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KEYWORDS Abstract With a 5-year recurrence rate of 30—78%, urothelial cell carcinoma (UCC) rates
Image guided surgery; amongst the highest of all solid malignancies. Consequently, after transurethral resection, pa-
Photoacoustic tients are subjugated to life-long endoscopic surveillance. A multimodal near-infrared (NIR)
imaging; fluorescence-based imaging strategy can improve diagnosis, resection and surveillance, hence
EpCAM; increasing quality of life.

Abbreviations: EpCAM, Epithelial cell adhesion molecule; EV, Empty vector; IHC, Immunohistochemistry; LUMC, Leiden University Medical
centre; MFIs, Mean fluorescence intensities; MIBC, Muscle invasive bladder cancer; NIR, Near-infrared; NMIBC, Non-muscle invasive bladder
cancer; PA, Photoacoustic; PpIX, Protoporphyrin; TBR, Tumour-to-background ratio; TIS, Total immunostaining score; TNFa, Tumour necrosis
factor alpha; TUR, Transurethral resection; UCC, Urothelial cell carcinoma; uPAR, Urokinase plasminogen activator receptor; WT, Wild-type; 5-
ALA, 5-Aminolevulinic acid.
* Corresponding author: Department of Surgery, LUMC, Albinusdreef 2, 2333, ZA, Leiden, the Netherlands. Fax: +71 526 6750.
E-mail address: v.m.baart@lumc.nl (V.M. Baart).

https://doi.org/10.1016/j.ejca.2021.01.001
0959-8049/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).


mailto:v.m.baart@lumc.nl
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejca.2021.01.001&domain=pdf
https://doi.org/10.1016/j.ejca.2021.01.001
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
www.sciencedirect.com/science/journal/09598049
www.ejcancer.com
https://doi.org/10.1016/j.ejca.2021.01.001
https://doi.org/10.1016/j.ejca.2021.01.001

12

Bladder cancer;
Radical cystectomy;
Transurethral
resection;

TUR surgery

V.M. Baart et al. | European Journal of Cancer 146 (2021) 11—-20

Methods: Expression of urokinase plasminogen activator receptor (WPAR) and epithelial cell
adhesion molecule (EpCAM) are determined on paraffin-embedded human UCC using immu-
nohistochemistry and on UCC cell lines by flow cytometry. MNPR-101, a humanised mono-
clonal antibody targeting uPAR is conjugated to IRDye800CW and binding is validated in
vitro using surface plasmon resonance and cell-based binding assays. In vivo NIR fluorescence
and photoacoustic three-dimensional (3D) imaging are performed with subcutaneously
growing human UM-UC-3luc2 cells in BALB/c-nude mice. The translational potential is
confirmed in a metastasising UM-UC-3luc2 orthotopic mouse model. Infliximab-
IRDye800CW and rituximab-IRDye800CW are used as controls.

Results: UCCs show prominent uPAR expression at the tumour-stroma interface and Ep-
CAM on epithelial cells. uPAR and EpCAM are expressed by 6/7 and 4/7 UCC cell lines,
respectively. In vitro, MNPR-101-IRDye800CW has a picomolar affinity for domain 2-3 of
uPAR. In vivo fluorescence imaging with MNPR-101-IRDye800CW, specifically delineates
both subcutaneous and orthotopic tumours with tumour-to-background ratios reaching as
high as 6.8, differing significantly from controls (p < 0.0001). Photoacoustic 3D in depth im-
aging confirms the homogenous distribution of MNPR-101-IRDye800CW through the
tumour.

Conclusions: MNPR-101-IRDye800CW is suitable for multimodal imaging of UCC, awaiting
clinical translation.

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Despite advances in detection, treatment and surveil-
lance of urothelial cell carcinoma (UCC), there has been
no major improvement in overall prognosis over the
past 30 years, with nearly 200,000 patients still suc-
cumbing annually [1,2]. Clinically, UCC represents two
sequential entities: non-muscle invasive bladder cancer
(NMIBC), where malignant cells are constrained to the
epithelial layer, and muscle-invasive bladder cancer
(MIBC) wherein the tumour invades surrounding sub-
epithelial tissue [3]. The majority of UCC cases
(75—85%) are NMIBC and are marked by a high 5-year
recurrence rate of 30—78% and 7—40% chance of pro-
gression to MIBC discase after transurethral resection
(TUR). Therefore, NMIBC requires intensive surveil-
lance via cystoscopy [4,5]. Once UCC progresses,
definitive therapy, defined as radical cystectomy with or
without (neo)adjuvant therapy, is indicated [3]. Hereof,
6.3% show involved margins with significantly reduced
recurrence-free and cancer-specific survival [6]. Conse-
quentially, UCC causes a high burden of disease, where
patients could benefit from improved TUR and tumour-
free resection margins.

Real-time intraoperative guidance with near-infrared
(NIR) fluorescence tracers has the potential to function
as an extra sense, not only informing surgeons about
tumour localisation during resection but also about the
degree of disease-aggressiveness [7]. Fundamental for
successful imaging is the identification of appropriate
cancer-specific targets [8]. Ideally, a single target over-
expressed in all patients (across multiple tumour types)
is identified. Currently, no such target exists. Epithelial

cell adhesion molecule (EpCAM) is one of the most
promising pan-tumour targets, found to be overex-
pressed in most solid tumour types and is clinically being
evaluated in NIR imaging studies (NL7363). UCC'’s,
however, do not universally express EpCAM; 56% of
UCCs are EpCAM negative and the overexpression rate
compared with healthy tissue is 27% [9]. Hence,
EpCAM-based tracers will not be applicable for all
patients with UCC, requiring the search for alternative
targets with complementary expression patterns.

An alternative candidate for UCC targeting is the
urokinase plasminogen activator receptor (uPAR). uPAR
narrowly orchestrates various tumour-specific processes,
including cell differentiation, proliferation and
migratio but is barely present in healthy tissues. Immu-
nohistochemical localisation of uPAR on 186 human
UCC specimens revealed expression of this receptor in
96% of the tumours, particularly at the invasive front,
irrespective of grade and stage, while being completely
absent in normal bladder [11]. Such a pattern is ideal for
molecular imaging [12]. Recent preclinical studies
confirmed the applicability of mouse anti-uPAR anti-
bodies conjugated to the fluorophore ZW800-1 for optical
imaging of oral and colorectal cancer [13,14]. However, the
use of an alternative fluorophore, IRDyeS800CW (800F),
offers the possibility of imaging via NIR light, as well as via
photoacoustic (PA) imaging [8,15]. PA imaging uses the
contrast of optical imaging with the spatial resolution of
ultrasound, enabling a tissue penetration depth of several
centimetres [15,16]. In the clinic, a bimodal tracer, capable
of both optical NIR- and PA-imaging, can be used during
non-invasive (transabdominal) surveillance, TURs, and
radical cystectomies.
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In this study, we developed a humanised NIR mo-
lecular imaging tracer for simultaneous fluorescence and
PA-imaging to facilitate resection of human UCC in a
clinically relevant mouse model.

2. Materials and methods
2.1. Human samples and immunohistochemistry

Formalin-fixed, paraffin-embedded tissue blocks of
fourteen patients who underwent cystectomy or TUR
for UCC were collected from the Department of Pa-
thology of the Leiden University Medical Centre
(LUMC). Sections of 4 um were stained based on
standard immunohistochemical (IHC) methods as
described in Appendix A. Sections were digitalised using
the Panoramic Digital Slide Scanner, viewed with
Caseviewer 2.3 (both 3D Histech, Hungary) and scored
for percentage of positive cells and staining intensity
with the total-immunostaining score (TIS). TIS >4 was
defined as overexpression [17]. The LUMC ethics review
board approved the study protocol (B20.030). Samples
and data were non-identifiable and used in accordance
with the 1964 Helsinki declaration.

2.2. In silico analysis of gene expression in a TCGA data
set

The freely available raw The Cancer Genome Atlas
transcriptome database, consisting of bladder urothelial
carcinoma samples (http://www.cbioportal.org/study?
id=blca_tcga) was used to determine the correlation
between the gene expression of EpCAM and uPAR/
PLAUR in a mostly non-chemo-treated MIBC cohort
of 408 patients.

2.3. Cells

Suppliers and culture conditions of the UCC cell lines
UM-UC-3, J82, T24, RT112, RT4, HT-1197 and HT-
1376, and the transfected cell lines HEK EV (empty
vector), HEK uPAR wildtype (WT) and the cleaved
isoform HEK uPAR D2-3 are described in Appendix B.
Further characterisation of the UCC cells in accordance
with patient characteristics and molecular profile can be
found in Appendix C.1-2. Cell lines were routinely tested
for mycoplasma.

2.4. Antibodies

ATNG658 is an extensively validated mouse monoclonal
antibody of the IgG1 « isotype targeting domain 3 of
uPAR [13,14]. MNPR-101 (formerly known as
huATNG658) is the humanised variant. Both antibodies
are not cross-reactive with mouse uPAR [18]. Ritux-
imab and infliximab (Remicade®) are clinical grade
chimeric human-mouse antibodies, consisting of the

glycosylated human IgGl1 « isotype constant domain,
targeting CD20 and tumour necrosis factor-o. (TNFa),
respectively.

2.5. Surface plasmon resonance

Binding of ATN658 and MNPR-101(-800F) to recom-
binant human uPAR (10925-HO8H, Sinobiological,
China) was measured by surface plasmon resonance on
a Biacore T200 instrument (GE Healthcare, USA) at
25 °C. uPAR was immobilised on a NiHC 1500 M chip
(Xantec, Germany), and the interaction was measured at
2.5, 5, 10, 20, and 40 nM with four separate single-cycle
kinetic experiments.

2.6. Cell-based assays

Quantitative flow cytometry using Qifi-kit (Agilent
Technologies, USA) was performed based on suppliers
instructions. Confluent chamber slides were incubated
with primary antibodies, stained with fluorescein iso-
thiocyanate-labelled secondary antibodies and 4/,6-
diamidino-2-phenylindole, and imaged with a DM500
B microscope (Leica Microsystems, Germany). Binding
of serially diluted fluorescence antibodies to cell-based
plate assays were determined using the Odyssey CLx
Imaging System (LI-COR Biosciences, USA). For
detailed descriptions of these assays, see Appendix D.

2.7. Animal models

The Dutch Central Commission for Animal Experi-
mentation  approved all animal experiments
(AVD1160020172925). Experiments were performed in
accordance with the code of practice ‘Dierproeven In
Het Kankeronderzoek’. Each experimental group con-
sisted of three-to-four 6-10-week-old female BALB/c-
Nude mice (CAnN.Cg-Foxnl™/Crl, Charles River lab-
oratories, France). Subcutancous tumour models were
induced by subcutaneous injection of 0.5 x 10® UM-
UC-3luc2 cells (Appendix D). For the preclinical
orthotopic xenograft model, luciferase-expressing UM-
U3-luc2 cells were inoculated into the bladder as pre-
viously described [19].

2.8. In vivo NIRF imaging

Anaesthetised (1.5—4% isoflurane; Teva Pharmachemie
BV, The Netherlands) mice were imaged with The Pearl
Trilogy Small Animal Imaging System (LI-COR Bio-
sciences, USA) and Artemis 1—7 days (Quest Medical
Imaging, The Netherlands) 1—7 days after intravenous
tracer injection. After sacrifice, tumours were resected,
stained and scanned for 800 nm fluorescence using the
Odyssey CLx Imaging System (LI-COR Biosciences,
USA).


http://www.cbioportal.org/study?id=blca_tcga
http://www.cbioportal.org/study?id=blca_tcga

14 V.M. Baart et al. | European Journal of Cancer 146 (2021) 11—20

2.9. Photoacoustic imaging

Anaesthetised mice were immobilised on the preheated
imaging table of the Vevo 3100 Imaging System
(FUJIFILM VisualSonics, Canada) and covered with
ultrasound gel. The Vevo 3100 Imaging System was
equipped with a Vevo LAZR-X cart, a Vevo LAZR-
Tight Enclosure, and a Vevo Imaging Station. For ul-
trasound and PA imaging, the MX550D transducer
(25—55 MHz; Axial Resolution: 40 um; excitation
780 nm) was used.

2.10. Image analyses and statistics

Tumour-to-background ratios (TBRs) were measured
by drawing regions of interest around the tumour and
the surrounding tissue, and dividing the mean fluores-
cence intensities (MFIs). In the orthotopic model, either
fat or the caecum were used as background to determine
tumour-to-organ ratios. For respective software, see
Appendix D. Means, reported with standard deviations,
were compared by two-way repeated measurement
ANOVA with GraphPad Prism 8 (GraphPad Software,
USA). Correlations are calculated based on Pearson and
indicated by R? Significance levels are <0.05.

3. Results

3.1. EpCAM and uPAR are complementary targets for
vcc

The THC expression profiles of EpCAM and uPAR in
UCC specimens were compared, as shown in Fig. 1A.
Staining for EpCAM, when present, was homogenous
throughout the tumour, resulting in a moderate to
intense membrane staining of malignant cells. However,
one-third of cases had no EpCAM expression. uPAR
staining was most prominent at the tumour-stroma
interface localising towards cancer cells and tumour-
associated stromal cells, including macrophages (CD68
positive) and cancer-associated fibroblasts (aSMA)
(Fig. 1B). Staining was moderate to strong in intensity at

Table 1

Number of uPAR and EpCAM receptors per cell on UCC cell lines.
uPAR EpCAM

UM-UC-3luc2 20,000 n.d.

182 84,000 n.d.

T24 7000 n.d.

RT112 25,000 139,000

RT4 n.d. 226,000

HT-1197 17,000 194,000

HT-1376 7000 64,000

n.d., not detectable, below detection limit.
UCC, urothelial cell carcinoma; uPAR, urokinase plasminogen acti-
vator receptor; EpCAM, epithelial cell adhesion molecule.

the cell membranes. Approximately two-thirds of
tumour over expressed uPAR. EpCAM expression did
not correlate with either epithelial uPAR (R* = 0.20,
p = 0.30) or stromal uPAR (R* = 0.21, p = 0.30) with
EpCAM, see also Figure Appendix E. All in all, 79% of
patients overexpressed one or both targets. Expression
patterns matched those seen in literature (Appendix F).
In addition, mRNA expression levels of PLAUR and
EpCAM on UCC tumour cells was independent of each
other and confirmed their complementary nature
(p = 0.0059, Figure Appendix G).

Using a panel of UCC cell lines, spanning the clinical
range from NMIBC to MIBC, we assessed the number
of copies for uPAR and EpCAM per cell. Six of seven
cell lines expressed uPAR, ranging from 7000 to 84,000
copies per cell (Table 1). For EpCAM 4/7 cell lines were
positive, ranging from 60,000—226,000. In summary,
each cell line expressed either uPAR, EpCAM or both,
with T24 as possibly problematic cell line, depending on
only 7000 uPAR copies and none for EpCAM.

3.2. MNPR-101 targets domain 2-3 of uPAR with
nanomolar affinities

Ideally, tracers for molecular imaging have a high af-
finity for all tumour-associated isoforms of the target.
Humanisation of ATN658 into MNPR-101 did not alter
the affinity for recombinant uPAR with a Kp for
ATNG658 of 0.5 x 1072 M (K, 1.6 x 10° M* s ') K4

EpCAM uPAR B CD68 10x
=]
]
EpCAM 10x

Fig. 1. UCC expression of uPAR and EpCAM. (A) Consecutive sections of a UCC case showing absent to weak EpCAM staining at the
tumour borders and intense staining for uPAR in both tumour cells and tumour-associated stroma. (B) uPAR-positive stroma cells are,
amongst others, CD68 positive macrophages and aSMA positive cancer associated fibroblasts. Black line = 1000 um. Black box = insert.
uPAR, urokinase plasminogen activator receptor; EpCAM, epithelial cell adhesion molecule.
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Fig. 2. In vitro validation of MNPR-101. (A) MNPR-101 binding per flow cytometry to empty vector (EV), wild-type (WT) and the
cleaved isoform D2-3 transfected HEK cell lines. (B) Upon immunofluorescence microscopy binding could be seen to localise towards the
cell membranes of WT and cleaved D2-3 transfected HEK cells but not EV transfected HEK cells. Green is MNPR-101 signal and grey/
blue is a nuclear staining. Bar = 50 pm. (C) After conjugation to a near-infrared fluorescence dye, MNPR-101-800F demonstrated a
concentration-dependent 800 nm signal increase on uPAR transfected HEK cells as measured using the Odyssey CLx. uPAR, urokinase
plasminogen activator receptor. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version

of this article.)

7.0 x 107> s7!) and MNPR-101 having a Kp of
02x 10" M (K,3.6 x10°M 's 1 Kq7.8 x 10 °s71).

MNPR-101 binding was specific for the cell mem-
branes of uPAR WT and D2-3 HEK cells but not HEK
EV cells (Fig. 2A and B).

MNPR-101 was conjugated with 800F at a 1.1—1.5
labelling ratio, and was checked for unconjugated dye,
as confirmed by respectively matrix assisted laser
desorption ionization-time of flight mass spectrometry
and sodium dodecyl sulfate polyacrylamide gel electro-
phoresis. Conjugation did not substantially affect the
affinity of MNPR-101-800F for uPAR (Kp
03x10°M; K, 6.1 x 10°M 's i Kg1.5x 107757 1).
A dose-dependent increase of 800 nm signal on cell-
based plated assays with HEK uPAR WT and uPAR
D2-3 cells, as well as constant low signal with HEK EV
cells confirmed binding capacity (Fig. 2C).

3.3. NIR image-guided surgery of UCC with MNPR-101-
800F

Fluorescence tracers can accumulate in tumours due to
non-specific effects such as the enhanced-permeability
and retention effect or blood pooling. To account for
this effect, two non-cancer—related humanised mono-
clonal antibodies were used as non-specific controls.
In vitro, MNPR-101 but not infliximab (anti-TNFa) or
rituximab (anti-CD20) bound UM-UC-3luc2 cells
(Fig. 3A).

The in vivo tumour recognition potential was subse-
quently assessed in mice bearing UM-UC-3luc2 subcu-
taneous tumours. Total mouse tumour burden did not
differ significantly between experimental groups

(p = 0.6581). After intravenous injection of 0.33 nmol,
1 nmol and 3 nmol MNPR-101-800F, mice were imaged
daily with the preclinical Pearl and clinical Artemis
imaging systems. Tumour MFI corresponded with the
injected dose (p < 0.0001, Fig. 3B). TBRs did not differ
significantly between dose groups with sufficient TBRs
3—7 days after imaging (Fig. 3C) and a TBR max of 2.9
five days after injection of 1 nmol MNPR-101-800F.

As specificity controls, subcutaneous UM-UC-3luc2
bearing mice were injected intravenously with 1 nmol
infliximab-800F or rituximab-800F. TBRs differed
significantly between MNPR-101-800F and the controls
across all time points except for 4 h after injection
(p < 0.0001, Fig. 3D). In contrast to infliximab-800F or
rituximab-800F, tumours were readily visualised with
the clinical Artemis system starting 3 days after MNPR-
101-800F injection (Fig. 3D and E).

Intravesical injection of bioluminescent UM-UC-
3luc2 cells into the murine bladder represents a pre-
clinical orthotopic UCC model that allows optical im-
aging of cancer growth in real time [19]. Three weeks
after tumour inoculation, 1 nmol MNPR-101-800F and
rituximab-800F were injected intravenously and imaged
three days later. Tumours where highly fluorescent after
MNPR-101-800F injection matching bioluminescence
signal and allowing image-guided resection (Fig. 4A,
Appendix H). Importantly, post-mortem histology,
fluorescence scanning and immunohistochemistry
confirmed tumour cell specificity of MNPR-101-800F
and only non-specific signal with rituximab-800F
(Fig. 4B). MNPR-101-800F exhibited an average
tumour-to-fat ratio of 2.6 (range: 2.3—3.2) and tumour-
to-caecum ratios of 5.8 (range: 5.3—6.8) (Fig. 4C). The
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Fig. 3. NIR fluorescence imaging with MNPR-101-800F. (A) Flow cytometry of MNPR-101, infliximab and rituximab of UCC UM-UC-
3luc? cells. (B) In vivo tumour MFI’s determined using the Pearl imaging system and (C) TBR’s determined by the Artemis imaging system
after intravenous injection of 0.33, 1 and 3 nmol MNPR-101-800F in subcutaneous UM-UC-3luc2 tumour-bearing mice. (D) In vivo TBRs
determined by the Artemis imaging system after intravenous injection of 1 nmol MNPR-101-800F, infliximab-800F or rituximab-800F.
(E) NIR-images of subcutaneous UM-UC-3luc2 bearing mice four days after administration of MNPR-101-800F, infliximab-800F and
rituximab-800F. NIR images were taken with the clinical Artemis NIR-camera. A representative tumour (T) and background (B) region is
shown. UCC, urothelial cell carcinoma; NIR, near-infrared; TBRs, tumour-to-background ratios; MFIs, mean fluorescence intensities.

tumour-to-fat ratio and tumour-to-caecum ratio for
rituximab-800F were 1.3 and 3.2, respectively. On post-
mortem biodistribution analysis of MNPR-101-800F,
the majority of the fluorescence was seen in the tumour
followed by the metabolising organs (Fig. 4D). The
CD20 targeting rituximab-800F preferentially localised
towards the liver and kidneys.

3.4. Photoacoustic imaging of UCC with MNPR-101-
800F

The multimodal imaging potential of MNPR-101-800F
was investigated by PA-imaging. Subcutaneous UM-
UC-3luc2 tumour-bearing mice were injected intrave-
nously with 3 nmol MNPR-101-800F and imaged three
days after injection. High intensity signal was evident
throughout the tumour and the skin while signal in
surrounding structures remained minimal (Fig. 5A).
Non-specific signal was noticed in the skin of

phosphate-buffered saline-injected negative control mice
(Fig. 5B).

4. Discussion

The recurring nature of UCCs and the tendency to
progress are a significant burden for patients and health
services [20,21]. Consequently, every effort should be
made to improve therapy. Here, we implemented a novel
approach that may facilitate and improve UCC detec-
tion and resection rates by intraoperative multimodal
guidance using MNPR-101-800F.

The additional value of exogenous contrast agents
during cystoscopy has already been demonstrated with
5-aminolevulinic acid (5-ALA) and its fluorescence
metabolite protoporphyrin IX (PpIX) [22]. Using 5-
ALA, 7-30% more UCCs were detected, residual
tumour rate reduced by 20%, and cancer-free survival
increased. However, the fluorescence properties of PpIX
(excitation 375—440 nm, emission 635, 704 nm) are poor
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infrared; uPAR, urokinase plasminogen activator receptor.

regarding penetration depth, tissue absorption, and
scattering, and tissue autofluorescence and not adapted
to most clinically used NIR imaging systems [23]. The
favourable imaging characteristics of NIR-fluorophores
pave the way for improved real-time NIR fluorescence
guided resection of UCC.

To date, no single tracer is suitable for intraoperative
guidance of all UCC specimens. As a result, a tracer li-
brary should be developed from which a surgeon can
select the most suitable tracer [8]. Ideally, these tracers
visualise unique characteristics of UCC which distin-
guishes the tumour from adjacent normal tissue. In case
of uPAR and EpCAM, these membrane receptors have

complementary expression patterns during the complex
multistep process of switching from a sessile to an inva-
sive cancer cell [24,25]. In addition to uPAR targeting, we
show our recently introduced EpCAM-targeting tracer,
which is currently being evaluated on patients with
gastrointestinal cancer, could also be used for UCC
(NL7363) [26]. Other potential combinations encompass
epidermal growth factor receptor, human epidermal
growth factor receptor 2 and/or matrix-metalloproteases,
some of which are currently being investigated in clinical
studies with other tumour types [8]. Release of these
membrane proteins into the urine provide a possible
surrogate biomarker for their respective tumour
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Superficial focus PA-probe

B-PA-mode merge

Deep focus PA-probe
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Fig. 5. Photoacoustic imaging of subcutaneously implanted UM-UC-3luc2 tumours in vivo. (A) MNPR-101-800F. (B) Negative control.
Area between the yellow dotted lines represent the focus area of the photoacoustic probe. (For interpretation of the references to color in
this figure legend, the reader is referred to the Web version of this article.)

expression and provides a simple non-invasive method
for tracer selection. While both uPAR and EpCAM are
elevated in urine from patients with UCC, the correlation
with cellular expression has not yet been evaluated
[27—30].

Although NIR-imaging has superior resolution, it is
less suitable for imaging of lesions deeper than 1 cm [8].
PA, on the other hand, provides molecular contrast of
up to 12-cm deep without compromising on the sub-
millimetre spatial resolution. As a result, PA has been
used for in vivo imaging of organelles to organs and has
been incorporated in imaging platforms for transvaginal
imaging of ovarian cancer and transrectal imaging of
prostate cancer [31—33]. In the case of UCC, improved
imaging depth allows the visualisation of deeper layers
of the bladder, including the muscularis propria and
peri-vesical fat, informing urologists of possible
advanced T-stage disease during cystoscopy and the
need of the more aggressive (partial) cystectomy [34,35].

We investigated whether NIR fluorescence-imaging
could be performed in combination with PA, by using a
contrast agent with a reasonable extinction coefficient
and relatively low quantum yield (for PA-imaging a
large non-fluorescence relaxation is desired), such as
800F (€ = 2.4 x 10% ® = 0.034) [15]. In a proof-of-
principle study, Tummers et al. [36] imaged pancreatic
cancer ex vivo using both fluorescence and PA-imaging
modalities. Similarly, the development of liver metasta-
ses in vivo was monitored bimodally using a single o3
integrin targeting contrast agent, Angiostamp800 [37].
Our results show the feasibility of imaging through su-
perficial structures such as the skin.

uPAR bimodal imaging is not limited to MNPR-101-
800F. Its precursor, ATN-658, was previously dual-
labelled for SPECT and NIR imaging using the hybrid
"n and ZW800-1 label for imaging of locoregional
oral and colorectal cancer. While procuring TBRs of
5.0 £+ 1.3 and being able to visualise 1—2mm-sized le-
sions, the tracer is less suitable for PA imaging due to
ZW800-1 quantum yield (€ = 2.5 x 10% & = 0.150)
[13,14,38]. Another option is the uPAR targeting pep-
tide AE105-Glu-Glu-ICG which has successfully iden-
tified multiple tumour types in various preclinical

models with TBRs up to 3.5 + 0.2 [39,40]. Its fluo-
rophore, indocyanine green (ICG) has a similar extinc-
tion coefficient and quantum yield as 800F
(€ = 2.7 x 10°; ® = 0.027) and has been used for
previously for PA imaging [15]. Peptides generally clear
rapidly from the circulation via the kidneys, which could
be a limiting factor for bimodal imaging of UCC [41].

5. Conclusion

uPAR and EpCAM are complementary targets for NIR
imaging of UCC that are indicative of separate tumour
differentiation states. MNPR-101-800F targets uPAR
and allows for simultaneous NIR and PA guidance. If
confirmed in a clinical setting, such assistance can result
in a paradigm shift, altering how urologists survey and
treat UCC, thus potentially improving patient
outcomes.
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