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Abstract: Here we review recombinant proteins with a capability for dual-targeting. These 

molecules address two different antigens on the same tumor cell and therefore are called 

“dual-targeting agents”. By virtue of binding a chosen pair of antigens on the malignant 

cell, preferential binding to antigen double-positive over single-positive cells can be 

achieved when both are present in the same environment. Therapeutic effects of such 

agents are based on different modes of action: (1) They can act as pro-apoptotic agents or 

by inhibiting pro-survival signals; (2) The dual recognition moiety can be fused to  

effector-domains, such as bacterial toxins or other drugs, leading to the generation of 

bispecific antibody-drug conjugates (ADCs); (3) Dual-targeting agents can further be used 

to redirect an effector-cell to the tumor. A new generation of scFv-derived fusion proteins 

are the tandem single chain triplebodies (sctbs), which carry two scFv binding sites for 

antigens on the tumor cell plus a third, specific for a trigger molecule on an effector cell. 

The ability of preferential or selective targeting of antigen double-positive over single-

positive cells opens attractive new perspectives for the use of dual-targeting agents in 

cancer therapy, and possibly also for the treatment of certain inflammatory and 

autoimmune disorders. 
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1. Introduction 

Antibodies have become an integral part of therapeutic protocols for several malignancies, 

including both hematologic diseases and solid tumors such as breast and colon cancers [1–3]. 

Monoclonal antibodies have clearly improved treatment outcome but, most often, they do not cure 

patients as single agents. Response rates remain unsatisfactory, and relapse still presents a serious 

problem. The limitations of unmodified immunoglobulins (Igs) as therapeutic agents are due in part to 

the fact that relevant antigens such as the EGF receptor (EGFR), epithelial cell adhesion molecule 

(EpCAM), melanoma-associated chondroitin sulfate proteoglycan (MCSP), prostate specific 

membrane antigen (PSMA), diganglioside GD2 and others, which are attractive targets for the 

treatment of solid cancers, often have a broad tissue distribution and, therefore, may cause undesirable 

side effects when targeted by antibody-derived therapeutics [4–9]. 

To develop more specific and potent antibody-derived agents, a possible solution may arise from 

going beyond the format of intact Igs. To this effect, a number of recombinant antibody-derived 

formats have been developed including immunotoxins, radio-immunoconjugates, bispecific 

immunoglobulins, bispecific single-chain Fv antibody-derivatives, so-called bsscFvs, and tandem 

single chain triplebodies (sctbs) [10–13]. A recently approved bispecific full-length antibody is 

catumaxomab (Removab®), a hybrid Ig with one binding site each for EpCAM and CD3, which was 

approved for the treatment of malignant ascites [7]. An example for the bsscFv format is blinatumomab, 

a recombinant fusion protein comprising scFvs specific for CD19 on malignant B-lymphoid cells and 

CD3 on effector T lymphocytes [14]. This agent produced encouraging clinical responses against  

non-Hodgkin lymphoma (NHL) and pediatric acute lymphoblastic leukemia (ALL) [4,15]. Additional 

agents in the same so-called BiTE format (bispecific T-cell engaging agents) are under development [16]. 

In face of the outstanding results a major disadvantage of the BiTE format is the short plasma retention 

time requiring an administration as a 4-week continuous infusion. Due to this application form, the 

therapy is associated with side effects for the majority of patients [14]. BsscFvs have a relative 

molecular mass of only about 50–60 kDa, and such small proteins are rapidly cleared from the 

bloodstream by the kidneys [17,18]. Due to the missing Fc-portion, bsscFvs also lack the interaction 

domain for the neonatle Fc-receptor (FcRn), which is involved in the recirculation of IgGs [19].  

To overcome this problem, a number of improvements could be made. The size can be increased by 

modifications such as PEGylation or the addition of an extra scFv [20,21]. By addition of protein 

domains like the human serum albumin, the interaction with the FcRn can be enabled [22]. All these 

modifications resulted in an improvement of the plasma retention time and body retention time in vivo [23]. 

However, all of these agents are monospecific for the tumor cell and cannot discriminate between 

malignant and healthy cells carrying the same target antigen. To overcome this disadvantage, some 

investigators focused their work on recombinant agents with increased selectivity for the malignant 

cell. To achieve this goal the idea was to target a tumor-specific pair of antigens on the same cell. Ring 
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and colleagues developed the first dual-targeting agent, a so called antigen fork (Figure 1A), by 

crosslinking two antibodies with different specificities for a pair of antigens on the same tumor cell [24]. 

Several other strategies followed over the next years to achieve increased selectivity, all using a 

common principle: A combination of several antibody-derived binding sites for the simultaneous 

targeting of more than one different antigen on the surface of the same cancer cell (Figure 1; Table 1). 

Figure 1. Schematic structure of dual-targeting agents. (A) cross linked monoclonal 

antibodies (antigen fork); (B) chemically coupled F(ab’)-fragments; (C) two F(ab’)2 

chemically coupled to a human IgG (HexAb); (D) tandem bispecific single chain Fragment 

variable (bsscFv); (E) tetravalent bispecific antibody (EI-04), two scFvs genetically fused 

to a human Immunoglobulin G (IgG); (F) DT-Ig consisting of the variable region of the 

heavy chain and the light chain of two different antibodies, cloned in frame to an IgG;  

(G) heteromeric peptide coupled to a human IgG (CovX-body; CVX-241); (H) scFvs fused 

to a Fc-domain on both termini; (I) two antigen combining sites with different specificity 

in tandem on an IgG (DVD-IgG); (J) tandem trispecific sctb; (K) coupled F(ab’)3-fragment. 

 

Tabel 1. Dual-targeting molecules. 

Format Specificity Disease Function Company Ref. 
Bispecific agents without intrinsic effector domain 
F(ab’)2 CD20/CD22 B-ALL Signaling - [25] 
Bs-scFv ErbB2/ErbB3 Breast cancer Signaling - [26] 
HexAb CD20/CD74 Lymphoma Signaling Immunomedics IBC 

Pharmaceuticals 
[27] 

Two-in-one 
antibody 

HER3/EGFR Several 
carcinomas 

Signal 
inhibition 

Genentech [28] 
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Tabel 1. Cont. 

Format Specificity Disease Function Company Ref. 
Bispecific agents without intrinsic effector domain 
Tetravalent bs-ab EGFR/IGF-1R Several 

carcinomas 
Signal 
inhibition 

Biogen Idec [29] 

Bs-scFv ErbB2/ErbB3 Breast cancer Signal 
inhibition 

Merrimack 
Pharmaceuticals

[30] 

Bispecific diabody VEGFR2 Several 
carcinomas 

Signal 
inhibition 

- [31] 

Bispecific diabody VEGFR2/VEGFR3 Several 
carcinomas 

Signal 
inhibition 

ImClone 
Systems 

Incorporated 

[32] 

Bispecific adnectin EGFR/IGF-1R Several 
carcinomas 

Signal 
inhibition 

Bristol-Myers 
Squibb/ 
Adnexus 

[33] 

Bispecific CovX-
Body (CVX241) 

VEGF/Ang2 Epithelial 
Ovarian 
cancer or 
primary 
peritoneal 
cancer 

Signal 
inhibition 

Pfizer [34] 

Bispecific scFv PDGFRß/VEGF-A Several 
carcinomas 

Signal 
inhibition 

- [35] 

DVD-IgG IL-1α/ IL-1β Inflammatory 
diseases 

Signal 
inhibition 

Abbott [36] 

Gold-nanoparticle  EGFR/FR ovarian 
cancer 

Signal 
inhibition 

- [37] 

Retargeting agents 
F(ab’)3 EGFR/Her2/CD64 Several 

carcinomas 
Retargeting Medarex [38] 

Triplebody CD19/CD33/CD16 MLL Retargeting - [13] 
Triplebody CD19/HLAII/CD16 B-ALL Retargeting - [12] 
Triplebody CD123/CD33/CD16 AML Retargeting SpectraMab [11] 
Toxins 
Ligand-directed 
toxin 

EGFR/IL-4R Pancreatic 
cancer 

Toxic - [39,40]

Immunotoxin CD19/CD22 B-ALL Toxic - [41] 
Ligand-directed 
toxin 

EGFR/IL-13R Pancreatic 
cancer 

Toxic - [40] 

The table lists agents in advanced stages of preclinical and clinical development, about which 

information is available in the public domain. They can be divided into three groups: agents of the first 

group have no intrinsic effector domain and simply consist of a combination of two antigen-combining 

sites. Their function is mediated by binding antigens which induce intracellular signals or by inhibiting 

signals emerging from cell-surface receptor or its ligands. Agents of the second group recruit an 

effector cell to the tumor cell and induce antibody-dependent cellular cytotoxicity (ADCC), also called 
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redirected lysis, and or antibody-dependent cellular phagocytosis (ADCP). The last mode of action is 

the delivery of a toxin, a drug or another death-inducing agent, such as a caspase, an siRNA, an 

RNAse or another pro-apoptotic agent, to drive the cancer cell to its demise (Figure 2). 

Figure 2. Modes of action mediated by dual-targeting molecules. Blocking of intracellular 

pathways by a, dual receptor-binding or b, dual ligand-binding (on the right site). Binding 

to a pair of receptors leads to the induction of anti-proliferative and/or pro-apoptotic 

signals for suitable chosen combinations. Dual-targeted import of a cytotoxic component 

directly eliminates the target cell. Recruiting of effector cells to the target cells by  

dual-recognition mediates antibody-dependent cellular cytotoxicity (ADCC) or  

antibody-dependent cellular phagocytosis (ADCP). 

 

2. Dual-Targeting Agents 

2.1. Induction and Inhibition of Intracellular Signals by Dual-Targeting Agents 

Mediated by the interaction of an antibody with a cell surface receptor or a ligand, the transduction 

of signals can be induced or blocked, leading to cellular growth arrest or apoptosis. Two examples of 

agents inducing such signals are first a F(ab’)2 (Figure 1B), designed for the treatment of B-ALL. This 

compound simultaneously binds CD20 and CD22 on the malignant cell and thereby mediates  

apoptosis [25]. Secondly, Gupta et al. obtained enhanced cytotoxicity for biopsy material from patients 

with mantle cell lymphoma (MCL) and for cell lines derived from leukemias and lymphomas, by using 

a bispecific hexavalent antibody (HexAb; Figure 1C) targeting CD20 and CD74, compared to 

treatment with the parental monoclonal antibodies, used either alone or in combination [27].  

Anti-proliferative signaling through the epidermal growth factor receptor (EGFR) and ErbB2/HER2 

members of the EGFR-family has been noted to occur in a variety of cancers. A bispecific scFv 

(bsscFv; Figure 1D) and a bispecific antibody (bsAb) simultaneously targeting ErbB2 and ErbB3 
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showed increased selectivity for binding to antigen double-positive over single-positive cells [26].  

In preclinical models the agents displayed antitumor activities depending on the degree of over-

expression of ErbB2 [30]. Vascular endothelial growth factors (VEGF) and their receptor (VEGFR) 

play important roles in tumor-associated angiogenesis, tumor growth and metastasis. Two bispecific 

diabodies directed against the VEGFR have been reported. In one case, Lu et al. generated scFvs with 

specificity for VEGFR2. To construct their first diabody, these authors used two different scFv-binding 

domains with increased affinity and decreased dissociation rate relative to the parental scFvs [31]. The 

resulting bispecific diabody directed against VEGFR2 and VEGFR3 neutralized VEGF-stimulated 

activation and inhibited VEGF-induced migration of endothelial cells [32]. 

Engineered domains of human fibronectin with the ability to serve as ligands for growth factor 

receptors (Adnectins™) were used by other authors to generate a bispecific Adnectin targeting EGFR 

and insulin-like growth factor-I receptor (IGF-IR). This agent inhibited the phosphorylation of EGFR 

and IGF-IR, induced receptor degradation, and therefore blocked downstream signaling and 

proliferation of various human cancer cell lines [33]. However, this is not an example of an antibody-

derived agent, but simply of a synthetic fusion peptide with dual specificity, binding two different 

critical receptors on a tumor cell and thereby inducing an antitumor effect. 

Another team of investigators designed a stable IgG-like bsAb for dual-targeting of the EGF- and 

IGF-1 receptors. This bsAb, EI-04, was constructed with a stability-engineered scFv specific for  

IGF-1R, attached to the C-terminus of an EGFR-specific IgG. The format is therefore that of a 

bispecific, tetravalent scFv-IgG fusion protein (Figure 1E). EI-04 displayed favorable biophysical 

properties for biopharmaceutical development. In tumor cells, the agent effectively inhibited the 

phosphorylation of EGFR and IGF-1R, and blocked the activation of the downstream kinases AKT and 

ERK, resulting in greater inhibition of tumor cell growth and cell cycle progression than the degree 

achieved by the corresponding monoclonal antibodies, used either alone or in combination [29]. 

DT-IgGs are recombinant humanized dual-targeting immunoglobulins developed to simultaneously 

target, e.g., EGFR and VEGF. One DT-IgG was generated by introducing anti-VEGF and anti-EGFR 

domain antibodies onto the heavy and light chains, respectively, of an IgG1 constant region (Figure 1F). 

When studied in nude mice bearing human tumor xenografts, this prototype DT-IgG showed favorable 

pharmacodynamic properties and promising anti-tumor activity [42]. 

An astounding new format is “two-in-one” IgGs. The prototype of this format is an IgG molecule 

with sophisticated mutations in its variable region, that endow the same variable region with specific 

binding to both HER3 and the EGFR [28]. This novel format therefore violates Jerne's fundamental 

principle positing that one antibody generated by a vertebrate immune system in vivo have only one 

specificity. Such “two-in-one” antibodies therefore are total artifacts, which would not normally arise 

in a healthy vertebrate immune system in vivo. The prototype was designed for the treatment of 

carcinomas and inhibited EGFR- and HER3-mediated signaling both in vitro and in vivo. It also 

inhibited the ability of the target cell to recruit immune effector functions. The “two-in-one” agent had 

broader efficacy in multiple tumor models than the corresponding monospecific antibodies [28]. 

CovX-Bodies are antibody-fusion proteins carrying artificial target binding ligands fused to their  

N-termini. For the prototype CovX-body CVX241 (Figure 1G) Doppalapudi and colleagues [34] used 

two chemically-linked peptide ligands specific for VEGF and Angiopoietin 2 (Ang2). One copy each 

of this pair of linked peptides was coupled to the N-terminus of a carrier antibody. This carrier, 
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however, did not contribute to the antigen recognition function, but solely served as a scaffold to hold 

these targeting peptides in place in a suitable geometrical arrangement, and to recruit the classical 

effector functions of IgG Fc-domains. Due to simultaneous binding to VEGF and Ang2 the agent 

interfered with the function to these target factors and showed efficacy in a tumor xenograft model [34]. 

A promising approach for the treatment of solid tumors is to target angiogenesis, and the 

combination of two mAbs has the potential to increase the efficacy of an anti-angiogenic therapy. 

Therefore, scFvs directed against PDGFRβ and VEGF-A were fused to both termini of a human  

Fc-domain to generate a bispecific, tetravalent molecule (Figure 1H). This recombinant fusion protein 

indeed had dual-targeting capacity and displayed potent activity. It bound both antigens and was stable 

in serum [35]. 

For complex diseases, in which multiple mediators are involved, a simultaneous blockade of 

multiple targets may result in a better therapeutic effect than the inhibition of a single target. To study 

this concept, the company Abbott developed the dual variable domain immunoglobulin (or DVD-Ig) 

format, which allows the incorporation of the distinct specificities of two monoclonal antibodies into a 

single dual-specific IgG-like molecule [43]. These agents carry two conventional antigen combining 

sites with different specificity arranged in tandem on each of the two arms of the IgG to generate a 

tetravalent overall affinity (Figure 1I). Signal transduction through the interleukin-1 receptor (IL-1R) 

mediates a strong pro-inflammatory response, which contributes to a number of human diseases. By 

blocking interleukins IL-1α and IL-1β with an anti-human IL-1α / β DVD-Ig molecule, the production 

of pro-inflammatory IL-8 was inhibited and favorable anti-inflammatory effects were achieved [36]. 

2.2. Retargeting Agents 

The second group of dual-targeting agents recruits effector cells to the tumor cell and mediates 

ADCC and/or phagocytosis. Single-chain triplebodies carry three scFvs arranged in tandem in a single 

polypeptide chain (Figure 1J). A centrally placed binding domain for the Fc gamma receptor IIIa 

(CD16) is flanked in this format by scFvs with specificities for two different antigens on the same 

malignant cell. The first published dual-targeting sctb, sctb 123-ds16-33, consists of scFv binding 

modules for CD123 and CD33 on the tumor cell and CD16 on the effector cell. The prefix “ds” 

signifies a disulfide-stabilized scFv-component [44]. This sctb was designed for preferential targeting 

of AML-leukemic stem cells (AML-LSC) over bulk AML cells and healthy hematopoietic stem cells, 

because AML-LSCs carry approximately 5- to 10-fold greater surface densities of CD123, the  

-chain of the interleukin-3 receptor, than these other cell populations [45,46]. Sctbs in general 

represent an improvement over the corresponding bispecific scFvs, carrying only one binding site for 

the cancer cell and one for the trigger on the effector cell [10]. In the sctb-format the scFvs specific for 

the tumor cell flank the scFv specific for a trigger-molecule expressed on the effector cell. Unique 

features of sctbs include an increased affinity/avidity for the tumor cell over the corresponding 

bispecific scFvs [47], a longer plasma retention time [10] and the ability for dual-targeting. 

Remarkably, the gain in binding-strength always resulted in a more-than-proportional gain in cytolytic 

activity, often by more than an order of magnitude. This observation was made for several different 

sctbs and invited the speculation, that triplebodies may either form particularly effective 

immunological synapses between the tumor- and effector cells, or trigger a particularly potent response 
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by the effector cell, or mediate a combination of these effects. Immunofluorescence studies confirmed 

that all three scFvs carried in the sctb 123-ds16-33 were functional and able to bind their respective 

antigens. ADCC-experiments also confirmed the claim that both of the anti-tumor scFvs contributed to 

the cytotoxic effect. This result was achieved by separately blocking the binding of sctb 123-ds16-33 

to an AML-derived cell line or to the effector cells with a molar excess of corresponding scFvs and a 

CD16-directed monoclonal antibody, respectively. Blocking led to a strong decrease of the cytotoxic 

effect confirming the specific interaction of all three binding moieties with their cognate targets and 

the need for all three of these interactions to achieve maximum cytotoxic effects (Figure 3). 

Figure 3. Antigen-specific induction of ADCC in the double-positive AML cell-line 

MOLM-13 by sctb 123-ds16-33. The sctb induced strong ADCC of MOLM-13 cells at a 

concentration of 1 nM. Simultaneous addition of a 500-fold molar excess of CD33- and 

CD123-specific scFvs each completely blocked the ADCC reaction, but the addition of ei-

ther the CD33- or the CD123-specific scFv alone, or a control scFv, did not. Simultaneous 

incubation with a 125-fold molar excess of a CD16-specific antibody—but not with a con-

trol IgG1—significantly reduced ADCC. Data points represent mean percentage of relative 

specific lysis obtained with isolated mononuclear cells (MNCs) from six different unrelat-

ed healthy human donors at an E:T ratio of 40:1. Specific lysis measured for the sctb was 

set to 100%, background lysis occurring in the absence of added sctb or antibody (Ab) was 

defined as 0%, and specific lysis was calculated as total minus spontaneous lysis. The * 

symbol designates statistically significant differences (p < 0.05) in ADCC relative to the 

control sctb. From Kügler 2011 [11] with permission.  

 

In cytotoxicity experiments with primary AML cells, freshly obtained from leukemia patients, the 

sctb produced stronger lysis than the mono-targeting counterparts, sctb 123-ds16-123 and sctb  

33-ds16-33, respectively. Although statistical significance has not yet been reached for the differences 

between the dual- and the mono-targeting agents, the results provide a first indication for a potential 

benefit of dual- over mono-targeting sctbs (Figure 4) [11]. Current efforts are directed at testing the 
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hypothesis, that the benefits may become more obvious for target cell populations enriched in  

CD34-positive AML-LSCs, because these cells carry greater surface densities of CD123. 

Figure 4. Lysis of primary AML cells by the dual-targeting sctb 123-ds16-33 and the  

mono-targeting control-molecules 123-ds16-123 and 33-ds16-33. Sctbs 123-ds16-33 

(closed triangles), 123-ds16-123 (open circles) and 33-ds16-33 (open triangles) mediated 

dose-dependent ADCC of primary AML cells, whereas a control sctb (closed squares) 

failed to achieve this result. Target cells were primary cells from the peripheral blood of 

six different AML patients, diagnosed with AML of different subtypes. Data points 

represent mean percentage of specific lysis averaged over the six patients, obtained with 

isolated MNCs from one healthy donor per patient sample at an E:T ratio of 40:1. Specific 

lysis is total minus spontaneous lysis. From Kügler 2011 [11] with permission. 

 

Two additional sctbs have been produced and studied, which further illustrate unique functional 

capabilities offered by dual-targeting, the sctbs 33-ds16-ds19 and HLA-ds16-hu19. The prefix “hu” 

signifies a murine scFv humanized by CDR-grafting plus additional point mutagenesis [48]. The first 

of these two sctbs, 33-ds16-ds19, was designed for the treatment of mixed lineage leukemias (MLL), 

also called bi-phenotypic leukemia. Blasts from patients with these disorders show a characteristic 

combination of phenotypic markers, usually found exclusively in a healthy hematopoietic system in 

either lymphoid or myeloid cells. Typical examples of mixed-lineage leukemias are high risk 

leukemias associated with characteristic chromosomal rearrangements of the MLL locus on human 

chromosome 11q23, such as the translocations t(4;11), t(9;11) or t(11;19). These leukemic blasts often 

show both lymphoid markers, including CD19 and CD22, and myeloid markers such as CD13, CD33 

on the same cells. These combinations are not observed on healthy hematopoietic cells, which commit either 

to the lymphoid or the myeloid lineage, but as a rule do not show a mixed lineage phenotype [49, 50]. 

Therefore the mixed lineage phenotype offered a unique opportunity to selectively target the tumor 

cells over healthy normal cells, provided an agent could be constructed, which preferentially targeted 

this combination. Indeed, both the distal tumor-antigen binding sites of sctb 33-ds16-ds19 were 

capable of binding their cognate antigens, and simultaneous occupation of all three binding sites was 

demonstrated in binding studies [13]. In ADCC-experiments the sctb reached equal cytotoxicity for an 
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antigen double-positive leukemic cell line at lower concentrations than mono-targeting agents directed 

against either CD33 or CD19 alone [13]. Therefore, this sctb indeed was capable of employing both its 

distal binding sites for binding to one each of these antigens on the same tumor cell and thus in 

principle should be capable of preferential binding to antigen double-positive MLL cells over single-

positive controls. For this particular sctb this key experiment however has not yet been performed.  

Preferential binding to antigen double-positive cells has however been demonstrated for the 

triplebody HLA-ds16-hu19 in a model situation set up to show this effect as clearly as possible. In 

these experiments (HLA-DR- plus CD19-) double-positive SEM leukemic cells were mixed with 

increasing numbers of HLA-DR single-positive HUT-78 leukemic cells, and the mixtures were 

incubated with the sctb in sub-saturating amounts. Binding was monitored by cytofluorometry using a 

red fluorescent-labeled second antibody specifically reacting with the sctb. When both cell types were 

mixed in a 1:1 ratio, and the sctb administered in suitably titrated sub-saturating amounts, then almost 

all of the double-positive cells, but only a little more than half of the single-positive cells, were 

decorated with the sctb (Figure 5A,B). Even when the single-positive cells were present in a 10- and 

20-fold numerical excess over the double-positive cells, the sctb reacted preferentially with the  

double-positive cells (Figure 5C,D). 

Figure 5. Triplebody HLA-ds16-hu19 preferentially binds antigen double-positive cells by 

virtue of dual-targeting. SEM cells (double-positive for CD19- and HLA-DR) were loaded 

with the fluorescent label Calcein (green) and mixed with unlabeled HUT-78 cells  

(single-positive for HLA-DR). The mixing ratio was 1:1 for panels A and B and 1:10 or  

1:20 for panels C and D, respectively. Mixtures were incubated with phosphate buffer 

containing albumin (PBA, panel A) or the sctb (B–D). Fluorescent labeled SEM cells free 

of decorating sctb were detected in the upper left quadrant, the unstained free HUT-78 cells 

in the lower left quadrant. Cells decorated with the sctb shifted to the right quadrants. 

Numbers represent the percentage of the cells in the respective quadrants. From Schubert 

2012 [12] with permission. 
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This demonstration was extended to show not only preferential binding to double-positive cells, but 

also preferential elimination of double-positive cells by NK-cell containing effector populations in 

cytotoxicity tests. In a redirected lysis (ADCC) assay equal numbers of the same single- and  

double-positive target cells as above were employed. In this experiment one cell-population was 

labeled with 51Cr, the other remained unlabeled, and both reciprocal constellations were studied. In this 

setting, approximately 2/3 of the double-positive cells were eliminated but only about 1/3 of the single-

positives, when the effector cells (MNC fraction containing NK cells as the relevant population) were 

added in a 40:1 ratio over the target cells [12]. The precise extent of lysis of the two target 

subpopulations depended on the effector-to-target cell ratio (E:T), the concentration of the sctb, and 

the activation status of the effector cells. Under the most favorable conditions, when interleukin-2 

stimulated enriched NK-cell fractions were used as effectors, up to 80% of the double-positive cells 

were eliminated but only 20% of the single positives [51]. 

These data represent a favorable situation set up to demonstrate the effect with maximum clarity, 

because these target cell lines were carefully chosen to carry the two target antigens in closely similar 

surface densities. In a clinical situation this is often not the case, and one antigen can be present at  

ten-fold greater density on the same cell than the other. This is often the case for primary AML cells 

and AML-derived cell lines for the antigens CD123 and CD33. Therefore, for the clinically attractive 

sctb 123-ds16-33, preferential elimination of double-positive target cells has not yet been demonstrated 

with similar clarity. The attempts were hampered so far by the fact, that on most primary isolates of 

AML cells freshly drawn from patients and on most of the commonly used AML-derived stable cell 

lines, CD33 is present in far greater surface density than CD123. Current efforts are directed at finding 

a pair of target cell lines permitting the analogous experiments, and preliminary data suggests that the 

CD33 single-positive pro-myelocytic line U937 and the double-positive line MOLM-13 may be suited 

for the purpose. Therefore, the number of cases in which preferential elimination of antigen double-

positive cells by dual-targeting sctbs can clearly be demonstrated will likely increase in the future. 

The unique features of sctbs, such as the capability for dual-targeting, modular design, ability to 

mediate potent ADCC, useful plasma retention times, good stability and simple production and 

purification-processes using industry standard methods, make them very promising tools for the 

therapy of different malignancies as well as certain inflammatory- and autoimmune-disorders. 

A dual-targeting F(ab’)3 antibody conjugate (TAC; Figure 1K) with specificities for the Fc gamma 

receptor I (CD64), EGFR and the HER2/neu antigen has been developed to redirect cytotoxicity of 

CD64-bearing effector cells such as macrophages and cytokine-stimulated neutrophilic granulocytes 

towards cancer cells expressing these tumor-antigens. The TAC interacted more efficiently with the 

combination of these antigens in cell-binding assays and mediated stronger cytolysis of tumor cells 

expressing both EGFR and HER2/neu than the corresponding bispecific conjugates directed against 

only one of these two targets, respectively [38]. 

2.3. Dual-Targeting Ligand-Directed-Toxins and Antibody-Drug Conjugates 

The last group of dual-targeting agents presented here comprises toxins fused to antibody-fragments 

or natural receptor ligands. So far, two different toxin-fragments were used for the generation of dual-

targeting agents, the truncated version of Pseudomonas Exotoxin A (ETA’), and a large N-terminal 
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fragment of Diphtheria toxin, DT390. Oh and co-workers developed two ligand-directed toxins for the 

treatment of pancreatic cancer. Both molecules targeted the EGFR and one interleukin receptor (IL-R), 

either the IL-4R or the IL-13R, respectively, and carried an Exotoxin A fragment as the effector. After 

binding and internalization, Pseudomonas Exotoxin A modifies the translation elongation factor EF2, 

leading to the inhibition of translation and apoptosis. In xenograft models the ligand-directed toxins 

were effective against transplanted pancreatic cancer cells and selectively prevented the formation of 

metastases [39,40,52]. As an example for use of the second toxin, a bispecific immunotoxin called 

DT2219ARL, consisting of two scFvs recognizing CD19 and CD22 and the catalytic DT390 fragment 

as the death effector, showed strong in vivo anti-leukemic activity in a xenograft murine model. 

Treatment of transplanted mice with this agent resulted in long-term tumor-free survival, measured in a 

bioluminescent xenograft imaging model, in which the propagation of Raji Burkitt’s lymphoma cells 

was tracked in real time [41]. 

3. Conclusions 

The ultimate goal of cancer therapy can be defined as the search for a treatment, which combines a 

maximal toxic effect to the tumor with a minimum of therapy-related side effects. Therefore different 

strategies were pursued, e.g., chemotherapy combined with an antibody-based therapy. The concept of 

dual targeting is a major deviation from the mono-specific targeting of antibodies in current use for 

cancer therapy, and it may provide a qualitatively new means to selectively or preferentially target 

cancer cells. Presented here is a diverse set of recombinant antibody-formats, modified antibodies and 

ligand-directed toxins, which all share the unique feature of dual-targeting. These new agents will 

provide a new era of targeted-therapy on the basis of selectivity and specificity resulting in a better 

drug tolerability and safety thereby preserving and/or improving the cancer patient’s quality of life, 

and in increasing long-lasting response rates with the potential of curing the cancer patient from his/her 

life-threatening disease. 
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