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ADAM17 sheds EGFR/erbB ligands and triggers oncogenic pathways that lead to the progression of solid tumors.
We targeted the ADAM17 disintegrin and cysteine rich domain region (D+C) to generate a panel of single-chain
antibody fragments (scFvs) that selectively bind to the D or C domains of ADAM17, but not of ADAM10 or
ADAM19. From the panel, we selected one scFv, referred to as C12, based on its high binding affinity towards the
target, and re-formatted it to a full IgG for further studies. High-resolution cryo-electron microscopy studies
documented that the mAb binds to the ADAM17 C-domain that in ADAM proteases, notably ADAM10 and
ADAM17, is known to impart substrate-specificity. The C12 mAb significantly inhibited EGFR phosphorylation in
cancer cell lines by hindering the cleavage of EGFR ligands tethered to the cell surface. This inhibition provides a
mechanism for potential anti-tumor effects, and indeed C12 diminished the viability of a variety of EGFR-
expressing cancer cell lines. Cell-based ELISA studies revealed that C12 preferentially bound to activated
ADAM17 present on tumor cells, as compared to the autoinhibited ADAM17 that is the predominant form on
HEK293 and other non-tumor cells. C12 also exhibited tumor growth inhibition in an ovarian cancer xenograft
mouse model. Consistent with its selective tumor cell binding in vitro, radioimmuno PET (positron emission
tomography) imaging with 8°Zr-DFO-C12 in mouse xenograft models confirmed tumoral accumulation of the
C12 mAb.

anticipate that ADAM17 inhibition could be used as a therapy for a
broad patient population [8,9]. ADAM proteases consist of an N-termi-

1. Introduction

Identification of targeted therapies is an urgent task in cancer
research [1]. Dysregulated signaling by EGFR/erbB receptor tyrosine
kinase family members leads to the progression of a wide variety solid
tumors such breast, ovarian and non-small cell lung cancer [2-6].
EGFR/ErbB ligands are cleaved from the cell surface by the metal-
loprotease ADAM17, which is activated in solid tumors, initiating the
signaling that drives tumor growth and proliferation [7]. Since ADAM17
plays a key role in multiple oncogenic pathways, it is reasonable to
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nal pro-sequence followed by metalloprotease (M), disintegrin (D),
cysteine-rich (C, also referred to as membrane proximal domain or MPD
[17]), transmembrane and cytoplasmic domains [10,18]. The D and C
domains have been shown to bind ADAM substrates and dictate sub-
strate specificity [11-13]. While ADAM17 is a well validated target,
small molecule inhibitors against its active site in the M domain failed
clinical trials due to lack of specificity, efficacy, and toxicity issues [14,
15].
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Previously, we reported the generation and characterization of an
affinity-matured fully human monoclonal antibody (mAb), D8P1C1,
that selectively recognizes ADAM17 on cancer cells by preferentially
binding to an activated ADAM17 conformation present on cancer cells
(v.s the housekeeping/autoinhibited conformation present on most non-
cancer cells) [16]. D8P1C1 inhibited cancer progression both in vitro
and in pre-clinical settings, by binding to and inhibiting substrate access
to the catalytic (M) domain [16]. In this study, we pursue an alternative
ADAM17 targeting strategy, based on our previous characterization of a
substrate-recognition motif within the D+C domain region in ADAM
proteases [12]. To that end, we generated a mAb, named C12, that binds
to the C-domain (a.k.a. MPD) of ADAM17. Our goal was to investigate
the anticancer effect of this mAb in vitro and examine ADAM17-targeted
molecular imaging in preclinical settings. The mAb exhibited moderate
anti-tumor efficacy in vitro and in vivo. C12 bound selectively to acti-
vated ADAM17 present on cancer cells and accumulated in tumors in
PET-based imaging studies. Although the therapeutic potential of the
C12 mAD as a single agent was not pronounced, we envisage that it can
be used as a scaffold to develop antibody-based therapeutics because of
its ability to selectively target tumor cells and its much lower toxicity
profile than small-molecule strategies.

2. Materials and methods
2.1. Cell lines

The triple-negative breast cancer (TNBC) cell line MDA-MB-231 and
the non-high grade serous ovarian cancer cell line SKOV-3 were cultured
in Dulbecco’s Modified Eagle Medium (DMEM), 10 % Fetal Bovine
Serum (FBS), 1 % Penicillin/Streptomycin (P/S) and 2 mM L-Glutamine.
The HER2 positive SKBR-3, the colon cancer lines HT-29/HCT116 and
clear cell ovarian cancer line ES-2 were grown in McCoy’s 5a, 10 % FBS
and 1 % P/S. high-grade serous ovarian (HGSOC) cell line OVCAR-3 was
cultured in RPMI-1640, 10 % FBS, 1 % P/S, 10 mM HEPES and 0.2 units/
ml Insulin. The lung adenocarcinoma cell line HCC-827 and the colon
cancer line COLO205 were cultured in RPMI-1640, 10 % FBSand 1 % P/
S. The endometroid ovarian cancer cell line TOV112D was grown in
ATCC formulated 1:1 MCDB 105 media containing a final concentration
of 1.5 g/L sodium bicarbonate and Medium 199 containing a final
concentration of 2.2 g/L sodium bicarbonate, 10 %FBS. These cell lines
were purchased from American Type Culture Collection (ATCC). The
LIM1215 colon cancer cell line (Cell Bank Australia) was cultured in
RPMI1640 with 2 mM L-Glutamine, 25 mM HEPES, 10 % FBS, 0.6 ug/ml
Insulin, 1 ug/ml Hydrocortisone and 10 uM Thiolglycerol [19]. The cell
lines were regularly tested for mycoplasma contamination and sub-
cultured according to the instruction manual.

2.2. Generation of C12 mAb

The human ADAM17 construct 474-646, encompassing the D+C
domains, was cloned in a custom-made pMA152a baculovirus vector.
The secreted protein fused to a removable C-terminus Fc tag, was pro-
duced in baculovirus-infected Hi5 insect cells. The Fc tagged protein was
purified through protein A Sepharose and upon cleavage of the Fc-tag,
the final round of purification was performed on SD-200 size-exclu-
sion chromatography (SEC), GE Biosciences [16]. ADAM17(D+C)
binders were generated by interrogating synthetic single chain antibody
fragment (scFv) phage libraries scFvP and scFvM with using phage
display, as described before Huovinen et al. [20]. The antigen, ADAM17
(D+C), was biotinylated with EZ-LinkNHS-PEG4-Biotin (Thermo scien-
tific, USA) and immobilized on Dynabeads M280 streptavidin beads
(Invitrogen, Norway). On the 1st phage display panning round, 2.4 pg of
biotinylated ADAM17(D+C) immobilized on 0.3 mg of beads were
incubated for 1 h with 4x10'2 cfu scFvM and scFvP library phages
mixed in 1:1 ratio in 4 ml of TBT-0.05 buffer (50 mM Tris-HCI pH 7.5,
150 mM NacCl, 1 % bovine serum albumin, 0.05 % Tween 20). Beads
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were then washed four times followed by elution of the bound phages
with trypsin. E.coli XL1-Blue cells were infected with the eluted phages.
After infection, new phage stocks were produced in liquid cultures with
help of VCS M13 helper phage. On the subsequent panning rounds
1x10" cfu of phages were mixed in a 1 ml reaction with 0.05 mg of
beads coated with 0.6 ug of biotinylated ADAM D+C. In total, three
rounds of phage display selection were carried out and enrichment of
specific phages was monitored by phage immunoassay. Finally, the
enriched scFv genes from the second and third panning rounds were
excised from the phagemid vector by Sfil and cloned as a pool in pLKO6H
vector [20] where the scFvs were genetically fused to bacterial alkaline
phosphatase (AP). The vector pool was used to transform E. coli
XL1-Blue cells, followed by lifting single colonies and growing them in
96 well format for single clone immunoactivity screening [20]. The
activities of the scFv-AP fusion proteins expressed, were evaluated by
Enzyme linked Immunosorbent Assay (ELISA) using biotinylated
ADAM17(D+C) immobilized on Streptavidin coated microtiter plates
(Uniogen, Finland). The genes of the selected scFv antibody clones were
re-cloned at Sfil sites in His-FLAG-pEBO06 vector [20]. The scFvs con-
taining a Histidine- and a FLAG-tag were produced in E. coli and purified
using Nickel-NTA resin (Thermo Scientific, USA).

2.3. Alamar blue cell viability assay

The cancer cells were harvested in the log phase of growth, adjusted
to 5x10* cells/ml, and plated in 96-well cell culture plates. The cells
were grown for 24 h, treated with C12 mAb in varying concentrations,
and allowed to grow for additional 36-38 hours. Cells not treated with
the mAb were used as a control. Alamar Blue (Bio-RAD Laboratories)
(10 % of the well volume) was added aseptically and incubated for 6 h.
Cell viability was measured spectrophotometrically by absorbance at
570 and 600 nm. Cell viability was calculated using the following
formula:

Percentage difference between treated and control cells

= ((02x Al) - (O1x A2) X 100)/((02 x P1) - (O1 x P2))

01 = molar extinction coefficient (E) of oxidized alamarBlue® (Blue)
at 570 nm, O2 = E of oxidized alamarBlue® at 600 nm, A1 = absorbance
of test wells at 570 nm, A2 = absorbance of test wells at 600 nm, P1 =
absorbance of growth control well (cells plus alamarBlue® but no test
agent) at 570 nm, P2 = absorbance of growth control well (cells plus
alamarBlue® but no test agent) at 600 nm [21].

2.4. Fluorescent peptide cleavage assay

For this assay, we expressed and purified the ectodomain (ECD) of
human ADAM17(20—642) from baculovirus-infected Hi5 insect cells, as
was described above for the ADAM17(D+C) construct. The mAbs C12,
as well as a Fab fragment derived from C12 IgG by papain digestion,
were buffer-exchanged into 25 mM Tris, pH 9.0, containing 2 pM ZnCl2,
and 0.005 % (w/v) Brij-35. For comparison, we included the previously
reported anti-ADAM17 mAb D8PIC1 [16] in our assay.
ADAM17-antibody complexes were formed at a 1:1 molar ratio prior to
the assay. The assay was carried out by mixing 50 uM of a fluorogenic
peptide substrate Mca-PLAQAV-Dpa (R&D Systems Cat# ES003) [15,
16] with ADAM17-antibody complexes at 37°C and monitoring the
progress of the enzymatic reaction by fluorometrically (excitation
320 nm and emission 405 nm) over a time course of 1 h. ADAM17-ECD
alone was used as a positive control [22,23].

2.5. Cell-based ELISA assays to gauge the binding of anti-ADAM17 mAb
C12 to cancer cell lines

Cellular ELISA [24] was performed as described before [16] to gauge
the binding of the anti-ADAM17 mAb C12, relative to the binding of the
MED13622 mAb, to ADAM17 expressed on the cell surface of cancer cell
lines (breast, ovarian, colon, adenocarcinoma), as well as to HEK293
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cells and HEK293 cells transfected with full-length human ADAM17.
Briefly, 5x10* cells/well were immobilized on 96-well ELISA plates
(Greiner bio-one) with 1 % paraformaldehyde for 2hrs at 37° C. The
plate was washed thrice with PBS and blocked for 2 hrs at room tem-
perature with 4 % non-fat dry milk. The anti-ADAM17 mAbs (C12 or
MED13622) were added in varying concentrations and binding was
detected using mouse mAb conjugated to HRP and recognizing human
IgG. Color was developed using the TMB substrate kit (Thermo Scien-
tific). The data was recorded at 450 nm.

2.6. In vivo antitumor efficacy studies

SKOV-3 cells were grown in monolayer culture, harvested by tryp-
sinization, and implanted subcutaneously into the right flank of 6- to 8-
week-old female NSG mice. Approximately 10 million cells (SKOV-3)
were injected per mouse. Mice were randomized into 5 mice per group.
When tumors reached 100 mm3, the anti-ADAM17 mAb C12 (40 mg/kg)
was injected intraperitoneally (i.p.) twice a week for four weeks. The
chemotherapeutic agent paclitaxel, (15 mg/kg) was diluted in saline
prior to treatment, so that injection volume is 500 pl. Paclitaxel was
administered intravenously (i.v.) once a week for first three weeks. For
combination assay with C12, the chemotherapeutic agent was injected
one day after the administration of the mAb. Sterile PBS was used as a
control. Tumor volume was determined as described before [16]. Anti-
tumor efficacy was calculated as (1-dT/dC) X100, where dT is the final
tumor volume minus the starting tumor volume from the treatment
group and dC is the final tumor volume minus the starting tumor volume
of the control group [25]. Error bars were calculated as SEM. The mouse
body weight and general health were monitored daily, and the experi-
ments were carried out in accordance with Association for Assessment
and Accreditation of Laboratory Animal Care and MSKCC Institutional
Animal Care and Use Committee guidelines.

2.7. Sandwich ELISA to quantitate endogenous levels of total EGFR and
EGFR-P (phosphorylated EGFR) in lysates of MDA-MB231, HCC-827 and
SKOV-3 cells untreated and treated with C12

The cancer cells were harvested in the log phase of growth, adjusted
to 5x10* cells/ml, and allowed to adhere and grow for 24 h in 24-well
cell culture plates (Greiner bio-one Cellstar). The cells were treated with
10 pg/ml of C12 mAb and harvested after 4 h of treatment. Pathscan
sandwich ELISA kits were used to measure total EGFR/erbB and EGFR-P
at the in treated and untreated cells [26]. We employed the manufac-
turers protocol (Cell signaling technology). Briefly, the cells harvested
after 4 h and resuspended in 1X lysis buffer containing 1 mM PMSF,
sonicated on ice and centrifuged for 10 min (x14,000 rpm) at 4°C. The
supernatant, which is the cell lysate was used for further study. We
added 100 ul of the lysates (diluted to 1 mg/ml) to the microwells. The
wells were coated with a mouse mAb to EGFR, that captures both
phosphorylated and non-phosphorylated EGFR. An anti-EGFR mAb
raised in rabbit was used to detect the bound EGFR. The EGFR-P phos-
phorylated at Tyrl068 was detected by anti-phospho-EGF receptor
(Tyr1068) mAb raised in rabbit. HRP-linked anti-rabbit antibody was
used in both cases to recognize the bound antibody (detection antibody).
Color was developed using the TMB substrate. The data was recorded at
450 nm. Lysates from untreated cells served as controls. Comparison of
EGFR and EGFR-P levels between treated and untreated groups was
performed using independent t test.

2.8. Sandwich ELISA to quantitate the cleavage of EGFR ligands (EGF,
Amphiregulin or AREG, TGFa) and other ADAM17 substrates (TNFa,
CX3CL1, Notch) from cancer cell lines untreated and treated with C12

The cancer lines (MDA-MB-231, HCC-827, OVCAR-3 and CaOV-3)
were harvested in the log phase of growth and allowed to adhere to
24-well cell culture plates (Griener bio-one cell star). The cells were
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treated with 20 pg/ml C12 mAb or 1 pM small-molecule inhibitors of
ADAM10 (GI254023X) [27], ADAM17 (TAPI-1) [28] or of Matrix met-
alloprotease or MMPs (Batimastat) [29], for 24 h. The supernatants of
treated and untreated cells were harvested and subjected to sandwich
ELISA (Invitrogen). Briefly, ligands or substrates shed in the superna-
tants were bound to wells coated with corresponding capture antibodies.
Human ADAM17-substrate biotin conjugates were added, followed by
Streptavidin HRP. Color was developed using TMB. For the substrate
Notch, the effect of C12 on regulated intramembrane proteolysis (RIP)
was evaluated and the release of Notch ICD in the lysates was measured.
To detect NICD1, PathScan® cleaved Notch1 (Val1744) sandwich ELISA
Kit (Cell Signaling Technologies) [30] was used. The data was recorded
at 450 nm.

2.9. CryoEM sample preparation, data collection, and structure
determination

A 1:1 mix of ADAM17-ECD and C12 Fab at a final concentration of
5 uM was incubated on ice for 30 min. 3 pl of the sample was applied to
glow-discharged QUANTIFOIL R1.2/1.3 Au 400 mesh grids (Quantifoil
Micro Tools GmbH, Jena, Germany), blotted for 4 s, and plunge-frozen
in liquid ethane using a Vitrobot Mark IV (Thermo Fisher Scientific
Inc., Hillsboro, OR, USA). Data was collected using a Titan Krios G2
(Thermo Fisher Scientific) transmission electron microscope operated at
300 kV with sample chamber at liquid nitrogen temperature. Images
were recorded with a Gatan K3 direct detector (Gatan, Inc., Pleasanton,
CA, USA). Using the SerialEM program for automated data collection,
4473 total exposure movies were collected in super-resolution mode, at
a raw pixel size of 0.41275 A px ! and 65.9 e— A2 total dose. A beam-
image shift procedure [31] in SerialEM was used to quickly collect data
on individual QUANTIFOIL holes in a 3x3 array per exposure target.
The defocus range for the collection was —1.0 to —2.5 pm.

Datasets were processed using CryoSPARC [32] version 4.4.0.
CryoSPARC'’s implementation of patch motion correction was used to
Fourier-crop the raw data to a pixel size of 0.8255 A px 1. CryoSPARC
Live was employed during data collection and provided the source of the
initial 2D classification run using the automated blob picking of particles
with a diameter range of 50-170 A. Manual selection of 2D classes
provided the templates for template picking during the Live session,
which yielded 800,174 particles from 1174 micrographs. With these
particles, an initial model was used to bootstrap the 3D structure using
the heterogeneous refinement jobtype. 2D templates were created and
used by the automated template picker to pick particles with a diameter
of 170 A, using 3093 micrographs curated from the 4473 total exposures
of the complete dataset. Following inspection of the particles, 1898,088
particles were extracted at a box size of 384 px and binned by 3. These
particles were split into 200 classes by 2D classification, then manually
selected into two groups for refinement: a group of “pristine” 2D classes
for a consensus refinement, and a group of “bad” classes containing
particles that did not correspond to the sample. “Pristine” classes con-
tained images of the Fab antibody at different orientations. Both groups
were made into 3D volumes via the ab-initio reconstruction routine.

Heterogeneous refinement was employed to filter the “pristine”
particles from the “bad” particles in an iterative way, using the previous
output particles as input. Heterogeneous refinement uses a 3D volume-
based classification method to group the 2D particles into 3D volumes
specified as input. For filtering the “bad” classes out of the dataset, two
of the input volumes for heterogeneous refinement consisted of a
duplicated ab-initio volume of the “pristine” 3D class, and four input
volumes were from the ab-initio volumes of the “bad classes”. 5 suc-
cessive rounds of heterogeneous refinement from the original inputs
above yielded 311,930 particles. These particle images were unbinned
to the original 384-px box size, then refined to 3D against the most
recent 3D volume from the last heterogeneous refinement job using the
non-uniform refinement routine, yielding a map at 3.24 A resolution.
The particles from this map were used to produce two low-pass filtered
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maps at 15 A. One of these maps went on to create templates for picking
more particles from the 3093 micrographs, via ab-initio splitting of the
data into 4 classes, and a duplication of the data with manual selection
of 2D particle images via 2D reconstruction. Both duplicate attempts to
accumulate more particles used 5 rounds of successive heterogeneous
refinements each to refine particles against the best 3D map. Another
heterogeneous refinement job was used to combine the particles, and
duplicate particles were subsequently removed, yielding 438,366 par-
ticles. A non-uniform 3D refinement of these particles generated a map
with 3.15 A resolution.

In an attempt to improve the resolution, this map was segmented
using the molecular modeling software UCSF Chimera [33] version
1.17.1. Masks of the head and tail regions of the particle were generated
by RELION [34] version 3.0.8. Coordinates of the “fulcrum” (pivot point
at which the head and tail meet) were also identified in Chimera and
used in multiple rounds of 3D local refinement in CryoSPARC. However,
there was no discernible improvement in the map resolution after these
final refinements.

2.9.1. Image processing, model building, and refinement

The model of the antibody was generated using ABodyBuilder-ML
developed by the Oxford Protein Informatics Group (OPIG) [35]. It
was fit into cryoEM map using Phenix [36]. The ADAM17 model was
based on PDB entry 2A07 and was fit into the map manually. Interactive
model building was performed using O [37]. Real space refinement was
done with Phenix [38].

2.10. Radiochemistry, PET imaging and ex vivo biodistribution

The anti-ADAM17 mAb C12 was buffer exchanged into HEPES buffer
(pH 8.5, 0.5 M) and conjugated with deferoxamine (DFO) using 5 molar
equivalents of p-SCN-DFO (10 mM in DMSO, B-705, Macrocyclics Inc.,
Plano, TX). The conjugation reaction was incubated at 37 °C for 90 min,
then purified by PD10 Sephadex G25 gel filtration chromatography
(Cytiva Life Sciences, Marlborough, MA) in 0.5 M HEPES (pH 7.5) to
yield DFO-C12 at a concentration of 1-2 mg/ml. For radiolabeling, 3%Zr-
oxalate in 1 M oxalic acid (3D Imaging LLC, Little Rock, AR) was
neutralized to pH 7 using 2 M K5COs3 by narrow-range pHydrion paper
(Micro Essential Laboratory, Inc., Brooklyn, NY) followed by addition of
DFO-C12, then incubated at room temperature for 90 min. Radio-
labeling progress, radiochemical purity of the purified 8°Zr-DFO-C12
and stability in PBS and mouse plasma at 37°C was assessed by radio-
instant TLC (thin layer chromatography) on iTLC-SG paper (Agilent
Technologies, Inc., Santa Clara, CA) in an aqueous solution of DTPA
(10 mM, pH 5) read using an AR2000 scanner (Bioscan, Inc., Washing-
ton, DC) [39]. The measurements were determined using a radio-instant
TLC Scanner. 8°Zr-DFO-C12 was purified by PD10 gel filtration chro-
matography (equilibrated in normal saline), and sterile filtered prior to
in vivo imaging and biodistribution studies. MAbs were also analyzed
using size-exclusion HPLC with radiodetection (TSKgel® UP-SW3000,
15 cmx4.6 mm, 0.25 ml/min, 0.4 M NaHCIO4, 0.05 M Nay,HPO4, pH
6). NSG mice were inoculated with 10x10° OVCAR3 or 5x10° SKOV3
cells on the right flank of the mice (n=3). Nine days after inoculation,
897r-DFO-C12 (50 pg, 3MBq (80uCi) in 250 L) was administered
intravenously by tail vein. microPET/CT imaging was performed on an
Inveon (Siemens Medical Solutions) at 24 h, 72 h, and 168 h. PET/CT
visualization, segmentation, and region-of-interest (ROI) analysis was
performed using Amide 1.0.6 [40] and represented as percent of injected
dose per cc (assumed 1 cc = 1 g) of tissue (%ID/g). For ex vivo bio-
distribution, tissues were dissected, weighed and radioactivity concen-
trations determined by measurement in a y-well counter (Hidex AMG,
Turku, Finland), represented in terms of %ID/g, and plotted using Prism
10 (GraphPad Software, Boston, MA).
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2.11. Statistical analysis

The data from all in vitro and cell-based assays described, including
Alamar blue, fluorescent peptide cleavage and ELISA-based assays, are
representative of triplicate determinations and two independent exper-
iments. Statistical analysis was performed using IBM SPSS version 29. P
values were calculated using either one-way ANOVA with a Dunnett’s
multiple comparison post hoc test, or one- or two-tailed independent t
test analysis as indicated on each figure. A p value of < 0.05 was
considered significant.

3. Results
3.1. Generation and purification of the C12 mAb

We used phage display to isolate binders against ADAM17 from large
synthetic antibody libraries, where human immunoglobulin genes are
displayed as a single chain antibody fragment (scFv) on filamentous
phage [20]. The antigen used for the antibody generation was the
human ADAM17 D+C domain region. After the second and third phage
display enrichment rounds, the antibody genes were sub-cloned and
expressed as soluble fusion proteins to alkaline phosphatase (scFv-AP).
Binding properties of the individual antibody clones were assessed using
immunoassays resulting in 24 out of 33 and 38 out of 39 selected clones
showing specific binding to ADAM17 D+C after the second and third
panning rounds, respectively. By sequencing of 30 clones, 14 unique
sequences were identified. The unique antibody clones (binders) were
re-cloned in His-FLAG-pEBO06 vector [20] as a scFv-His-FLAG fusion. All
14 binders were purified from E. coli using Nickel-NTA resin. Based on
binding affinity, we selected the C12 binder and reformatted it to a fully
human IgG using human IgG; sequences for the constant regions. The
C12 mAb was subsequently purified to >99 % homogeneity using pro-
tein A Sepharose followed by SEC-HPLC. On SDS-PAGE, under
non-reducing conditions C12 migrated at 150 kDa. Under reducing
conditions, the heavy and light chains migrated at 50 and 25 kDa
respectively (Fig. S1). In ELISA-based assay C12 specifically recognized
human and mouse ADAM17(D-+C) and not human or bovine ADAM10
(D+C) or human ADAM19(D+C) (Fig. S2). C12 bound to the ADAM17
(D+C) and ADAM17(ECD) protein constructs with a Kp of ~25 nM and
~60 nM respectively on Biolayer Interferometry (BLI) (data not shown).

3.2. Structure of C12 bound to ADAM17

We determined the high-resolution cryo-EM structure of the C12 Fab
in complex with the D+C domain region of ADAM17, which is shown on
Fig. 1A. The structure reveals that C12 interacts only with the C domain
of ADAM17, utilizing residues of both the light and the heavy mAb
chains. Our previous structure-function studies on ADAM proteases
highlighted the importance of the D+C region for substrate-recognition
[12,13]. We also previously characterized a conformation-specific
antibody, 1H5, which bound the C domain of the related metal-
loproteinase ADAM10 [41]. The conformation specificity of 1H5 was
due to the fact that it bound the concave face of the D+C region in a way
that it partially overlapped with the position of the M domain in the
autoinhibited ADAM10 conformation, thus making it specific for the
activated ADAM10 conformation. C12, on the other hand, binds the C
domain [18] or MPD [17] of ADAM17 at the convex side of the L-shaped
D+C region. Therefore, C12 would not directly interfere with the
conformational rearrangements and movements of the M domain of
ADAM17, and the reason for its conformation specificity is not the same
as in the case of 1H5 [41]. The heavy chain of C12 Fab interacts with the
CXCC motif, the conformation of which has been suggested to be
different in the activated and autoinhibited ADAM proteases [41,42],
and this could be a plausible explanation for the selectivity of C12 for
activated ADAM17 (Fig. 1A). Interestingly, our grid preparations con-
tained a construct of the complete ADAM17 ectodomain, but only the
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Fig. 1. (A) Structure of the complex between the C12 Fab (colored in red and green) and the D+C region of ADAM17 (colored in cyan). Highlighted is the position of
the bound C12 relative to the CxxCC motif (colored in magenta). (B) The D+C domains of ADAM17 (colored in red) bound to the C12 Fab (colored in green) aligned
to the D+C region of the ADAM17 ectodomain (colored in cyan and including the prodomain) bound to iRhom2 [43] (colored in gold).

D+C region was visible in the calculated maps, suggesting that there is
high flexibility in the connection between the MP domain and the D+C
domains resulting in a variety of ADAM17 conformations that cannot be
easily averaged into individual structures. This agrees with the recently
published structure of the mature ADAM17 ectodomain in complex with
iRhom2 [43], an ADAM17 regulatory protein, where the authors were
also unable to locate the MP domain due to high degree of flexibility
[43]. The structure of the D+C region in the complex with C12 is very
similar to the structure of the D+C region in the ADAM17-ECD that
contains the prodomain (pdb id: 8SNL) [43] (and these are also similar
to the structure of the ADAM10 D+C region [12]). The RMSD between
the N-terminal first 60 amino acids of the D+C regions is 1.804 A while
that between the remaining C-terminal regions is 1.342 A (Fig. 1B). The
structure alignment on Fig. 1B also indicates that C12 will be able to
bind ADAM17 when it is in complex with iRhom2 as the two molecules
bind different sides of the ADAM17 D+C region.

3.3. C12 does not inhibit the enzymatic activity of ADAM17 towards
small substrates

To evaluate the effect of C12 on the enzymatic activity of ADAM17,
we performed a peptide cleavage assay as previously described [16].
This assay (Fig. 2) clearly showed that the C12 mAb or its Fab fragment,
unlike the D8P1C1 mAb [16] (which binds to the protease domain), was
ineffective in preventing the cleavage of small peptides. This is because
C12 binds to the convex side of the C domain and does not impair access
of small-peptide substrates to the M domain.

3.4. C12 inhibits the shedding of EGFR ligands with similar efficiency, but
with varying efficiency for other ADAM17 substrates

As C12 binds the ADAM17 D+-C region, which is known to mediate
interactions with cell-surface protein substrates [18,43], we next eval-
uated how the mAb affects the shedding of physiological ADAM17
substrate from the surface of live cancer cells. First, we selected cancer
cell lines that express EGFR ligands, including EGF, TFGa, AREG, and
carried out sandwich ELISA-based shedding assays (Invitrogen) to
quantify the release of these EGFR ligands into the cell culture super-
natant or plasma. It is known that ADAM17-dependent shedding of
TGFo and EGF promotes invasion and cell migration of TNBC
(MDA-MB231 cells) [44,45]. Likewise, EGF, TGFa and TGFf§ modulate
cell growth of ovarian cancer cells (OVCAR-3, CaOV-3) [46]. Elevated
AREG levels are known to upregulate genes associated with the immune
invasion of HGSOC ovarian cancer cells (OVCAR-3, CaOV-3) [47].
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Fig. 2. FRET-based peptide cleavage assays. The data shows that C12 IgG or
Fab do not inhibit cleavage of short peptides derived from TNF alpha. For
comparison we included the anti-ADAM17 mAb D8P1C1, which binds to the
protease domain and efficiently inhibits the cleavage of these peptides. The data
represent mean of triplicate determinations and two independent experiments
(mean fluorescence + SEM). Maximum dispersion was within 10 % of the mean
value. Proteolytically active human ADAM17-ECD/antibody complexes were
formed at 1:1 molar ratio prior to the assay, which was carried out in the
presence of 50 pM of a fluorogenic peptide as described in the Materials and
Methods section. Statistical analysis revealed significant decrease in peptide
cleavage (fluorescence) between the D8P1C1 treated and untreated ADAM17
samples (p<0.001, one way ANOVA with a Dunnett’s multiple comparison post
hoc test). Treatment with the C12 IgG or C12 Fab, on the other hand, did not
significantly change the peptide cleavage/fluorescence (p>0.05).

Second, we evaluated the shedding of other ADAM17 substrates that are
not ligands for EGFR. Of these, TNFa stimulates TNBC stem cells and
aids in intramural invasion [48], while the chemokine CX3CL1 abets the
pathogenesis of NSCLC [49] (HCC-827). The results, shown on Fig. 3,
document that C12 inhibits with similar efficiency (60 %-70 % inhibi-
tion) the shedding of all EGFR ligands in all cancer cell lines that were
tested. For the other ADAM substrates, the inhibition varied from 64 %
for TNFa, to 50 % for CX3CL1, to 4 % for Notch1. It should be noted that
the small-molecule ADAM17 inhibitor TAPI-1, which binds to the pro-
teinase active site, was somewhat more efficient in blocking shedding
than the C12 mAb under all conditions. In addition, none of the
ADAM17 antagonists had any significant effect on Notch RIP [30],
which could be attributed to ADAM10, and not ADAM17, being the
primary Notchl sheddase in these cells [50].
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Fig. 3. C12 inhibits the shedding of EGFR ligands and other ADAM17 substrates on the cell surface. Sandwich ELISA was employed to quantitate the shedding or
cleavage of EGFR ligands (A) and other ADAM17 substrates (B). For Notch, we measured the release of the Notch intracellular domain or NICD1 in the cell lysates.
Percent inhibition of shedding by the antagonists was calculated by measuring the decrease in shedding observed in comparison to the untreated wells. The data
represent mean of quadruplicate determinations and the bars show the effect of administration of antagonists on the different cancer cells (as indicated above the
bars) relative to the control (untreated) mean + SEM.

3.5. C12inhibits EGFR/erbB phosphorylation in MDA-MB-231, HCC827 (ovarian) and MDA-MB-23, SKBR-3 (breast), HCC-827 (non-small cell
and SKOV-3 cells lung cancer or NSCLC). OVCAR-3, CAOV-3, SKOV-3, ES-2 and TOV112D
represent different types of epithelial ovarian cancer cell lines [53]. The

As mentioned above, upon shedding of EGFR/erbB ligands (EGF, C12 mAb inhibited proliferation of these cell lines to varying degrees,
TFGa, AREG), these ligands bind to EGFR/erbB receptors resulting in with the serous cells (high grade and non-high grade) exhibiting
activation of downstream signaling, which involves receptor dimeriza- 30-50 % inhibition at a C12 concentration of 20 pg/ml. However, C12
tion, autophosphorylation, internalization, and lysosomal degradation showed only nominal inhibitory effect on the clear (ES-2) and endo-
[51,52]. To evaluate the effect of C12 on EGFR/erbB phosphorylation, metroid (TOV112D) cell lines (Fig. 5A). We also performed cell-binding
we selected the tumor cell lines MDA-MB-231 (breast), HCC827 (lung) assays, similar to those described for the anti-ADAM17 mAb D8P1C1
and SKOV-3 (ovarian), which are known to express high levels of EGFR. [16] and the anti-ADAM10 mAb 1H5 [41], in order to correlate the
We measured the levels of total EGFR and phosphorylated EGFR anti-proliferative potency of the C12 mAb with its binding preference for
(EGFR-P), with or without C12 treatment, using sandwich ELISA kits activated ADAM17 present on cancer cells. In ELISA cell-binding ex-
(PathScan Cell signaling technologies) [26]. The results shown on Fig. 4 periments (Fig. 5B) the C12/MED13622 signal ratio observed in cancer
revealed that 4 h of incubation with C12 resulted in over 80 % inhibition cell lines, relative to the C12/MED13622 signal ratio observed in the
of phosphorylation. It is likely that the C12 mAb affects EGFR phos- untransfected HEK293 cells, indicated that: (i) C12 preferentially rec-
phorylation by inhibiting the shedding of EGFR/erbB ligands (see Fig. 3 ognizes the activated conformation of ADAM17 on cancer cell lines as
above) via blocking their interactions with ADAM17. opposed to the autoinhibited conformation of ADAM17 expressed on
HEK293; (ii) C12 recognizes cell surface expressed ADAM17 on HGSOC
and non-HGSOC cell lines more effectively, indicating that these cells
display a higher ratio of activated ADAM17 compared to the endomet-
roid and clear cell lines The enhanced binding of C12 presumably ex-
plains why it is more effective in inhibiting the proliferation of HGSOC
and non-HGSOC cancer cells. The breast cancer cell lines, including the
TNBC MDA-MB-231 and the HER2/erbB2-overexpressing SKBR-3, as

3.6. C12 inhibits the proliferation of multiple cancer cell lines
overexpressing EGFR/HER2 and preferentially binds to ADAM17
expressed on these cancer cells as compared to HEK293 cells

Next, we performed Alamar blue cell viability assays with the
following cancer cell lines: OVCAR-3, SKOV-3, CAOV-3, ES-2, TOV112D
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Fig. 4. C12 inhibits EGFR/erbB phosphorylation in cancer cells in vitro. Sandwich ELISA was used to measure the levels of total and phosphorylated EGFR (EGFR-P)
in MDA-MB-231, HCC827 and SKOV-3 cells upon treatment with 10 pg/ml C12. The data represent mean of triplicate experiments, and the bar plots show the effect
of treatment with C12 relative to untreated control, mean + SEM. Comparison of EGFR levels between treated and untreated groups was performed using inde-
pendent t test. Total EGFR levels did not significantly differ between the two groups in MDA-MB-231, p=0.85; SKOV-3, p=0.116. However, in HCC827, the small but
statistically significant difference could be due to a decrease in the total number of viable cells. On the other hand, the mAb-treated group showed significant decrease
of the EGFR-P levels in all cell types, as compared to the untreated control p<0.001, p=0.005.
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Fig. 5. (A) Alamar blue cell viability assays with ovarian cancer cell lines.
Percent growth inhibition is shown for ovarian tumor cell lines (SKOV-3, CAOV-
3, OVCAR-3, ES-2, TOV112D), treated with C12 IgG. The data represent mean
of triplicate determinations and two independent experiments, and the plots
show the effect of treatment of mAbs on cancer cells relative to the control,
mean + SEM. (B) C12 preferentially binds to the activated, tumor-specific
conformation of ADAM17 present on ovarian cancer cells. Cellular ELISA was
performed to gauge the binding of C12, relative to the binding of the control
MED13622 mAb, to ADAM17 expressed on the cell surface of ovarian cell lines
as well as HEK293 cells and HEK293 cells transfected with ADAM17.
MED13622 binds equally well to the activated (tumor-associated) and the
autoinhibited conformation of ADAM17. The graphs show the C12/MED13622
signal ratio relative to the C12/MED13622 signal ratio observed in the
untransfected HEK293 cells. Specifically on the Y axes is plotted the value of.

well as the NSCLC line HCC-827 [54,55], were inhibited to the same
extent, with maximum proliferation inhibition of 60 %, observed at a
20 pg/ml concentration of C12 (Fig. 6A). Likewise, the cell-binding
experiments indicated that these lines display a comparative, and rela-
tively high, fraction of activated ADAM17 (Fig. 6B). The colon cancer
cell (CRQ) lines, LIM1215, COLO205, HT-29, HCT116 are dependent for
proliferation primarily on Notch signaling, which is mediated by
ADAMI0 proteinase activity [41,42]. COLO205 contains the BRAFV600E
mutation, while HCT116 harbors a mutation in codon 13 of the ras
proto-oncogene [56]. Compared to the breast, NSCLC, or ovarian
HGSOC and non-HGSOC cell lines, the C12 mAb was less potent in
inhibiting to these CRC lines, which was correlated with its lower
cell-surface ADAM17-binding affinity. Indeed, here we observed only
28-46 % proliferation inhibition at C12 concentration of 20 pg/ml
(Fig. 7A, B). We observed high-degree of correlation between the pro-
liferation inhibition of cancer cells by C12 (at 20 pg/ml concentration)
and the fraction of activated ADAM17 on these cancer cells (Fig. S3).

A(C12) / A(MMED13622)A(C12-HEK) / A(MED13622-HEK)

where A(C12-HEK) is the signal for C12 using the untransfected HEK293
cells; A(MED13622-HEK) is the signal for MED13622 using the
untransfected HEK293 cells; A(C12) is the signal for C12 using the cells
that are being evaluated; AMMED13622) is the signal for MED1362 using
the cells being evaluated. C12 binds to ADAM17 on HGSOC/non-HGSOC
tumors approximately six to seven-fold better than to ADAM17 on
HEK2923 cells. However, this preference is diminished (approximately
three-fold) in the case of endometroid (TOV112D) cells. The data
represent triplicate determinations and two independent experiments,
mean + SEM; P < 0.001 by unpaired two-tailed independent t test
(cancer cell lines vs HEK293 cells).
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Fig. 6. (A) Alamar blue cell viability assays with breast and non-small cell lung
cancer (NSCLC) cell lines. Percent growth inhibition is shown for breast (MDA-
MB-231, SKBR-3) and lung (HCC-827) tumor cell lines treated with C12 IgG.
The data represent mean of triplicate determinations and two independent
experiments, and the plots show the effect of treatment of mAbs on cancer cells
relative to the control, mean + SEM. (B) C12 preferentially binds to the acti-
vated, tumor-specific conformation of ADAM17 on breast/NSCLC cells. Cellular
ELISA was performed to gauge the binding of C12, relative to the binding of the
control MED13622 mAb, to ADAM17 expressed on the cell surface of breast/
lung cell lines as well as HEK293 cells and HEK293 cells transfected with
ADAM17. C12 binds to ADAM17 on breast and NSCLC-tumors approximately
six to eight-fold better than to ADAM17 on HEK293 cells. The data represent
triplicate determinations and two independent experiments, mean + SEM; P <
0.001 by unpaired two-tailed independent t test (cancer cell lines vs
HEK293 cells).

3.7. In vivo anti-tumor potential of C12 mAb in combination with
paclitaxel

Paclitaxel is the most commonly used chemotherapeutic agent for
the treatment of ovarian cancer [57]. We used an ovarian cancer
xenograft model with SKOV-3 cells to determine the in vivo potency of
the C12 mAb alone and in combination with paclitaxel. Early in the
treatment, the paclitaxel+C12 mAb arm (after two doses of chemo and
four doses of C12 mAb) exhibited 66 % tumor growth inhibition as
compared to chemo alone (53 %). The C12 mAb alone showed 37 %
tumor growth inhibition (Fig. S4). However, with increasing tumor size
the effect wears off. The chemo and the paclitaxel+C12 mAb treatment
(after three doses of chemo and eight doses of mAb) resulted in 30 % and
34 % tumor growth inhibition respectively. The C12 mAb alone showed
23 % tumor growth inhibition (Fig. 8A, B). There was no evidence of
mAD toxicity in the mice even though C12 binds the mouse ADAM17
equally well as the human protein (Fig. S2)

(Group 1) sterile PBS (as a control, i.p., once a week for 4 weeks).

(Group 2) Paclitaxel (i.v.) 15 mg/kg, three doses, once a week
starting day 19.

(Group 3) C12 (i.p.) at a dose of 40 mg/kg, biweekly (total 8 doses)
starting day 19.

(Group 4) Paclitaxel (15 mg/kg, i.v., once a week starting day 20,
total three doses) + continued C12 mAb treatment (40 mg/kg, i.p.,
biweekly, total 8 doses, starting day 19).
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Fig. 7. (A) Alamar blue cell viability assays with colon cancer cell (CRC) lines.
Percent growth inhibition is shown for LIM1215, COLO205, HT-29 and HCT116
tumor cell lines treated with C12 IgG. The data represent mean of triplicate
determinations and two independent experiments, and the plots show the effect
of treatment of mAbs on cancer cells relative to the control, mean + SEM. (B)
C12 preferentially binds to the activated, tumor-specific conformation of
ADAM17. Cellular ELISA was performed to gauge the binding of C12, relative to
the binding of the control MED13622 mAb, to ADAM17 expressed on the cell
surface of CRC lines as well as HEK293 cells and HEK293 cells transfected with
ADAM17. C12 binds to ADAM17 on CRC lines approximately four (LIM1215,
HCT-116) to six (COLO205) fold better than to ADAM17 on HEK2923 cells. The
data represent triplicate determinations and two independent experiments,
mean + SEM; P < 0.001 by unpaired two-tailed independent t test (cancer cell
lines vs HEK293 cells).

(A) Mean tumor volume + 1 SE from day 19-42. (B) In the box and
whiskers plot, the black horizontal lines indicate the average value, the
top and bottom of the boxes, the interquartile range, and the whiskers,
the range.

3.8. C12 mAb radiolabeling, PET/CT imaging and biodistribution studies

To examine the in vivo pharmacokinetics and distribution of anti-
ADAM17 C12 mAb in vivo, we sought to develop an immunoPET
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diagnostic radiotracer using zirconium 89, whose physical 3.4 day half-
life matched well with the anticipated biological clearance of the mAb.
7r-89 is now an established PET isotope used to track the distribution
and in vivo behavior of investigational mAbs and guide therapeutic
decisions [58-60]. Accordingly, this strategy was used to trace label C12
with Zr-89 deferoxamine (DFO). The DFO conjugated (DFO-C12 mAb)
and %°Zr radiolabeled (3°Zr-DFO-C12) mAb were purified by GFC and
characterized by radio-SEC HPLC and iTLC. The DFO conjugation (1-2
chelator-to-mAb ratio) and radiometalation had no measurable impact
on SEC-HPLC retention time compared to reference standard, and
negligible aggregate formation. The iTLC chromatograms indicated that
the ®zr incorporation was quantitative (Fig. 9). 897r-DFO-C12 was
administered IV, then serial micro-PET/CT imaging of tumor-bearing
mice was performed at 24-, 72- and 168-hours post-injection. After
imaging, ex vivo organ biodistribution was also performed on each
cohort to corroborate imaging. The PET/CT data indicated that the C12
mAb performed reasonably well and accumulated in SKOV-3 and
OVCAR-3 tumors. 3°Zr-DFO-C12 persisted in blood, gut, and liver
extensively, which reflects normal IgG-type distribution, hepatic radio-
metal residualization or metabolic processing and was expected to some
degree considering metalloproteinase biology [39]. Bone uptake is also
observed (Fig. 10), which could be a result of metabolically released
bone-seeking free Zr-89 metal. It should be noted that undetectable free
Zr-89 in the injectate would be removed during purification and
897r-DFO-C12 was stable during storage prior to injection (<6hrs be-
tween synthesis and injection). The slow phase of C12 blood clearance
was calculated at 14 h (t;/250w) by serial ex vivo blood radioactivity
counting at imaging timepoints (Fig. 11A). Quantitation of tumoral re-
gion of interest (ROI) and conversion to drug concentration showed C12
reaching a plateau of approximately 35 nM in OVCAR-3 and 10 nM in
SKOV-3, which remained reasonably constant after the initial distribu-
tion phase before the 24-hour timepoint (Fig. 11B). ROI analysis also
indicated that tumor uptake of C12 at 72 h were 6.66+1.84 %ID/g for
OVCAR-3 and 2.62+1.52 %ID/g for SKOV-3 tumors, (Fig. 12A). When
comparing tumor-to-organ ratios, it is apparent that 897r-DFO-C12
signal is better (higher signal-to-noise) in OVCAR-3 tumors compared to
SKOV-3 (Fig. 12 B,C). The differential PET uptake between SKOV-3 and
OVCAR-3 was likely a result of slower growth of SKOV-3 at the time of
PET imaging (<50 vs 200 mm?), and not due to significantly different
expression of activated ADAM17 (Fig. 5B). In a subsequent ex vivo
biodistribution study with uniform tumor size (200—300rnm3), compa-
rable uptake was observed (Supplementary S5 and S6).
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Fig. 8. Anti-tumor effect of C12 mAb in an ovarian cancer xenograft model. 6-8 weeks old female NSG mice were used. 10 million SKOV-3 cells per mouse were
implanted (subcutaneous with Matrigel). Four groups were used (n=5) for the experiment. When tumor volumes reached ~100 mm3 (day 19 after implantation) the

four groups were injected as follows:.
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Fig. 9. Characterization of 8°Zr-DFO-C12 immunoPET probe Radio-HPLC (SEC) (A) and iTLC (B) chromatograms. Both SEC and iTLC data demonstrate that %°Zr
radiolabeling was efficient. A) UVag0 nm chromatograms C12 mAb (left), DFO-C12 conjugate (middle) and 897r-DFO-C12 radiotracer (top right) show high chemical
purity and molecular weights consistent with GFC standard (data not shown, buffer at 9.4 min). A single radioactive peak for 897r-DFO-C12 was observed (bottom
right) indicating high radiochemical purity and an absence of free Zr-89 or unconjugated Zr-89 DFO species. The retention times of DFO conjugated and radio-
metallated mAbs were nearly identical to the parental mAb, consistent with a low conjugation ratio unlikely to impact mAb binding. The ITLC chromatogram (B)
reflects analytically quantitative incorporation of Zr-89 (mAb incorporated Zr-89 peak on left; no free metal peak / 8°Zr-DTPA at solvent front on the right).
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Fig. 10. ImmunoPET/CT Imaging of 3°Zr-DFO-C12 anti-ADAM17 in Mouse Models of Human Ovarian Cancer. (A) Experimental timeline for PET/CT imaging in NSG
mice bearing SKOV-3 or OVCAR-3 flank xenografts. (B) Representative coronal images of PET/CT of 8°Zr-DFO-C12 antibody in OVCAR-3 and SKOV-3 xenograft
models. 8Zr-DFO-C12 (50pg, 2.5 mg/kg, Ay=1.6 mCi/mg, 80uCi) was administered i.v. by tail vein.

4. Discussion

Therapeutic targeting of the ADAM17-mediated signaling pathways,
which are implicated in a wide range of solid tumors, including breast,
ovarian, lung and prostate, has gained traction [61,62]. To that end,
hydroxamate-based small molecule inhibitors that chelate the zinc from
the active site of ADAM17, such as the INC class (INCB3619 or the

structurally similar INCB7839) and the PF-series (PF-5480090) com-
pounds, inhibit cancer cell proliferation both in vitro and in vivo [13,63,
64]. These inhibitors reduce the shedding of EGFR/Her2 ligands, such as
TGF alpha, thereby diminishing EGFR activation and phosphorylation
[63,64]. In addition to small-molecule inhibitors, inhibitory monoclonal
antibodies against ADAM17, namely MED13622, D1A(12) and A9(B8),
have also shown promise [65-67]. These mAbs deter the progression of
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Fig. 12. (A) ROI (regions of interest) analysis of 8°Zr-labeled C12 in OVCAR3 and SKOV3 xenograft. 8°Zr-labeled C12 uptake of several organs including tumor were
quantified using PET/CT images (n=3 per group, mean+SD). (B,C) Tumor-to-organ ratios. The tumor to organ ratio was derived from ROI data (n=3). T:M tumor to
muscle (a measure of general background), H = heart (blood), K = kidney, I = intestine and gut. Lesion detection with 897r-DFO-C12 immuno PET (signal-to-

background) was superior in OVCAR-3 compared to SKOV-3.

TNBC, ovarian, NSCLC and prostate cancers in vitro and in preclinical
settings. We also previously reported an inhibitory anti-ADAM17 mAb,
D8P1C1, which binds the M domain and inhibits its enzymatic activity
[16].

Here, we report the generation and characterization of a new anti-
ADAM17 mAb, C12, which targets the cysteine-rich domain of
ADAM17 and exhibits moderate anti-proliferative effect on an array of
cancer cell lines. C12 was more effective in inhibiting the proliferation
of breast, NSCLC, HGSOC or non-HGSOC epithelial ovarian cancer lines,
as compared to CRC lines. This could be attributed to ADAM17 targeting
the EGFR/erbB pathway that drives the progression of breast, NSCLC,
and ovarian cancers. Colon cancers, on the other hand, although
expressing EGFR/erbB, rely primarily on ADAM10-mediated Notch
signaling for progression and metastasis. Similar to our previously
described anti-ADAM17 mAb, D8P1C [16], C12 specifically recognizes
ADAM17 expressed on cancer cell lines. This suggests that C12 also
selectively binds to an activated conformation of ADAM17 prevalent on

10

cancer cells [13,41,42]. Indeed, C12 inhibited better those cell lines that
present a higher fraction of activated ADAM17 on their surface (Fig. S3).
The binding of C12 to the convex ADAM17 D+C region, away from the
MP domain, also explains why C12 does not inhibit the proteolytic
cleavage of small peptides, unlike the inhibitory D8P1C1 that directly
interacts with the MP domain. Nevertheless, C12 inhibited the shedding
of the larger, physiological substrates on the cell surface of a variety of
cancer cells. Presumably, the C12 mAb impedes the interaction of
ADAM17 (particularly of the substrate-binding D+C region) with such
substrates, including EGFR/erbB ligands tethered to either the same or
opposing cell (mediating autocrine or juxtacrine signaling, respec-
tively). Consequently, the C12-treated cancer cell lines showed a sig-
nificant decrease in EGFR/erbB phosphorylation levels.

One of the reasons we are interested in developing inhibitory anti-
ADAM antibodies is the involvement of ADAM proteinases in devel-
oping resistance to chemotherapy [61,68] suggesting that a combination
of chemotherapy with targeted anti-ADAM therapies could prove
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beneficial. Overcoming chemoresistance is especially important in
ovarian cancer where it evolves in about 70 % of the patients [69] Some
recent progress was achieved by introducing Bevacizumab that targets
VEGF-A [70] Likewise, OvaRex® (oregovomab), a mAb that binds
CA-125, a carbohydrate antigen associated with ovarian cancer, was
found to be efficacious [71]. More recently, poly ADP ribose polymerase
inhibitors such as Olaparib and Neraparib have given new hope for
treating recurrent ovarian cancer [72]. The checkpoint inhibitor Nivo-
lumab is also used to treat epithelial ovarian cancer [73]. Ovarian cancer
typically relies on EGFR/erbB signaling, which depends on ADAM17
activity, and we, therefore, evaluated if C12 would act synergistically
with chemotherapy using a mouse model. Indeed, in breast cancers that
also rely on EGFR/erbB signaling, therapies that involve EGFR/erbB or
HER2/erbB2 antagonists (cetuximab and trastuzumab) in combination
with chemotherapy, have been approved [74]. Of late, the FDA has also
approved the use of antibody-drug conjugates, ado-trastuzumab
emtansine and trastuzumab deruxtecan, that target the HER2/erbB2
receptor [75]. For our murine xenograft anti-tumor efficacy evaluation
experiments, we chose SKOV-3 cells and performed combination ther-
apy with the chemotherapeutic agent paclitaxel. In epithelial ovarian
cancer, taxol-based chemotherapy [57] is known to be the standard
first-line of treatment. This preclinical assay showed that C12, in com-
bination with the chemotherapeutic agent paclitaxel, exhibited only
moderate efficacy, with the effect tapering off with increasing tumor
size. We observed a similar effect with paclitaxel administered alone.
ImmunoPET is underutilized in clinical management of ovarian
cancer. 89Zr-bevacizumab [76] immunoPET has demonstrated utility
guiding antiangiogenic therapy in ovarian cancer patients. The diag-
nostic Zr-89 trastuzumab is a good example of how immunoPET can
guide HER2(+) patient selection and therapeutic dosing of T-DM1 in
breast cancer [77,78]. However, HER2 targeted approaches have
underperformed in gynecological cancer wuntil the recent
DESTINY-PanTumor02 Phase II trial which resulted in Trastuzumab
deruxtecan (T-DXd) approval for use in ovarian, among other solid
cancers in a “pan-tumor” HER2(+) approach [79]. MUC16 is a prom-
ising biomarker in ovarian cancer and can be imaged well using Zr-89
immunoPET [80] and in fact, the development of the MUC16xCD3
bispecific ubamatamab (REGN4018) involved immunoPET [81]. There
is obvious benefit in developing immunoPET diagnostics as part of
evaluating novel ovarian cancer therapeutics. Using anti-ADAM17
immunoPET and organ biodistributions, we show that the
anti-ADAM17 mAb C12 targeted human ovarian cancer in two subcu-
taneous xenograft models (SKOV-3 and OVCAR-3), despite activated
ADAM17 being a highly dynamic cell surface target. 8°Zr-DFO-C12
durably accumulated in SKOV3 tumors and has a reasonable rate of
blood clearance (t;,» = 14 hrs), somewhat faster than a typical IgG.
Enhanced uptake and tumor retention in SKOV3 relative to OVCAR3
indicates that a larger fraction of the ADAM17 pool is activated and
surface accessible in SKOV3 [82]. Evidence of internalization and
metabolic processing of the °Zr-DFO-C12 further justifies activated
ADAM17 as a target for antibody and ADC drug development in ovarian
cancer [83]. Here, we leveraged this tool to understand the pharmaco-
kinetics and distribution of the anti-ADAM17C12 antibody. Using
quantitative PET, the intratumoral drug concentration at a moderate IV
tracer dose (2.5 mg/kg) nearly reached the ~30-60 nM (5-10 pg/ml)
dose-response plateau observed in in vitro experiments and, thus lends
support to the mechanistic hypothesis for the therapeutic effect
observed at the 40 mg/kg bi-weekly IP dose of C12. IP administration of
a 16-fold higher dose of C12 mAb is likely to far surpass this therapeutic
threshold. Imaging and therapy studies taken together, at this dose, the
C12 mAb distributes rapidly and extensively, shows no evidence of overt
toxicity and is clearly hitting its target. It is tempting to speculate on the
potential clinical uses of ADAM17 immunoPET. Noninvasive detection
of ADAM17 expression and tumoral activation status is enticing because,
like with Zr-89 trastuzumab, one could define which patients are likely
to respond to anti-ADAM17 mAb therapy, track antigen escape
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post-therapy and evaluate ADAM17 as a prognostic biomarker (tumor
upregulation or downregulation) in conjunction with conventional
chemotherapy, for example.

Finally, given the fact that the C12 mAb: (i) binds to the C-domain of
ADAM17 that imparts substrate specificity; (ii) targets an activated
conformation of ADAM17 selectively present on cancer cells as opposed
to the auto-inhibited conformation present on HEK293 and normal cells;
and (iii) accumulates in tumors in PET-based imaging studies, it pro-
vides an excellent platform for generating Bispecific T-cell engager an-
tibodies (BiTEs) [84] or CART cells [85] and engage the immune system.
These reagents will facilitate targeting and efficient killing of cancer
cells without affecting the normal cells and thus pave the way for the
treatment of solid tumors such as ovarian, breast and NSCLC.
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