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High-contrast PET imaging

approaches toward urothelial carcinoma, and radiolabeled ligands o

for PET and SPECT imaging are gaining increasing interest for LAeE: L’;f_l_/ \';\! Uratheilal carcinoma

noninvasive quantification of Nectin-4 prior to a targeted therapy. Nl Gl (HT-1376)

The goal of this study was to develop bicyclic peptides that allow ¢ ﬁhhs"r‘ \

radiolabeling with three different radionuclides (*'Cu, %*Cu, and A NECT:346 I8 .
%Ga) and to evaluate their suitability for high-contrast PET L:“ Jow -
imaging in urothelial carcinoma (UC) and triple-negative breast '}, "'Jh{_}‘"n L Vi i l“l_tlrn

cancer (TNBC). For this purpose, NECT-330, NECT-334, and =d L1 LT Y Tplenegative

NECT-346 were designed based on our previously developed e d THEY ™ (MDA-MB-465)

ligand NECT-224 but harbor additional linker units between the o’

bicyclic scaffold and the radiometal chelator. Binding kinetics to

recombinant Nectin-4 and related isoforms were assessed by surface plasmon resonance (SPR) interaction analysis. Nectin-4-specific
cell binding of the radiolabeled probes was determined using UC and TNBC cell lines, and PET/CT imaging was performed in
respective tumor xenograft models. All novel ligands showed potent and selective binding to Nectin-4, with improved kg values
compared to NECT-224. In small-animal PET/CT imaging studies, the most favorable properties were observed for [**Cu]Cu-
NECT-334 (tumor-to-muscle of 20.8 and tumor-to-heart of 11.2) and [**Cu]Cu-NECT-346 (tumor-to-muscle of 15.5 and tumor-
to-heart of 8.7) 1—2 h postinjection using a HT-1376 tumor model. Although the novel radioligands provided superior imaging
properties to the previously developed radioligand [**Cu]Cu-NECT-224, a first-in-human application of the latter radioligand was
initiated to assess the general suitability of PET/CT imaging in humans with a **Cu-labeled bicyclic peptide directed to Nectin-4.
Prospectively, the improved tumor-to-background contrasts achieved with the novel radioligands might further improve diagnostic
accuracy and facilitate effective theranostic options in Nectin-4-expressing malignancies.

B INTRODUCTION

The development of eflicient treatment options for cancer
patients has witnessed an enormous upswing during the past few

benefit from their application. In this context, ADCs can also
lead to severe side effects, which additionally substantiate the
need for patient stratification. For this purpose, quantification of

years, which can be partly attributed to the success of antibody-
drug conjugates (ADCs) as treatment modalities. ADCs can be
classified as targeted chemotherapeutic agents consisting of a
monoclonal antibody that targets a protein on the surface of
tumor cells and a cytotoxic payload that is attached through a
linker moiety to the antibody. While the development of the first
ADC:s dates back more than 50 years, their current success as a
treatment modality, best illustrated by the fact that already 15
ADCs have been approved by the FDA by 2025 (13 by the
EMA), originates from advances over decades of research into
each molecular component and their chemical connection.
However, despite their proven efficacy as a treatment modality,
it also became clear that the full potential of ADCs can only be
unleashed by identifying patient groups that will most likely
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the respective target protein for the ADC in the tumor tissue is
required. Considering intratumor heterogeneity and potential
differences in target abundance between primary tumors and
metastatic lesions, noninvasive molecular imaging using PET
and SPECT represents, on top of capturing the actual disease

state, a suitable method for target protein quantification.' ™
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Figure 1. Structures of NECT-330, NECT-334, and NECT-346 in comparison to NECT-224.

Nectin-4 is a cell surface protein that is involved in Ca'-
independent cell adhesion processes. Its primary abundance on
tumor cells has rendered Nectin-4 an interesting target for the
development of ADCs.”~ '’ The ADC enfortumab vedotin
(Padcev) has been clinically approved by the EMA and the FDA
in combination with pembrolizumab (an antibody targeting PD-
1) as a first-line treatment in patients with locally advanced or
metastatic urothelial carcinoma.''* Besides urothelial carcino-
ma, Nectin-4 is also highly abundant in other tumor types,
including triple-negative breast and pancreatic cancer,” for
which targeted treatment options are largely missing. Con-
sequently, the efficacy of enfortumab vedotin is currently also
being evaluated in cancer patients with tumor diseases beyond
urothelial carcinoma (NCT05915351, pancreatic cancer;
NCT04225117, breast cancer). The design of ADCs has also
been adapted to other targeting vectors, such as small molecules
(SMDCs) and peptides (PDCs)."*'® Among peptides as
targeting vectors, bicyclic peptides in which the two macrocycles
are created by triple-cysteine cross-linking hold great promise
for the development of efficient peptide-drug conjugates
(denoted as bicycle-toxin conjugates). Due to Bicycle
Therapeutics’ proprietary phage screening platform,"” bicyclic
peptides directed to various target proteins, including Nectin-4,
have been identified by this company and optimized regarding
binding affinity and stability.'"*™' For Nectin-4, the most
promising bicyclic peptide ligand was then progressed to a
bicyclic toxin conjugate (BT8009, zelenectide pevedotin)*>*’
that is currently being investigated in a clinical phase III in
patients with metastatic urothelial carcinoma (NCT06225596)
and has also entered clinical-phase studies for other solid tumor
entities (NCT06933329, NCT06840483).

Given the established role of Nectin-4 as a therapeutic target
and the clinical need to assess its abundance prior to targeted
therapy, interest in radionuclide-based theranostic approaches
targeting Nectin-4 has increased.”* > Accordingly, immuno-
PET and immunoSPECT approaches were followed, including
the direct radiolabeling of enfortumab vedotin.””~** Further-
more, radiolabeled bicyclic peptides derived from BT8009 were
developed.”™** Some of these radioligands were also advanced

up to first-in-human applications with remarkable success,
highlighting that Nectin-4 is a valid target for imaging purposes.

Recently, we developed Nectin-4-directed bicyclic peptide
ligands derived from BT8009, which were labeled with either
%Ga or *Cu for PET imaging.”” A small library of bicyclic
peptides was prepared and characterized regarding their binding
kinetics to Nectin-4. Complemented by a detailed radio-
pharmacological characterization in vitro and in vivo, we
discovered that the ligand [**Cu]Cu-NECT-224 exhibits the
most favorable properties in terms of tumor uptake and tumor-
to-background ratios. This prompted a first-in-human applica-
tion of [**Ga]Ga-NECT-224 as **Ga represents an established
radionuclide for clinical imaging, and these first clinical imaging
results with [*®*Ga]Ga-NECT-224 encourage also the trans-
lation of [**Cu]Cu-NECT-224.

We herein present data on analogues of NECT-224, which
have different linker units (PEG,, PEGg, and Sar,) incorporated
between the bicyclic peptide and the radiometal-chelator unit.
This structural fine-tuning was rationalized based on our
previous findings that the chelating unit can have a significant
impact on the binding kinetics to Nectin-4 and that, putatively, a
more distant separation of the chelating unit from the bicyclic
peptide may be advantageous in this context. Furthermore, we
hypothesized that hydrophilic linker units may accelerate the
washout of the radioligands from healthy tissues without
affecting tumor uptake and retention in the tumor tissue,
thereby improving the tumor-to-background ratio. This in turn
should be beneficial for detecting tumor lesions with even a low
abundance of Nectin-4 but should simultaneously support the
translation to potential radionuclide therapeutic approaches.
The novel Nectin-4 ligands, NECT-330, NECT-334, and
NECT-346, were labeled with **Ga and **Cu, and the respective
radioligands were comparatively characterized using human
urothelial carcinoma (UC) and triple-negative breast cancer
(TNBC) cell lines in vitro and by PET imaging using tumor
xenograft models derived thereof. As our previous study was
focused on urothelial carcinoma models, [**Ga]Ga-NECT-224
and [**Cu]Cu-NECT-224 were also characterized herein using
the TNBC model. Moreover, these studies were complemented
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Table 1. Summary of Binding Data of the Bicyclic Peptides to Recombinant Human and Mouse Nectin-4“

N-terminal substituent Linker Nectin-4 K, (SPR, nM)© ko (SPR, 10 M~'s71)¢ ko (SPR, X107 s71)¢
NECT-224 NODAGA ; human 5.17 1.40 (0.22) 724 (1.19)
mouse 0.74 6.01 (0.16) 447 (0.18)
NECT-416 NH, - human 2.04 1.30 (0.02) 2,65 (0.11)
mouse 0.62 7.84 (0.43) 4.87 (0.49)
"tCy.NECT-224 NODAGA - human 1.91 1.57 (0.03) 3.00 (0.02)
mouse n.d. n.d. n.d.
"tGa-NECT-224 NODAGA - human 141 1.28 (0.08) 1.80 (0.12)
mouse n.d. n.d. n.d.
NECT-330 NODAGA PEG, human 2.03 0.86 (0.04) 1.75 (0.10)
mouse 0.68 4.40 (0.09) 2.97 (0.03)
NECT-334 NODAGA PEG, human 3.04 0.98 (0.01) 2.98 (0.14)
mouse 1.16 2.67 (0.08) 3.09 (0.08)
NECT-346 NODAGA Sary human 441 0.74 (0.01) 3.28 (0.06)
mouse 1.90 2.11 (0.02) 3.99 (0.04)

“Binding data (Ky, k., and k) determined by SPR. Data shown are mean values (+SD) of at least three separate experiments. Data for NECT-
224 toward human Nectin-4 were previously published by us* and are included here for comparison.
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Figure 2. Concentration of (s)Nectin-4 in cell lines, corresponding xenograft tumors, normal organs, and cell supernatants. A) Immunofluorescent
staining of HT-1376, 5637, MDA-MB-468, and MDA-MB-231 cells for Nectin-4 (yellow). For reference, the cell membranes were stained with WGA-
647 (red) and the cell nuclei with Hoechst (cyan). Scale bars indicate 50 m. Immunofluorescene staining for HT-1376 and 5637 was previously
published by us, but the results were validated herein.*” B) Exemplary immunoblots of MDA-MB-468 and MDA-MB-231 cell lysates. The Thermo
Scientific PageRuler Plus Prestained Protein Ladder was acquired with white-light illumination and automatically merged to the chemiluminescent
image (imager Celvin S). C) Quantification of Nectin-4 in cell lysates (solid bars) and xenograft tumor lysates (hatched bars), as well as in lysates of
normal organs (hatched bars), with ELISA. Data shown are mean values (+SD) of S to 12 replicates. Data for HT-1376 and 5637 were previously
reported by us, but more replicates were performed herein.”” D) sNectin-4 levels in urine samples of xenograft tumor-bearing mice as quantified by
ELISA depending on the time after tumor cell injection (left diagram). Plot of tumor volume as a function of the time after tumor cell injection (right
diagram). Three animals were monitored per tumor model. E) Correlation of sNectin-4 detected in urine samples of HT-1376 tumor-bearing mice and
corresponding ROI tumor volume as determined by PET imaging. F) Quantification of ADAM10 and 17 with ELISA in cell lysates and tumor lysates.
Data shown are mean values (+SD) of four replicates.
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B RESULTS

Synthesis

The novel Nectin-4 ligands NECT-330, NECT-334, and
NECT-346 were synthesized via Fmoc-based automated solid-
phase peptide synthesis and contain PEG,, PEGg, and Sary,
linkers, respectively, between the bicyclic scaffold and the
radiometal-chelator unit (R)-NODAGA. All derivatives share
the same bicyclic scaffold as NECT-224 and the same chelating
unit (Figure 1). After the synthesis of the linear peptides on
resin, followed by their full cleavage, the crude peptides were
cyclized in solution using TATA and were subsequently purified
by RP-HPLC. Analytical RP-HPLC revealed high chemical
purities (>95% at 230 nm). The isolated yields ranged from S to
10%, and the identity of the peptides was confirmed by HRMS
(Table S1 in Supporting Information).

Characterization of Binding Kinetics to Nectin-4

For characterizing the binding kinetics to recombinant human
(h) Nectin-4, we used our previously established SPR assay
method (Table 1).*” In addition to the novel compounds, we
sought to determine the binding kinetics of the **Cu and ™Ga
complexes of NECT-224 and of NECT-416, which is the
NECT-224 precursor with a free N-terminus. NECT-416
showed a threefold lower dissociation rate constant (k)
compared to NECT-224 but a similar association rate constant
(kop), resulting in an improved binding affinity (2.04 vs 5.17
nM). A similar trend in k,, and kg values was obtained for "**Cu-
NECT-224 and "*Ga-NECT-224 compared with NECT-224.
Moreover, lower kg values were also determined for NECT-
330, NECT-334, and NECT-346 compared to NECT-224 with
a trend toward higher kg values with increasing linker length.
Besides hNectin-4, the ligand-binding properties toward the
other human Nectin isoforms (hNectin-1, -2, and -3) as well as
toward mouse (m) Nectin-4 were assessed. At 200 nM, no
binding to hNectin-1, -2, and -3 could be detected (Figure S1).
The binding kinetics to mNectin-4 were comparable to those
toward hNectin-4, albeit lower K, values due to higher k,, value
were determined (Table 1).

Radiolabeling, logD; 4 Determination, and Plasma Stability

Labeling of NECT-330, NECT-334, and NECT-346 with %Ga
(NaOAc buffer, pH 4.5, 90 °C, 10 min) at apparent molar
activities between 10 and 22 GBq/umol, and with 61Cy/%Cu
(NH,OACc buffer, pH 5.6, 60 °C, 20 min) at an apparent molar
activity of 25 GBq/umol, was performed as previously
described.”” Radiochemical purity for all radiolabeled peptides
exceeded 95% as determined by analytical radio-HPLC. For the
¢ Cu-labeled peptides, logD , values of —2.68 + 0.01 for NECT-
330, —2.89 + 0.06 for NECT-334, and —2.84 + 0.15 for NECT-
346 were determined. In contrast, the logD,, value of
[**Ga]Ga-NECT-346 (—2.57 + 0.09) was slightly higher
compared to its **Cu-labeled analog. All **Cu-labeled peptides
were assessed for their stability in human plasma over 24 h by
analytical RP-HPLC, which revealed no evidence for proteolytic
degradation or radiometal release (Figure S2).
Characterization of Nectin-4 Concentration in TNBC Cell
Lines, Tumor Xenograft Models, and Normal Organs

Previously, we characterized the Nectin-4 abundance in
urothelial carcinoma cell lines and tumor xenograft models
derived thereof.*” For the present study, we conducted similar
experiments using selected TNBC cell lines. Western blot
analysis and immunofluorescence staining confirmed the
presence of Nectin-4 in MDA-MB-468 cells, while no Nectin-

4 was detected in MDA-MB-231 cells (Figure 2A/B).
Quantification of Nectin-4 was performed with ELISA.
Accordingly, a concentration of ~133 fmol/mg was determined
in the MDA-MB-468 monolayer culture and ~150 fmol/mg in
the corresponding xenograft tumor lysates. In contrast, the
Nectin-4 levels in the MDA-MB-231 monolayer culture, as well
as in the corresponding xenograft tumor lysates, were below the
detection limit (Figure 2C). In lysates of the salivary glands,
kidneys, and liver from NMRI-nu/nu mice, mNectin-4 levels of
78, 266, and 1070 fmol/mg, respectively, were measured (Figure
2C).

Characterization of Nectin-4 Shedding

Because of the known phenomenon of being shed from the cell
surface by the metalloproteases ADAMI10 and 17,"' ™" we
sought to assess Nectin-4 shedding from the tumor cells
investigated herein. For this purpose, we initially quantified
soluble Nectin-4 (sNectin-4) in the cell supernatant of HT-1376
cells at different time points (2, 6, 24, and 48 h) with ELISA.
sNectin-4 was detected in the cell supernatant and a linear
increase of sNectin-4 over time could be derived with an
estimated shedding rate of 0.772 fmol per hour (Figure S3A).
This value was then used to calculate the amount of sNectin-4 in
relation to the amount of cell-bound Nectin-4 in the
corresponding cell monolayer. Accordingly, the sNectin-4
amount in the supernatant accounted for less than 2% of the
cell-bound Nectin-4 after 1 h of cultivation (Figure S3B).

The relationship between tumor growth and urinary sNectin-
4 levels was examined in three tumor models with different
Nectin-4 tissue concentrations. The level of sNectin-4 in the
urine was measured with ELISA and plotted against time (Figure
2D). While a rapid increase of sNectin-4 up to ~130,000 fmol/
mg creatinine within 21 days of tumor injection was detected in
HT-1376 tumor-bearing mice, the MDA-MB-468 tumor-
bearing mice showed only a moderate increase of up to
~25,000 fmol/mg creatinine within 44 days of growth. For all
MDA-MB-231 tumor-bearing mice, the sNectin-4 level was
below the detection level, even S1 days post-tumor-cell
injection. The three xenograft models exhibited an exponential
tumor growth curve (Figure 2D) and were monitored until the
tumor volume reached ~1,000 mm?® or other termination
criteria were reached. The sNectin-4 levels in the urine of HT-
1376 tumor-bearing mice that underwent PET studies were also
correlated with the tumor ROI volume as determined by image
analysis. The plot is shown in Figure 2E and reveals a linear
relation, confirming the Nectin-4—dependent radioligand
accumulation in the tumor tissue.

Cell Iysates were also tested for the presence of ADAM10 and
17 (Figure 2F). Quantification with ELISA revealed levels of 244
to 415 fmol/mg for ADAMI17 and 1 to 12 fmol/mg for
ADAMIO in the urothelial (HT-1376, 5637) and TNBC cell
lines (MDA-MB-468 and -231). Furthermore, incubation of
HT-1376 cells with the ADAMI10/17 inhibitors JG26 and
INCB3619 led to a decrease in sNectin-4 in the cell culture
supernatant of HT-1376 cells (Figure S3C/D), corroborating
the role of these enzymes in shedding of surface-bound Nectin-
4. Inhibitor INCB3619 exhibited a lower effective dose for
blocking Nectin-4 shedding and was therefore chosen for
assessing the influence of ADAM10/17 inhibition on binding of
[**Cu]Cu-NECT-224 to HT-1376 cells. At 100 nM of
INCB3619 (15 min preincubation period), the specific binding
of the radioligand after an incubation period of 1 h was not

affected (Figure S3E).
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Figure 3. Cell binding and internalization of the *Cu-labeled ligands using UC and TNBC cells. A/B) Specific cell binding of the *Cu-labeled ligands
to intact UC cells (A, HT-1376 in solid bars and 5637 in hatched bars) and TNBC cells (B, MDA-MB-468 in solid bars and MDA-MB-231 in hatched
bars). Data are shown for specific binding after washing with PBS (muted colors) and after washing with acidic glycine buffer (“acid” wash, light
colors), with mean values given on the bars. Data shown are mean values (+SD) of two separate experiments, each performed in sextuplicate. C—F)
Saturation binding of [**Cu]Cu-NECT-224 (C), [**Cu]Cu-NECT-330 (D), [**Cu]Cu-NECT-334 (E), and [**Cu]Cu-NECT-346 (F) toward
intact HT-1376 cells. G—J) Saturation binding of [**Cu]Cu-NECT-224 (G), [**Cu]Cu-NECT-330 (H), [**Cu]Cu-NECT-334 (I), and [*Cu]Cu-
NECT-346 (J) toward intact MDA-MB-468 cells. In C—J, data for total binding, nonspecific binding, and specific binding are shown in black, gray, and
colored circles and triangles, respectively. Nonspecific binding was determined in the presence of 1 uM NECT-208 or NECT-214 (compounds le and
3a from ref 39, respectively). Re§gession analysis was performed as described in the Experimental section. Data for [**Cu]Cu-NECT-224 in A and C

were previously published by us”” and are included here for comparison.

Table 2. Summary of Saturation Binding Data for the **Cu- and **Ga-labeled Ligands®

HT-1376“ MDA-MB-468"
Compound radionuclide Ky (nM) B (fmol/mg) Ky (nM) B (fmol/mg)
NECT-224 %Cu 6.06 (+0.66) 378 (+12.0) 2.11 (+0.31) 289 (+10)
%Ga 13.1 (+1.34) 1,510 (£58) 3.86 (+1.41) 423 (£25)
NECT-330 %Cu 5.87 (+£0.93) 1,033 (+25) 1.09 (+0.23) 308 (+7)
NECT-334 %Cu 8.56 (+1.10) 911 (+19) 1.76 (+0.35) 267 (+6)
NECT-346 %Cu 16.5 (+1.88) 744 (£16) 3.10 (£0.50) 237 (+5)
%Ga 14.5 (+3.05) 756 (£35) 6.62 (£3.54) 177 (+17)

“A Nectin-4 positive urothelial carcinoma cell line. A Nectin-4 positive, triple-negative breast cancer cell line. “Data shown are mean values (+SD)
of two separate experiments for **Cu-labeled ligands and one experiment for ®*Ga-labeled ligands with intact cells, which were performed in
quintuplicate. Binding data for [**Cu]Cu-NECT-224 and [**Ga]Ga-NECT-224 toward HT-1376 were previously published by us.*
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Figure 4. PET images and image-derived uptake values of the %4Cu- and *®Ga-labeled Nectin-4 ligands in HT-1376 tumor-bearing mice. A/ B) PET/
CT images at 1—2 h after intravenous injection of the indicated **Cu-labeled (A) and ®*Ga-labeled ligands (B) in HT-1376 tumor-bearing mice. 6—9
MBgq/animal (0.3—0.45 nmol/animal) were injected. Images are presented as maximum-intensity projections with a common scale (SUV 0-2 for
*Cu-labeled and SUV 0—1 for ®*Ga-labeled ligands). Anatomical positions of the tumor (tu), kidney (ki), and urinary bladder (ub) are shown. C/D/
H/I) Time-activity curves (SUVmean, decay-corrected, as a function of time up to 2 h) for the blood content of the heart (C/H) and tumor (D/I)
obtained from quantitative analysis of PET images are depicted for the 64Cu-labeled (C/D) and %Ga-labeled ligands (H/1). E/F/J/K) Time-resolved
SUVmean ratios up to 2 h p.i, including tumor-to-muscle (E/J) and tumor-to-heart (F/K) for the *Cu-labeled (E/F) and ®*Ga-labeled ligands (J/K).
G/L) Time-resolved body retention in % of the initial dose up to 2 h p.i. for the *Cu-labeled (G) and ®*Ga-labeled ligands (L). Data points in C—L
represent mean values (+SD) measured in groups of HT-1376 tumor-bearing mice (n = 6 for [%*Cu]Cu-NECT-224, n = 4 for [**Cu]Cu-NECT-334,
and [**Ga]Ga-NECT-346 or n = 3). All data shown for [**Cu]Cu-NECT-224 were previously published by us®® and were included for reasons of
comparison.

Characterization of Nectin-4-dependent Radioligand
Binding to UC and TNBC Cells

Cell binding at 10 nM of radioligand confirmed the specificity of
all *Cu-labeled ligands toward Nectin-4, as no binding to the
Nectin-4-negative cell lines (5637 for UC and MDA-MB-231 for
TNBC) was detected (Figure 3A,B). Values for specific binding
of the ®*Cu-labeled ligands toward MDA-MB-468 cells were

comparable (ranging from 100 to 185 fmol/mg) to [*Cu]Cu-
NECT-224 (134 fmol/mg), while toward HT-1376 cells, their
binding was higher compared to the binding of [**Cu]Cu-
NECT-224 (>310 vs 165 fmol/mg). Toward HT-1376 cells,
fractions of 75 and 76% for [**Cu]Cu-NECT-330 and
[#*Cu]Cu-NECT-346 were still retained after washing with an
acidic glycine buffer, while only 39% was retained for [**Cu]Cu-
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Figure 5. PET images and image-derived uptake values of ®'Cu-labeled NECT-224 and NECT-346 in HT-1376 tumor-bearing mice. A) PET/CT
images at 1—2 h after intravenous injection of [*'Cu]Cu-NECT-224 and [%'Cu]Cu-NECT-346 in HT-1376 tumor-bearing mice. 6—9 MBq/animal
(0.3—0.45 nmol/animal) were injected. Images are presented as maximum-intensity projections with a common scale. Anatomical positions of the
tumor (tu), kidney (ki), and urinary bladder (ub) are shown. B/C) Time-activity curves (SUVmean, decay-corrected, as a function of time up to 2 h)
for the blood content of the heart (B) and tumor (C) obtained from quantitative analysis of PET images are depicted. D/E) Time-resolved SUVmean
ratios up to 2 h p.i,, including tumor-to-muscle (D) and tumor-to-heart (E). F) Time-resolved body retention in % of the initial dose up to 2 h p.i. Data
points in B—F represent mean values (+SD) measured in groups of HT-1376 tumor-bearing mice (n = 4).

NECT-334. A similar tendency was observed toward MDA-
MB-468 cells (58% and 46% vs 32%). For comparison,
[6*Cu]Cu-NECT-224 showed retained fractions of 73% toward
HT-1376 cells and 47% toward MDA-MB-468 cells.

In addition to cell binding at 10 nM, saturation binding
analyses were performed for the novel **Cu-labeled ligands
toward Nectin-4-positive HT-1376 and MDA-MB-468 cells
(Figure 3 and Table 2). Apparent binding affinities (K values)
were in the low nanomolar range (1.09—16.5 nM), with higher
K, values being observed toward HT-1376 cells (5.87—16.5
nM) than toward MDA-MB-468 cells (1.09—3.10 nM).
Similarly, a lower K; value for [**Cu]Cu-NECT-224 toward
the TNBC cell lines was determined compared to the previously
determined binding affinity toward HT-1376 (2.11 vs 6.06 nM).
While similar B,,,, values for the **Cu-labeled ligands, including
[¢*Cu]Cu-NECT-224, were determined toward MDA-MB-468
cells (237—308 fmol/mg), higher values were observed for the
novel %*Cu-labeled ligands NECT-330, NECT-334, and
NECT-346 compared to [**Cu]Cu-NECT-224 toward HT-
1376 cells. [**Cu]Cu-NECT-224 exhibited a B, value of 378
fmol/mg, as previously determined,” which is 2- to 2.7-fold
lower compared to the novel radioligands. Furthermore, a trend
toward lower B, values with shorter linker length can be noted.

In addition to assessing the cell binding of all **Cu-labeled
ligands, binding of their % Ga-labeled pendants to TNBC cells
was exemplarily determined for [**Ga]Ga-NECT-224 and
[**Ga]Ga-NECT-346, as well as for [**Ga]Ga-NECT-346
toward the UC cells (Table 2 and Figure S4). In contrast to the
results for the **Cu-labeled ligands, binding to both UC and
TNBC cells was more favorable for [®®Ga]Ga-NECT-224
compared with [%Ga]Ga-NECT-346, as exemplified by higher
(maximum) binding capacities.

PET Imaging Using a UC Tumor Xenograft Mouse Model

The distribution of the novel *Cu- and %*Ga-labeled Nectin-4
ligands was evaluated in a subcutaneous HT-1376 tumor
xenograft model via PET/CT imaging (Figure 4). The time-
activity curves (TACs) for tumor and heart are shown in Figures
4C,D and Figure 4H,] (TACs for muscle, kidney, liver, and
urinary bladder are shown in the Supporting Information, Figure
SS). According to the PET/CT images, all novel ligands labeled
either with ®*Cu or %Ga clearly enabled visualization of the
Nectin-4—positive HT-1376 tumors. Furthermore, all radio-
ligands underlay mainly a renal excretion. Apart from the
bladder and kidneys, a low activity accumulation was also visible
in the salivary glands. The TACs for the heart (blood content
only) followed biphasic blood kinetics, with radioligand
fractions of 88—93% being removed during the first phase

https://doi.org/10.1021/acs.bioconjchem.6c00366
Bioconjugate Chem. XXXX, XXX, XXX—XXX

920z 1snBny pz uo Jesn NIASIHA aN71S Aq 1pd-99e0099"WeyolUod0Iq SOB/98ZG0 L L9/99E0009" WaYDIU00Iq S8/ L.Z0 L "0 1/10P/Pd-0joile/SaY20q/BI0°s0e"Sqnd Wouj papeojumoq


https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.6c00366/suppl_file/bc6c00366_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.6c00366/suppl_file/bc6c00366_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.6c00366/suppl_file/bc6c00366_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.6c00366/suppl_file/bc6c00366_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.6c00366?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.6c00366?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.6c00366?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.6c00366?fig=fig5&ref=pdf
pubs.acs.org/bc?ref=pdf
https://doi.org/10.1021/acs.bioconjchem.6c00366?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Bioconjugate Chemistry

pubs.acs.org/bc

A

°] o]
[PCuJCu-NECT-224 [™Cu)Cu-NECT-330 [™Cu]Cu-NECT-334

SUV (BW)

o)
[P*CulCu-NECT-346

a (u]
[*®GalGa-NECT-224 [*Ga]Ga-MECT-346
w3

SUV (BW)

"l olvcucu-NEcT-224
O[™Cu]Cu-NECT-330 2 1 T 150
O[MCu]CU-NECT-334 a2 §
w . O[*Cu]Cu-NECT-346 5 .E. 7 3 42 g
T Fw g . 5 <
- = E 20 5 2 o
g 5 2 3 5.V
2 g E 2 = B so i
= 5 E g 15 8 2 WA _
L] =2 35 e o ‘c,@‘H-'L - S
3 b s o E g a ‘-‘o‘J;f- R
8 z ; i
= 3 Y =
2 7]
0
Q&M‘ 0.0%wcramamyr e e e o . -
] 50 100 0 50 100 (] 50 100
Time (min) Time (min) Time (min) Time (min)
10 3 17.5
O["Ga]Ga-NECT-224 .
| [O[*"Ga)Ga-NECT-346 2 301 o 150 o8
g g -
.g £ E . Ez: g 125 3 LS
- c
g 'E i 2 0 £ 204 gmu % LS
o &5 g : 2 § 1%
= g £ z 7 B s 4 =
— > E 15 g 18 q.ﬂ 5
o 3 E | E > v Mg
M o ¥ H - g 1 o o
] £ 1o A £ j| @ “e, _ °
8 3 1 e o -
LR [ 5 S 25
o T aaw ni_,_ 0. o
g 50 100 @ & & @ - & 0 50 100
Time (min) Time {min) Thme [min) Time (min) Time (min)

Figure 6. PET images and image-derived uptake values of the %Cu- and ®*Ga-labeled Nectin-4 ligands in MDA-MB-468 tumor-bearing mice.
Exemplary PET/CT images of **Cu-labeled (A) and ®*Ga-labeled (B) ligands in MDA-MB-468 tumor-bearing mice at 1 to 2 h after intravenous
injection of the indicated radiotracers. 6—9 MBq/animal (0.3—0.45 nmol/animal) were injected. All images are scaled to a maximum SUV of 1.5. C/
D/H/1) Time-activity curves (SUVmean, decay-corrected, as a function of time up to 2 h) for the blood content of the heart (C/H) and of the tumor
(D/1) of *Cu-labeled (C/D) and **Ga-labeled ligands (H/I), respectively, obtained from quantitative analysis of PET images. Time-resolved
SUVmean ratios up to 2 h p.i,, including tumor-to-muscle (E/J) and tumor-to-heart (F/K) of *Cu-labeled (E/F) and **Ga-labeled ligands (J/K),
respectively. G/L) Time-resolved body retention in % of the initial dose up to 2 h p.i. Data points in C—L represent mean values (+SD) of groups of
three tumor-bearing mice, except [**Ga]Ga-NECT-346 which represents only two mice.

(T,/, = 1.2—1.7 min), followed by a second phase (T}, = 26—27
min) for the ®*Cu-labeled ligands, but similar values were also
obtained for the ®*Ga-labeled ligands (1.5—1.6 min and 27—28
min; Tables S6 and S7).

Among the %4Cu-labeled ligands, the TACs for the tumor
tissue were very similar and showed fast tumor uptake, with a
maximum SUVmean values of 0.9—1.1 at #22.5 min p.i. (Figure
4D). In a similar fashion, the TACs for the tumor tissue of the
®Ga-labeled ligands resembled strongly each other; however,

the maximum SUVmean values (0.6—1.0) were somewhat lower
and were reached at an earlier time point (%5 min p.i.)
compared to their **Cu-labeled pendants (Figure 41). After the
respective maximum tumor uptake, all radioligands underwent
washout from the tumor tissue, with SUVmean values of 0.7—0.8
and 0.4—0.5 being reached at 1—2 h p.i. for the **Cu-labeled and
%Ga-labeled ligands, respectively. At the same time point, the
proportions of body retention, i.e., the percentage of the initially
injected activity retained in the mouse 2 h p.i, were similar
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Figure 7. First-in-human application of [**Cu]Cu-NECT-224. A/B) Maximum-intensity projection (MIP) scaled to a maximum standardized uptake
value (SUVmax) of 8, acquired in the anterior view, demonstrating the physiological distribution of [**Cu]Cu-NECT-224 alongside multiple tumor
manifestations. Imaging was performed at 67 min (A) and 16.5 h (B) after intravenous injection of 251 MBq of [**Cu]Cu-NECT-224. C/D)
Representative axial fused PET/CT images (scaled to an SUVmax of 8) are shown with a left external iliac lymph node metastasis indicated by a white
arrow (C at 67 minand D at 16.5h p.i.). E/F) Representative axial fused PET/CT images (scaled to an SUVmax of 8) are shown with a bone metastasis
with a soft-tissue component indicated by a white arrow (E at 67 min and F at 16.5 h p.i.).

within each subgroup of ®*Cu- and ®*Ga-labeled ligands, but
lower for the latter radioligands (32—48% vs 21—27%, Figure
4G and L).

In contrast to the similar tumor TACs, the tumor-to-muscle
(T/M) and tumor-to-heart (T/H) ratios are more distinct
among each group of radioligands with the best tumor site
visualization being achieved at the 1—2 h time frame after
radioligand injection. In this context, statistical comparisons
were performed for the T/M and T /H ratios and are included in
Tables S2 and S3. For the **Cu-labeled ligands (Figure 4E and F,
Table S2), [**Cu]Cu-NECT-334 exhibited the highest T/M
and T/H ratios at 1-2 h p.i. (20.8 and 11.2), followed by
[**Cu]Cu-NECT-346 (15.5 and 8.7) and [**Cu]Cu-NECT-
330 (12.7 and 5.3). In contrast, for the ®*Ga-labeled ligands
(Figure 4] and K, Table S2), [**Ga]Ga-NECT-334 and
[**Ga]Ga-NECT-346 showed similar ratios (~8.0 and ~4.0
for T/M and T/H, respectively), but these ratios were again
higher compared to [**Ga]Ga-NECT-330 (5.3 and 3.1).

The biodistribution of [%*Cu]Cu-NECT-346 was also
characterized using the 5637 tumor xenograft model (Figures
S6 and S7), which has a lower Nectin-4 level compared to the
HT-1376 xenograft model (Figure 2B). Besides [%*Cu]Cu-
NECT-346, the biodistribution of [**Cu]Cu-NECT-224 was
also assessed in 5637 tumor-bearing mice (Figures S6 and S7
and Table S4), which was not done in our previous study. The
shape and height of the tumor TAC, as well as the T/M and T/H

ratios for [**Cu]Cu-NECT-346 in the 5637 model, were
comparable to the data obtained with the HT-1376 model using
the same radioligand (e.g., T/M ratios of 15.5 for HT-1376 and
17.2 for 5637 at 1—2 h p.i.), but improved tumor uptake and
again higher tumor-to-organ ratios were obtained in the 5637
tumor model in comparison to [**Cu]Cu-NECT-224 (T/M of
7.3 for 5637 at 1-2 h p.i.).

In addition to labeling of the NODAGA-bearing Nectin-4
ligands with %4Cu and ®Ga, *'Cu labeling was tested for NECT-
224 and NECT-346, and the ®'Cu-labeled ligands were
radiopharmacologically characterized in vivo using the HT-
1376 tumor model (Figures S, Figure S8, and Table SS). Both
radioligands enabled clear visualization of the tumor tissue, with
comparable tumor TACs as well as T/M and T/H ratios being
reached up to 2 h p.i. (e.g,, T/M of 16.0 for [*'Cu]Cu-NECT-
346 and 13.1 for [*'Cu]Cu-NECT-224 at 1-2 h p.i.).

To complement our in vitro studies on the potential influence
of modulating the shedding of Nectin-4, we studied the tumor
uptake of [**Cu]Cu-NECT-224 with preadministration of the
ADAM10 and 17 inhibitor INCB3619 (i.p. injection of 1.4 mg/
kg, 17 and 1 h before radiotracer injection). The shape and
height of the tumor TAC resembled those observed in the
absence of INCB3619 (Figures S9 and S10).

PET Imaging Using a TNBC Tumor Xenograft Mouse Model
All novel **Cu-labeled ligands and the previously developed
[**Cu]Cu-NECT-224 were also subjected to PET/CT imaging

https://doi.org/10.1021/acs.bioconjchem.6c00366
Bioconjugate Chem. XXXX, XXX, XXX—XXX

920z 1snBny pz uo Jesn NIASIHA aN71S Aq 1pd-99e0099"WeyolUod0Iq SOB/98ZG0 L L9/99E0009" WaYDIU00Iq S8/ L.Z0 L "0 1/10P/Pd-0joile/SaY20q/BI0°s0e"Sqnd Wouj papeojumoq


https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.6c00366/suppl_file/bc6c00366_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.6c00366/suppl_file/bc6c00366_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.6c00366/suppl_file/bc6c00366_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.6c00366/suppl_file/bc6c00366_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.6c00366/suppl_file/bc6c00366_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.6c00366/suppl_file/bc6c00366_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.6c00366/suppl_file/bc6c00366_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.6c00366/suppl_file/bc6c00366_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.6c00366/suppl_file/bc6c00366_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.6c00366?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.6c00366?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.6c00366?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.6c00366?fig=fig7&ref=pdf
pubs.acs.org/bc?ref=pdf
https://doi.org/10.1021/acs.bioconjchem.6c00366?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Bioconjugate Chemistry

pubs.acs.org/bc

studies using the Nectin-4-positive MDA-MB-468 tumor model
(Figure 6; TACS for normal organs in Figure S11). The tumor
tissue could be visualized with all **Cu-labeled ligands, and the
general shape of the tumor TACs resembled those obtained for
the HT-1376 tumor model. However, the maximum SUVmean
values tended to be lower for the MDA-MB-468 compared with
the HT-1376 tumor. Furthermore, all novel *Cu-labeled ligands
showed higher SUVmean values compared to [**Cu]Cu-
NECT-224, in particular from time points of 30 min or later
after intravenous injection (e.g., SUVmean of 0.3 for [*Cu]Cu-
NECT-224vs 0.5 for [**Cu]Cu-NECT-334 at 1-2h p.i, Figure
6D). The T/M and T/H ratios are significantly higher for
[**Cu]Cu-NECT-330 and [**Cu]Cu-NECT-346 compared to
[**Cu]Cu-NECT-224 (e.g, a T/M ratio of 6.0 for [**Cu]Cu-
NECT-224 vs 10.0 for [**Cu]Cu-NECT-346; Figure 6E,F,
Table S3).

[**Ga]Ga-NECT-224 and [**Ga]Ga-NECT-346 were also
characterized using the MDA-MB-468 tumor model. Here,
while tumor uptake was higher for [*Ga]Ga-NECT-224
compared to [**Ga]Ga-NECT-346 (Figure 61I), the T/M and
T/H ratios tended to be more favorable for [**Ga]Ga-NECT-
346 compared to [**Ga]Ga-NECT-224 (Figure 6],K).

In addition to the MDA-MB-468 tumor model, [**Cu]Cu-
NECT-224 and [**Cu]Cu-NECT-346 were also characterized
using the Nectin-4-negative MDA-MB-231 tumor model
(Figures S6 and S7 and Table S4). Tumor tissue was barely
detectable in the PET/CT images, which was also reflected by
the comparably low maximum SUVmean values of 0.5 and T/
M (2.3 and 3.3 for [**Cu]Cu-NECT-224 and [**Cu]Cu-
NECT-346, respectively) and T/H ratios (1.1 and 1.6 for
[**Cu]Cu-NECT-224 and [**Cu] Cu-NECT-346, respectively)
at 1-2 h p.i.

First-in-Human Application of [¢*Cu]Cu-NECT-224

Due to the consistently better in vivo performance of the *Cu-
labeled Nectin-4 ligands compared to their **Ga-labeled
analogues and our previous experience with [**Ga]Ga-NECT-
224, we initiated a first-in-human application of [%*Cu]Cu-
NECT-224. Of course, our preclinical data herein indicate that
the novel radioligands, in particular [**Cu]Cu-NECT-334 and
[**Cu]Cu-NECT-346, show superior imaging properties than
[**Cu]Cu-NECT-224, but the application of [**Cu]Cu-NECT-
224 was more straightforward, and one aim for the first-in-
human application was also to demonstrate the general
suitability of a %Cu-labeled Nectin-4 ligand for PET/CT
imaging in humans.

A 68-year-old man with recurrent metastatic urothelial
carcinoma of the urinary bladder and multiple prior therapies,
who was initially diagnosed 4 years ago, underwent a [**Cu]Cu-
NECT-224 PET/CT as part of an individual diagnostic
procedure, after providing informed consent and within an
individualized diagnostic concept, prior to radiotherapy for a
symptomatic femoral and pelvic bone metastasis. The prior
therapies included transurethral resection of the bladder tumor,
multiple reresections of local tumor recurrences, chemotherapy,
immunotherapy, and radiotherapy to both the primary tumor
region and bone metastases. At the time point of the scan, the
patient had received no systemic treatment within the preceding
3 years. Figure 7 shows the PET scan as maximum-intensity
projection (MIP) images at 67 min and 16.5 h after intravenous
injection of [**Cu]Cu-NECT-224. Apart from physiological
distribution of the radiotracer, including renal clearance, several
Nectin-4-positive bone metastases, especially in the left

hemipelvis, and a left external iliac lymph node metastasis, are
visible. The latter had an SUVmax of 10.8 (SUVpeak: 5.4) at 67
min p.i, which decreased to 3.9 (SUVpeak: 1.3) at 16.5 h p.i.
(Figure 7C/D). As another example, the most prominent and
symptomatic iliac bone metastasis with a soft-tissue component
demonstrated a decrease in SUVmax from 10.2 (SUVpeak: 5.0)
at 67 min p.i. to 3.9 (SUVpeak: 1.3) at 16.5 h p.i. (Figure 7E/F).

In terms of activity uptake in normal tissues, the initially high
uptake in the renal pelves (SUVmax ~ 200) had vanished in the
16.5 h p.i. images, while the moderate uptake in the renal
parenchyma remained stable (right, SUVmean: 10.7 vs 9.3 for
67 min and 16.5 h, respectively, Figure S12). Furthermore, a
decrease in activity over time was observed for the liver
(SUVmax 3.5 vs 2.6), the spleen (SUVmax 1.9 vs 1.0), the
vascular blood pool (SUVmax 4.5 vs 0.5), and the salivary gland
(SUVmax 3.1 vs 0.8, right submandibular gland).

B DISCUSSION

Nectin-4 has been proven as a valid target for antibody- and
peptide-drug conjugates with enfortumab vedotin being
clinically approved by the EMA and the FDA, in combination
with pembrolizumab (an antibody targeting PD-1), as first-line
treatment in patients with locally advanced or metastatic
urothelial carcinoma.'' *'> While the assessment of the patient’s
Nectin-4 status was not required in any registration trial, "
there is a clinical demand for quantifying the Nectin-4 status in
patients prior to a potential targeted chemotherapy as e.g., the
Nectin-4 level differs among molecular subtypes of urothelial
cancer’® and can also be heterogeneous between primary and
metastatic lesions.”” This sets the basis for the development of
Nectin-4-directed radioligands, with antibody- and peptide-
based radioligands being pursued in recent years. Just recently,
Mishra et al. impressively demonstrated in preclinical studies
that PET-measured target engagement derived from pre- and
post-treatment SUV values with a %Ga-labeled bicyclic peptide
([**Ga)Ga-AJ647) targeting Nectin-4 predicted the therapeutic
outcomes of enfortumab vedotin better than the drug dose or
the pretreatment SUV values alone.”® This might further
stimulate the exploration of diagnostic radioligands toward
Nectin-4 in the context of personalized medicine.

Previously, we translated the bicycle toxin conjugate BT8009
into ®*Ga- and *Cu-labeled ligands for noninvasive imaging
with PET.* Among a series of ligands, NECT-224, in particular
as the **Cu-labeled version, demonstrated the most favorable in
vivo performance as assessed in a urothelial carcinoma xenograft
model (HT-1376). Although tumor uptake and T/M and T/H
ratios were sufficient for imaging purposes - also highlighted by a
first-in-human application of [**Ga]Ga-NECT-224 - our data
on the binding kinetics to Nectin-4 gave an incentive to further
structurally optimize the bicyclic peptides to improve their in
vivo performance. In particular, this becomes of interest, when
tumor entities with a lower abundance of Nectin-4 compared to
that of urothelial carcinoma are considered.

Herein, we introduced three novel Nectin-4 ligands that are
derived from NECT-224 but bear additional linker moieties
within the bicyclic scaffold and the chelating unit NODAGA.
This design was primarily motivated by our findings that the N-
terminal moiety can have a significant impact on the binding
kinetics of Nectin-4. Second, hydrophilic linkers such as PEG or
poly-Sar might improve tumor—to—back%round ratios due to
more rapid washout from normal tissues.”” Regarding the choice
of linker moieties, we chose Sar;, as realized in NECT-346,
which also separates the MMAE toxin unit in BT8009 from the
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bicyclic peptide.”* A Sar,, linker was also exploited previously
for radiolabeled bicyclic peptides directed to MMP14.”° In
addition, PEG-based linkers of shorter (PEG,, NECT-330) and
similar length (PEGg, NECT-334) compared to Sary, were
evaluated. During our work, a similar ligand design was exploited
by Wan et al.*® (NOTA-PEG,,/6/12/24-BP) and Sun et al.*’
(Sar,o, PEGs, and PEGg in FZ-NR-1, FZ-NR-2, and FZ-NR-3,
respectively, all with DOTA). In contrast to our ligands, which
bear methoxinine at position 4, these bicyclic peptides bear the
original methionine from BT8009. We previously highlighted
that this amino acid substitution led not only to higher
radiochemical purity upon labeling with **Cu or ®*Ga but also
to improved tumor uptake in the case of **Cu labeling.”

All novel Nectin-4 ligands showed more favorable binding
kinetics to hNectin-4 by means of lower k.g values compared to
NECT-224, indicating that the direct attachment of the bulky
chelating unit to the N-terminus is somewhat unfavorable. In
line with these findings, NECT-416, bearing a free N-terminus,
exhibited also a lower k.; value compared to NECT-224.
However, rather than the steric demand of the NODAGA
moiety, it seems that the charge of the N-terminal substituent is
crucial for binding to Nectin-4, as the "Cu and "*Ga complexes
of NECT-224 showed lower kg values compared to their metal-
free analogs. In addition to characterizing binding kinetics to
hNectin-4, NECT-224 as well as the novel linker-bearing ligands
were characterized toward mNectin-4 and hNectin-1, -2, and -3.
In line with data for BT8009,” our Nectin-4 ligands were
selective for hNectin-4, with comparable binding kinetics
toward human and mouse Nectin-4, while no binding to
hNectin-1, -2, and -3 was observed up to 200 nM.

Encouraged by these findings, we envisaged to characterize
the novel ligands in our previously established UC cell and
tumor models®” and expanded these studies also to TNBC
models. TNBC represents a tumor entity for which targeted
theranostic approaches are largely missing with Nectin-4 being a
promising molecular target.‘l In this context, BT8009 is
currently evaluated in a Phase II study in patients with breast
cancer, including TNBC (NCT06840483). While HT-1376 and
5637 cells, as well as derived tumor xenografts, were
characterized previously by us for Nectin-4 abundance,” we
herein characterized the MDA-MB-468 and MDA-MB-231
TNBC cell lines and their respective tumor xenografts. MDA-
MB-468 was chosen as the Nectin-4-positive cell line and MDA-
MB-231 as the Nectin-4-negative one, which is in accordance
with previous reports.’”>""" The Nectin-4 abundance was
confirmed herein by Western blot analysis and its membranous
location by immunofluorescence staining. Furthermore, quanti-
fication of the Nectin-4 level was performed with an ELISA.
Accordingly, MDA-MB-468 cells exhibited a similar protein
level to that of HT-1376 cells, while no Nectin-4 could be
detected by either method for the MDA-MB-231 cells. MDA-
MB-468 tumor xenografts maintained a comparable Nectin-4
level to that of their monolayer culture, and again no Nectin-4
could be detected in MDA-MB-231 tumor xenografts. There-
fore, the latter tumor model can be considered as a truly Nectin-
4-negative xenograft model, which is distinct from the data for
the UC cell line 5637. For 5637, the monolayer culture lacked a
measurable Nectin-4 level, but a significant amount of this
protein was present in tumor xenografts derived thereof.’” In
fact, the Nectin-4 level in 5637 tumor xenografts was
comparable to that of the MDA-MB-468 tumor xenografts.
The Nectin-4 positivity of 5637 tumors was also previously
demonstrated by Wan et al. with immunohistochemical staining,

albeit the authors, unlike us, were also able to detect Nectin-4 at
the cellular level by immunofluorescence staining.*®

Having established Nectin-4-positive and -negative TNBC
models in addition to UC models, we directed our interest to the
phenomenon of Nectin-4 shedding from the cell surface. Fabre-
Lafay et al. discovered previously that Nectin-4 can serve as a
histological and serological marker for breast cancer.*' The same
group reported that the detected sNectin-4 originated from
ectodomain shedding catalyzed by the metalloprotease
ADAM17, which is also abundant on breast cancer cells.”” A
subsequent study by Buchanan et al. highlighted that
ectodomain shedding of Nectin-4 occurs also in ovarian cancer
and is mediated by ADAM10 and ADAM17.* Inspired by these
reports, we sought to assess this phenomenon in our UC and
TNBC models and to characterize the potential impact of
Nectin-4 shedding on radioligand binding. At first, the sNectin-4
level could be detected in the supernatant of HT-1376 cells. By
quantification of sNectin-4 in the urine of mice subcutaneously
injected with HT-1376 and MDA-MB-468 cells, an increase in
the sNectin-4/creatinine value could be detected over time. For
the HT-1376 tumor model, sNectin-4/creatinine correlated well
with the tumor volume quantified by PET/CT imaging with
[**Cu]Cu-NECT-224. Of note, correlations with the tumor
volume obtained by caliper or CT measurements were
significantly worse because of the presence of a necrotic core
in the HT-1376 tumors. In this context, a correlation of urine
Nectin-4 and the tumor H-score of Nectin-4 was previously
found by Miyake et al. in patients with bladder cancer.>”

To explore the enzymes involved in Nectin-4 shedding, we
studied the time- and concentration-dependent occurrence of
sNectin-4 in the supernatant of HT-1376 cells in the presence of
the two commercially available ADAM10/17 inhibitors JG26°°
and INCB3619.>* A dose-dependent reduction of the sNectin-4
level was detectable by both inhibitors; however, INCB3619
appeared to be 10 times more potent than JG26 (relative
reduction of sNectin-4 to < 50% at 100 and 1000 nM for
INCB3619 and JG26, respectively). Considering the known
inhibitory potencies of both compounds toward ADAM10 (ICs,
values of 150 and 22 nM for JG26 and INCB3619, respectively)
and ADAM17 (ICs, values of 1.9 and 14 nM for JG26 and
INCB3619, respectively), our results indicate that Nectin-4
shedding from the HT-1376 cells is primarily driven by
ADAMI10. Quantification with ELISA confirmed the presence
of both metalloproteases in all four UC and TNBC cell lines and
tumor xenografts derived thereof. However, apparent protein
levels of ADAM10 were considerably lower compared to levels
of ADAM17, which might question our results with the above-
mentioned protease inhibitors. In this context, after having
performed the ADAMI10 ELISA, we noted that ADAMI10 can
autocatalytically and rapidly degrade itself upon cell lysis, which
affects its mature but not its pro form.>> This might explain the
results for the ADAM10 ELISA herein and suggests an adjusted
preparation of cell lysate samples for future studies.

Generally, the shedding of Nectin-4 from the cell surface is
detrimental to any targeted strategy, as a lower binding capacity
or release of the initially bound target molecule can occur.
Furthermore, released Nectin-4, i.e., sNectin-4, in the blood
circulation might compete for binding of the radioligand to
tumor-associated Nectin-4. However, to be relevant for a
targeted strategy, the fraction of sNectin-4 over time compared
with the cell-bound Nectin-4 is crucial. Herein, we were able to
quantify for HT-1376 cells that <2% of cell-bound Nectin-4 is
released as sNectin-4 per hour. Accordingly, the binding of
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[**Cu]Cu-NECT-224 in the absence and presence of
INCB3619 was not different. In vivo blocking of Nectin-4
shedding in HT-1376 tumor-bearing mice was attempted upon
preadministration of INCB3619 (1.4 mg/kg at 17 and 1 h
before radiotracer injection). However, this dosing regimen did
not affect the sNectin-4 level in the urine or the tumor uptake of
[¢*Cu]Cu-NECT-224, which in turn limits conclusions about
the relevance of Nectin-4 shedding on the tumor targeting by
radioligands. In a previous study on HER-2 extracellular domain
(ECD) cleavage, which is also mediated by ADAM proteases,
INCB3619 was continuously given at 30 mg/kg/day over 6
days. This dosing regimen efficiently reduced serum ECD levels
and enhanced the antitumor effect of trastuzumab in a
preclinical tumor model.”* Considering that an analogue of
INCB3619 reduced serum ECD levels even at 3 mg/kg/day and
considering the commercial availability of INCB3619,”* we
hypothesized that a double preadministration of 1.4 mg/kg
before radiotracer injection would be sufficient to block
ADAMI10/17 activity and thus to reduce sNectin-4 in the
urine. But obviously, our dosing regimen was too low or too
short to efficiently block the proteolytic activity of ADAM10 and
17 and/or to measurably affect the sNectin-4 level. Therefore,
further studies are needed to characterize the influence of the
shedding phenomenon on tumor uptake by Nectin-4-directed
radioligands.

With the detailed characterization data for the UC and TNBC
cell lines and tumor xenografts in hand, we performed
comparative cell-binding and internalization studies with the
novel radioligands and our previously developed radioligands
[¢*Cu]Cu-NECT-224 and [*®Ga]Ga-NECT-224. In line with
the SPR data for the novel ligands, the *Cu-labeled analogues
exhibited potent Nectin-4-specific cell binding accompanied by
a high extent of putative internalization. It is worth noting that
the acid wash-resistant fractions were higher toward HT-1376
compared to MDA-MB-468 cells for the same radioligand. This
might indicate a cell-type-specific pharmacological effect upon
radioligand binding to Nectin-4. In line with this finding, the
B values were considerably higher toward HT-1376
compared to MDA-MB-468, and, simultaneously, lower
apparent Ky values were determined using the latter cell line.
We recently characterized the temperature- and time-dependent
binding of [**Cu]Cu-NECT-224 to HT-1376 cells and
proposed that pronounced internalization occurs, which depend
on Nectin-4, but the protein itself seems to remain at the cell
surface.”” Therefore, higher B, values than expected were
found based on the amount of Nectin-4 as determined by
ELISA. This apparent shuttling of the radioligand inside the ells
is even more pronounced for the novel linker-bearing radio-
ligands compared to [**Cu]Cu-NECT-224. Even though higher
B« values were also obtained toward MDA-MB-468, the
difference from the actual protein amount is lower. The
underlying reasons need to be assessed in subsequent studies.

Comparative PET/CT imaging studies of the novel **Cu- and
®Ga-labeled ligands revealed a clearly improved in vivo
performance in both UC and TNBC tumor models compared
with our previously developed radioligands [**Cu]Cu-NECT-
224 and [**Ga]Ga-NECT-224. Although the shape and height
of the tumor TAC are usually not affected by the introduced
linker units, a significant enhancement of the T/M and T/H
ratios was consistently obtained, which primarily originated
from a faster washout from the normal tissues, exemplified by a
reduced elimination half-life in the blood pool. Among the novel
ligands, ®*Cu- and **Ga-labeled NECT-334 and NECT-346,

bearing PEGg and Sarj, linker units, respectively, slightly
outperformed radiolabeled NECT-330 with a short PEG,
linker. It is worth noting that higher SUVmean values in the
5637 and MDA-MB-468 tumors were obtained by the novel
radioligands compared to radiolabeled NECT-224, but not in
the HT-1376 tumors. Furthermore, the ®*Cu-labeled ligands
showed superior in vivo performance compared to their “*Ga-
labeled analogues, a phenomenon that was also highlighted in
our previous study.”” A detailed reason for this finding can still
not be given. Previously, [**Ga]Ga-FZ-NR-1 was preclinically
evaluated in MDA-MB-468 and MDA-MB-231 cell and tumor
models. PET/CT imaging in MDA-MB-468-bearing mice
revealed a T/M ratio of 4.5 at 60 min p.i., which is similar to
the ratio of [**Ga]Ga-NECT-346 in the same tumor model and
at the same time point, but lower than the ratio obtained with
[¢*Cu]Cu-NECT-346.

In addition to Nectin-4-directed radioligands based on
bicyclic peptides, several immunoPET and immunoSPECT
approaches were published previously.”” "' Among others,
Weibo Cai and colleagues reported on different immunoPET
probes based on ®*Cu- or *Zr-labeling of appropriately modified
enfortumab vedotin ([**Cu]Cu-NOTA-Padcev’’ and
[#Zr]Zr-DFO-Padcev,” respectively) or a bivalent antibody
fragment derived from this ADC ([**Cu]Cu-NOTA-EV-
F(ab’),”). Due to the different pharmacokinetic behavior of
antibodies or antibody fragments, the activity retention in
normal organs, including the blood circulation, is higher
compared to small radiolabeled peptides, which is accompanied
by a shift in the tumor TAC to later time points. For [**Cu]Cu-
NOTA-EV-F(ab’),, maximum tumor uptake in an MDA-MB-
468 model was observed at 4 h p.i., and maximum T/H (starting
at 12 h p.i.) and T/M (starting at 4 h p.i.) ratios of 3 and 10,
respectively.29 In contrast, [%Zr]Zr-DFO-Padcev showed
maximum tumor uptake at 48 h p.i. in the same tumor model
and maximum T/H and T/M ratios of approximately 4 and 20,
respectively, at the same time point.28 Considering the results
for [**Cu]Cu-NECT-346 in the MDA-MB-468 tumor model
herein, with the most favorable T/H and T /M ratios of 6.2 and
10.0 being reached at 1-2 h p.i., [**Cu]Cu-NECT-346 enables
earlier imaging acquisition, which is favorable for clinical
applications, and provides the advantage of even higher T/H
ratios compared to the aforementioned immunoPET ap-
proaches.

In addition to the desired uptake in the tumor tissue, a
prominent activity uptake was seen for all radioligands in the
kidneys and bladder, which aligns with the renal excretion route
of the radioligands. However, a considerable activity uptake was
also noted in the salivary glands (e.g, for [**Cu]Cu-NECT-224,
a maximum SUVmean of 2.5, Figure S13), which was even more
pronounced for the novel radioligands compared to radiolabeled
NECT-224. In line with this, activity uptake in the salivary
glands in mice was also noted for other Nectin-4-directed
radioligands"’6 and even in humans.”® While it is often stated that
Nectin-4 is largely absent in adult tissues, Nectin-4 was actually
detected in a range of normal tissues, including the bladder,
breast, stomach, salivary glands, and skin.” To shed further light
on this finding, we sought to quantify the level of mNectin-4 in
the kidneys, salivary glands, and liver of NMRI-nu/nu mice.
According to the ELISA data, high mNectin-4 levels were
detected in these normal tissues, with the mNectin-4 level in the
kidneys even exceeding that of the hNectin-4 level in the tumor
xenograft models. Consequently, activity uptake and prolonged
retention in the kidneys and salivary glands might also result
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from the physiological abundance of this protein in these tissues.
However, it is worth noting that the activity retention in the
salivary glands is shorter compared to the tumor tissue, which,
however, might not be reasoned by different binding kinetics of
the ligands toward mouse and human Nectin-4 as shown herein.

Besides *Cu and ®*Ga, we performed pilot experiments with
¢!Cu-labeled NECT-224 and NECT-346 using the HT-1376
tumor model. %' Cu represents another copper radioisotope with
suitable nuclear physical properties for PET imaging.”” In this
context, *'Cu-labeled radioligands have also entered clinical
interest, with [*'Cu]Cu-NODAGA-LM3, an SST, antagonist,57
being currently investigated in a prospective clinical phase I/II
study (NCT06455358), and recently, imaging results of the first
patient from this clinical trial were published.”® Considering the
fast tumor uptake and rapid blood clearance of the presented
Nectin-4 ligands, the short halflife of ®'Cu compared to **Cu
(3.4 vs 12.7 h) fits more properly to the biological half-life of the
targeting molecules. Furthermore, due to the shorter half-life
and more favorable nuclear properties of ' Cu compared to **Cu
(e.g., no fraction of #~ decay for ' Cu), the radiation exposure of
healthy organs upon injection of ®'Cu-labeled ligands might be
lower compared to their ®*Cu-labeled counterparts.””® Of
course, from a chemical point of view, the ®' Cu-labeled peptides
are identical to their **Cu-labeled analogs and thus the
biodistribution of both radioligands should be equal. While
this could be shown for [*'Cu]Cu-NECT-346, higher T/M and
T/H ratios were obtained for [*'Cu]Cu-NECT-224 as expected
based on the data for its **Cu-labeled analog, which rendered the
in vivo performance of [*'Cu]Cu-NECT-224 equal to
[*'Cu]Cu-NECT-346. Although a reason for this surprising
finding cannot be given at this stage, our data at least indicate the
suitability of both ligands for PET/CT imaging upon labeling
with 5'Cu.

Encouraged by the consistently better in vivo performance of
the **Cu-labeled ligands compared with their **Ga-labeled
pendants, we envisaged the first-in-human application of
[**Cu]Cu-NECT-224. A clear detection of the Nectin-4—
positive lesions was possible, and the physiological distribution
of [%*Cu]Cu-NECT-224 appeared to be similar to that of
[*Ga]Ga-NECT-224 or [*®*Ga]Ga—N188 according to our
previous experiences.””®" In this context, activity uptake in the
salivary glands occurs, which was also noted for [%*Ga]Ga-FZ-
NR-1 previously,”*®” and aligns with our data herein on the
Nectin-4 abundance in salivary glands. However, a decreasing
activity level was observed in the salivary glands over time, while
the initial activity uptake in the renal parenchyma remained
constant at 16.5 h p.i. Previously, we showed by ex vivo
metabolite analysis upon injection of [**Cu]Cu-NECT-224 in
mice that a distinct radiometabolite was formed in the kidneys.
Current studies by our group are focused on the structural
elucidation of this radiometabolite and its retention behavior in
the kidneys. Apart from activity uptake in normal organs, the
additional image acquisition at a later time point (16.5 h)
revealed that some lesions could still be detected, but there was a
general trend to lower SUVmax values compared to the early
imaging time point (67 min). This in turn indicates that our
current generation of Nectin-4 ligands still needs to be improved
to enable also radionuclide therapy besides pure imaging
purposes. Although a direct comparison regarding the perform-
ance of [**Cu]Cu-NECT-224 and [**Ga]Ga-NECT-224 is not
possible at the moment, the %Cu-labeled analogue offers
centralized production and subsequent distribution, which
might further support the characterization of Nectin-4 as a

molecular target in cancer patients. The results of the first-in-
human application of [**Cu]Cu-NECT-224 are also encourag-
ing for the clinical translation of the novel radioligands presented
herein, in particular [**Cu]Cu-NECT-334 and [**Cu]Cu-
NECT-346, which could provide even better tumor-to-back-
ground contrast in humans, as observed preclinically.

B CONCLUSION

This study demonstrates that NECT-330, NECT-334, and
NECT-346, which are structurally advanced from NECT-224,
are highly potent and selective ligands for Nectin-4. Owing to
the complexation properties of the versatile chelator (R)-
NODAGA, a detailed radiopharmacological characterization in
UC and TNBC models upon labeling with 1Cu, **Cuy, and ®*Ga
was performed, which revealed an overall superior in vivo
performance compared to previous [**Cu]Cu-NECT-224 and
[*®Ga]Ga-NECT-224 with the best T/M and T/H ratios being
provided by [**Cu]Cu-NECT-334 and [**Cu]Cu-NECT-346,
which warrants their further clinical translation. This is further
encouraged by the first-in-human application of [**Cu]Cu-
NECT-224 presented herein, showing the general suitability for
Nectin-4-directed PET/CT imaging in patients with **Cu-
labeled bicyclic peptides. Accordingly, we assume that the novel
ligands also enable the exploration of noninvasive imaging of
tumor-associated Nectin-4 in tumor entities with even lower
abundance of this protein compared to UC and TNBC. While
we were able to demonstrate that the shedding of Nectin-4 does
not affect the overall binding of radioligands in vitro, a definitive
statement regarding the targeting of tumor-associated Nectin-4
by radioligands cannot be given. However, according to the in
vitro data, we assume no detrimental effect of the shedding
phenomenon on radioligand binding to tumor-associated
Nectin-4. In ongoing studies, we seek to further structurally
modify the bicyclic scaffold originally derived from BT8009, as
the binding kinetics, in particular the kg values, still need to be
improved to achieve longer tumor retention, which, in turn,
would also pave the way toward a Nectin-4-directed radioligand
therapy.

B MATERIALS AND METHODS

Chemistry and Radiochemistry

All chemicals were purchased from BLD Pharmatech, IRIS Biotech,
ABCR, Thermo Fisher Scientific and Carbolution. The detailed
synthesis protocol of all peptides are provided in the Supporting
Information. For radiolabeling with in-house produced®’Cu and
64Cy, 03706 [*'Cu]CuCl, or [**Cu]CuCl, each in 0.01 M HCIl was
diluted with 0.1 M NH,OAc (pH 5.6) to a final activity concentration of
1 MBq/uL. To the peptides (1—6 uL of 2 mM DMSO stock, 2—12
nmol), 50—300 MBq of the prepared [*'Cu]CuCl, or [**Cu]CuCl,
solutions were added. The labeling reaction was carried out at 60 °C for
20 min and the radiochemical yield was assessed by radio-HPLC
analysis. Radiolabeling with ®Ga was performed using [*Ga]GaCl,
eluted with 0.1 M HCl from a %Ge/**Ga generator (Eckert & Ziegler).
Peptides (2 pL of 2 mM DMSO stock, 4 nmol) were labeled with
[%Ga]GaCl; (75 MBg, 250 4L) in 1 M sodium acetate buffer (pH 4.5).
The labeling reaction was carried out at 90 °C for 10 min and the
radiochemical yield was assessed by radio-HPLC analysis. LogD,,
values and stability in human plasma were assessed as previously
described.”

Surface Plasmon Resonance Spectroscopy

SPR analysis of binding kinetics to human Nectin-4 (R&D Systems,
Cat. No. 2659-N4) and mouse Nectin-4 (Acro Biosystems, Cat. No.
NE4-MS2H3) was performed as previously described for human
Nectin-4.* In brief, binding analysis was performed by consecutive
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injection of five increasing concentrations of the bicyclic peptide (120 s
contact time for each concentration), followed by 600 s dissociation
time, and analysis on both flow cells (FCs). Regeneration was
performed by sequential injection of 10 mM NaOAc (pH 5.5) for 60
s, washing the needle with HBS-P+, injection of 10 mM NaOAc (pH
5.5) for 60's, a 600 s wait, four injections of HBS-P+ (60 s), and a final
600 s waiting for stabilization. Blank runs using only buffer (HBS-P+)
instead of sample were carried out to obtain double-referenced
sensorgrams. Unless otherwise stated, binding analyses were performed
in a concentration range between 0.16—100 nM or 1.6—1000 nM
(fivefold dilution series) and analyzed in triplicate. The data were
analyzed using Biacore Evaluation Software 3.2.1. Each sensorgram was
reference-subtracted (FC(active) — FC(reference)) and blank-
corrected. Data were fitted to a 1:1 binding model.

For assessing isoform specificity, the human isoforms Nectin-1, -2,
and -3 (Acro Biosystems, Cat. No. PV1-HS$223, PV2—HS2E2, PV3—
HS52E4), and -4 were immobilized on a CMS chip at levels of 1394 RU,
849 RU, 1835 RU, and 1319 RU on flow cells 1, 2, 3, and 4, respectively,
using the protocol described above. Binding analyses were performed
by injection of the ligand at a concentration of 200 nM over all four flow
cells and analysis of the binding signal 60 s after injection of the peptide,
compared to the baseline signal before injection. Of note, this was
performed because solvent-based signal shifts during analyte injection
did not allow for proper evaluation, and no reference cell was available
in this setup. Hence, we decided to evaluate the binding signal in the
dissociation phase, which is not influenced by this shift and also allows
us to discriminate binders with significantly lower kg values from
comparably weak binders with high kg values.

Cell Culture

HT-1376 cells were cultured in DMEM supplemented with GlutaMAX,
10% FBS, and 1% penicillin/streptomycin, whereas 5637 cells were
cultured in RPMI supplemented with GlutaMAX, 10% FBS, and, 1%
penicillin/streptomycin. Both cell lines were cultured in 5% CO, and at
a relative humidity of 95% at 37 °C. MDA-MB-231 and MDA-MB-468
cells were cultured in L15 supplemented with 10% FBS and 1%
penicillin/streptomycin, without additional CO, at 37 °C. All
radioligand binding assays were performed using DMEM supple-
mented with 10% FBS and 1% penicillin/streptomycin.

Enzyme-Linked Immunosorbent Assay (ELISA)

The human Nectin-4 ELISA kit—Quantikine (#DNEC40) from R&D
Systems, the mouse Nectin-4 ELISA kit (#ELM-NECTIN4—1) from
RayBiotech, the human ADAMI10 ELISA kit from Antibodies Online
(#ABIN6953443), and the human TACE/ADAMI17 ELISA kit
(#EHADAM17) from ThermoFisher were used. All ELISAs were
performed according to the manufacturer instructions.

Cell supernatant samples were collected from the culture vessel at the
indicated time points. They were centrifuged for S min at 1000 X g, and
the supernatant was transferred to a new tube and used for the assay.
For cell lysis samples, the cell lines were cultured to a confluency of
~90% and then briefly washed three times with cold PBS. Lysis Buffer 2
(R&D #895347) was added to the cells, and after a 10-min incubation
on ice, the lysed cell layer was scraped from the surface using a cell
scraper. The lysate was centrifuged at 14,000 X g for 15 min, and only
the supernatant was used for further analysis.

To prepare the tumor lysates, tumor samples of ~4 X 4 mm were
collected after the animal was sacrificed, avoiding the necrotic core. The
tissue was lysed in ~300 yL of lysis buffer 2 (R&D #895347) using the
GentleMACS device (Miltenyi Biotec). To collect urine samples, the
mice were separated in an empty cage either directly after PET imaging
or at regular intervals of tumor growth. The urine was immediately
collected and centrifuged at 10,000 X g for 5 min at 4 °C. Only the clear
supernatant was used for any analysis.

Determination of Creatinine Levels

The urine samples used for ELISA analysis were also analyzed for their
creatinine concentrations using the Parameter Creatinine Assay
(#KGE00S) from R&D Systems. The assay was performed according
to the manufacturer’s instructions. All measurements of soluble Nectin-

4 in urine samples were normalized to creatinine content and are given
in fmol of Nectin-4 per mg of creatinine.

Cell Binding, Internalization, and Saturation Binding of
Radioligands

Cell binding and internalization experiments for the *Cu- and ®*Ga-
labeled ligands using HT-1376, 5637, MDA-MB-468, and MDA-MB-
231 cells were performed as described previously.”” In brief, cells were
seeded in a 48-well plate 4 to 5 days prior to the experiment so that
confluence reached approximately 95 to 100% on the day of the assay.
Immediately before the radioligand binding experiments, the cells were
washed with fresh medium once. Total binding of the radioligands (10
nM) as well as the nonspecific binding (in the presence of 1 yM NECT-
208 or NECT-214, previously denoted as compounds le and 3a,*’
respectively) were determined in order to calculate the specific binding.
If not indicated otherwise, only specific binding data are presented. The
cells were incubated with the radioligand dilution for 1 h at 37 °C and
300 rpm on a shaker. The radioligand was removed and cells were
washed twice with ice-cold PBS+. For determining internalization, a
wash step with cold glycine buffer (50 mM, pH 2.8, S min) was
included. For selected radioligands, saturation binding analyses were
performed using 10 different radioligand concentrations (0.321—160 or
0.156—80 nM).

To assess the influence of Nectin-4 shedding on radioligand binding,
cell binding of [**Cu]Cu-NECT-224 at 10 nM was also performed in
the presence of 100 nM ADAM10/17 inhibitor INCB3619 (MCE, no.
HY-12636). For this assay, the washing step was performed using
medium containing 100 nM INCB3619. After the washing step, cells
were incubated with the inhibitor for approximately 15 min before the
assay was started.

Immunoblot

An SDS-PAGE gel was loaded with 25 ug cell lysate of MDA-MB-468
and MDA-MB-231 per lane and subsequently blotted to a PVDF
membrane (Cytiva #RPN3032D). The anti-Nectin-4 antibody
(ThermoFisher #PAS5S—47365) was diluted 1:200 in TBS-T + 3%
BSA, and the membrane was incubated with the antibody dilution
overnight at 4 °C. The membrane was briefly washed three times with
TBS-T and probed with an antigoat IgG HRP-conjugate (Sigma
#A5420) diluted 1:20000 in TBS-T + 3% BSA for 2 h at room
temperature. The washing procedure was repeated, and the bands were
visualized with SuperSignal West Femto Maximum Sensitivity
Substrate (ThermoFisher #34095) at a Celvin S Chemiluminescence
Imager (Biostep).

Small-Animal PET

Small animal PET/CT was performed with a nanoPET/CT scanner
(Mediso Medical Imaging Systems, Budapest, Hungary). The PET
experiments with the radiotracers were conducted when the tumors
reached a volume of ~200 mm?®. The radiotracers were diluted in 0.9%
NaCl (**Cu- and *Cu-labeled ligands) or PBS (**Ga-labeled ligands),
and 200 yL containing 6—9 MBq (0.3—0.4S nmol) were injected into
the lateral tail vein of the mice. A continuous PET scan over 2 h to
record coincidences was performed starting at the time of injection. For
anatomical reference and attenuation correction, a CT scan was
performed. Image reconstruction, time framing, and tissue delineation
were performed as described previously.”” Preclinical PET images were
postprocessed and analyzed using Rover version 3.0.77h (ABX,
Radeberg, Germany). Details on the extraction of tissue-specific uptake
values from preclinical PET images (region-averaged standardized
uptake values, SUVmean) are provided in Figure S14. Additionally,
static uptake values were extracted and compared for the 1-2 h time
frame, which offered the best compromise between the highest possible
tumor contrast and acceptable signal intensity. To statistically compare
the tumor-to-muscle and tumor-to-heart ratios at 1-2 h postinjection
achieved with the *Cu- and **Ga-labeled ligands NECT-330, NECT-
334, and NECT-346 to [**Cu]Cu-NECT-224 and [*®*Ga]Ga-NECT-
224, respectively (Tables S2 and $3), an ordinary one-way ANOVA
was conducted using the Sidak correction model (*p <005, ¥*p <
0.01, ***p < 0.001).
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For the PET experiment with the ADAMI10/17 inhibitor
INCB3619, the HT-1376 tumor-bearing mice were injected intra-
peritoneally with either 100 nmol of INCB3619 (inhibitor,
approximately 1.4 mg/kg) in 100 L of 0.9% NaCl or only 100 uL of
0.9% NaCl (control) at 17 and 1 h before the injection of the
radiotracer.

First-in-Human Application

[**Cu]Cu-NECT-224 was synthesized in a manual process. The
[**Cu]CuCl, solution (20—150 uL, 0.01 M HCI) was mixed at a ratio of
2:1 with sodium acetate buffer (0.5 M, pH 5.0) and precursor (30 ug, 1
ug/uL). The resulting mixture was diluted to 1 mL with H,Osuprapur
(1.00473 Supelco) and transferred into a sterile, evacuated 10 mL vial
(Curium GmbH). The labeling was performed at 75 °C for 20 min. The
labeling solution was diluted with 3 mL of 0.9% saline and transferred
onto a Sep-Pak C8 light (Waters GmbH, WAT036770). The cartridge
was washed with 3 mL of water for injection (Ampuwa). Finally, the
product was eluted into a sterile 10 mL vial with 1.0 mL of 50% ethanol
for injection (PZN 03837980) and formulated with 7 mL 0.9% PBS-
buffered saline (B. Braun) via a 0.22 um sterile filter (Vented Millex,
SLGVV2SSF). The molar activity was determined to be 50.6—60.6
MBgq/nmol at a radiochemical yield of 81—85% and a radiochemical
purity of greater than 98% (n = 3). All quality control tests were
performed as a prerequisite for human use, including radiochemical
purity, chemical purity, endotoxins, and sterility testing.

The PET/CT scan was performed at 67 min and 16.5 h after the
injection of 251 MBq of [**Cu]Cu-NECT-224 on a Siemens Biograph
Vision 600 instrument (Siemens Healthineers, Knoxville, TN, USA).
Emission PET scan was obtained using continuous bed motion with
speeds of 1.4 mm/s (67 min p.i.) and 0.9 mm/s (16.5 h p.i.) from just
above the skull base to the mid-thigh in a caudocranial direction. Images
were reconstructed using the TrueX algorithm with 4 iterations, 5
subsets, and a time-of-flight (TOF) application, without postrecon-
struction filtering (all-pass). A low-dose CT was acquired (X-ray tube
current of 11 mAs, tube voltage of 120 kV, spiral pitch factor, and 3.0
mm slice thickness), which was used for scatter correction of the
subsequent PET scan.
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