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Therapeutic antibodies may mediate antineoplastic effects by altering the biological functions of their target, by directly
stimulating the demise of cancer cells or by activating antibody-dependent immune effector mechanisms. We have
recently provided in vivo proof-of-concept for a “function-first” target and drug discovery platform in which antibodies
against a multitude of tumor-associated antigens are screened for biological effects in a target-unbiased manner.

Antibody-based therapies have become
part of the standard practice in the treat-
ment of several types of cancer. Still, sev-
eral malignancies remain incurable owing
to the lack of effective drugs or to high
incidence of acquired chemoresistance.
The development of novel antineoplastic
antibodies is therefore highly warranted.
The critical question is how can we best
succeed in this task.

In a recent issue of Cancer Cell, our
group provided in vivo proof-of-principle
for a “function-first” antibody drug dis-
covery platform (see later), which was
applied to identify an antibody target-
ing the intercellular adhesion molecule 1
(ICAM-1, also known as CD54) asa prom-
ising candidate for the treatment of mul-
tiple myeloma.! This finding was highly
unexpected, for two reasons. First, the
currently available knowledge on ICAM-1
biology did not suggest that an ICAM-1-
targeting antibody would directly trigger
the death of cancer cells. Second, it was
not predictable that engaging tumor-
associated macrophages by an ICAM-
I-targeting antibody would mediate
significant antineoplastic activity as com-
pared with the therapeutic strategies that
were currently used in advanced experi-
mental models of multiple myeloma. In
other words, as discussed in detail below,
our ICAM-I-specific antibody (named

BI-505) would not have been identified
through traditional approaches focused
on altering the biological functions of
antibody targets.

The vast majority of currently approved
drugs, including antibodies, has been
raised against targets pre-selected for their
tumorigenic activity (e.g., mitogenic sig-
nal transducers, promoters of metastatic
spread, chemoresistance and resistance to
stress), based on the assumption that these
agents would principally act by altering
the biological functions of their targets
by blocking ligand-receptor interactions
and downstream signaling pathways. We
refer to these functions as “target biology
effects.” While this approach has gener-
ated therapeutic antibodies against vari-
ous targets (e.g., ERBB2/HER2, EGEFR,
CTLA-4), accumulating preclinical and
clinical evidence suggests that a signifi-
cant fraction of the antineoplastic activ-
ity of these antibodies may stem from
their ability to activate/modulate innate
and adaptive immune responses.*” Other
antibodies, such as the CD20-targeting
molecule obinutuzumab (in development
by Genentech/Roche), have been selected
based on their ability to deliver lethal sig-
nals that were not known to ensue interac-
tion of the receptor with native ligands.®
Both these biological effects do not rely
on interferences with signal transduction
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cascades mediated by the antibody target.
Rather, these “antibody biology effects”
result from active signaling pathways elic-
ited either by the interaction of antibod-
ies with Fcy receptor (FcyR)-expressing
immune cells or by the oligomerization
(cross-linking) of receptors as promoted
by the divalent format of standard anti-
bodies. Thus, it appears unlikely that sim-
ilar effects can be achieved with chemical
inhibitors of receptor-conveyed signals.
Importantly, antibody biology effects are
highly dynamic and cannot easily be pre-
dicted from the biology of their targets.
Thus, antibodies against the same receptor
may operate via different mechanisms-of-
action, the nature of which may determine
their efficacy in an affinity-independent
and isotype-independent manner.

What are the implications of these obser-
vations for contemporary antibody devel-
opers who are in possession of ever larger
and more diversified libraries? Assuming
that antibody libraries contain a handful of
antibodies that are more efficient (against
a given type of cancer) and better toler-
ated than others, the observations above
suggest that—to maximize the chances
of identifying these golden nuggets—one
would want to functionally screen all the
antibodies of the library that are specific for
cancer-specific targets, the most interest-
ing of which may be unknown. This poses
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Figure 1. Antibodies may exert antineoplastic activity by altering the biological functions of their targets and/or by mediating (direct orimmune
system-dependent) tumoricidal effects. In the absence of specific antibodies (e.g., BI-505), receptors (e.g., intercellular adhesion molecule 1, ICAM1)
can be normally activated and transduce tumorigenic signals, hence promoting the proliferation of malignant cells and favoring their resistance to
chemotherapy-induced cell death. Conversely, malignant cells coated by BI-505 not only cannot receive ICAM-1-transduced signals and undergo cell
death, but also attract Fcry receptor (FcyR)-expressing macrophages that mediate the phagocytic clearance of their corpses.

a particular and not insignificant chal-
lenge. We have embarked in this daunting
journey by developing a “function-first”
approach. Such a platform relies on a dif-
ferential cell-based screening methodology,
which in a first step allows for the isolation
of antibodies based on the targeting of a
specific cell type over others, for instance
a malignant cell over its normal counter-
part.® Antibodies against tumor-associated
targets are then screened in clinically and
mechanistically relevant, high-throughput,
functional in vitro assays. Finally, antibody
targets are deconvoluted and the most bio-
logically and therapeutically promising
antibodies are tested in state-of-the-art in
vivo experimental models.
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In our view, in order for the next genera-
tion of antibodies to translate into signifi-
cant clinical benefits, these agents will have
to both trigger profound antibody biology
functions and interfere with target biology
and critical disease-relevant signaling path-
ways (Fig. 1). This appears to be the case
for BI-505. The antibody mediates robust
biological antibody biology effects includ-
ing the activation of cancer cell death and
FcyR-dependent
anti-myeloma immunity. Macrophages are

macrophage-mediated

abundant in the myeloma microenviron-
ment, where they normally promote disease
progression by delivering important sur-
vival signals to myeloma cells.” Recent find-
ings implicate the expression of ICAM- by
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myeloma cells in the development of mac-
rophage-mediated chemoresistance,”® the
currently unavoidable end-stage of this
disease. Thus, while these are early days for
BI-505 and little is known about its clinical
activity, the possibility that BI-505 might
reprogram tumor-associated macrophages
by interacting with ICAM-1 on myeloma
cells, de facto exerting antibody biology
functions and intervening with target biol-
ogy disease-relevant signaling pathways,
offers a new therapeutic avenue against
multiple myeloma.
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