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Abstract

Purpose OTS514 is a highly specific inhibitor targeting lymphokine-activated killer T cell-originated protein kinase (TOPK). A
fluorescently labeled TOPK inhibitor could be used for tumor delineation or intraoperative imaging, potentially improving
patient care.

Methods Fluorescently labeled OTS514 was obtained by conjugating the fluorescent small molecule NBD to the TOPK inhib-
itor. HCT116 colorectal cancer cells were used to generate tumors in NSG mice for in vivo studies. Images were generated
in vitro using confocal microscopy and ex vivo using an IVIS Spectrum.

Results OTS514 was successfully conjugated to a fluorescent sensor and validated in vitro, in vivo, and ex vivo. The labeling
reaction led to TOPKi-NBD with 67% yield and 97% purity after purification. We were able to test binding properties of TOPKi-
NBD to its target, TOPK, and compared them to the precursor inhibitor. ECsos showed similar target affinities for TOPKi-NBD
and the unlabeled OTS514. TOPKi-NBD showed specific tumor uptake after systemic administration and was microscopically
detectable inside cancer cells ex vivo. Blocking controls performed with an excess of the unlabeled OTS514 confirmed speci-
ficity of the compound. Overall, the results represent a first step toward the development of a class of TOPK-specific fluorescent
inhibitors for in vivo imaging and tumor delineation.

Conclusions TOPK has the potential to be a new molecular target for cancer-specific imaging in a large variety of tumors. This
could lead to broad applications in vitro and in vivo.
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Introduction and cell cycle progression [1-3]. High levels of TOPK expres-
sion are observed in a significant number of clinical cases of

Lymphokine-activated killer T cell-originated protein kinase =~ many cancer types, including breast cancer [4], colorectal can-

(TOPK), also known as PDZ-binding kinase (PBK), is a
mitogen-activated protein kinase-kinase family which has
been shown to contribute to the regulation of proliferation
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cer [5, 6], leukemia and lymphoma [7-9], ovarian cancer [10],
lung cancer [11, 12], and glioma [13, 14]. It has been shown
that high TOPK levels correlate with poor prognosis due to
invasiveness, metastasis, and therapy resistance [10, 11,
15-18]. In cancer, disruption or inhibition of TOPK leads to
cytokinesis defects [19], chemosensitization [20], and
radiosensitization by altering the G,/M checkpoint and in-
creasing apoptosis [21]. TOPK overexpression can lead to
transformation in vitro and in vivo [5]. TOPK is also consid-
ered to be a stemness ranking signature gene in glioblastoma
[22]. Furthermore, human TOPK is not detectable in normal
adult tissues apart from testis and placenta [23]. Rodents ex-
press TOPK ortholog in the central nervous system and liver.
Although the role of TOPK in cancer cells has yet to be fully
uncovered, its cancer-specific expression and its known func-
tions make TOPK both an attractive target for drug targeting
and a valuable cancer biomarker that can be exploited for
molecular imaging [24].
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Based on TOPK expression being higher in tumors compared
to surrounding healthy cells, labeled TOPK inhibitors have prov-
en useful for imaging and monitoring malignancies. First-
generation drugs have been developed to specifically inhibit
TOPK: HI-TOPK-032 (ICso of 2 uM) [25], OTS514 (ICsq of
1.5 to 14.0 nM) and OTS964 (ICs, of 7.6 to 73.0 nM) [26], and
ADA-07 [27]. Pantoprazole and ilaprazole, two proton pump
inhibitors, have been shown to also target TOPK [28, 29] as have
3-DSC ((2E)-1-(4-Hydroxy-2-methoxyphenyl)-3-(4-
hydroxyphenyl)-2-propen-1-one, 3-deoxysappanchalcone) and
SKLB-CO5 ((R)-1-(4-(1-aminopropan-2-yl) phenyl)-2-hydroxy-
4-methylphenanthridin-6(SH)-one hydrochloride) in colorectal
cancer [30, 31]. Each of these compounds has been shown to
specifically inhibit TOPK over other kinases and/or exhibit
TOPK-dependent cell growth inhibition, with promising preclin-
ical results. Aside from OTS514, which has been tested in a
Phase I trial in acute myelogenous leukemia, none of these
TOPK inhibitors have entered clinical trials. Some attempts are
being made to modify TOPK inhibitors for improved pharmaco-
kinetics [32, 33].

We have previously shown that the modification of a TOPK
inhibitor with '°F, a PET isotope, is possible. The obtained mol-
ecule, [] 8F]FE—OTS964, was shown to have favorable
biodistribution, and its tumor accumulation allowed PET imag-
ing of mice bearing a subcutaneous glioblastoma xenograft [34].
Here, we chose to modify a similar TOPK inhibitor, OTS514, to
create a fluorescent tool to target this cancer biomarker. We chose
OTS514 due to its reported higher affinity to the target and lower
toxicity [26, 35], and validated the fluorescent tracer in a xeno-
graft mouse model of colorectal cancer using HCT116, chosen
for its high level of TOPK expression [21].

A fluorescent TOPK inhibitor allows imaging of colorectal
cancer in mouse models, with potential for clinical applications.

Materials and methods
General

Chemicals were procured from commercial suppliers and used
without further purification. (R)-9-(4-(1-aminopropan-2-
yl)phenyl)-8-hydroxy-6-methylthieno[2,3-c]quinolin-4(5H)-one
(OTS514) was purchased from Selleck Chemicals (Houston,
TX). Water (18.2 MQcm ' at 25 °C) was obtained from an
Alpha-Q Ultrapure water system from Millipore (Bedford,
MA). High-performance liquid chromatography (HPLC) purifi-
cation and analysis were performed on a Shimadzu UFLC HPLC
system with a DGU-20A degasser, an SPD-M20A UV detector,
an LC-20AB pump unit, and a CBM-20A communication BUS
module. All HPLC purification was carried out on a semi-
preparative HPLC (Atlantis® dC18 reverse-phase 5 pm silica,
4.6 mm x 250 mm, column at 1.0 mL/min 5-95%
water:acetonitrile 10 min linear gradient, unless otherwise
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specified). Liquid chromatography-mass spectrometry (LC-
MS) using electrospray ionization (ESI) was performed on
Waters instrument with SQD detector for mass identification. A
lyophilizer (FreeZone 2.5 Plus, Labconco, Kansas City, MO,
USA) was used for freeze drying. 'H Nuclear magnetic reso-
nance (NMR) and '*C NMR spectra were recorded on a
Bruker AV 600 MHz at the Memorial Sloan-Kettering Nuclear
Magnetic Resonance Core Facility. '"H NMR data are reported as
follows: chemical shifts are in parts per million (ppm, 0) relative
and are referenced to residual protic peaks. The coupling con-
stants, J, are quoted in Hz and its multiplicities by s (singlet), d
(doublet), t (triplet), q (quartet), m (multiplet), and br (broad-
ened). *C NMR are reported in parts per million relative to the
solvent.

All averages are presented as mean + standard deviation. All
animal experiments were performed in accordance with proto-
cols approved by the Institutional Animal Care and Use
Committee of Memorial Sloan Kettering Cancer Center (MSK)
and followed the National Institutes of Health guidelines for
animal welfare.

Synthesis of TOPKi-NBD

TOPKi-NBD: ((R)-8-hydroxy-6-methyl-9-(4-(1-((7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)amino)propan-2-
yl)phenyl)thieno[2,3-c]quinolin-4(5H)-one):

4-chloro-7-nitrobenzofuran (9 mg, 1.0 equiv.) was dissolved
in 200 pg MeOH and NaHCO; (11.50 mg, 3.0 equiv.) was
added. After the subsequent dropwise addition of (R)-9-(4-(1-
aminopropan-2-yl)phenyl)-8-hydroxy-6-methylthieno[2,3-c-
]quinolin-4(5H)-one (17 mg, 1.0 equiv.) dissolved in 400 pg
MeOH, the mixture was stirred for 2 h at room temperature
and evaporated under reduced pressure. The resulting residue
was purified via HPLC. The purified product, TOPKI-NBD
was lyophilized overnight to obtain 65% yield of an orange
powder. 'H NMR(600 MHz, DMSO-d,) & 11.11 (s, 1H, -NH),
8.48 (d, J = 8.4 Hz, 1H, -CH™"), 7.83 — 7.74 (m, 3H, Ar-
CH(CH3)CH2-), 7.71 (d, J = 5.4 Hz, 1H, -CHCHS), 7.54 -
7.49 (m, 1H, -Ar-NH-), 7.21 — 7.13 (m, 4H, -CH™), 6.75 (d, J
= 8.4 Hz, 1H, -CH™), 5.89 (d, J = 5.4 Hz, 1H, -CHCHS), 2.56
(s, 3H, -Ar-CH3), 1.07 (d, /= 6.3 Hz,3H, -CH;). >C NMR (600
MHz, DMSO-dg) 6 158.15, 157.46, 153.49, 145.27, 144.68,
143.95, 143.31, 141.57, 135.34, 135.11, 133.67, 133.23,
132.65, 129.92, 128.61, 127.75, 127.25, 127.00, 126.05,
123.20, 117.19, 110.91, 44.45, 37.24, 19.23, 18.41. ESI-MS
(ESI"), m/z calculated for [C,7H,;NsOsS] 527.13 found 528.09
[M + H']. HPLC, #z = 9.2 min (97%), \max absorbance = 475
nm, A\, emission = 545 nm (420 nm excitation).

TOPK kinase assay

ECs, values were determined using an in vitro TOPK kinase
assay (TOPK Kinase Enzyme System, Promega #V4094 used
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in combination with ADP-Glo™ Assay, Promega #V4095).
A serial dilution of the inhibitor was used to test the inhibitor
concentration range of 0—40 puM in triplicate. In each well of
the 384 low volume plate (Millipore Sigma #CLS3826BC),
the following reagents were then added: 2 uL of the substrate
(composed of 0.5 uL of MBP Protein (1 mg/mL), 0.025 uL
ATP (10 uM), 1 pL of reaction buffer A supplemented with
50 uM DTT and purified MilliQ water), 2 pL of enzyme
(30 ng TOPK (10 pg/100 uL), and purified MilliQ water).
The plate was incubated at room temperature for 120 min.
Five microliters per well of ADP-Glo were added and the plate
was incubated at room temperature for 40 min. Ten microliters
per well of Kinase detection reagent were then added and the
plate incubated at room temperature for 30 min before lumi-
nescence was detected (integration time 1 s).

Cell culture

HCT 116 colorectal cancer cells were obtained from UT Texas
(Azhdarina Lab) and maintained in 150 cm? tissue culture
flasks in modified essential medium supplemented with 10%
heat-inactivated fetal bovine serum, 100 IU/mL penicillin, and
100 pg/mL streptomycin. HAP1 cells were purchased by
Horizon Discovery (HZGHC000289¢017) and were main-
tained in IMDM media supplemented with 10% heat-
inactivated fetal bovine serum. All cells were stored in a cell
culture incubator at 37 °C and 5% CO, atmosphere, changing
media every 2 days and passaging at 70% confluence. HAP1-
WT cells are the progenitor cell line for the CRISPR/Cas9
knockout (TOPK knockout) cell line, HAP1-TOPK k.o.
(Supporting Information, Fig. S1a).

Immunoblotting

Protein lysates were prepared using RIPA lysis buffer
(Thermo Scientific, Rockford, IL, USA) with protease inhib-
itors (Roche, Mannheim, Germany) and phosphatase inhibi-
tors (Sigma). Protein concentration was determined using the
BCA assay (Thermo Scientific). Bound antibodies were de-
tected by developing film from nitrocellulose membranes ex-
posed to chemiluminescence reagent (Immobilon Western
Chemiluminescent Substrate, EMD Millipore, Merck KGaA,
Darmstadt, Germany). The following antibodies were used:
anti-TOPK (Sigma SAB5300406 clone 2C8, 1:1000).

Animal models

To generate mice with HCT116 tumors, 20-24-week-old fe-
male athymic nude mice were anaesthetized with 2%
isoflurane in 2 L/min medical air. 1 x 10° HCT116 cells in
150 uL of 1:1 cell culture media:Matrigel (Corning, Corning,
NY) were injected subcutaneously in the right shoulder.

Tumors were allowed to proliferate for 3 weeks, reaching a
size of 50-100 mm”.

Imaging and biodistribution

In vitro imaging was performed using HAP1-WT as a TOPK-
expressing cell line and HAP1-TOPK k.o. as a negative con-
trol (non-TOPK-expressing cell line). Cells were plated, and
in the following day, 100 nM TOPKi-NBD agent was added
to the media. For blocked cells 200 nM OTS514 was added to
each well 30 min prior to TOPKi-NBD. Cells were incubated
for 5 h, mounted on a slide using mounting media containing
DAPI for nuclear staining and imaged under a confocal
microscope.

Ex vivo imaging was performed at 5-h post intravenous
injection of 50 pg/mouse of TOPKi-NBD (Supporting
Information, Fig. S1b). For blocking experiments, animals
(n = 3) were injected with 100 pg/mouse of unlabeled
OTS514 30 min prior to TOPKi-NBD (50 pg/mouse).
Animals were randomized before injection. Epifluorescence
images were obtained with an IVIS Spectrum (PerkinElmer)
from excised tumor, muscle, the kidneys, liver, spleen, and
blood with a predefined filterset. Autofluorescence was re-
moved through spectral unmixing. Semiquantitative analysis
of the TOPKi-NBD signal was conducted by measuring the
average radiant efficiency in regions of interest (ROIs) that
were drawn on all resected organs under white light guidance.
This was measured in [p/s/cm*/sr]/[tW/cm?]. Tumor and
muscle tissues were frozen in OCT immediately after IVIS
imaging and sliced (10 um thickness) in a cryo-microtome
(Avantik Cryostatic Microtome). Images were then analyzed
under a fluorescence confocal microscope (SP5-Up, MSKCC)
and quantified using ImageJ software. All images were mod-
ified post-quantification in order to increase brightness/
contrast (same brightness/contrast for all images) for better
visualization.

Statistical analysis

All statistical analyses were performed using GraphPad
Prism8. Measurements were compared using a ¢ test.
Statistical significance was considered for p values < 0.05
and as follows: ns, not significant, *p < 0.05, **p < 0.01,
**¥p < 0.001.

Results

Synthetic production of TOPKi-NBD

TOPKi-NBD was obtained via nucleophilic substitution by

fluorescently labeling OTS514 with 4-chloro-7-
nitrobenzofuran (Fig. Slc). We confirmed the chemical
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identity and purity of all products by HPLC, ESI-MS, 'H and
3C NMR (Supporting Information, Fig. S2 and S3). The syn-
thesis produced TOPKi-NBD in 67% yield. TOPKi-NBD
eluted at 9.2 min (5-95% acetonitrile in 10 min) whereas
OTS514 eluted 7.1 min on reverse phase HPLC, indicating
conversion of the desired product, TOPKi-NBD in good yield.
HPLC chromatogram of OTS514 (¢; = 7.82 min), NBD (#; =
14.26 min), and product, TOPKi-NBD (#z = 9.16 min), can be
seen in Fig. S4. The literature log p value for NBD was re-
ported to be 1.69 [36]. We have calculated a log p value of
2.36 for OTS514 and a log p value of 4.62 for OTS514-NBD

(Fig. 1).

Target affinity of TOPKi-NBD

To demonstrate that the florescent conjugation of NBD to
OTS514 TOPK inhibitor did not change its affinity for the
TOPK target, we performed ECs studies. These were obtain-
ed using an in vitro TOPK kinase assay (TOPK Kinase
Enzyme System, Promega #V4094 used in combination with
ADP-Glo™ Assay, Promega #V4095). We compared the in-
hibition potency of unlabeled OTS514 to the fluorescent
TOPKi-NBD. These experiments produced similar ECsgs for
both compounds (EC5q OTS514 =0.47 £0.23 uM, R*=0.94;
ECso TOPKi-NBD = 0.49 + 0.17 uM, R* = 0.96) (Fig. 2a, b).

Fig. 1 Chemical characterization

of TOPKi-NBD. a The synthesis

of TOPKi-NBD was prepared by a
conjugating OTS514 with 4-

Tumor imaging biodistribution

In order to investigate the imaging potential of TOPKi-NBD,
we performed intravenous injection of 50 pug per mouse (n =
6) in 200 uL saline. In order to show target specificity of
TOPKi-NBD, 3 mice were also pre-injected with 100 pg of
unlabeled OTS514 30 min prior to TOPKi-NBD administra-
tion. Five hours later, mice were euthanized and the organs
(tumor, muscle, kidneys, liver, spleen, and blood) were
resected, washed in fresh PBS, and imaged with an IVIS
Spectrum imaging system (Fig. 3a). A control cohort was
injected with saline (n = 6). IVIS imaging showed a clear,
cancer-specific accumulation of the probe. This was not visi-
ble in the blocked cohort and in the saline control. Brightfield
images were used to determine the volume of the organs and
select regions of interest around them. The average radiant
efficiency was calculated for each organ and plotted (Fig.
3b). Quantification of organ accumulation showed a statisti-
cally significant accumulation of TOPKi-NBD in the tumor
(average value of 1.08 +0.27 x 107 [p/s/cm?/sr}/[uW/cm?]) as
compared to blocked and saline control cohorts (respectively
0.10 £ 0.05 x 107 and 0.28 + 0.03 x 107 [p/s/cm?/sr]/[uW/
cmz], *p value < 0.05). The muscle, kidneys, liver, spleen, and
blood levels remained lower than 0.3 x 107 for all cohorts,
suggesting the cancer specificity of the TOPK -targeting agent
TOPKIi-NBD.
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Fig. 2 TOPK in vitro kinase a b
assay showing specific bindingof ~ ~ 300 200
a OTS514 and b TOPKi-NBD. ?,: E)(
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Microscopy of tumor-specific TOPKi-NBD
accumulation

In order to confirm further the imaging potential of TOPKi-
NBD, we performed confocal microscopy studies. First, we
used adherent HAP1 cells in vitro. A concentration of 100 nM
of TOPKi-NBD was added to cells in IMDM media. After 5 h,
cells were fixed in 4% paraformaldehyde and imaged. DAPI
staining was used to stain nuclei in order to locate the cells,
and a fluorescent microscope was used to detect TOPKi-NBD
(536 nm). The fluorescent molecule was detectable in HAP1-
WT cells and was blockable using 200 nM of unlabeled
OTS514 1 h prior to TOPKi-NBD. Saline was also used as
negative control to exclude autofluorescence (Fig. S5a). A
CRISPR/Cas9 cell line that does not express TOPK, namely
HAP1-TOPK k.o., was used as a negative control to exclude
unspecific binding of TOPKi-NBD. In HAP1-TOPK k.o.
cells, it was not possible to detect bound TOPKi-NBD (Fig.
S5b).

TOPKIi-NBD was injected in 3 mice per cohort (50 png/
mouse), preceded by 100 pg/mouse of unlabeled OTS514,
or saline as control. After 5 h, organs were collected and
tumors were split in two parts and frozen in OCT. Frozen
sections were obtained (10 um thickness) and mounted on a
coverslip microscope slide for microscopic analysis. NBD

0OTS514/ ) ;
a TOPKi-NBD TOPKi-NBD Saline
M1 M2 M3 M1 M2 M3 M1 M2 M3

quantification, mean value + SD. Comparison: ¢ test, **p value < 0.01

x 107

Log10[OTS514-NBD concentration (uM)]

fluorescence emission was visible in microscopy images of
tumors from mice injected with TOPKi-NBD (n = 3). In
blocked animals or saline control cohorts (n = 3 for each
cohort), fluorescence was observed to a much lesser degree.
Specific cellular uptake was observed by superimposing
brightfield and fluorescence images (Fig. 4a). NBD signal
was quantified and yielded significantly higher average pixel
values for tumors of mice injected with TOPKi-NBD (6.62 +
4.48) as compared to the two control cohorts (average pixel
value of 0.68 + 0.34 for OTS514/TOPKi-NBD tumor images
and 0.70 £ 0.22 for muscle images) (Fig. 4b, *p value < 0.05).

Discussion

TOPK is a known tumor biomarker with tremendous potential
as an imaging agent due to its cancer-specific expression and
multifunctional role in cells, including involvement in
cancerogenesis, aggressiveness, and as a potential predictor
of therapeutic outcome. Here, the versatility of a TOPK inhib-
itor, OTS514, was used to develop a fluorescent imaging
agent targeting TOPK in a preclinical tumor model. We chose
a colorectal cancer model due to its reported levels of high
TOPK expression [5, 17, 20, 21, 25, 31] (Fig. Sla). The ra-
tionale behind choosing NBD as fluorescent dye for

2.5+

(op

*
*
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1.0 1

4.0 15

1.0 1
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[V

TOPKi-NBD

OTS514/TOPKi-NBD

TOPKi-NBD

Fig. 4 Microscopy imaging of ex vivo tissue after TOPKi-NBD
injection. a Fluorescence microscopy imaging of ex vivo tumor and
muscle post-injection of 50 pg/mouse of TOPKi-NBD, 100 pg/mouse

conjugation derives from its small footprint, which was con-
sidered unlikely to fundamentally perturb OTS514 affinity for
TOPK and consequently its ability to penetrate the cellular
membrane. This represents a potential limitation due to the
low optical penetration quality of the NBD dye as compared
to near-infrared dyes, and leaves room for further develop-
ment. The development of an optical imaging tool in colorec-
tal cancer is considered to be a valuable clinical tool [37-39].
The obtained molecule, TOPKi-NBD, was fully characterized
and purified. An in vitro kinase assay was used to assess target
affinity of the synthesis product. The ECs¢s thus obtained
proved to be similar, confirming the ability of TOPKi-NBD
to bind to the target and inhibit its ATP-ADP conversion with
an ECsy of 0.49 uM, as compared to the ECs5o 0of 0.47 uM of
the unlabeled OTS514. It has to be noted that this result is
higher than the previously reported median inhibitory concen-
tration of 2.6 nM [26] (patent no. WO/2011/123419). In our
study, the inhibitor potency was measured by monitoring the
ATP-ADP conversion of commercially available TOPK ki-
nase in vitro. The observed discrepancy might be due to sev-
eral factors, for example variabilities when comparing an
in vitro assay with an in vitro cellular assay [40]. Differences
could be based on ATP, kinase, or protein concentrations, as
well as other variables within the cellular environment.
Another reason for the discrepancy could be off-target effects
[35]. The rationale for performing a binding study in the pres-
ent manuscript was to compare unlabeled OTS514 to the
NBD conjugated imaging agent, showing no differences in
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binding affinity. In order to confirm the specificity of
TOPKi-NBD we performed an in vitro study on HAPI cells
that did express TOPK and on the CRISPR/Cas9 TOPK k.o.
of the same cell line. TOPKi-NBD was colocalized within
cells expressing TOPK (Fig. S5a), whereas it was not detect-
able within cells without TOPK targets (Fig. S5b). In vivo,
nude mice bearing HCT116 xenografts on their right shoulder
were systemically administered TOPKi-NBD. The molecule
showed a specific tumor uptake at 5 h post-injection and
proved to be blockable with a 2-fold excess dose of
OTS514. The used blocking dose was chosen by balancing
the target-engagement effect with the toxicity observed from
an excessive amount of OTS514 in mice; the results showing
a blocking effect with a 2-fold dose of unlabeled compound
suggest a slow dissociation from the target. Saline was
injected as a control. Pre-administration of a blocking dose
reduced tumor uptake significantly, with average radiant effi-
ciencies falling from 1.075 + 0.27 x 10’ [p/s/em?/st]/[uW/
cm?] in unblocked animals to 0.10 + x 107 [p/s/cm?/sr]/
[W/cm?] in blocked animals. The same experimental setting
was adopted to analyze the images with microscopy and a
similar result was obtained (Fig. 4a). TOPKi-NBD was detect-
able in tumor samples at 5 h post-systemic injection but was
not present in tumor cells isolated from mice which received
100 png of OTS514 prior to TOPKi-NBD injection.
Furthermore, muscle tissue was analyzed to interrogate
biodistribution and corroborated specificity of the inhibitor.
Taken together, these data suggest a favorable tumor-to-
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muscle ratio of fluorescent TOPK-targeting agents that can be
exploited for cancer imaging and diagnosis. A fluorescent
TOPK inhibitor could be used in clinical settings as a
margin-delineating tool to facilitate surgery, improving the
accuracy and therefore efficacy of the clinical intervention. It
is possible to speculate that, thanks to its tumor specificity and
its increasingly central role in many mechanisms of cancer
biology, TOPK could be an excellent candidate for broad im-
aging applications.

Conclusion

In the present study, we produced and characterized TOPKi-
NBD, a fluorescent dye targeting TOPK, based on OTS514, a
first-generation, selective inhibitor of TOPK. Specific uptake
was observed in tumor, with favorable tumor-to-muscle ratios.
TOPKi-NBD represents a novel tool for non-invasive detec-
tion of this highly promising cancer biomarker. This study is
the first step toward the development of a clinically usable
fluorescent TOPK inhibitor that could improve clinical inter-
vention and increase survival in a broad spectrum of cancers.
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