


Figure 3 Mechanism of action of GrB(C210A)-Fc-IT4 fusion construct. (A) MDA-MB-231 and A549 cells were either left
untreated or treated with the indicated agents at the indicated concentrations for 48 hours. Cells were then stained with Alexa
Fluor 488 Annexin V and propidium iodide, followed by flow cytometric analysis. The percentage of annexin V* cells includes
early (Annexin V* PI") and late (Annexin V* PI*) apoptosis. Vinblastine was used as a positive control for apoptosis. (B) MDA-
MB-231 and A549 cells were either left untreated or treated and then assayed for mitochondrial membrane depolarization by
flow cytometry. (C) MDA-MB-231 and A549 cells were left untreated or treated with 100 nmol/L GrB(C210A)-Fc-IT4 for the
indicated times. Cells were collected and whole-lysates were analyzed by Western blot with the indicated antibodies. (D) SK-
BR-3 cells were either left untreated or treated with GrB(C210A)-Fc-IT4, trastuzumab or a negative control antibody anti-CD20
at different concentrations. Antibody dependent cell cytotoxicity bioassay effector cells were added and after 24 hours induction
at 37°C, Bio-Glo luciferase assay reagent was added and luminescence determined using a GloMax-Multi+Luminometer. The
data were plotted as mean+SD and fitted to a 4PL curve using GraphPad Prism software.

In vivo efficacy of GrB(C210A)-Fc-IT4 in xenograft models

Once the pharmacokinetics and toxicity of GrB(C210A)-
Fc-1T4 were determined, we then evaluated the ability of
GrB(C210A)-Fc-IT4 to inhibit the growth of established
MDA-MB-231 tumors in BALB/c nude mice. Three out
of five mice with tumors treated every other day with
GrB(C210A)-Fc-IT4 for 10 days showed complete tumor
growth inhibition whereas the other two mice showed a
significant tumor growth inhibition (p<0.001) compared
with control (vehicle) tumors 80 days after implantation
(figure 5A). Furthermore, mice bearing MDA-MB-231
tumors treated via intravenous or intraperitoneal injec-
tion with GrB(C210A)-Fc-IT4 (100 mg/kg) following
the same scheduled (QODX5) showed significant tumor
growth delay independent of the route of administration
(online supplemental figure 1S). There were no changes
in body weight in control versus treated mice for the

duration of both studies indicating that 100 mg/kg total
dose was well tolerated in mice.

In order to determine whether the antitumor effect
observed was mediated by the cytotoxic payload (GrB)
and not because of TWEAK/Fn14 axis inhibition by the
sckvIT4 targeting moiety, we treated nude mice with
subcutaneous A549 NSCLC tumors every day for 10 days
with either GrB(C210A)-Fc-IT4 or the unconjugated anti-
Fnl4 antibody, enavatuzumab at equimolar drug concen-
trations.”” # Administration of enavatuzumab resulted
in transient tumor growth inhibition followed by rapid
regrowth of the tumors back to and exceeding control
tumor growth (figure 5B). In contrast, treatment with
our GrB-based construct was able to induce a sustained
prolonged growth delayed when compared with controls.

Finally, we examined the efficacy of GrB(C210A)-
Fc-IT4 in a human lung PDX model. Tumor cells were
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Figure 4 Stability, pharmacokinetics and toxicology of GrB(C210A)-Fc-IT4 in mice. (A) GrB(C210A)-Fc-IT4 was incubated
in mouse serum (50 pg/mL) at 37°C for various lengths of time and the presence of intact GrB(C210A)-Fc-IT4 was assessed
by Western blot analysis. Estimated percentage of the initial material was plotted as mean+SD versus time to obtain the ex
vivo half-life. (B) GrB(C210A)-Fc-IT4 was injected via tail vein in BALB/c mice. Groups of mice (three mice per group) were
sacrifice 0, 5, 15, 20 min, 1, 2, 4, 8, 16, 24 and 48 hours after injection. Heparinized blood samples were harvested from the

chest cavity and centrifuged, the plasma fraction was analyzed for the presence of fusion protein using a GrB capture ELISA
method. Pharmacokinetic parameters were calculated by compartmental analysis of plasma data using the PKSolver add-in
program (V.2.0). t,, andt, . represent half-lives in the initial distribution phase and terminal elimination phase, respectively; (C)
Body weight in vehicle group (phosphate buffered saline 10% Maltose) and GrB(C210A)-Fc-IT4 (100 mg/kg) treated mice. The
values represent the weights measured in BALB/c mice before treatment, one after treatment (acute group) and 4 weeks after
treatment (recovery group). (D) Liver enzymatic activity detected in serum of BALB/c treated mice. The enzymatic activity of
ALT, AST and LDH was measured in acute and recovery groups. No statistical difference was found between mice treated with
vehicle or GrB(C210A)-Fc-IT4 neither in the acute or the recovery groups. AUC _, area under the blood concentration versus
time curve; C,, estimated initial drug concentration in the blood; Cl, total body clearance; MRT, mean resident time; V , volume

of distribution of the central compartment; V

ss’

subcutaneously (s.c.) implanted in the flank of mice
and once tumors reached about 200 mms, animals were
grouped randomly (six mice per group) and treated with
PBS or GrB(C210A)-Fc-IT4 (100 mg/kg). We observed a
50% reduction in tumor burden in GrB(C210A)-Fc-IT4
treated mice compared with the vehicle group (figure 5C).
Opverall, these data indicate that GrB(C210A)-Fc-IT4 is
effective against breast and lung tumor xenograft models
causing a dramatic and prolonged tumor growth inhibi-
tion, and also reduces tumor growth rate in a lung PDX
tumor model.

DISCUSSION

Cancer treatment has been evolving over the years, from
basic strategies including surgery, radiation and systemic
chemotherapy to more elaborate targeted approaches
such as immunotherapy and personalized molecularly
targeted medicine. In recent years, the use of chemo-
therapy has been augmented thanks to the develop-
ment of targeted therapies like kinase inhibitors, ADCs
or similar molecules.”” We have previously demonstrated
that the GrB-based fusion construct targeting Fnl4 is
an effective and powerful therapeutic.” In this study
we extended these findings and demonstrated that the

volume of distribution at steady state.

specific mutation introduced into the new GrB(C210A)-
Fc-IT4 fusion construct did not impact the potent cyto-
toxic effect of the drug against a large panel of tumors
cells. GrB(C210A)-Fc-IT4 is able to internalize into Fn14
positive cells in a rapid and specific manner via endocy-
tosis and once it is in the cytoplasm it induces cell death
via the GrB portion of the construct.

GrB is a highly cytotoxic serine protease expressed by
human immune effector cells and is the causative agent
whereby these cells induce pro-apoptotic signals when
delivered to the cytoplasm of target cells.” The protein
has been well studied and is known to operate through
multimodal cascade pathways, which are both caspase
dependent and independent. We have previously shown
that GrB-based fusion constructs mechanism of action
includes activation of the caspase cascade and release
of cytochrome ¢ from the mitochondrial compartment’
resulting in activation of a caspase-independent apop-
totic cascade exemplified by mitochondrial depolar-
ization. The well-known trimodal mechanism of GrB
cytotoxic activity is different from that of the small cyto-
toxic molecules used in other ADCs such as auristatin
or maytansine derivatives which are microtubule inhibi-
tors.” Importantly, while intrinsic resistance mechanisms
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In vivo activity of the GrB(C210A)-Fc-I1T4 fusion construct on different tumor models. (A) MDA-MB-231-Luc cells were

implanted under the mammary fat pad of nude mice and groups of mice (n=5) were treated intravenous with vehicle (phosphate
buffered saline (PBS) 10% maltose®) or GrB(C210A)-Fc-IT4 (100 mg/kgl]). Treatment was every other day when the tumors
reached approximately 75 mm?®, arrows represent treatment day. Tumor size was assessed by direct caliper measurement.
Efficacy data were plotted as mean tumor volume (in mm?®)+SD. ***p<0.0003, compared with vehicle group. (B) A549 cells were
implanted subcutaneously on the right flank of nude mice and groups of mice (n=5) were treated intraperitoneal with vehicle
(PBS 10% maltose®), enavatuzumab (50 mg/kgd) or GrB(C210A)-Fc-1T4 (50 mg/kg A, 100 mg/kg). Treatment was every

day (10 doses) when the tumors reached approximately 25 mm?. Arrows represent treatment day. Tumor size was assessed by
direct caliper measurement. Efficacy data were plotted as mean tumor volume (in mm®)+SD. *p<0.0382, **p<0.0337, compared
with vehicle group. (C) Fresh tumor cells from a patient were implanted subcutaneously (s.c.) into the flanks of 6-week-old nude
mice, when the tumors reached approximately 200 mm?® animals were grouped randomly (n=6) and treated every other day
intravenous route with vehicle (PBS®), or GrB(C210A)-Fc-1T4 (100 mg/kgl). **p<0.0042, compared with vehicle. Efficacy data
were plotted as mean tumor volume (in mm®=SD. Treatment days are indicated with arrows.

such as multidrug resistance (MDR) drug efflux pumps
are known to confer resistance to apoptosis, previous
studies showed that expression of MDR did not result
in resistance mechanisms to GrB-based targeted fusion
constructs like GrB(C210A)-Fc-1T4.”

The cell surface receptor Fnl4 for the cytokine
TWEAK has emerged as a valuable target for cancer
therapy because it displays low expression in most normal
tissues and has been shown to be significantly elevated
in a variety of solid tumor types.” 7 ***! Previously we
were not able to find a correlation between the level of
Fnl4 overexpression in cancer cells and sensitivity to
GrB(C210A)-Fc-IT4. We have shown similar results with
other GrB-based constructs targeting different molecules
like HER2 or VEGFR2.””' ** These data suggest that target
abundance alone does not determine sensitivity. Other
mechanisms such as target availability, endocytosis, endo-
somal release or apoptosis induction by GrB may play a
determining factor. We are currently performing addi-
tional studies to explore more closely the intracellular
elements related to the signaling pathways involved in the
GrB cytotoxic mechanism(s) of action.

An important parameter in the development of anti-
body drug conjugates is pharmacokinetics studies to

provide critical information about drug’s behavior and
metabolism in vivo. In our ex vivo studies we were able
to demonstrate intact GrB(C210A)-Fc-1T4 up to 96 hours
in circulation. We were unable to analyze for specific
GrB enzymatic activity, because endogenous levels of free
GrB present in the serum would interfere with the assay.
The pharmacokinetic analysis showed that GrB(C210A)-
Fc-1T4 has a secondary half-life over 35 hours in BALB/c
mice, with a plasma concentration over 10 pg/mL at 48
hours after injection. Although GrB(C210A)-Fc-IT4 has a
fastinitial clearance, itis highly stable in circulation, which
corresponds with bi-exponential kinetics. As expected,
in our design of the construct, the dimeric molecular
weight of GrB(C210A)-Fc-IT4 offered a prolonged circu-
lation in blood of mice, which potentially allows higher
accumulation within a tumor. It is important to note that
the original anti-Fnl4 antibody we employed to generate
the IT4 scFv (ITEM4) cross-reacts with the murine Fnl4
receptor.”” Therefore, toxicity in normal murine tissues
observed with GrB(C210A)-Fc-IT4 will be important indi-
cators to consider for human clinical trials. In addition,
other studies have shown that human GrB is approxi-
mately 30-fold more toxic than murine GrB.** There-
fore, toxicity (if any) observed by the GrB(C210A)-Fc-IT4
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construct studies in mice may over predict for clinical
toxicity. Our toxicity studies performed in BALB/c mice
without tumors showed that GrB(C210A)-Fc-IT4 is a safe
and tolerable drug at doses as high as 100 mg/kg. More-
over, we did not find signs of hepatotoxicity in the clinical
chemistry or the histological analyzes. This is a compel-
ling result as compared with other anti-Fn14 antibodies,
like enavatuzumab, which induced mild elevations of the
liver enzymes (ALT, AST) in their preclinical studies in
non-human primates at the same dose.”® Because of the
absence of toxicity at the doses tested, we have yet to estab-
lish a maximum tolerated dose (MTD) for GrB(C210A)-
Fc-IT4. Studies suggest that the MTD is likely above the
efficacious 100 mg/kg total dose level employed in our
studies.

The efficacy studies against MDA-MB-231 and A549
tumor xenografts and lung PDX tumor models demon-
strated excellent in vivo tumor growth suppression. In
addition, no significant difference was observed in the
efficacy of mice treated via intravenous or intraperito-
neal injection. The in vivo efficacy comparison between
GrB(C210A)-Fc-IT4 and enavatuzumab in the A549 xeno-
graft tumor model demonstrated that GrB plays a critical
role in mediating the cytotoxicity with a negligible role
played by the targeting moiety. All these results together
demonstrate that GrB(C210A)-Fc-IT4 is an effective anti-
tumor agent that should be considered for clinical evalu-
ation in patients with Fnl4-positive tumors.
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