategies are there- 
fore crucial in aiding in the development of 
novel immunotherapeutic strategies and will also 
advance our understanding of lymphocyte recep- 
tors mediated Ag recognition. 
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