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Advanced renal cancer is an incurable malignancy in need of novel therapeutic avenues. We have generated
interferon -y (IFN-y)-based fusion antibodies (immunocytokines) that target CD70, a putative biomarker of renal cancer.
These immunocytokines efficiently labeled renal cancer cells, and, when combined with the proteasome inhibitor
bortezomib, killed them by activating a RIP1-dependent necrotic pathway.

Renal cell carcinomas (RCCs) cause over
100,000 deaths worldwide each year.
Clear cell RCCs (ccRCCs) represent the
dominant histological subtype of this
cancer, accounting for over 4/5 of all
RCC cases. Although early-stage RCC is
well controlled by surgery, this cancer is
largely asymptomatic, and about 1/3 of
all patients present with locally advanced
or metastatic disease at diagnosis. Unlike
early-stage disease, metastatic RCC is che-
motherapy-resistant, the most lethal of all
genitourinary malignancies.!

Current frontline treatment options
for metastatic RCC rely on small agents
that target signaling nodes critical for cell
growth, angiogenesis and nutrient sens-
ing. Although most patients benefit from
such pharmacological approaches, RCC
cells rapidly become chemoresistant and
virtually all patients relapse and succumb
to metastatic disease within 2 to 5 y.?
Advanced RCC is therefore still in desper-
ate need of novel therapeutic interventions.

Before the widespread use of targeted
anticancer agents, cytokine-based immu-
notherapy—in particular, with interferon
(IFN)a and interleukin (IL)-2—rep-
resented the primary treatment option
for RCC. Up to 20% of patients with
advanced RCC exhibited partial responses
to immunotherapy, with durable responses
and occasional cures reported in a smaller
patient subset. Indeed, the curative ability

of cytokine-based approaches represent
a primary advantage of immunotherapy
over chemotherapy, despite the severe side
effects that often accompany the use of
these biological agents in the clinic. To
a large extent, the ability of cytokines to
induce lasting remissions may stem from
their capacity to activate multiple anti-
tumor mechanisms. For example, IFNvy
does not only exert immunomodula-
tory effects, but, similar to IFNa, also
mediates antiangiogenic and tumoricidal
functions.?

Promising results were obtained in early
clinical trials testing IFNvy as a monother-
apeutic strategy against RCC, but issues
related to its systemic toxicity and disap-
pointing results from a large Phase III trial
dampened initial enthusiasm.? We have
previously found that IFNvy efficiently
induced the necrotic death of proliferating
cells devoid of NFkB pro-survival signal-
ing.® As several nodes in the NFkB signal-
ing pathway are potentially druggable,
the translational ramifications of these
findings were clear, in particular as earlier
clinical trials testing IFNv failed to take
into consideration the direct tumoricidal
properties of this cytokine.?

We sought to develop
next-generation  IFNvy-based  immu-
nocytokines that would deliver IFNy
to RCC cells for the express pur-
pose of inducing their necrotic death.

therefore
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Immunocytokines—fusion proteins in
which a fully functional cytokine is con-
jugated to an antibody—not only provide
a mechanism for specifically targeting the
tissue of interest, but also improve the
clinical utility of cytokines by improving
their stability in vivo.* Typically, immu-
nocytokines are created by fusing the
desired cytokine to the C-terminus of the
heavy chain of an intact antibody. This
strategy not only results in an agent with
two cytokine moieties per antibody, but
also spatially locates the cytokine distal
to antigen-binding sites, minimizing the
possibility that the cytokine would hinder
antibody-antigen interactions.*

We have recently described the devel-
opment and characterization of IFNy-
based immunocytokines targeting the
putative RCC biomarker CD70 (Fig. 1).
CD70 is expressed in virtually all meta-
static ccRCC samples but is mostly unde-
tectable in normal kidneys and expressed
in a highly restricted manner in other
normal tissues.® By flow cytometry, we
demonstrated that our immunocytokines
specifically bound CD70 on the cell sur-
face and robustly labeled a panel of human
RCC cells. When evaluated for IFNy
activity, our immunocytokines exhibited
species-specific signaling capability func-
tionally indistinguishable from that of
native, unconjugated IFNy. Importantly,
IFNvy-based immunocytokines mediated
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Figure 1. Generation of interferon y-based immunocytokines targeting human CD70. Two plasmids, one encoding interferon -y (IFN+y) fused to the
C-terminus of an anti-CD70 IgG heavy chain (pMAZ-IgH), and one coding for the light chain of an anti-CD70 IgG (pMAZ-IgL), were co-transfected into
human embryonic kidney HEK-293T cells, followed by the purification of immunocytokines from culture supernatants by protein A affinity chroma-
tography. Immunocytokines produced in this manner efficiently bound CD70 and exerted robust IFNy-dependent cytotoxic functions, demonstrating
their potential as next-generation immunotherapeutics against renal cell carcinoma.

IFNvy-dependent cytotoxic effects against
RCC cells in vitro, when combined with
the proteasome inhibitor bortezomib.’
As one mechanism by which bortezo-
mib mediates antitumor functions is
via the inhibition of NFkB,” and as the
bortezomib-mediated blockade of NFkB
signaling has previously been shown to
sensitize RCC cells to multiple antineo-
plastic agents,”® our findings demonstrate
that inhibiting NFkB by bortezomib (or
similar agents) can unmask the ability of
IFNYy to directly kill RCC cells. In line
with previous results,® the cytotoxicity of
IFNvy-based immunocytokines was lim-
ited by necrostatin-1, an inhibitor of recep-
tor-interacting protein kinase 1 (RIP1),
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implicating a dominant role for RIPI-
driven necrosis in this setting. Altogether,
these observations set the stage for in vivo
preclinical studies aimed at the deploy-
ment of IFNvy as a direct tumoricidal
agent against RCC (for example, in com-
bination with bortezomib).

The strategy of targeting cytokines to
tumor cells in order to maximally exploit
their tumoricidal potential is not limited
to IFNYy. Neutralizing NF«B also sensi-
tizes various malignant cells to apoptotic
cell death triggered by IFNe,” and IFNa-
rituximab immunocytokines have already
been shown to induce the apoptotic
demise of tumor cells in vivo."” Extending
these findings, our unpublished results
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show that IFNa (and IFNR) also induce
necrosis when default survival signals are
inhibited. Thus, both Type I (a/f) and
Type II (y) IFNs can engage multiple
cytotoxic mechanisms if directly delivered
to tumors. This suggests that combining
IFN-based immunocytokines with agents
that selectively neutralize pro-survival sig-
naling pathways in tumor cells may pro-
vide clinical benefits to patients affected by
any of the > 20 highly-aggressive cancers
for which IFNs are currently—or were pre-
viously—employed as therapeutic options.
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