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NOTCHS3-targeted antibody drug conjugates regress
tumors by inducing apoptosis in receptor cells and
through transendocytosis into ligand cells
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Cancer Therapy: NOTCH3 Antibody Drug Conjugates
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e NOTCHS3 receptor is overexpressed in breast, lung, and
ovarian tumors

e Newly generated NOTCHS3-targeted antibody drug
conjugates are efficacious and safe

e NOTCHS3 antibodies internalize through different routes
depending on signaling status

e NOTCHS3 antibody intercellular trafficking occurs by
transendocytosis into ligand cells
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In brief

Inhibition of Notch signaling in cancer is
challenging due to dose-limiting, on-
target toxicities associated with inhibition
of its normal function. Geles et al.
demonstrate that a NOTCHS3-targeted
antibody drug conjugate without
signaling inhibition is efficacious by killing
receptor and ligand expressing cells, and
thus has a lower potential for side effects.
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SUMMARY

Aberrant NOTCHS signaling and overexpression is oncogenic, associated with cancer stem cells and drug
resistance, yet therapeutic targeting remains elusive. Here, we develop NOTCH3-targeted antibody drug
conjugates (NOTCH3-ADCs) by bioconjugation of an auristatin microtubule inhibitor through a protease
cleavable linker to two antibodies with differential abilities to inhibit signaling. The signaling inhibitory anti-
body rapidly induces ligand-independent receptor clustering and internalization through both caveolin and
clathrin-mediated pathways. The non-inhibitory antibody also efficiently endocytoses via clathrin without
inducing receptor clustering but with slower lysosomal co-localization kinetics. In addition, DLL4 ligand bind-
ing to the NOTCH3 receptor mediates transendocytosis of NOTCH3-ADCs into ligand-expressing cells.
NOTCHB3-ADCs internalize into receptor and ligand cells independent of signaling and induce cell death in
both cell types representing an atypical mechanism of ADC cytotoxicity. Treatment of xenografts with
NOTCH3-ADCs leads to sustained tumor regressions, outperforms standard-of-care chemotherapy, and

allows targeting of tumors that overexpress NOTCH3 independent of signaling inhibition.

INTRODUCTION

Despite recent successes, a high unmet medical need still exists
for cancer patients who are not responsive to targeted or im-
muno-oncology therapies and eventually succumb to metastatic
disease. Cancer stem cells (CSCs) are considered a tumor pro-
genitor cell population that drives tumor initiation, metastasis,
chemotherapeutic resistance, and recurrence. Emerging studies
have mainly focused on identifying subpopulations of cancer
cells with tumor-initiating cell (TIC) properties and their corre-
sponding targets for therapeutic intervention.” Antibody drug
conjugates (ADCs) are a therapeutic modality that harnesses
the targeting specificity of a monoclonal antibody (mAb) in com-
bination with potent cytotoxic payloads with the goal of
improving their therapeutic indices.” There have been several
ADCs developed against TIC populations using targets such as
DLL3,** EFNA4,° LGR5,%” PTK7,? and TPBG (5T4).°
Oncogenic Notch signaling is associated with CSC features
that are responsible for maintaining self-renewal, progenitor
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cell phenotypes, and TIC functions.'® Notch receptors are syn-
thesized as precursor polypeptides that are cleaved at site 1
(S1) located between heterodimerization domain 1 (HD1) and
HD2 while in the Golgi before being transported to the cell mem-
brane. Bipartite Notch receptors are held together by non-cova-
lent HD interactions and kept autoinhibited by the juxtamem-
brane negative regulatory region (NRR). Notch signaling is
initiated by binding to Jagged (JAG) or Delta-like ligands (DLL)
on adjacent cells. Ligand binding relieves the NRR autoinhibition
thus permitting ADAM metalloproteinase cleavage at site S2
near the C-terminal region of HD2. The Notch extracellular
domain (NECD) is shed and undergoes transendocytosis (TEC)
into ligand-expressing cells. Gamma secretase mediates cleav-
age at site S3 releasing the Notch intracellular domain (NICD)
from the cell membrane, which then translocates into the nu-
cleus and activates the transcription of target genes.'"'? Upre-
gulation and activation of Notch signaling is one mechanism by
which cancer cells evade the growth inhibitory effects of hor-
mone therapy,'®~'® PI3K inhibitors,'®'” and chemotherapy.'®°
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Tumors that develop with NOTCH3 overexpression or amplifica-
tion are common in lung, breast, and ovarian cancer patients,
and these alterations are associated with poor patient sur-
vival.?'=?® In addition, NOTCHS3 is highly expressed in ovarian
cancer patients who have recurring disease and is correlated
with worse clinical outcome.”® Triple-negative breast cancers
(TNBC, ER/PR/HER2") with Notch pathway alterations have
particularly high levels of NOTCH3 expression.?*

Anti-cancer therapies targeting the Notch pathway mainly
focus on signaling inhibition.”>®® However, certain Notch
signaling inhibitors have undesirable side effects in patients
that limit their therapeutic potential.”® Furthermore, clinical
development of Notch inhibitors requires selection of patients
likely to be responsive by identifying those with active Notch
signaling or driver mutations.? In contrast, the ADC therapeutic
platform has the potential to enhance efficacy by delivering
potent cytotoxics directly to tumors®® and may deplete them of
NOTCHS3-expressing tumor cells as well as adjacent ligand cells.
In the current study, NOTCH3-targeted ADCs (NOTCH3-ADCs)
were generated with mAbs that were classified as being
signaling inhibitory or non-inhibitory. We demonstrate that effi-
cacy can be achieved by utilizing a non-inhibitory mAb-based
ADC to avoid potential on-target toxicities associated with the
inhibition of Notch signaling. Unexpectedly, NOTCH3-ADCs
were transendocytosed into DLL4 cells even in the absence of
signaling and induced cell death. NOTCH3-ADCs exhibited
robust anti-tumor activity in preclinical studies and induce tumor
regressions independent of their ability to inhibit signaling.

RESULTS

NOTCHS is overexpressed in multiple human tumors
Gene-expression analysis of The Cancer Genome Atlas (TCGA)
databases®'*° revealed that NOTCH3 expression is significantly
upregulated in non-small cell lung cancer (NSCLC) for both lung
squamous cell carcinoma (LUSC) and lung adenocarcinoma
(LUAD) compared to normal lung tissue (p < 0.0001; Figure 1A).
Additionally, a subset of breast and ovarian cancer (BRCA,
OVCA, respectively) samples have high expression within
the 90™ percentile compared to normal or median levels
(Figure 1A).

To confirm TCGA data in an independent set of tumor sam-
ples, NOTCH3 mRNA levels from lung, breast, and ovarian tu-
mors were analyzed by gRT-PCR and compared to preclinical
xenograft models as well as normal lung, breast, and ovarian tis-
sues (the baseline). As demonstrated, there are tumor samples
that have NOTCH3 mRNA levels at ~2-5 times higher than base-
line for lung cancer (LUAD and LUSC), ~2 times higher than
baseline for breast cancer (ER+ and ER/PR/HER27), and from
~2 to 25 times higher than baseline for ovarian cancer (Fig-
ure 1B). These data also demonstrate that the 37622 LUSC pa-
tient-derived xenograft (PDX)** and cell line-derived xenograft
(CLX) models (HCC2429 lung cancer cell line, MDA-MB-468
TNBC cell line, OVCARS ovarian cancer cell line, NCI-N87 gastric
cancer cell line) selected for further study recapitulate a range in
the levels of NOTCH3 mRNA seen in primary human tumor sam-
ples (Figure 1B). The HCC2429 CLX model had the highest levels
of NOTCH3 mRNA overexpression, while the other xenograft
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models had low to moderate expression of NOTCH3 mRNA
(Figure 1B).

An in situ hybridization (ISH) assay and image-based analysis
was developed to quantitate NOTCH3 expression in the same
set of tumor samples that were analyzed by qRT-PCR. Using
the ISH technique, tumor tissues from 25 lung, 36 breast, and
23 ovarian cancers along with normal tissues from 3 lung, 3
breast, and 1 ovary were stained and quantified for the percent-
age of NOTCH3 positive ISH staining in the tissue sections (Fig-
ure 1C). Each tumor set was separated into tertiles defined as
low, moderate, and high NOTCH3 expression based on ISH
staining values and represented images are shown (Figures 1C
and S1A). In addition, the ISH assay developed correlated with
gRT-PCR from the same samples, demonstrating specificity
and the ability to quantify a range of NOTCH3 expression (Fig-
ure S1B). For each tumor set, a range in the distribution of
NOTCHS3 levels was observed suggesting good biological repre-
sentation of NOTCH3 expression in the three tumor cohorts
evaluated.

Generation and characterization of therapeutic anti-
NOTCH3 mAbs

The NOTCH3 NRR domain was chosen to generate therapeutic
mADbs since they would not interfere with ligand binding but have
the potential to inhibit signaling®®>® (Figure S2A). A screening
strategy was designed to identify mAbs that would specifically
bind to the NRR and either stabilize it in an auto-inhibited confor-
mation, and thus termed signaling inhibitory, or permit S2 cleav-
age, and thus termed non-signaling inhibitory.

Ligand-dependent NOTCHS signaling was measured by acti-
vation of a Notch-responsive promoter containing canonical
CSL (CBF-1/Suppressor of Hairless/Lag-1) binding sites driving
the expression of a luciferase (Luc) reporter gene in U20S cells
expressing human NOTCH3 (U20S-hN3). U20S-hN3 Luc-re-
porter cells were incubated with a titration of NOTCH3-targeted
or control mAbs and then added to HEK293 cells expressing
DLL4 (HEK-DLL4). Two lead mAbs were identified and termed
anti-NOTCHS3 inhibitory (anti-N3(i)) clone 75 and anti-NOTCH3
(anti-N3) clone 28. The anti-N3(i) mAb demonstrated potent
signaling inhibition in a dose-dependent manner that was statis-
tically significant, while the anti-N3 mAb did not block ligand-
stimulated NOTCHS3 signaling, similar to a non-targeted isotype
control mAb (Figure 2A). Anti-N3(i) inhibited Notch-dependent
reporter gene activity by ~95%. A y-secretase inhibitor (GSI),
which inhibits signaling from any endogenous Notch receptor
was used as a control and completely inhibited activation of
the reporter gene (Figure S2B).

Additional characterization of NOTCH3-targeted mAbs
demonstrated that only anti-N3 was cross-reactive to mouse
NOTCH3 (mN3) expressed on U20S cells (U20S-mN3) (Fig-
ure S2C). Furthermore, anti-N3 had a greater saturation level of
binding to the human NOTCHS3 receptor than anti-N3(j) (Fig-
ure S2C) and ~10-fold higher affinity to human NRR than anti-
N3(i) (Figure S2D). Notch receptor specificity of lead mAbs was
tested against U20S cells expressing the human or mouse
NOTCH1 receptor (U20S-hN1 or USOS-mN1, respectively).
No significant binding to NOTCH1-expressing U20S cells was
detected with either mAb (Figure S2E).
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Figure 1. NOTCH3 is overexpressed in multiple human tumors

(A) Expression of NOTCH3 mRNA in primary human tumors from TCGA compared to normal tissues. Box and whiskers plots are drawn with individual points
below 10" and above 90" percentiles. Median values are drawn as a line in the middle of the box. TPM, transcripts per kilobase million, ns, non-significant.
(B) NOTCH3 mRNA fold change in primary human lung, breast, and ovarian tumors and xenografts compared to normal tissues (baseline, dashed line). Data
represent mean (n = 2-4).

(C) Quantitation of NOTCH3 ISH staining as a measure of percentage of area stained on breast (ER*, TNBC), lung (LUAD, LUSC), ovarian, and normal (breast,
lung, and ovary) tissue sections.

The effects of both anti-NOTCH3 mAbs on endogenous NOTCH3 mAbs and the GSI PF-03084014°¢ as a positive control
Notch-target gene expression was examined in HCC2429 for signaling inhibition. In the presence of DLL4, HEST mRNA
lung cancer cells that overexpress NOTCH3.%°®” Although expression was increased by approximately 3-fold (Figure 2B).
HCC2429 cells have endogenous expression of JAG1, they  Anti-N3(i), but not anti-N3 or a control mAb, prevented DLL4-
were plated on recombinant DLL4 to further enhance activation  activated HES7 expression (Figure 2B). The GSI, a pan-Notch in-
of Notch signaling in the presence or absence of the anti- hibitor, completely abolished HES7 expression (Figure 2B).
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Figure 2. Generation and characterization of therapeutic anti-NOTCH3 mAbs
(A) NOTCH3-dependent report gene assay with NOTCH3-targeted and control mAbs. Data represent mean + SEM from 3 biological replicates (n = 4 per

replicate), ns, non-significant.

LNR-A

(B) gRT-PCR of HES1 gene expression in treated cells. Data represent mean + SD from 2 biological replicates (n = 3 per replicate), ns, non-significant.

(C) NOTCH3 immunoblot from mAb-treated cells and xenografts. GAPDH is shown as a loading control. Schematic diagram of NOTCH3 cleavage events and
protein fragments. M, mouse number.
(D and E) Immunoblot using N- or C-terminal domain antibodies to detect NOTCH3 fragments after DLL4 activation in treated cells. B-actin is shown as a loading

control.
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To further characterize mAb effects on proteolytic cleavage
events during NOTCHS3 signaling, MDA-MB-468 breast cancer
and HCC2429 lung cancer cells were treated with anti-NOTCH3
mADbs and analyzed by immunoblot analysis. HCC2429 cells ex-
press endogenous JAG1 ligand®” and MDA-MB-468 cells also
have low levels of JAG1 though both are reported to activate
NOTCHS3 signaling by ligand-independent mechanisms.®?™*" A
diagram of NOTCHS3 cleavage events and resulting fragments
is shown for reference (Figure 2C). We detected basal activation
of NOTCHS3 in HCC2429 and MDA-MB-468 cells as previously
described®**° (Figures 2C and S2F). Similar analyses were per-
formed on HCC2429 xenografts generated in mice that were
dosed with anti-NOTCH3 mAbs (Figure 2C). These data demon-
strate that the anti-N3() mAb prevents S2 cleavage since the
Notch extracellular truncation (NEXT) product was not detected
(Figures 2C and S2F). As expected, S1 cleavage was not
affected and the transmembrane intracellular (TMIC) domain
along with full-length NOTCH3 was detected although at
reduced levels. In control and anti-N3 mAb-treated cells and xe-
nografts, the expected S1- and S2-proteolytic cleavage events
were detected, indicating the absence of an inhibitory effect (Fig-
ures 2C and S2F).

When MDA-MB-468 cells are plated on DLL4-coated plates
to enhance activated NOTCHS3 signaling, the addition of the
anti-N3() mAb resulted in a downregulation of NOTCH3 at
the protein level similar to GSl-treated cells (Figure 2D). Again,
the NEXT fragment was not detected in anti-N3(j)) mAb-treated
cells but present after GSI and anti-N3 treatments (Figure 2D).
Cells that were treated with the anti-N3 mAb showed NOTCH3
protein levels more comparable to control-treated cells
(Figure 2D).

In the presence of the anti-N3 mAb, we observed a decrease in
reporter gene activity that was not statistically significant from
control antibody and detected lower levels of the NEXT fragment
by immunoblot analysis. Thus, we wanted to determine whether
the anti-N3 mAb may be a partial antagonist or mediates internal-
ization and downregulation of the receptor. We performed immu-
noblot analysis on anti-NOTCH3 mAb-treated MDA-MB-468
cells that were plated on DLL4 in the presence of GSI and Dyna-
sore, a small-molecule dynamin inhibitor that blocks clathrin-
mediated endocytosis (CME) (Figure 2E). When combined, these
two treatments should prevent S3 cleavage and trafficking/
degradation of the NEXT fragment, respectively. By comparing
no mAb-treated (lane 4) and control mAb-treated cells (lane 17),
we do not detect a change in the levels of the NEXT fragment in
the presence of anti-N3 (lane 9) (Figure 2E). In contrast, the
NEXT fragment is not detected in the anti-N3(i) mAb-treated cells
(lane 13) as expected (Figure 2E). These results suggest that the
anti-N3 mAb is not a partial antagonist but instead may mediate
receptor internalization and degradation.

Epitope mapping was conducted to assess anti-NOTCH3
mAb binding to specific NRR sub-domains. As both anti-
NOTCHS3 mAbs lacked cross-reactivity with the NOTCH1 pro-

¢ CellP’ress

tein, domain swap chimeric constructs between the NOTCH1-
and NOTCH3-NRR domains were generated. Relative binding
of anti-N3 and anti-N3(j) to these chimeric fusion proteins was
assessed by ELISA (Figure 2F). Anti-N3 interacted only with
the C terminus of the N-terminal half of the NOTCH3-NRR heter-
odimer, more specifically, the Lin12-Notch repeat C (LNR-C) and
HD1 domains, while anti-N3(i) interacts with both halves of the
NRR heterodimer (LNR-A and both HD domains) (Figures 2F
and S3A). Additionally, anti-N3(i) effectively competed against
anti-N3 for binding to NOTCH3 expressed on U20S-hN3 cells
and thus the two antibodies bin together (Figure S3B). As the
epitope mapping data demonstrated, the two antibodies both
bind to the HD1 subdomain, which likely precluded their simulta-
neous binding to target NOTCHS3 (Figures 2F and S3A). These
findings are consistent with the two mAbs’ non-inhibitory or
signaling inhibitory features.

To further understand anti-NOTCH3 mAb binding, we solved
the co-crystal structure of the Fab domain of anti-N3(i) mAb in
association with the human NOTCH3 NRR fragment (Table S1).
The epitope for this mAb covers portions of both the HD domains
and LNR-A with the anti-N3(j) light chain interacting mostly with
HD1 and HD2 and the heavy chain primarily with LNR-A (shown
in red in Figures 2G and S3C). The S2 cleavage site, near the C
terminus of HD2, is directly adjacent to the epitope. Binding of
anti-N3(i) would therefore be expected to stabilize the compact
conformation of the NRR in which the interaction between the
LNR domains and HD2 protects the S2 cleavage site from prote-
olysis. Using the X-ray structure of human NOTCH3-NRR in the
co-crystal complex with anti-N3(i), we mapped the expected
epitope for anti-N3 based on the epitope mapping described
above. The binding epitope for anti-N3 encompasses the
LNR-C and the neighboring HD-1 domain (Figure S3D). Consis-
tent with the lack of signaling inhibition activity of anti-N3, no sta-
bilization of the NRR heterodimer would be expected from this
predicted structural view. Thus, specific binding epitopes within
the NRR for both mAbs could be identified and showed differen-
tial domain requirements for binding to the NOTCH3-NRR, and
consistent with their respective inhibitory and non-inhibitory
functions.

Cell-membrane distribution of Anti-NOTCH3 mAbs
depends on signaling status

To determine whether binding of the anti-NOTCH3 mAbs to their
respective epitopes on the NRR would alter the cell-membrane
distribution or internalization of NOTCH3, we performed pulse-
chase analysis and examined the subcellular localization of
anti-N3 and anti-N3(j) in MDA-MB-468 cells by confocal micro-
scopy. At time 0 h, staining of both mAbs appeared to be uni-
formly distributed across the cell membrane (Figure 3A). After
5 h at 37°C, anti-N3(i) engagement with the NOTCH3 resulted
in clustering and more rapid internalization as visualized by the
enhanced appearance of puncta at the cell membrane and within
the cytoplasm. At the same 5 h time point, the anti-N3 mAb

(F) Epitope mapping of anti-NOTCH3 mAbs using NRR3-NRR1 domain swap chimeric constructs. NRR3 domains are shown in black and NRR1 domains are

shown in gray. Representative data represent mean (n = 2).

(G) Binding interface of anti-N3(i) Fab on the NOTCH3-NRR domain as determined from the co-crystal structure is shown in red, LNR-A (green), LNR-B (beige),

LNR-C (blue), HD1 (pink), and HD2 (magenta).
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remained more uniformly distributed across the cell membrane
(Figure 3A).

The kinetics of clustering and internalization within the same
cell was examined by live-cell imaging with anti-N3 and anti-
N3(i) mAbs that were directly labeled with different fluorescent
dyes and then both were bound to MDA-MB-468 cells (Figures
3B and S4A). At time 0 h, both anti-NOTCH3 mAbs appeared
to have a uniform cell-membrane distribution. By 4 h, large
membrane and intracellular punctate-like structures of anti-
N3(i) (green) were observed, while few anti-N3-containing
puncta (magenta) were detected. Antibody binding to the cell
surface was diminished after NOTCH3-small interfering RNA
(siRNA) knockdown in MDA-MB-468 cells confirming that
both mAbs specifically bound to the NOTCH3 (Figures S4B
and S4C).

To confirm the cell-membrane distribution and internalization
of anti-NOTCH3 mAbs in another cell type, we used U20S-hN3
cells because they have a large cytoplasmic volume. The ki-
netics of antibody internalization was conducted by live-cell im-
aging of anti-N3 and anti-N3(i) mAbs that were directly labeled
with the same fluorescent dye and bound separately to
USO2-hN3 cells. Within the first 10 min of binding, anti-N3(i)
already appeared clustered as demonstrated by puncta forma-
tion, and by 1 h internalized as evident by reduced cell-mem-
brane staining, while anti-N3 had a more uniform distribution
across the cell surface similar to the results obtained with the
MDA-MB-468 cells (Figure 3C). The differential cell-membrane
distribution and clustering of the two anti-NOTCH3 mAbs are
also shown in cross-section (Figure 3D). Taken together, these
data indicate that at early time points the anti-N3(i) mAb inter-
nalized more rapidly than anti-N3 potentially as a consequence
of receptor clustering.
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Figure 3. Cell-membrane distribution of
anti-NOTCH3 mAbs depends on signaling
status

(A) Confocal images of anti-NOTCH3 mAbs on
fixed cells. Scale bar, 10 um.

(B) Single optical sections from live-cell confocal
imaging of anti-NOTCH3 mAbs simultaneously
bound to cells and imaged over time with anti-
N3(i)-Alexa 488 (green) and anti-N3-DyLight647
(magenta). Scale bar, 10 um.

(C) z stack of maximum intensity projections from
live-cell confocal imaging of anti-NOTCH3 mAbs
over time. Scale bar, left = 8 pm, right = 10 pm.
(D) Cross-section of cells bound by NOTCH3-tar-
geted mAbs from images in Figure 2C. Scale bar,

> 10 um.
':_S.:
z
2
Anti-NOTCH3 mAbs have
z differential rates of endocytosis
; and lysosomal trafficking
‘*’ Inactive Notch receptors are constitu-

tively internalized and degraded in the
lysosome or recycled back to the mem-
brane.*> We next wanted to determine
the endocytic routes of internalization
and lysosomal trafficking that would be
necessary for efficient payload release from an ADC. Live-cell
imaging was performed on MDA-MB-468 cells labeled with
pHrodo Red dextran to identify low pH lysosomal compartments
and anti-N3(j) or anti-N3 mAbs that were directly labeled (Fig-
ure S5A). The Pearson coefficient of correlation (PCC) and Man-
ders colocalization coefficient (MCC) were calculated over time
for both mAbs and pHrodo Red dextran compartments (Fig-
ure 4A). As seen with both quantitative measurements, over a
16 h time period there was more rapid and robust targeting of
anti-N3(i) to lysosome compartments compared to anti-N3.
When imaging is extended to 24 and 48 h, there is an increase
in the amount of each mAb seen correlated with lysosomes,
but there is no statistically significant difference between anti-
N3() and anti-N3 (p > 0.05, Figure 4B). These data indicate
that, although anti-N3(j) is more rapidly internalized and targeted
to lysosomal compartments, over longer time periods (24-48 h)
there is no distinguishable difference between the amount of
anti-N3(i) and anti-N3 localized to lysosomes. This indicated
that both mAbs are amenable to delivering cytotoxic payloads
to the lysosome.

Due to the differences observed in early internalization of the
two anti-NOTCH3 mAbs, we hypothesized that this could be
attributed to the mAb-receptor complexes utilizing different
endocytic routes. MDA-MB-468 cells were incubated with
labeled anti-N3()) or anti-N3 mAb and labeled cholera toxin-
beta subunit (CT-B), which selectively binds to lipid rafts on
the cell membrane and internalizes via caveolae endocytosis
(Figure S5B). Over time, the anti-N3(j) remains co-localized
with CT-B, which was measured using the PCC and MCC,
while the anti-N3 mAb was initially co-localized with CT-§
at the membrane but this co-localization is lost over time (Fig-
ures 4C and 4D). This observation is due to anti-N3 remaining
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Figure 4. Anti-NOTCH3 mAbs have differential rates of endocytosis and lysosomal trafficking
(A and B) Colocalization of mAbs with pHrodo Red dextran compartments calculated by PCC and MCC from live-cell confocal images. (A) Data represent mean +
SEM of 3 biological replicates (n = 3 fields imaged per replicate). (B) Data represent mean + SEM of 2 biological replicates (n = 2 fields imaged per replicate), ns,

non-significant.

(C) Colocalization of mAbs with CT-B were calculated by PCC and MCC from live-cell confocal images. Data represent mean + SEM of 2 biological replicates (n =

5 fields imaged per replicate).

(D) Single optical sections of mAbs with CT-B from live-cell confocal imaging. Scale bar, 10 um.

(E) Colocalization of mAbs with CAV-1 or clathrin were calculated by MCC in fixed cells. Data represent mean + SEM (n = 3 fields imaged).

(F) Colocalization of mAbs with pHrodo Red dextran compartments were calculated by MCC from live-cell confocal images of MBCD-treated cells. Cross hairs
were set at a value of 0.2 MCC to highlight more rapid colocalization of both mAbs with pHrodo Red dextran compartments. Data represent mean + SEM of 2

biological replicates (n = 5 fields imaged per replicate).

on the cell membrane over time, while CT-B is internalized
along with anti-N3(i). The CT-B and anti-N3(i) then co-localize
in vesicles inside the cell. These data demonstrate that anti-
N3(i) is internalized, at least in part, at lipid rafts, while there
is minimal internalization of anti-N3 at these membrane
compartments.

Next, the co-localization of the anti-NOTCH3 mAbs with
either clathrin or caveolin-1 (CAV-1) was directly measured to
investigate internalization through clathrin-mediated endocy-
tosis (CME) or CAV-1, respectively. MDA-MB-468 cells were
incubated with anti-N3(i) or anti-N3 and then fixed at 0, 3, 8,
and 24 h. Indirect immunofluorescence was performed with
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Figure 5. Anti-NOTCH3 mAbs transendocytose into DLL4 ligand cells
(A and B) TEC of labeled mAbs (green) that were bound to U20S-hN3 cells and
then co-cultured with HEK-DLL4 or HEK-parental cells (red) from live-cell
confocal imaging. (A) Single optical sections of a U20S-hN3 cell and a migrating
HEK-DLL4 cell (asterisk) before and after contact (arrows). Scale bar, 10 um.
(B) z stack of maximum intensity projections. Arrows, anti-NOTCH3 mAbs
inside HEK-DLLA4 cells.

(C) Confocal images of maximum intensity projections acquired from indirect
immunofluorescence of mAbs bound to U20S-hN3 cells (magenta) and then
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anti-CAV-1 or anti-clathrin antibodies and MCC values were
calculated. Over time, anti-N3(i) co-localized with both CAV-1
and clathrin having similar MCC values for both colocalizations
(Figure 4E). However, anti-N3 had a higher MCC colocalization
value for clathrin than CAV-1 (Figure 4E). Additionally, anti-N3(j)
had higher MCC colocalization values with CAV-1 than anti-N3
that were statistically significant at all time points after the 0 h,
but not statistically significant from anti-N3 colocalization with
clathrin (Figure S5C). These data indicate that anti-N3 is primarily
internalized via CME, while anti-N3(i) has the ability to be inter-
nalized via caveolae and CME. Methyl-B-cyclodextrin (MBCD)
was used for acute cholesterol depletion to inhibit lipid-raft
dependent internalization of caveolae and clathrin-independent
endocytosis (CIE). Upon MBCD treatment, the internalization of
both anti-N3 and anti-N3(i)) mAbs occurs at a faster rate and is
more robust (Figure 4F; Figure S5D), but the mechanism for
the increased rate and robustness of mAb internalization when
caveolae and CIE are blocked remains unclear. However, these
data suggest that when lipid-raft associated endocytic machin-
ery is inhibited, both mAbs can still undergo internalization utiliz-
ing the efficient CME.

TEC of anti-NOTCH3 mAbs into DLL4 ligand cells
Previous studies indicate that TEC of the NECD was dependent
on S1 cleavage and the formation of a heterodimeric Notch re-
ceptor, but not on ADAM proteolysis at S2.*>** The anti-N3(j)
mADb stabilizes the NRR in an autoinhibited conformation through
interactions with both halves of the S1-cleaved HD domain and
LNR-A. To investigate whether mAb binding to NOTCHS3 affected
receptor clustering and TEC in the presence of ligand, live-cell
imaging was performed on co-cultures of U20S-hN3 and HEK-
DLL4 cells. Labeled anti-NOTCH3 mAbs were first bound to
U208S-hN3 cells and then excess mAb was removed by washing.
HEK-DLL4 or HEK-control cells were labeled with pHrodo Red
dextran and then added to the anti-NOTCH3 mAb-bound
U20S-hN3 cells, and live-cellimaging was performed (Figure 5A).
Anti-N3(i) clusters were observed in the presence of DLL4 cells at
sites of intercellular contact (arrow) and intracellular anti-N3(j)
puncta (green in merged image) were also observed in both cell
types. Prior to HEK-DLL4 cell contact with anti-N3-bound
U20S-hN3 cells (T = 0, asterisk), minimal membrane clustering
was observed (Figure 5A; Figure S6A). When a migrating HEK-
DLL4 cell contacted the anti-N3-bound U20S-hN3 cell (T =
40 min, asterisk), anti-N3 now appeared to be clustered similar
to anti-N3(j) (Figure 5A). Both anti-N3(j) and anti-N3 puncta (green
in merged images) can be observed in adjacent HEK-DLL4 cells
after binding mAb-bound U20S-hN83 cells suggesting TEC into
the ligand cells. The HEK-control cells without DLL4 ligand had
no effect on NOTCH3 receptor clustering or internalization for
either mAb (DLL4(-), right column, Figure 5A).

As shown in the 3D projections generated from live-cell imag-
ing, the flat, green-labeled U20S-hN3 cells co-cultured with
round, red-labeled HEK-DLL4 cells on top demonstrates that
the ligand cells contain the anti-NOTCH3 mAbs (arrows in

co-cultured with HEK-DLL4 (green) from. Dashed white line demarcates anti-
NOTCH3 mADbs inside HEK-DLL4 cells. Scale bar, 10 um.
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bottom panels), again regardless of the signaling status of
NOTCHS, while the HEK-control cells fail to transendocytose
the anti-NOTCH3 mAbs due to their lack of ligand expression
(Figure 5B, Videos S1, S2, S3, and S4). These results suggest
that anti-N3(j) clusters the NOTCH3 receptor in the presence or
absence of ligand cells resulting in rapid internalization and
TEC but loss of NOTCHS signaling. In contrast, anti-N3 did not
efficiently cluster the NOTCHS3 receptor in the absence of ligand
but did allow clustering and TEC upon ligand binding and activa-
tion of NOTCHS3 signaling.

To confirm the live-cell imaging results of anti-NOTCH3 mAb
TEC, images were acquired from fixed co-cultures of U20S-
hN3 cells that were bound by the anti-N3 mAb and HEK-DLL4
or HEK-control cells that were labeled with MitoTracker Deep
Red. Following incubation from 0.5 to 3 h, cells were fixed, and
then indirect immunofluorescence was performed to detect the
anti-N3 mAb. Again, TEC of the anti-N3 mAb can be observed
only in HEK-DLL4 cells consistent with the live-cell imaging re-
sults (Figure S6B).

Since anti-N3(i) undergoes TEC into ligand cells despite sta-
bilizing the NRR in an autoinhibited conformation and inhibiting
signaling, we next examined the effects of simultaneously in-
hibiting both S2 and S3 cleavage events. To test simultaneous
S2/S3 inhibition, anti-N3 or anti-N3()) mAbs were bound to
U20S-hN3 cells and added to HEK-DLL4 cells in the presence
or absence of GSI (Figure 5C). Surprisingly, regardless of
NOTCHS signaling status and ability of the anti-N3() mAb to
stabilize the NRR in an inactive conformation, we still observed
TEC of NOTCHS3-targeted mAbs into the HEK-DLL4 cells
(Figure 5C).

NOTCH3-ADCs induce cytotoxicity in both receptor and
ligand cells

NOTCH3-ADCs were generated by bioconjugation to the
Aur0101 payload, an auristatin microtubule inhibitor,*® via a pro-
tease cleavable valine-citrulline-based linker (mc-ValCitPABC or
“vc”) to native cysteine residues (Figure 6A). Bioconjugation did
not alter the cell-surface binding characteristics of either anti-
NOTCH3 mAb (Figure S7A) and resulted in an average drug-
to-antibody ratio (DAR) of 3.9 for anti-N3 ADC (anti-N3-vc0101)
and DAR of 3.8 for anti-N3() ADC (anti-N3(i)-vc0101) (Fig-
ure S7B). Both the anti-N3 and anti-N3(j) ADCs induced an in-
crease in caspase-3/7 activity in MDA-MB-468 cells overex-
pressing human NOTCH3 (MDA-MB-468-hN3) at 48 h,
indicating cytotoxic activity of the ADCs (Figure 6B). To confirm
the expected ADC mechanism of action, OVCARS ovarian can-
cer cells were treated with anti-N3 ADC and then subjected to
immunofluorescence analysis by staining with an anti-a-tubulin
antibody to mark microtubules and DAPI to stain DNA. Anti-N3
ADC treatment resulted in a disruption of microtubule structures,
an abnormal chromosome configuration and cell-cycle arrest
(Figure S7C). The result was similar for the free Aur0101 payload
and thus implies that the anti-N3 ADC was conferring cytotox-
icity by the same mechanism as the payload itself. In contrast,
the control ADC and anti-N3 mAb did not result in altered micro-
tubule or chromosome morphology (Figure S7C). This mecha-
nism required cell binding through the NOTCH3 target since
the control ADC did not exhibit the same effect and demon-
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strates that the anti-N3 ADC inhibits cell proliferation by disrupt-
ing microtubules.

We tested the in vitro cytotoxic activity and specificity of these
ADCs using MDA-MB-468-hN3 cells. Both the anti-N3 and anti-
N3(i) ADCs efficiently killed NOTCHS3 cells. When NOTCH3 was
depleted in these cells using siRNA, the ADC activity was similar
to that of a non-binding control ADC (Figure 6C). Finally, we
tested ADC activity in parental MDA-MD-468 cells expressing
endogenous levels of NOTCH3 in 2D and 3D cytotoxicity assays
(Figure 6D). Both ADCs showed enhanced efficacy in the more
physiologically relevant 3D model compared to monolayer cell
culture.

Next, we wanted to determine whether the ADCs can Kkill
ligand-expressing cells through TEC. To quantitate TEC of the
ADCs using a significant number of cells, we co-cultured HEK-
DLL4 or HEK-control and U20S-hN3 cells in the presence of
the anti-N3 or anti-N3(j) ADCs and then detected caspase activ-
ity in the ligand-expressing versus control HEK cells. HEK cells
were labeled with pHrodo Red dextran, U20S-hN3 cells were
not labeled, and caspase activity was detected with CellEvent
Caspase-3/7 detection reagent (green). Next, a series of 10 um
optical image sections were acquired over time, and a z stack
of maximum intensity projections was generated to create 3D
volumetric renderings (Figures 6E and S7D). Using imaging anal-
ysis software, the number of caspase positive compartments in
the pHrodo Red dextran-labeled HEK-DLL4 cells were quanti-
fied to measure the cytotoxic effects of the ADCs in ligand-ex-
pressing cells. Compartmental analysis was used to identify all
caspase positive compartments (magenta line, Figures 6E and
S7D) and then pHrodo Red dextran-positive compartments in
the HEK-DLL4 cells (gray line, Figures 6E and S7D). Next, we
calculated the percentage of the caspase-positive compart-
ments that were also pHrodo Red dextran positive (merged im-
age, Figures 6E and S7D), which allowed us to exclude caspase
activity in the unlabeled U20S-hN3 cells (Figure 6F). There were
minimal caspase-positive structures of HEK-control cells that
were used as a negative control for non-specific ADC cytotox-
icity (Figure 6F). However, there was a statistically significant in-
crease in caspase-positive structures in HEK-DLL4 cells, partic-
ularly at 38-54 and 56-72 h with both NOTCH3-targeted ADCs
(Figure 6F). These data are in agreement with our TEC data
showing that ligand-expressing cells have the ability to transen-
docytose anti-NOTCH3 mAbs.

NOTCH3-ADCs induce prolonged tumor regressions

NOTCH3-ADCs were evaluated for in vivo efficacy in tumor
xenograft models. Immunoblot analysis and immunohistochem-
istry (IHC) of NOTCH3 was conducted on a series of PDX and
CLXs that were previously used to quantitate NOTCH3 mRNA
levels. By immunoblot, NOTCH3-ECD (NECD) and C-terminal
fragments were detected in all models (Figure S8A). JAG1 was
detected in HCC2429 and OVCARS at higher levels than the
37622 NSCLC PDX, while MDA-MB-468 had the lowest levels
(Figure S8A). Using a C-terminal specific anti-NOTCHS3 antibody
for IHC, NOTCHS localization was detected at the cell membrane
and within the nucleus of some tumor models (Figure S8B). Next,
we examined the co-expression of NOTCH3 and JAG1 in the
37622 LUSC PDX model. As shown by IHC in the 37622 PDX,
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Figure 6. NOTCH3-targeted ADCs induce
cytotoxicity in both receptor and ligand
cells

(A) General structure of NOTCH3-targeted ADCs
that were generated with mAbs, a cleavable
dipeptide-based linker and the Aur0101 payload
(blue).

(B) NOTCH3-ADC induction of caspase-3/7 ac-
. tivity. Data represent mean + SEM of 3 biological
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in a tumor model with high levels of
NOTCHS expression that was indepen-
dent of signaling inhibition.

In the 37622 LUSC PDX model with
— heterogenous NOTCHS3 expression and
the JAG1 ligand, NOTCH3-ADCs have
the potential for cytotoxic killing of both
target and ligand cells through TEC.
NOTCHS3-targeted and control ADCs
were dosed at 3 mg/kg. The anti-N3
ADC inhibited tumor growth more than
the anti-N3(i) ADC (Figure 7B). Further,
37622A PDXs failed to respond to

HEK-DLL4

nuclear NOTCH3-ICD staining was detected in most tumor cells,
while JAG1 staining was heterogeneous and mainly located on
the membrane of tumor cells at the periphery of the tumor nest
(Figure S8C).

In the HCC2429 lung CLX model with high levels of uniform
NOTCHS3 expression within the xenograft, NOTCH3-ADCs
(8 mg/kg) suppress tumor growth, while the unconjugated
mAbs (10 mg/kg) did not inhibit tumor growth (Figure 7A). The
anti-N3 ADC demonstrated more tumor growth inhibition than
the anti-N3(i) ADC. Thus, NOTCH3-ADCs inhibit tumor growth
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Anti-N3 ADC

Anti-N3(i) ADC cisplatin administered at the maximum
tolerated dose of 5 mg/kg; thus, both
NOTCHS3-ADCs outperformed cisplatin
standard of care. There was no impact
on athymic nu/nu mouse body weights for the NOTCH3-targeted
ADCs indicating a lack of general payload toxicity at the doses
tested (Figure S9A).

The MDA-MB-468 orthotopic (mammary fat pad) model also
demonstrates heterogeneous NOTCHS3 expression by IHC but
has the lowest levels of the JAG1 compared to the other tumor
models as determined by immunoblot (Figures S8A and S8B).
NOTCHS3-targeted and control ADCs were dosed at 1 and
3 mg/kg (Figure 7C; Figure S9B). The 3 mg/kg dose of anti-N3
ADC completely regressed tumors by day 26 through the end
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Figure 7. NOTCH3-targeted ADCs induce
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of the study on day 125 and all 8 animals remained tumor free.
The 1 mg/kg dose of anti-N3 ADC completely suppressed tumor
growth up to day 42 at which time the tumors began to slowly re-
grow (Figure 7C). The control ADC did not inhibit tumor growth in
any meaningful manner (Figure 7C). Similar results were
observed with the anti-N3(j) ADC (Figure S9B). Since not all tu-
mor cells express NOTCH3, we hypothesized that the prote-
ase-released, cell-permeable Aur0101 payload may exhibit a
bystander effect similar to the recently reported anti-HER2-
vc0101 ADC that contains the same linker payload, thereby in-
hibiting the growth of nearby tumor cells even if they lack
NOTCHS receptor and/or ligand expression. We conducted
pharmacodynamic biomarker analysis with an anti-phospho-
histone H3 (pHH3) antibody to examine cells arrested in mitosis,
and anti-hlgG and anti-Aur0101 antibodies to identify cells
bound by the anti-N3 ADC by IHC (Figure S9C). Both anti-higG
and anti-Aur0101 antibody staining appeared heterogenous,
while the pHH3 staining had a homogeneous distribution sug-
gesting potential bystander activity of the Aur0101 payload as
previously reported“® (Figure S9C). Again, there was no impact
on SHO mouse body weights for the anti-N3 ADC indicating a
lack of general payload toxicity at the doses tested (Figure S9D).

Due to the enhanced activity seen with the anti-N3 ADC over
the anti-N3(i) ADC in some tumor models, the OVCARS ovarian
cancer model was dosed with the anti-N3 ADC or control ADC
at 3 mg/kg (Figure 7D). The 3 mg/kg dose of anti-N3 ADC re-
gressed tumor growth, while the control ADC and carboplatin
did not inhibit tumor growth in any meaningful manner. Next,
OVCARS tumors were treated with carboplatin and then switched
anti-N3 ADC, which again resulted in tumor regression until day
85. Thus, the anti-N3 ADC treatment outperformed carboplatin
and inhibited the growth of carboplatin-resistant tumors.

Days post-randomization

Notch family of receptors has revealed
valuable information about the impor-
tance of Notch signaling during human
development and disease.”® However,
certain pan-Notch signaling inhibitors such as GSls used to treat
cancer patients produce dose-limiting on-target gastrointestinal
(GI) toxicities in the clinic.?® Although receptor-specific inhibitory
mAbs were developed in an attempt to mitigate safety issues,” it
was later determined that an anti-NOTCH1 mAb must contend
with similar on-target toxicities in the clinic.*® Unlike NOTCH-1
and -2,"°°" NOTCHS3 is not expressed or required for intestinal
crypt stem cell functions in the Gl tract, although there could
be other unknown on-target issues from inhibition of NOTCH3
signaling. For instance, NOTCHS3 has known roles in the mainte-
nance of vascular smooth muscle cells (vSMCs),* which is the
underlying pathology for CADASIL syndrome.°* Therefore, inhib-
itory therapeutics for NOTCHS3 could interfere with the important
roles of NOTCH3 in the function and maintenance of adult blood
vessels. The anti-N3 ADC was generated with the goal of
achieving efficient internalization to induce cytotoxicity in prolif-
erating cancer cells, while avoiding additional toxicities specif-
ically associated with NOTCHS3 signaling inhibition in normal
cells. The majority of ADC toxicity is thought to be a conse-
quence of the payload, but there have been instances of ADCs
exhibiting toxicity at very low doses, suggesting an mAb-medi-
ated effect rather than payload toxicity.”**> NOTCH3-ADCs
did not impact body weights of the mice in efficacy studies at
the doses tested. However, we were unable to analyze potential
on-target safety issues of the anti-N3(i) mAb or ADC since it was
not cross-reactive with mouse NOTCHS3.

We developed therapeutic mAbs against the NRR domain to
allow the NOTCH3 receptor to retain binding to its ligands.
Although the early rates of internalization and the endocytic
machinery used appear to be different when cells are presented
with the inhibitory versus non-inhibitory NOTCH3-targeted mAb,
both ADCs had the ability to kill target- and ligand-expressing
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cells in vitro, and both were efficacious in vivo. However, the non-
inhibitory anti-N3 mAb had several advantages over the anti-
N3(i) mAb including lack of NOTCH3 downregulation, a greater
saturation level of binding to cell-surface NOTCH3 and higher
affinity to NOTCH3-NRR. In the 37622 LUSC PDX model, these
attributes of the anti-N3 ADC appear to translate into enhanced
efficacy compared to the anti-N3(i) ADC. Thus, in tumors with
lower levels of NOTCHS3-ECD, it was more beneficial to have
higher levels of receptor binding by the anti-N3 ADC than inhibi-
tion of signaling with the anti-N3(i) ADC.

These data confirm that an ADC generated with a non-
inhibitory mAb can show similar, and in some cases better effi-
cacy than an ADC whose mAb portion has an inhibitory effect
on receptor signaling. Although the non-inhibitory anti-N3
mAb demonstrated slower lysosomal co-localization kinetics
compared with the inhibitory mAb, ligand binding stimulated re-
ceptor clustering allowing for efficient internalization and
increased release of the cytotoxic payload. In fact, there have
been biparatopic ADCs designed to target two different epitopes
on the same receptor target to enhance clustering and internal-
ization for increased efficacy; this has been demonstrated with
the HER2 receptor.”® The NOTCH3 receptor-ligand interactions
allows for clustering to occur without the need for a biparatopic
mAb design.

Notch signaling is a cell-cell communication system, where a
Notch receptor on one cell interacts in trans with a Notch ligand
on an adjacent cell.>”*® Receptors that undergo TEC present an
opportunity to target both receptor and ligand cells with an ADC.
However, the ability of anti-N3(i) to stabilize the NRR in an auto-
inhibited conformation and still permit TEC was unexpected. We
hypothesize that there may be two potential explanations for
TEC of the mAb-receptor complex when bound to ligand, even
in the absence of signaling. NOTCH3-mAb complexes may be
transferred to ligand cells through extracellular vesicles or exo-
somes, which has been recently reported for NOTCH3.%° Alter-
natively, it is known that transmembrane proteins and lipids
can be efficiently exchanged during direct cell-cell contact in a
process termed intercellular transfer of cellular components
(ICT).%° An ICT-type mechanism is possible since there are tran-
sient close contacts of neighboring Notch receptor-ligand cells
that would permit local membrane fusion and exchange of the
antibody-bound NOTCHS3 receptor potentially including the
TMIC fragment.

Inthe TME, Notch ligands such as JAG1 and DLL4 are known to
be expressed by tumor cells and tumor-associated stromal,
respectively.®’ We hypothesize that in the context of the TME
the non-inhibitory mAb would efficiently internalize and undergo
TEC into ligand cells to allow for ADC cytotoxicity. Therefore, it
is possible that NOTCH3-ADCs are able to mediate killing of
NOTCHS3-expressing tumor cells as well as ligand cells in the
TME. Once released, the membrane permeable Aur0101 aurista-
tin payload has the potential to kill neighboring target negative
cells through a bystander effect. Bystander activity of Aur0101
has been described in detail using an anti-HER2-vc0101 ADC
containing the same linker-payload as NOTCH3-ADCs.*® We hy-
pothesize that NOTCH3-ADCs may have the potential to mediate
the kiling of non-Notch expressing cells in heterogenous
NOTCHS3-expressing tumors through a bystander effect. These
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findings support the design and development of additional
ADCs targeting similar signaling-based receptor-ligand pairs. In
summary, we targeted the CSC-associated Notch pathway
without the need for signaling inhibition or reliance on the identifi-
cation of tumors with signaling addiction using an ADC approach.

Limitations of study

Additional experiments will be needed to determine how the anti-
N3() mAb mediates clustering of the NOTCH3 receptor, and
whether it depends on mAb-mediated dimerization or impacts
some other aspect of the global conformation of NOTCHS3.
Further studies will be needed to determine the exact mecha-
nism of TEC as well as the impact on the NOTCH3 receptor: spe-
cifically, how TEC occurs if HD1/2 dissociation along with S2
cleavage is suppressed in the presence of anti-N3(i) mAb and
which NOTCHS3 domains (ECD, TMIC) are transendocytosed
into the ligand cells.

The inhibitory anti-N3(i)) mAb and ADC are not cross-reactive
with mouse NOTCHS, and thus we were unable to further assess
the potential impact of inhibiting NOTCHS3 signaling along with
delivering a cytotoxic payload in vivo. However, effects on
mouse body weights were not observed for either ADC indi-
cating a lack of general payload toxicity. Additional safety
studies will need to be conducted in non-rodent species. Even
so, the studies presented here demonstrate that targeting the
NOTCHS3 receptor with ADCs is safe and efficacious at the doses
tested.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

Anti-N3-vc0101 ADC Pfizer PF-06650808
Anti-N3(j)-vc0101 ADC Pfizer PF-06650810

Rabbit anti-Notch3 Clone D11B8 Cell Signaling #5276; RRID: AB_10560515
Mouse monoclonal anti-Notch3 Clone 1G5 Abnova H00004854-M01; RRID: AB_546554
Rabbit monoclonal anti-Caveolin-1 Cell Signaling #3267; RRID: AB_2275453
Rabbit monoclonal anti-Clathrin Heavy Chain Cell Signaling #4796; RRID: AB_10828486
Rabbit monoclonal anti-GAPDH Cell Signaling #8884; RRID: AB_11129865
Rabbit monoclonal anti-B—actin Cell Signaling #5125; RRID: AB_1903890
Rabbit anti-phospho-Histone H3 Serine 10 Cell Signaling #9701; RRID: AB_331535

Transferrin Receptor Monoclonal Antibody
(MEM-75), Alexa Fluor 647

Rabbit IgG Isotype Clone DA1E

Rabbit anti-Human IgG Pan

Rabbit anti-Jagged1 Clone EPR4290
Mouse IgG Isotype Control

Rabbit anti-Alexa Fluor 488

Mouse anti-Auristatin0101

SignalStain Boost Reagent HRP, Rabbit
MACH2 Rabbit AP Polymer

Liguid DAB+ Substrate Chromogen System
ImmPACT Vector Red AP Substrate
Hematoxylin QS Counterstain

10 mM Citrate Buffer pH 6.0 RTU

Borg Decloaker, pH 9.5 RTU

Protein Block, Serum Free

Permount Mounting Medium

Retriever

RPMI

Sodium pyruvate

McCoy’s 5A medium

FBS

Penicillin-Streptomycin-Glutamine
Geneticin

Hygromycin

Puromycin

DMEM

MEM

TransIT-LT1

SDS-PAGE on a 4-15% polyacrylamide gel

Thermo Fisher

Cell Signaling
Epitomics

Abcam

Life Technologies
Life Technologies
Pfizer

Cell Signaling
Biocare Medical
DAKO

Vector Laboratories
Vector Laboratories
Invitrogen

Biocare Medical
DAKO

Fisher

Electron Microscopy Sciences
GIBCO

Cellgro

GIBCO

GIBCO

GIBCO

GIBCO

Invitrogen

Sigma

GIBCO

Mediatech

Mirus Bio

Bio-Rad Criterion

Cat# MA5-18151; RRID: AB_2539525

#3900; RRID: AB_1550038
#3443-1; RRID: AB_10863040
ab109536; RRID: AB_10862281
#026502; RRID: AB_2532951
#A11094; RRID: AB_221544
Lot 1 D8.C9

#8114; RRID: AB_10544930
#ALP525

#K3468

#SK-5105

#H-3404

#5001

#BD1000

#X0909

#SP15-500

#62706

Cat#11875

Cat#25-00-Cl

Cat#16600

Cat#10082

Cat#10378

Cat#10131

Cat#10687-010

Cat#P9620

Cat#11995

Cat#10-010-CV
Cat#MIR2300

Cat#345-0027

Biological samples

Breast Tumor Tissue Samples
Normal Breast Tissue Samples
Ovarian Tumor Tissue Samples

el Cell Reports Medicine 2, 100279, May 18, 2021

ILSBio, ProteoGenex, Tristar
Cleveland Clinic
Cornell University, University of Michigan

N/A
N/A
N/A
(Continued on next page)
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REAGENT or RESOURCE SOURCE IDENTIFIER
Normal Ovary Tissue Samples Cleveland Clinic N/A
Lung Tumor Tissue Samples Indivumed; Cornell University, University N/A
of Michigan, ProteoGenex, Inc.
Normal Lung Tissue Samples Cleveland Clinic N/A
Normal Breast RNA Biochain Cat # R1234086-50
Normal Lung RNA Life Technologies Cat # AM7968

Normal Lung RNA Biochain Cat # R1234152-50
Chemicals, peptides, and recombinant proteins

Methyl-B—cyclodextrin MilliporeSigma M7439
Dynasore Sigma D7693

DBz Syncom #18231
y-secretase inhibitor (GSI) Pfizer PF-03084014
Freund’s complete adjuvant ThermoFisher 77140
Recombinant human DLL4-Fc R&D Systems #10185-D4-050
Recombinant human NOTCH3 NRR Pfizer N/A
Recombinant mouse NOTCH3 NRR Pfizer N/A

Critical commercial assays

QIAGEN RNeasy Mini Kit QIAGEN Cat#74106
High Capacity RNA-to-cDNA kit Life Technologies Cat#4387406
Alexa Fluor 647 Antibody Labeling Kit Life Technologies Cat#A20186
Alexa Fluor 488 Antibody Labeling kit Life Technologies Cat#A30052
DyLight647 Antibody Labeling Kit Thermo Fisher Cat#62295
Notch3 probe targeting nucleotides 727-2210 of Advanced Cell Diagnostics 558996
human NOTCH3 mRNA (NM_000435.2)

VS ACD RNAscope FFPE Brown kit Advanced Cell Diagnostics 320600
Ventana mRNA Detection kit Roche 760-225
Cholera toxin subunit B (CT-B) Alexa Fluor® 647 Thermo Fisher Cat#C34778
Deposited data

Atomic coordinates anti-N3(i) Fab-NOTCH3 NRR Protein Data Bank B6XSW

Experimental models: Cell lines

MDA-MB-468 ATCC HTB-132; RRID: CVCL_0419
NCI-N87 ATCC CRL-5822; RRID: CVCL_1603
OVCAR-3 ATCC HTB-161; RRID: CVCL_0465
U-2 OS ATCC HTB-96; RRID: CVCL_0042
HEK293 ATCC CRL-1573; RRID: CVCL_0045
HCC2429 UTSW Dr. J. Minna

U20S-hN83 Luc-reporter Pfizer N/A

MDA-MB-468-hN3 Pfizer N/A

HEK-DLL4 Pfizer N/A

37622 PDX Pfizer N/A

U20S-hN1 Pfizer N/A

U20S-mN1 Pfizer N/A

U20S-hN3 Pfizer N/A

U20S-mN3 Pfizer N/A

CHO-PACE Pfizer N/A

Experimental models: Organisms/strains

Athymic (nu/nu) mice Charles River Laboratories

Sprague Dawley rats Taconic SD-F, SD-M

SHO mice

Charles River Laboratories

(Continued on next page)
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REAGENT or RESOURCE SOURCE IDENTIFIER
Oligonucleotides

NOTCH3 (Hs01128541_m1) ThermoFisher Scientific Cat # 433182
ACTB (Hs99999903_m1) ThermoFisher Scientific Cat # 433182
HES1 (Hs00172878_m1) ThermoFisher Scientific Cat # 433182
B2M (Hs00984230_m1) ThermoFisher Scientific Cat # 433182
Recombinant DNA

Human NOTCH3 Origene Cat#RC224711
Mouse NOTCH3 Origene Cat#MR212149
Human NOTCH1 Origene Cat#RC211365
Mouse NOTCH?1 Origene Cat#MR212150
Human DLL4 Origene Cat#RC212628
pGL4.27 [Luc2P/MinP/Hygro] vector, containing 8 Promega, Pfizer Cat#E8451, N/A
tandem copies of the CSL enhancer sequence

(CGTGGGAAAAT)

Software and algorithms

Volocity Quorum Technologies Inc. Quorumtechnologies.com
Zen Black Zeiss Zeiss.com
GraphPad Prism GraphPad Software

Microsoft Excel Microsoft

RESOURCE AVAILABILITY

Lead Contact
Additional information and request for resources and reagents should be directed to and will be made available by the Lead Contact,
Kenneth G. Geles (kgg11ggk@gmail.com).

Materials availability
All unique/stable reagents generated in this study are available through Pfizer, Inc. from the Lead Contact, subject to materials trans-
fer agreement requirements.

Data and code availability
All data associated with this study are available in the main text or supplemental materials. The accession number for atomic coor-
dinates of anti-N3(i) clone 75 Fab-NOTCH3 NRR structure reported in this paper is PDB: 6XSW.

EXPERIMENTAL MODELS AND SUBJECT DETAILS

Rodents

Female Sprague Dawley rats of around 8 weeks old forimmunization, strain NTac:SD, were purchased from Taconic. Athymic (nu/nu)
and SHO mice were purchased from Charles River Laboratories. All animals were housed in pathogen-free conditions in the vivarium
at Pfizer Inc. in Pearl River, NY or Cambridge, MA in accordance with IACUC guidelines. All animals had ad libitum access to food and
water for consumption and were maintained at 22°C on a 12-hour light/12-hour dark cycle with 2 rats per cage or 5 mice per cage.
Rats were observed daily for health status during the immunization process which typically takes 1-2 months. At the end of immu-
nization terms, rats were euthanized. For in vivo efficacy studies with human tumor xenografts, female mice were used and ranged in
age from 6-16 weeks at the start of each study, though in a given study all animals were of similar age. Clinical conditions of mice were
checked daily for health limitations associated with tumor progression such as loss of weight, mobility or food intake and were eutha-
nized if they met IACUC criteria for euthanasia.

Human tumor tissues

Human lung, breast and ovary flash frozen primary tumors (>500 mg) were acquired from Cornell Univ., Weill Medical College, New
York City, NY; University of Michigan Health System, Ann Arbor, MI; Cleveland Clinic, Cleveland, OH; Integrated Laboratory Services-
Biotech, LLC, Chestertown, MD; ProteoGenex, Inc., Culver City, CA; TriStar Technology Group, LLC, Washington, D.C.; and
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Indivumed, Inc., Baltimore, MD according to informed consent and ethics review board requirements in compliance with IRB/IEC-
approved protocols.

Cell lines

Cell lines were purchased from American Type Culture Collection (ATCC): MDA-MB-468 cells (ATCC® HTB-132), NCI-N87 cells
(ATCC® CRL-5822), OVCAR-3 cells (ATCC® HTB-161), U-2 OS cells (ATCC® HTB-96) and HEK293 cells (ATCC®, CRL-1573).
ATCC cell lines were grown according to recommended conditions. The HCC2429 lung cancer cell line was obtained from
Dr. J. Minna (University of Texas Southwestern Medical School). HCC2429 cells were cultured in RPMI (GIBCO®, cat. no. 11875)
supplemented with 10% FBS (GIBCO®, cat. no. 10082), 1% penicillin-streptomycin-glutamine (GIBCO®, cat. no. 10378) and 1%
sodium pyruvate (Cellgro®, cat. no. 25-000-Cl). Engineered U20S-hN3 and U20S-mN3 cells were cultured in McCoy’s 5A medium
(GIBCO®, cat. no. 16600) supplemented with 10% FBS (GIBCO®, cat. no. 10082), 1% penicillin-streptomycin-glutamine (GIBCO®,
cat. no. 10378) and 250 pg/ml Geneticin® (GIBCO®, cat. no. 10131). The engineered U20S-hN3 Luc-reporter gene cell line was
cultured in McCoy’s 5A medium (GIBCO®, cat. no. 16600) supplemented with 10% FBS (GIBCO®, cat. no. 10082), 1% penicillin-
streptomycin-glutamine (GIBCO®, cat. no. 10378), 250 ug/ml Geneticin® (GIBCO®, cat. no. 10131), 300 pg/ml Hygromycin B (In-
vitrogen, cat. no. 10687-010) and 1 pg/ml Puromycin (Sigma®, cat. no. P9620). Engineered MDA-MB-468-hN3 cells were cultured
in DMEM (GIBCO®, cat. no. 11995) supplemented with 10% FBS (GIBCO®, cat. no. 10082), 1% penicillin-streptomycin-glutamine
(GIBCO®, cat. no. 10378) and 500 pg/ml Geneticin® (GIBCO®, cat. no. 10131). Engineered HEK293-DLL4 cells were cultured in
MEM (Mediatech, cat. no. 10-010-CV) with 10 % FBS (GIBCO®, cat. no. 10082), 1% penicillin-streptomycin-glutamine (GIBCO®,
cat. no. 10378) and 500 pg/mL Geneticin® (GIBCO®, cat. no. 10131). Cell line authentication of NCI-N87 and MDA-MB-468 was
conducted at IDEXX using STR-based DNA profiling and multiplex PCR.

METHOD DETAILS

In situ hybridization and digital image analysis

Frozen human tumor and xenograft tissues were fragmented with a Cellcrusher (CellCrusher Limited) and random pieces of crushed
tissue were chosen for fixation or RNA processing. Frozen fragmented human tumor tissue was transferred to 10% NBF at room tem-
perature and allowed to fix for 24 hr with gentle agitation on a bench-top rocker. Tissues were processed on a Tissue-Tek VIP tissue
processor (Sakura Finetek USA) according to standard methods.

Sections of FFPE tissues were cut at 5 um with a microtome and placed on positively charged microscope slides (Fisherbrand
SuperFrost Plus slides, Cat. No. 12-550-15). Slides were air-dried overnight and then baked for 1 hour at 60°C. Slides were de-par-
affinized twice (6 minutes each) in fresh xylene, washed in fresh 100% ethanol twice (5 minutes each) and air-dried. Slides were then
placed into boiling (100°-104°C) citrate buffer (Pretreatment 2 buffer) for 5 minutes (Advanced Cell Diagnostics (ACD), Newark, CA).
Slides were immediately removed from the buffer, washed several times in water, then loaded onto a Ventana Discovery Ultra auto-
mated staining system (Ventana Medical Systems, VMS). Slides were covered with water prior to performing ISH. The synthetic ISH
probe set (ACD; Cat. No. 558996) was designed to hybridize to nucleotides 727 to 2210 of human NOTCH3 mRNA (NM_000435.2).
Positive control assays were performed using a PPIB probe (ACD; Cat. No. 313906), targeted against a human housekeeping gene to
confirm mRNA preservation, and negative control assays were performed using an Escherichia coli DapB probe (ACD, Cat. No.
310048).

Automated ISH was performed using the VS ACD RNAscope FFPE Brown kit (ACD; Cat. No. 320600), and Ventana mRNA Detec-
tion Kit (VMS; Cat. No. 760-225), according to the manufacturer’s Ventana platform protocol (Doc# 323200-USM-ULT). Slides were
counter-stained using hematoxylin for 16 minutes and bluing reagents for 4 minutes (ACD; Cat. No. 320630). Following the ISH pro-
cessing, slides were washed in a solution of Dawn Original dish soap, rinsed several times in water and dehydrated through a graded
ethanol series (95% ethanol for 1 minute, 3 times in 100% ethanol for 2 minutes each) and xylene (twice for 2 minutes each). Glass
coverslips were applied with a Tissue-Tek Glas 6400 using Tissue-Tek Glas mounting medium (Sakura Finetek USA; Cat. No. 6419).

Stained tissue sections were digitally scanned using a Leica/Aperio AT2 whole slide digital scanner at 40X magnification. Definiens
Tissue Studio within the Architect XD interface was used to quantify NOTCH3 ISH signal. For quantification of NOTCH3 ISH staining in
tumor samples, a rule set was created in which tissue area is identified using optical density of the image. Following the identification
of tissue area for each sample a threshold for DAB intensity was set. An algorithm was run to identify the NOTCH3 ISH positive tissue
area based upon the defined DAB optical density threshold, and a value for NOTCH3 positive tissue area was reported for each sam-
ple. Using this value, as well as the total tissue area value, a % NOTCHS3 tissue area was calculated.

Quantitative RT-PCR and data analysis

Total RNA was isolated with QIAGEN RNeasy Mini kit (QIAGEN, cat # 74106) according to manufacturer’s instructions from frozen
tumor xenografts and human tumor tissue fragments that were crushed to powder and homogenized with a cooled (—80°C) 5 mm
stainless steel bead (QIAGEN, cat # 69989) at 20 Hz using a TissueLyser Il (QIAGEN, cat # 85300). Additionally, tumor tissue super-
natants from this procedure were transferred to a QlAshredder spin column (QIAGEN, cat # 79654). DNA was removed from spin
columns through the RNase-Free DNase Set (QIAGEN, cat # 79254). Normal lung samples were processed in the same manner
described above, but were lysed in QlAzol Lysis Reagent (QIAGEN, cat # 79306) instead. Total RNA was eluted from the column
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in RNase free water (QIAGEN, cat #129112). RNA quantitation and quality assessment were performed using the HT RNA microfluidic
LabChip assay and LabChip GX microfluidic capillary electrophoresis instrument (Perkin Elmer). Isolated RNA samples were reverse
transcribed to cDNA using the Life Technologies, High Capacity RNA-to-cDNA Kit (cat # 4387406) following a protocol outlined by the
manufacturer. The gRT-PCR reaction was performed using the TagMan Probe-Based Gene Expression Analysis and ABI ViiA7 Real-
Time PCR Systems (Life Technologies). Target gene and endogenous controls (see Key Resources Table) were run in quadruplicate
for each probe set on prefabricated TagMan low density array cards. TagMan gene expression master mix was added (Life Tech-
nologies, cat # 4352042) and run under standard thermal cycling conditions.

Quantitation of NOTCHS3 expression was assessed using the relative fold difference (RQ) or comparative Ct method, (2~
method. Initially ACt values are generated for each sample by adjusting to the Ct value of a stably expressed endogenous control
gene(s) (ACt = Ct, endogenous control — Ct, NOTCH3). Sample ACt values are then used to generate AACt values relative to a sample
of comparison (AACt = ACt, sample - ACt, reference). RQ between sample and reference may then be calculated using the equation
RQ = 2724C, All tumor sample ACt values were generated using ACTB as the endogenous control gene. The breast cancer RQ data
reported represents fold difference NOTCH3 expression relative to the average of RQ values generated from 3 normal breast RNA
samples purchased from BioChain (Newark, CA, cat # R1234086-50, lot# B610189, 75 year old female) and 2 samples provided by
the Cleveland Clinic (Cleveland, OH). The ovarian cancer RQ data reported represents fold differences in NOTCH3 expression relative
to RNA isolated from a normal ovary tissue (tissue ID #0204C011C) provided by the Cleveland Clinic (Cleveland, OH). The lung cancer
RQ data reported represents fold differences in NOTCH3 expression relative to the average of RQ values generated from 5 normal
lung RNAs purchased from ThermoFisher Scientific (cat #AM7968, lot # 1308017, 80 year old female), BioChain (cat # R1234152-50,
lot#: B503032, 23 year old male) and 3 provided by the Cleveland Clinic (Cleveland, OH). All statistical and correlation analysis was
performed using GraphPad Prism 6 (v6.03) (GraphPad Software, Inc. La Jolla, CA). Non-parametric Spearman’s (p) rank correlation
values were generated to establish the directional correlation of each NOTCH3 quantitative endpoint (ISH, gRT-PCR) within a
sample set.

HCC2429 cells were plated in wells with or without DLL4 ligand by first coating wells for 1 hour at room temperature with 2 ng/mL of
recombinant human DLL4 Fc chimera protein (R&D Systems, # 10185-D4-050) or left uncoated and cultured overnight in complete
growth medium according to ATCC instructions. NOTCH3-targeted and control mAbs were added at a concentration of 10 ug/ml.
GSI (PF-03084014) was added at 1 uM or an equal volume of DMSO as a control. RNA was isolated using the RNeasy mini kit
(QIAGEN, #74106), reverse transcribed with the iScript cDNA synthesis kit (BioRad, #1708891), and PCR amplified with Tagman
Fast Advanced Master Mix (Applied Biosystems, #1705119) in MicroAmp fast optical 96-well reaction plates (Applied Biosystems,
#4346906) using TagMan gene expression assays B2M (Hs00984230_m1), HES1 (Hs00172878_m1), NOTCH3 (Hs01128541_m1)
(ThermoFisher Scientific). Quantitation of HEST and NOTCH3 expression was assessed using the relative fold difference (RQ) as
described above but using B-microglobulin (B2M) as the endogenous control gene. The RQ values for each of the compound-treated
cells is relative to control cells in the absence of DLL4 ligand.

AACt
)

Antibody generation and characterization

Sprague Dawley rats were immunized by subcutaneous injections of a mixture of 20 ug each of human and mouse NOTCH3 NRR-
AviHis recombinant proteins in Freund’s complete adjuvant. Both immunogens were produced in their native heterodimeric confor-
mations after the proteolytic cleavage at site 1 (S1), similar to that found on the cell surface. Immunizations were repeated at 2-week
intervals for 12 weeks. Collected sera samples at day 0, 35, 49, and 63 were tested for circulating anti-NOTCH3 antibody titer activity
by enzyme-linked immunosorbent assay (ELISA). When optimal titers were reached, a final dose of the protein mixture was injected
intravenously (tail vein) into one rat that had the optimal antibody titer 4 days before it was euthanized and splenocyte collected for
hybridoma fusion. Fusion were performed with standard procedure and hybridoma supernatants were tested for binding activity to
human and mouse NOTCH3 NRR recombinant antigens, and full-length human and mouse NOTCH3 expressed on the surface of
U20S cells. Selected hybridoma clones that showed NOTCHS3 binding with or without signaling inhibition activity were subjected
to subcloning followed by antibody cDNA cloning for recombinant antibody production.

The heavy and light chain variable domains of rat anti-N3 and Anti-N3(i) antibodies generated from hybridoma technology were first
fused to human IgG1 heavy and light chain constant domains respectively. This process generated the chimeric anti-N3 and Anti-
N3(j) antibodies in which the variable domains are from rat origin whereas the constant domains are of human origin, namely the
chimeric anti-N3 and anti-N3(j) antibodies. Subsequently, humanization of anti-N3 and anti-N3(j) antibodies was performed. CDR
donor sequences from anti-N3 and anti-N3(i) were dropped in human acceptor framework DP-54 for the heavy chain and DPK9
for the light chain, and fused in frame with human IgG1 constant region for heavy chain and human kappa for light chain, respec-
tively®®. When necessary, backmutations to rat residues in framework regions were made to fully recover full parental rat antibodies
activities.

Expression constructs encoding human NOTCH3-NOTCH1 NRR domain swap chimeras with C-terminal human IgG1 Fc-fusion
were individually transfected into CHO-PACE cells®® and stable pools expressing each chimera were established. Conditioned media
from each stable pool were applied to rmp protein A affinity chromatography (Cytiva, cat. # 17513801), followed by size exclusion
chromatography (SEC) (Cytiva, cat no. 28989335). Purified preparations were dialyzed into TBS with 1 mM CaCl, and analyzed
on analytical SEC (Cytiva) to ensure quality of preparations. For assessing antibody binding to NOTCH3-NOTCH1 domain swap-
Fc fusion proteins, 1 ng/ml recombinant proteins were individually coated on CoStar hi-bound 96-well ELISA plates (Corning Inc,
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Corning, NY; cat. n0.3590) in 100 pL of PBS with 1 mM MgCl, and CaCl, (PBS-Mg/Ca) for overnight at 4°C. Plates were washed 3
times with PBS-Mg/Ca and then blocked for 1 hr with 1% bovine serum albumin (BSA) (Sigma, cat #10735086001) in PBS-Mg/Ca.
Blocking solution was decanted from the plate and antibody solutions in blocking buffer were applied. Plates were incubated for 1 hr
and washed before HRP-conjugated secondary goat anti-human IgG Fc antibody (Southern Biotech, Birmingham, AL, cat no. 2048-
05) diluted at 1:5000 was applied for 1 hr. Plates were washed and TMB substrate solution (3,3',5,5'-tetramethylbenzidine; BioFX
Labs, Owing Mills, MD; cat no. TMBW0100-01) was added. Developing reaction was allowed for 10 minutes before stopping solution,
0.18M H,SO,4, was added and absorbance at OD450 nM was measured.

NOTCHS3-targeted mAbs and ADCs were screened for cell surface binding activity in a cell-based ELISA. NOTCH3 engineered cell
lines (U20S-hN3, U20S-mN3) were plated at 50,000 cells/well in 96 well poly D-Lysine coated plates (white opaque, BD/VWR) the
day before ELISA assay. On the day of the ELISA, culture media was removed from wells and serially diluted (1:3 in DPBS with cal-
cium chloride and magnesium chloride and 1% BSA) antibody and ADC solutions were applied to the plate. Plates were incubated at
room temperature for 1 hour before washed with DPBS with calcium chloride and magnesium chloride. HRP-conjugated secondary
antibody was then applied and incubated with cells for 1 hour. Plates were washed with DPBS with calcium chloride and magnesium
chloride before being developed with Pico Chemiluminescent substrate (Thermo Scientific), and chemiluminescence measurements
were performed per manufacturer’s instructions. Data plotting and analyses were performed with Microsoft Excel and GraphPad-
Prism software.

For the competition ELISA, U20S-hN3 cells were plated at 5 x 10* cells/well in 96 well plates (white opaque, BD/VWR) the day
before the ELISA assay. The following day, culture medium was removed from the wells, and 1:3 serially diluted test antibodies, spe-
cifically, Anti-N3 and Anti-N3(i), in blocking buffer (1% bovine serum albumin BSA in PBS with 0.9 mM Mg/Ca) were applied to the
plate in the presence of 0.8 nM of biotinylated parental Anti-N3 antibody. Plates were incubated at room temperature for 2 hours and
then washed 4 times with PBS-Mg/Ca. Afterward, HRP-conjugated streptavidin (Southern Biotech, Birmingham, AL) diluted 1:5000
in blocking buffer was applied to the plates. Incubation with HRP-streptavidin was allowed for 30 minutes before the plates were
washed again with 4 times with PBS-Mg/Ca and developed with TMB solution (ThermoFisher N301) for 10 minutes. The developing
reaction was then stopped by adding equal volume of 0.18 M H,SO,4 and absorbance at 450 nm measured. Data plotting and ana-
lyses were performed with Microsoft Excel and Graphpad-Prism software.

Crystal structure of NOTCH3 NRR-anti-N3 complex

NOTCH3 NRR with an N-terminal His tag was expressed in HEK293 cells treated with kifunensine. The purified protein was mixed
with anti-N3(i) Fab domain generated by treating the full-length antibody with papain. The complex was purified by size exclusion
chromatography with Tris Buffered Saline containing 0.9 mM CaCl, as the running buffer. The complex was then concentrated to
8.7 mg/ml and crystalized using the hanging drop method with 100 mM sodium Citrate pH 5.5, 12 % PEG 6000 as the well solution.
X-ray data was collected at the Advanced Photon Source beamline 17ID. Diffraction data was processed using autoproc (Global
Phasing). An initial electron density map was obtained by molecular replacement using the previously solved structure of the
NOTCH1 NRR as a search model. The structure was refined through iterative rounds of manual building using COOT and reciprocal
space refinement using autobuster (Global Phasing).

Affinity measurement of NOTCH3-targeted mAbs

The kinetic constants of anti-NOTCH3 and NOTCH3 NRR interactions were determined by surface plasmon resonance (Biacore
T100, BlAcore Inc., NJ). Flow cells of a CM5 chip were immobilized with approximately 10,000 RU of anti-human IgG-Fc (BlAcore)
in 10mM Glycine, pH 5.0 at 10 pl/min for 600 s. Next, 10 pg/ml of humanized anti-NOTCH3 antibodies, diluted in TBS with 1 mM
CaCl,, were captured at 10 pl/min. Association of four concentrations of human NOTCH3 NRR_AviHis recombinant protein (from
3.7-100 nM) and a zero concentration (running buffer) at 100 pl/min were recorded for 3 minutes in TBS with 1 mM CaCl,. Dissociation
of the complexes was measured for 10 minutes. The surface of the chip was regenerated by injecting 3 M MgCl, with 3 mM EGTA for
60 s at 10 pl/min. Curves obtained after subtraction of the reference and buffer signals were fitted to a 1:1 Langmuir binding model
with Biacore T100 Evaluation Software (BlAcore).

Engineered cell lines and reporter gene assay

To generate NOTCHS3 expressing cell lines, stable transfections were performed in the U20S human osteosarcoma cell line with full-
length human NOTCHS3 (Origene, catalog number RC224711) and mouse NOTCH3 (Origene, catalog number MR212149) with the
TransIT-LT1 transfection reagent (Mirus Bio® LLC, Madison, WI; cat. no. MIR 2300). Cell were selected in Geneticin® and clonal lines
were isolated. A stable transfection with full-length human NOTCH3 was performed in the MDA-MB-468 breast cancer cell lines in a
manner similar.

To generate a NOTCH3-dependent reporter gene cells, a stable clonal line of U20S-hN3 cells were retransfected with the pGL4.27
[Luc2P/MinP/Hygro] vector (Promega, Madison, WI) containing eight tandem copies of the CSL enhancer sequence
(CGTGGGAAAAT), selected in Hygromycin B plus Geneticin® and clonal lines were isolated. Next, the human U20S-hN3-8xCSL-
Luc2P cells were transduced with Cignal Lenti Renilla Control lentiviral particles (QIAGEN, CA), selected in Puromycin, Hygromycin
B and Geneticin®, and clonal lines were isolated. The Cignal Lenti Renilla control vector encoded the Renilla-luciferase gene that is
constitutively expressed from a CMV promoter and served as an internal control. The triple stable transfected U20S line hereinafter
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was termed U20S-hN3 Luc-reporter cells. To generate the ligand-expressing cells, HEK293 cells were transfected with a vector for
expression of human DLL4 in the pCMV6-AC-HA-His backbone (Origene, Rockville, MD) and termed HEK-DLLA4. Following transfec-
tion, HEK293 cells were selected in 0.5 mg/ml Geneticin®, and clonal lines were isolated.

U20S-hN3 Luc-reporter cells were added to 96 well culture plate (white opaque, BD/VWR®), in the presence of serially diluted (1:3
in complete assay media) NOTCH3-targeted or non-targeted control mAbs and incubated on the plates at room temperature for 1 hr
before HEK-DLL4 or HEK parental cells were added to each well in a ratio of 3:1 to the reporter cells. Plates were incubated overnight
and then the Dual-Glo Luciferase assay system (Promega) was used to measure the Firefly-luciferase and internal control Renilla-
luciferase activity (per manufacturer’s instructions) on a Victor3R 1420 multi-label plate reader (PerkinElmer®). The luminescent
readings from Firefly-luciferase were divided by the internal control Renilla-luciferase reading to normalize the signals (F/R ratio).
To calculate the fold induction of NOTCH3 signaling, the F/R ratios generated from the reporter cells in the presence of DLL4 ligand
were divided by the F/R ratios from reporter cells in the absence of ligand and termed relative luciferase unit (RLU). The percent
NOTCHS signaling activity was calculated by dividing treated/untreated RLUs x 100. Data was plotted and analyzed using
Microsoft® Excel and Graphpad-Prism software.

Immunoblot analysis

HCC2429 and MDA-MB-468 cells were plated in microtiter plates in complete growth medium according to ATCC instructions or
MDA-MB-468 cells were plated in wells that were first coated for 1 hr at room temperature with 2 pg/mL of recombinant human
DLL4-Fc (R&D Systems, # 10185-D4-050) and cultured overnight. NOTCH3-targeted and control mAbs were added at a concentra-
tion of 5 or 10 pg/ml. GSI (PF-03084014) was added at 1 uM or an equal volume of DMSO as a control. Dynasore was added at 60 uM
(Sigma). Cells were incubated at 37°C in a 5% carbon dioxide incubator for 24-48 hr and then directly lysed in extraction buffer con-
taining 1% NP40, 0.5% sodium deoxycholate, 5 mM EDTA, 0.25 M NaCl, 0.025 M Tris-HCI, pH 7.5, containing Complete Mini Pro-
tease Inhibitor Cocktail (Roche, cat. no. 04-693-124-001) and 0.4 mM PMSF (Sigma®, cat. no. 93482). Extracts were resolved by
denaturing SDS-PAGE on a 7.5% polyacrylamide gel (Bio-Rad criterion gel) and transferred to nitrocellulose paper using an iBlot
Gel transfer system (Invitrogen). HCC2429 xenograft were harvested 24hr after the 3™ dose of NOTCH3-targeted or control mAbs
that were dosed intravenously at 10 mg/kg every 4 days. Fragments were homogenized in extraction buffer as described above
and resolved by denaturing SDS-PAGE on a 4%-15% polyacrylamide gel (Bio-Rad Criterion, No. 345-0027) and transferred to nitro-
cellulose paper using an iBlot Gel transfer system (Invitrogen, Cat. No. IB1001). The C terminus of NOTCH3 was detected with the
D11B8 antibody (Cell Signaling Technology, #5276), the N-terminal extracellular domain of NOTCH3 was detected with a mouse
monoclonal anti-NOTCH3 antibody clone 1G5 (Abnova, number H00004854-M01) and anti-GAPDH (Sigma) or anti--actin (Cell
Signaling) as a loading control using standard western blot procedures.

Indirect immunofluorescence of anti-NOTCH3 mAbs

MDA-MB-468 cells were seeded in a Nunc Lab Tec Il 8 chambered cover #1.5 um borosilicate sterile slides (Thermo Fisher Scientific
Inc., cat. #155409) at 1.2x10% cells per well and incubated overnight. Next day, cells were washed 1x with cold HBSS (GIBCO Life
Technologies, cat. #14025-092) and incubated with 10 pg/ml anti-N3 or anti-N3(j) at 4°C for 30 minutes. Cells were washed 1x with
cold HBSS and incubated with medium at 37°C up to 5 hr. After 5 hr incubation, cells were fixed with 4% paraformaldehyde for 10 mi-
nutes, permeabilized with 0.5% Triton X-100 for 5 minutes, and blocked with 3% BSA for 30 minutes. Slides were washed 2x with
PBS and incubated with labeled goat anti-human Alexa Fluor® 647 secondary antibody for 1 hr at room temperature, washed three
times with PBS and imaged. Images were acquired through 63x oil immersion objective with Zeiss LSM710 confocal laser
microscope.

U20S-hN3 cells were plated in a 96 well plate at a concentration 0.2 x10 per well and 24 hr later treated with y-secretase inhibitor
DBZ (Syncom, #18231, Groningen, the Netherlands) at a concentration of 100 nM. DBZ remained present throughout the entire
experiment. HEK parent and HEK-DLL4 cells were labeled overnight with 5 uM CellTracker Green CMFDA (Invitrogen, C7025).
Next day, 10 ng/ml NOTCH3-targeted mAbs were added to GSlI-treated U20S-hN3 cells in 2%BSA/HBSS on ice for 30 minutes,
washed twice with HBSS and then incubated in culture media. CellTracker Green CMFDA-labeled HEK-DLL4 cells were added at
a 1:1 ratio to NOTCH3-targeted antibody bound and GSl-treated U20S-hN3 cells. Plates were centrifuged for 1 minute at 100 g
and incubated at 37°C for 2 hr. Cells were processed for indirect immunofluorescence as described above and imaged on the Zeiss
LSM510 confocal microscope.

Simultaneous binding of NOTCH3-targeted mAbs to MDA-MB-468 cells

MDA-MB-468 cells were seeded at 1.2 x 102 cells per well in a Nunc Lab Tec Il 8 chambered cover #1.5 um borosilicate sterile slides
(Thermo Fisher Scientific Inc. 155409) and incubated overnight. Anti-N3 was directly conjugated to DyLight647 (ThermoFisher
Scientific, cat. #62295) and anti-N3(i) was directly conjugated to Alexa Fluor 488 (Life Technologies Protein Labeling kit A#30052)
according to manufacturer’s instructions. Next day, cells were washed 1x with cold HBSS and incubated with 5 png/ml anti-N3(j)-
Alexa488 at 4°C for 10 minutes. At 10 minutes, while cells still on ice, we added 5 png/ml anti-N3-DyLight647 and left to bind for 20 mi-
nutes on ice. After a total of 30 minutes binding, cells were then washed 2x with cold HBSS. Cold medium was added to the cells were
taken to the Ultraview spinning disk confocal microscope (PerkinElmer) and imaged every 10 minutes for 20 hr.
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Co-localization of NOTCH3-targeted mAbs with CAV-1 and Clathrin

MDA-MB-468 cells were seeded at 1.2 x 102 cells per well in a Nunc Lab Tec Il 8 chambered cover #1.5 um borosilicate sterile slides
(Thermo Fisher Scientific Inc. 155409) and incubated overnight. Next day, cells were washed 1x with cold HBSS and incubated with
10 pg/ml anti-N3 or anti-N3(i) for 30 minutes. Cholera toxin subunit g (CT-B) Alexa Fluor® 647 conjugate (ThermoFisher Scientific, cat.
#C34778) or anti-Transferrin Receptor (TfR) Alex Fluor 647 (ThermoFisher Scientific, cat. #MA5-18151) were also added to cells at
4°C for 30 minutes. CT-f was used as a positive imaging control for CAV-1 staining and anti-TfR antibody was used as a positive
imaging control for clathrin, but neither co-localizations were quantitated. Slides then were washed 1x with cold HBSS and incubated
with medium for 3 hr, 8 hr and 24 hr at 37°C for the indicated time points. At each time point slides were fixed with 4% paraformal-
dehyde for 10 minutes, permeabilized with 0.5% Triton X-100 for 5 minutes, and blocked with 3% BSA for 30 minutes, all in PBS.
Primary antibodies for clathrin rabbit monoclonal (Cell Signal #4796) at 1:50 and caveolin-1 rabbit monoclonal (Cell Signal #3267)
at 1:400 incubated overnight at 4°C. The following day, slides were washed 2x with PBS and incubated with labeled goat anti-rabbit
Alexa Fluor 555 and goat anti-human Alexa Fluor 488 secondary antibodies for 1 hr at room temperature, washed three times with
PBS and imaged. Images were acquired through 63x oil immersion objective with Zeiss LSM710 confocal laser microscope. Quan-
titative analysis was done using Volocity 6.3 software, with calculation of thresholded Pearson’s correlation coefficients and Manders
colocalization coefficients.

Live cell imaging

MDA-MB-468 or U20S-hN3 cells were seeded in a Lab Tec Il 8 chambered cover glass with cover #1.5 um borosilicate sterile slides
(Thermo Fisher Scientific Inc.) at 1.2-5 x 102 cells per well and incubated overnight. Following cell attachment overnight, cells were
washed once with warm HBSS and incubated in serum-medium containing 10 pg/ml of pHrodo red dextran (Life Technologies cat.
#P10361) for staining acidic vesicles overnight. On day 2, cells were washed twice with cold HBSS. Anti-N3 and anti-N3(j) mAbs were
directly conjugated to Alexa Fluor 488 (Life Technologies Protein Labeling kit #A30052) according to manufacturer’s instructions. The
anti-NOTCHS fluorescently conjugated antibodies then were added to the cells at a concentration 10 ng/ml in 2% BSA/HBSS for
30 minutes on wet ice. After 30 minutes, cells were washed 2x with cold HBSS and cold medium was added. Cells were imaged
with an Ultraview spinning disk confocal microscope (PerkinElmer) every 10 minutes for 20 hr. A series of 10 um optical image sec-
tions were acquired over time and a z stack of maximum intensity projections were generated with the U20S-hN3 cells. The above
procedure was followed as well when cells were imaged live with anti-TfR-Alexa647 and CT-B-Alexa647 with the addition of anti-N3-
Alexa488 or anti-N3(i)-Alexa488.

MDA-MB-468 cells were seeded at 1.2 x 10° cells per well and incubated overnight. Following day, cells were washed once with
warm HBSS and incubated with 10 pg/ml of pHrodo Red dextran and 10 pg/ml anti-N3-Alexa488, anti-N3(i)-Alexa488. At 24 hr and
48 hr cells were washed once with HBSS and warm medium added before imaged live in a temperature and humidity regulated envi-
ronment on Ultraview spinning disk confocal. Multiple fields were collected with z stacks 10 um thickness and each optical slice was
to 0.2 um. Images were deconvolve using the iterative restoration software within Volocity 6.3. Colocalization analysis was performed
using Volocity 6.3 software, with calculation of thresholded Pearson’s correlation coefficients and Manders colocalization
coefficients.

Anti-NOTCHS3 antibody TEC into ligand cells

For live imaging, U20S-hN3 cells were plated in a Lab Tec Il 2 chambered cover glass slides at 0.5 x 10* cells per well and incubated
overnight. HEK-control and HEK-DLL4 cells were also plated in a Lab Tec Il 2 chambered cover glass slides at 4 x 10° and incubated
overnight at 37°C. Next day, HEK-control and HEK-hDLL4 were washed once with warm HBSS and incubated in serum-medium
containing 10 pg/ml of pHrodo Red dextran overnight. The following day, U20S-hN3 cells were washed once with cold HBSS
and incubated with 1 ng/ml of anti-N3-Alexa488 or with 1 pg/ml of anti-N3(j)-Alexa488 for 30 minutes on wet ice. HEK control and
HEK-DLL4 cells were also trypsinized and counted. After 30 minutes, U20S-hN3 cells were washed once with cold HBSS and
HEK control or HEK-hDLL4 cells were added in cold serum-containing medium at a concentration of 1.2 x 10 cells in each well.
Slides were spun down for 1 minute at 200 g and then were imaged live every 10-20 minutes for 20-24 hr on the Ultraview spinning
disk confocal microscope.

For indirect immunofluorescence, U20S-hN3 cells were plated in a 96 well plate at a concentration 0.5 x10* per well and incubated
overnight. Next day, HEK-control and HEK-DLL4 cells were stained with MitoTracker Deep Red (ThermoFisher cat. # M22426) at
100 nM for 30 minutes at 37°C. HEK-control and HEK-DLL4 cells were washed twice with cold HBSS (GIBCO Life Technologies,
cat. #14025-092), trypsinized and counted. U20S-hN3 cells were then washed once with cold HBSS and incubated with 1 ng/ml
anti-N3 at 4°C for 30 minutes. After 30 minutes, U20S-hN3 cells were washed once with cold HBSS and then HEK-control or
HEK-DLL4 cells were added at a concentration of 1.2 x 10* cells. Plates were incubated at 37°C for 30 minutes, 1.5, 3 and 8 hr.
At each time point, plates were fixed with 4% paraformaldehyde for 10 minutes, permeabilized with 0.5% Triton X-100 for 5 minutes,
and blocked with 3% BSA for 30 minutes. Then, plates were washed 2x with cold PBS and incubated with goat anti-human Alexa
Fluor 488 secondary antibody for 1 hr at room temperature, washed three times with PBS and imaged. Images were acquired on
the Zeiss LSM510 confocal microscope.

For GSI-treatments, U20S-hNOTCHS3 cells were plated in Lab Tec Il 2 chambered cover glass slides at 0.5 x 10* cells per well and
incubated overnight. After 24 hours the cells were treated with y-secretase inhibitor (PF-03084014) and drug remained present
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throughout the entire experiment. Next day, HEK control and HEK-DLL4 cells were lablelled with CellTracker Green CMFDA (Invitro-
gen C7025) with 5 uM concentration. U20S-hN3 cells were washed twice with HBSS (Life Technologies 14025-092) and then anti-
NOTCHS3 antibodies were added at 10 ng/ml in 2%BSA/HBSS on ice for 30 minutes. Cells were washed and then media was added.
HEK control or HEK-DLL4 cells were added accordingly on top of U20S-hN3 at approximately 1:1 ratio. Cells were spun down onto
U20S-hN3 cells for 1 minute at 100 g and incubated at 37°C for 2 hours, washed and then fixed with 4% paraformaldehyde (Electron
Microscopy Sciences 15710) for 10 minutes. Cells were permeabilized with 0.5% Triton X-100 (Thermo Scientific 28314) 5 minutes,
blocked with 3%BSA/DPBS for 1 hour and then washed. Secondary anti-higG Alexa Fluor 647 (Life technologies) antibody was
added at 1:500 for 45 minutes at room temperature. Finally, 0.5 ng/ml of DAPI was added for 1 hour to the cells and then washed.
Cells were imaged on the Zeiss LSM510 confocal microscope.

Mechanism of action for Anti-N3 ADC-treated cells

OVCAR-3 cells were seeded in a Lab Tec Il 4 chambered cover glass with cover #1.5 um borosilicate sterile slides (Thermo Fisher
Scientific Inc.) and left to attached overnight. Next day, cells were treated with 1.0 ng/ml of the anti-N3 ADC and control ADC, anti-N3,
free auristatin or left untreated. Forty-eight hours later, cells were washed twice with HBSS and fixed in 4% paraformaldehyde for
10 minutes. Cells were washed three times with PBS and permeabilized with 0.5 % Triton X-100 for 2 minutes. After washing cells
three times with PBS, cells were blocked with 3%BSA/PBS for 30 minutes at room temperature. Cells were incubated with 2 ung/ml of
anti-a-Tubulin (Millipore, cat#05-829) and anti-phospho-Histone-H3 (Cell Signaling, #9701) at 1:600 in 2%BSA/PBS for 2 hours at
room temperature. After 2 hours, cells were washed twice with PBS and then incubated with a 1:500 dilution of goat anti-mouse Alexa
Fluor 488, goat anti-rabbit Alexa Fluor 555 and 1 pug/ml of DAPI (Sigma) for 45 minutes at room temperature. Finally, cells were
washed twice with PBS and then samples were imaged on Zeiss LSM710 confocal laser microscope.

Live imaging of Trans-endocytosis assay with ADCs

U20S-hN3 cells were plated in a Lab Tec Il 2 chambered cover glass slides at 0.5 x 10* cells per well and incubated overnight. HEK
parent and HEK-DLL4 cells were also plated in a Lab Tec Il 2 chambered cover glass slides at 4 x 10° and incubated overnight at
37°C. Next day, HEK parent and HEK-DLL4 were washed once with warm HBSS and incubated in serum-medium containing 10 ng/
ml of pHrodo Red dextran overnight. The following day, U20S-hN3 cells were washed once with cold HBSS and incubated with 1 pug/
ml of anti-N3-Alexa488 and 4 ng/ml of Anti-N3 ADC or with 1 ug/ml of anti-N3(i)-Alexa488 and 4 ug/ml of anti-N3(i) ADC for 30 minutes
on wet ice. HEK parent and HEK-DLL4 cells were also trypsinized and counted. After 30 minutes, U20S-hN3 cells were washed once
with cold HBSS and then added HEK parents or HEK-DLL4 cells in cold serum-containing medium and at a concentration of 1.2 x
10% cells in each well with the addition of 2 ug/ml of anti-N3 ADC or anti-N3(j) ADC and 5 uM CellEvent Caspase-3/7 detection reagent
(LifeTechnologies #C10423). Slides were spun down for 1 minute at 200 g and then were imaged every 2 hr for 72 hr on Ultraview
spinning disk confocal. A series of 10 um optical image sections were acquired over time and a z stack of maximum intensity pro-
jections were generated with the U20S-hN3 and HEK-DLL4 co-cultures to create 3D volumetric renderings. Using Volocity 6.3 soft-
ware (Perkin Elmer), compartmentalization analysis was used to analyze caspase positive compartments containing pHrodo positive
compartments in HEK cells when in co-culture with U20S-hN3 and treated with N3-ADCs.

ADC bioconjugation

The N3-ADCs are composed of either the humanized anti-N3 clone 28 or anti-N3(i) clone 75 IgG1 antibodies conjugated to the cyto-
toxic agent auristatin Aur0101 (PF-06380101) via a valine-citrulline (mcValCitPABC) linker®”. The control ADC generated from the
human antibody 8.8 was previously described®. ADCs were prepared via partial reduction of the antibody with tris(2-carbox-
yethyl)phosphine (TCEP) followed by a reaction of reduced cysteine residues with the mcValCitPABC-Aur0101. Specifically, the anti-
body was partially reduced via addition of 2.7-2.8 fold molar excess of tris(2-carboxyethyl)phosphine (TCEP) in 100 mM HEPES (4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid buffer), pH 7.0 and 1 mM diethylenetriaminepentaacetic acid (DTPA) for 2 hours at
37°C. The mcValCitPABC-Aur0101 linker-payload was then added to the reaction mixture at a linker-payload/antibody molar ratio
of about 7 and reacted for an additional 1 hour at 25°C in the presence of 15% v/v of dimethylacetamide (DMA). After the 1 hr incu-
bation period, 3-fold excess of N-ethylmaleimide was added to cap the unreacted thiols and was allowed to react for 15 minutes,
followed by addition of 6-fold excess L-Cysteine to quench any unreacted linker-payload. The reaction mixture was dialyzed over-
night at 4°C in phosphate buffered saline (PBS), pH 7.4 for Anti-N3 ADC and 20 mM Histidine, 50 mM Sucrose, pH 6.0 for anti-N3(i)
ADC, and purified via SEC (AKTA explorer, Superdex 200). The ADC was further characterized via SEC for purity, hydrophobic inter-
action chromatography (HIC), and liquid chromatography electrospray ionization tandem mass spectrometry (LC-ESI MS) to calcu-
late drug:antibody ratio (loading). The protein concentration was determined via UV spectrophotometer.

In vitro pharmacology

MDA-MB-468-hN3 cells were seeded at a density of 5 x 10* cells per well 24 hr before treatment. For 3D assays, MDA-MB-468
parental cells were seeded at 5 x 10 cells per well in Growth Factor Reduced Matrigel (Corning, #356231) and allowed to grow
for 4 days prior to treatment. Cells were treated with 3-fold serially diluted NOTCH3-targeted or control ADCs, in triplicates at 10 con-
centrations ranging from 0-30,000 ng/ml. For 3D assays, media was removed, and cells were re-treated with compounds after
3-4 days. Relative cell viability was determined as percentage of untreated control 96 hours for 2D and 168 hours for 3D cultures after
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treatment using the Cell Titer 96® Aqueous Non-radioactive Cell Proliferation Assay kit (MTS, Promega, cat. no. G5430). ICs, values
were calculated by logistic non-linear regression, model no. 203 with XL fit v4.2 (IDBS, Guildford, Surry, UK) and presented as ng/mL.
Caspase-3/7 activity was measured with CellEvent Caspase-3/7 Green Detection Reagent according to manufacturer’s instructions
(ThermoFisher Scientific, #C10423).

NOTCH3 knockdown with siRNAs were generated using ON-TARGET plus SMART pool human NOTCH3 (L-011093-00), ON-
TARGET plus Control Non-Targeting pool (D-001810-10) (Thermo Scientific Dharmacon) and Lipofectamine RNAIMAX Reagent
(Invitrogen). MDA-MB-468-hN3 cells were plated in 10 cm dishes in growth medium without antibiotics the day before transfection.
The next day fresh medium without antibiotics was added. The siRNAs and the Lipofectamine RNAIMAX were diluted in OPTI-MEM
media and used as per the manufacturer’s specifications. The cells were incubated with the transfection mixture for 24 hr in a hu-
midified, 37°C, 5% CO, incubator. After 24 hr, cells were trypsinized and plated for assessment using MTS cellular viability indicator
as described above. Immunoblot analysis on extracts prepared from control and NOTCH3 siRNA-treated cells was performed to
confirm that NOTCH3 receptor knockdown occurred by 24 hr.

Immunohistochemistry

IHC was used to detect NOTCH3 in human tumor xenografts. A tissue fragment from each xenograft was formalin-fixed and paraffin
embedded (FFPE) using standard histological procedures. Five-micron thick sections were cut, deparaffinized in xylene substitute
and rehydrated with graded alcohols to distilled water. Antigens were retrieved in 10 mM Citrate buffer pH 6.0 (Invitrogen) in a pres-
sure cooker (Retriever; Electron Microscopy Sciences) and cooled to room temperature. Endogenous peroxidase was blocked with
3.0% hydrogen peroxide for 10 minutes. Non-specific protein interactions were blocked with Protein block (DAKO) for 20 minutes.
Tissue sections were incubated with 0.659 pg/mL rabbit anti-NOTCH3 (D11B8; Cell Signaling Technologies) for 1 hr at room temper-
ature. Anti-NOTCH3 primary antibody was detected with Signalstain Boost reagent (Cell Signaling Technologies #8114) for 30 mi-
nutes at room temperature. DAB+ (3',3'-Diaminobenzidine; DAKO) was used to develop color for 5 minutes. Sections were briefly
counterstained in hematoxylin QS (Vector Laboratories), washed in water, dehydrated in graded alcohols, cleared in xylene substi-
tute, mounted with Permount Mounting Medium (Fisher Chemicals, Fair Lawn, NJ) and coverslipped.

For pharmacodynamic biomarker analysis, anti-N3 ADC-treated MDA-MB-468 xenografts were analyzed by IHC. A tissue frag-
ment from each xenograft was formalin-fixed and paraffin embedded (FFPE) using standard histological procedures. Five-micron
thick sections were cut, deparaffinized in xylene substitute and rehydrated with graded alcohols to distilled water. Antigens were
retrieved in 10 mM Citrate buffer pH 6.0 (Invitrogen) for NOTCH3 and phospho-Histone H3 detection; Borg Decloaker buffer pH
9.5 (Biocare Medical) for anti-human IgG and anti-Aur0101 detection in a pressure cooker (Retriever; Electron Microscopy Sciences)
and cooled to room temperature. Endogenous peroxidase was blocked with 3.0% hydrogen peroxide for 10 minutes. Non-specific
protein interactions were blocked with Protein block (DAKO) for 20 minutes. Tissue sections were incubated with primary antibody for
1 hour at room temperature. Primary antibodies were: 0.659 png/mL rabbit anti-NOTCHS3 (D11B8; Cell Signaling Technologies); 0.3 ng/
mL anti-human Pan IgG antibody (Epitomics #3443-1); 10 ng/mL anti-Aur0101 (Pfizer Inc., Lot 1D8.C9); 0.13 pg/mL anti-phospho
Histone H3 (Cell Signaling Technologies, #9701). Rabbit IgG Isotype mAb (Cell Signaling Technologies #3900) and mouse IgG
(Life Technologies #026502) served as isotype controls. Rabbit primary antibodies were detected with Signalstain Boost reagent
(Cell Signaling Technologies #8114) for 30 minutes at room temperature. Alexa Fluor 488 labeled primary antibodies were detected
with 1 ng/ml rabbit anti-Alexa Fluor 488 (Life Technologies A11094) for 45 minutes at room temperature, followed by Signalstain
Boost reagent (Cell Signaling Technologies #8114) for 30 minutes at room temperature. DAB+ (3',3'-Diaminobenzidine; DAKO)
was used to develop color for 5 minutes. Sections were briefly counterstained in hematoxylin QS (Vector Laboratories), washed in
water, dehydrated in graded alcohols, cleared in xylene substitute, mounted with Permount Mounting Medium (Fisher Chemicals,
Fair Lawn, NJ) and coverslipped. To avoid mouse on mouse detection, anti-Aur0101 and mouse IgG isotype antibodies were
labeled with Alexa Fluor 488 using Life Technology Alexa Fluor 488 protein labeling kit (#A10235).

For sequential IHC chromogenic staining NOTCH3 with JAG1, a 37622 tumor xenograft was formalin-fixed for 48 hr, processed
and paraffin embedded (FFPE) using standard histological procedures. Five-micron thick serial sections were cut, deparaffinized
in xylene substitute and rehydrated with graded alcohols to distilled water. Antigens were retrieved in 10 mM Citrate buffer pH 6.0
(Invitrogen) in a pressure cooker (Retriever; Electron Microscopy Sciences) and cooled to room temperature. Endogenous peroxi-
dase was blocked with 3.0% hydrogen peroxide for 10 minutes. Non-specific protein interactions were blocked with Protein block
(DAKO) for 20 minutes. For sequential chromogenic staining, tissue sections were incubated with rabbit anti-NOTCH3 (1:1000, Clone
D11B8, Cell Signaling Technologies, #5276) antibodies for 1 hour at room temperature. Primary antibodies were detected with Sig-
nalstain Boost HRP reagent (Cell Signaling Technologies, #8114) for 30 minutes at room temperature. DAB+ (3',3'-Diaminobenzidine;
DAKO) was used to develop brown color for 5 minutes. Sections were rinsed in distilled water and blocked for peroxidase activity and
non-specific protein interactions as mentioned above. Tissue sections were incubated with rabbit anti-JAG1 (1:500, Clone EPR4290,
Abcam, ab109536) antibody for 1 hr at room temperature. JAG1 primary antibody was detected with MACH2 Rabbit AP polymer
(Biocare Medical, ALP525) for 30 minutes at room temperature. Magenta color was developed using ImmPACT Vector Red (Vector
Laboratories, SK-5105) for 7 minutes at room temperature. Sections were rinsed in distilled water and briefly counterstained
in hematoxylin QS (Vector Laboratories), washed in tap water, dehydrated in graded alcohols, cleared in xylene substitute, mounted
with Permount Mounting Medium (Fisher Chemicals, Fair Lawn, NJ) and coverslipped.
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In vivo efficacy studies

All procedures using mice were approved by the Pfizer Institutional Animal Care and Use Committee according to established guide-
lines and in compliance with the Guide for the Care and Use of Laboratory Animals. MDA-MB-468 (orthotopic mammary fat pad) and
OVCARS (subcutaneous) were implanted into SHO mice and HCC2429 and 37622 PDX fragments were implantation subcutaneously
into athymic (Nu/Nu) mice, xenografts were grown until they reached an average tumor volume of 130-350 mm?® depending on the
model. After xenografts were staged according to tumor volumes, mice were randomized into groups of 8-10 animals and then
treated with N3-ADCs and a control ADC at concentrations of 1 or 3 mg/kg based on antibody content. Unconjugated humanized
anti-N3 and chimeric anti-N3(j)) mAbs were dosed at 10 mg/mg in the HCC2429 model. The ADC or unconjugated antibody was
diluted in phosphate buffered saline (PBS) and doses were administered via intravenous tail vein injection every 4 days for 4 cycles
(g4Dx4) starting at day 0. Cytotoxic chemotherapy Carboplatin (Hospira, Lot Z061709AA) was diluted in PBS and dosed intraperi-
toneally at 20 mg/kg, q7Dx7, in the OVCARS3 model. Cytotoxic chemotherapy Cisplatin (TEVA, Lot 11K175SA) was diluted in PBS
and dosed intraperitoneally at 5 mg/kg q4Dx4 in 37622 PDX model. Tumor measurements were recorded one to two times per
week using digital calipers. Tumor volume was calculated as [length x width x width] x 0.5 = volume in mm®. Body weights were re-
corded once per week. Generally, animals bearing tumors with volumes greater than 10% of body weight (approximately 2,500 mm?®)
were euthanized according to IACUC guidelines. Although remaining animals in the group were kept on study, the average tumor
volume for a given group was not plotted and no statistical analysis was performed after > 15% of the animals were lost from the
group. Tumor volume is plotted as Mean + SEM.

QUANTIFICATION AND STATISTICAL ANALYSIS
Statistics were determined using an unpaired two-tailed t tests, one-way ANOVA, and linear regression analysis in GraphPad Prism
software unless otherwise stated. Data are calculated as the mean + SEM for biological triplicates and the mean + SD for technical

replicates unless otherwise stated. Statistical significance is represented in figures by: *, p < 0.05; **, p < 0.07; **, p < 0.001, ***, p <
0.0001.

e11 Cell Reports Medicine 2, 100279, May 18, 2021



	NOTCH3-targeted antibody drug conjugates regress tumors by inducing apoptosis in receptor cells and through transendocytosi ...
	Introduction
	Results
	NOTCH3 is overexpressed in multiple human tumors
	Generation and characterization of therapeutic anti-NOTCH3 mAbs
	Cell-membrane distribution of Anti-NOTCH3 mAbs depends on signaling status
	Anti-NOTCH3 mAbs have differential rates of endocytosis and lysosomal trafficking
	TEC of anti-NOTCH3 mAbs into DLL4 ligand cells
	NOTCH3-ADCs induce cytotoxicity in both receptor and ligand cells
	NOTCH3-ADCs induce prolonged tumor regressions

	Discussion
	Limitations of study

	Supplemental information
	Acknowledgments
	Author contributions
	Declaration of interests
	References
	STAR★Methods
	Key Resources Table
	Resource availability
	Lead Contact
	Materials availability
	Data and code availability

	Experimental models and subject details
	Rodents
	Human tumor tissues
	Cell lines

	Method details
	In situ hybridization and digital image analysis
	Quantitative RT-PCR and data analysis
	Antibody generation and characterization
	Crystal structure of NOTCH3 NRR-anti-N3 complex
	Affinity measurement of NOTCH3-targeted mAbs
	Engineered cell lines and reporter gene assay
	Immunoblot analysis
	Indirect immunofluorescence of anti-NOTCH3 mAbs
	Simultaneous binding of NOTCH3-targeted mAbs to MDA-MB-468 cells
	Co-localization of NOTCH3-targeted mAbs with CAV-1 and Clathrin
	Live cell imaging
	Anti-NOTCH3 antibody TEC into ligand cells
	Mechanism of action for Anti-N3 ADC-treated cells
	Live imaging of Trans-endocytosis assay with ADCs
	ADC bioconjugation
	In vitro pharmacology
	Immunohistochemistry
	In vivo efficacy studies

	Quantification and statistical analysis



