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Abstract — A series of near-infrared (NIR) fluorochromes with large Stokes shifts
was designed, synthesized, and evaluated for application in non-invasive imaging
of tumor hypoxia. Each NIR fluorescent hypoxia probe comprised a
tricarbocyanine dye and a 2-nitroimidazole-containing moiety as a hypoxia
marker that binds to cellular nucleophiles via bioreductive activation under
hypoxic conditions. Nucleophilic displacement of the amino-nucleophilic linker
moiety of heptamethine cyanine dyes having a 2-chloro-1-cyclohexenyl ring and a
2-nitroimidazole moiety yielded various fluorochromes with different
hydrophilicity. These exhibited long emission wavelengths (747-758 nm) with
large Stokes shifts (111-125 nm) and high quantum yield (0.04-0.34). GPU-210,
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297, and 316 showed significantly higher levels of fluorescence under hypoxic
than under normoxic conditions on treating SUIT-2/HRE-Luc pancreatic cancer
cells. Among these, only GPU-316 showed significant fluorescence intensity in

tumor tissue in in vivo fluorescence imaging of mouse xenograft models.

INTRODUCTION

Tumor hypoxia is now known as an important factor that negatively influences the prognosis of cancer
patients.l2 Hypoxic tumor cells are not only resistant to ionizing radiation and many chemotherapeutic
agents but also metastasize to distant organs.? Therefore, there has been a growing impetus to develop
non-invasive imaging methods to detect and assess tumor hypoxia.*>

Nitroimidazole compounds conjugated with a radionuclide function as hypoxia markers and have been
used for non-invasive imaging of tumor hypoxia.® For example, pimonidazole is widely used as a hypoxia
marker for immunohistochemical analysis (Figure 1).” These compounds are known to be selectively
trapped in hypoxic tissue via enzymatic reduction of the nitro group to form anion radicals that are further
reduced in the absence of oxygen. Although several radiopharmaceuticals with a nitroimidazole group are
in clinical use, current radionuclide imaging methods have poor spatial and temporal resolution and are
subject to stringent safety regulations that limit their repeated use.®?

Optical imaging, however, has comparable sensitivity to that of radionuclide imaging and can be
employed if the emitting fluorophore is conjugated to a targeting ligand. It is safer and easier to perform
than nuclear imaging.!® Optical imaging in the NIR region (650-900 nm) involves low absorption by
intrinsic photoactive biomolecules and allows light to penetrate a few centimeters into the tissue, a
sufficient depth for imaging practically all small animal models.!! Therefore, NIR fluorescence imaging,
a less expensive and non-invasive technique, may be a powerful tool for imaging tumor hypoxia.
Motivated by the aforementioned facts, we developed a NIR hypoxia probe, GPU-167 (Figure 1),
comprising two pimonidazole moieties and a tricarbocyanine dye, for in vivo imaging of tumor hypoxia.2
This is the first chemical probe to visualize tumor hypoxia by NIR fluorescence with a significant
tumor-to-background (T/B) ratio (muscle as the reference tissue) in a mouse xenograft model. However,
the presence of diastereomers of GPU-167, due to its two chiral carbons, hinder its synthesis and further
elaboration and its pharmacokinetics and tumor distribution require improvement. We also synthesized
GPU-311 as another achiral candidate for a hypoxia-selective NIR fluorochrome (Figure 1).2 The
heptamethine cyanine dye used has a cyclohexenyl ring moiety that increases its photostability* and
provides a chemically reactive site for nucleophilic substitution at the center methine carbon of the dye.®
A sulfur nucleophile was utilized to couple tricarbocyanine and a 2-nitroimidazole moiety with a

hydrophilic tetraethylene glycol linker. Evaluation of its hypoxia selectivity in vitro was promising;
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however, in vivo fluorescence imaging of a mouse xenograft model after GPU-311 administration
revealed inadequate accumulation of GPU-311 in tumors due to its rapid elimination by the liver. Another
potential drawback of GPU-167 and 311 was their small Stokes shifts (25 and 17 nm, respectively),
which can cause self-quenching and measurement errors due to excitation light and scattered light.
Therefore, we designed a new molecule, inspired by the fact that direct attachment of the alkylamine to
the cyclohexene ring of heptamethine cyanine dramatically increases the Stokes shift.!® Here we report on
the design, synthesis, and functional evaluation of hypoxia-selective NIR probes with large Stokes shifts

for non-invasive imaging of tumor hypoxia.
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Figure 1. Structures of GPU-167, GPU-311, and pimonidazole

RESULTS AND DISCUSSION

Molecular Design The molecular design depends on conjugation of the 2-nitroimidazole derivative as a
hypoxia targeting moiety and a NIR fluorescent dye with a cyclohexene moiety through different linkers
(Figure 2). It is known that introducing cyclohexene rings into the methine bridges of heptamethine

cyanine dyes increases their rigidity and stability, resulting in high quantum yields.!?

N
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Figure 2. Molecular design of NIR fluorescent probe for hypoxia imaging
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Therefore, we chose two different known NIR fluorescent precursors containing chlorocyclohexyl
moieties in the polyene chain of a functionalized cyanine dye, compound 1! with alkyl sulfonate groups
for GPU-172, 210, 297, and 298 and compound 22 with aryl sulfonate groups for GPU-316, 309, and 310,

respectively (Figure 3). The linker should affect the pharmacokinetics and biodistribution, accumulation,
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Figure 3. Structures of NIR fluorescent probes
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duration of retention in the target organ, and rapidity of clearance from untargeted sites by control of the
physicochemical properties, as seen in developing the antibody-drug conjugate.2’ The hydrophilicity and
solubility were adjusted by linkers with different polarities, i.e., alkylene or polyethylene glycol linkers.
The linker moieties were introduced by Srn1 reaction with nitrogen nucleophiles on the methine bridge of
tricarbocyanine dyes to obtain large Stokes shifts.’®2l We also prepared other heteroatom-linked
fluorescent probes containing S or O atoms to verify the effect of N as a bridging atom on the
photophysical properties (GPU-198 and 212).

Synthesis First, tricarbocyanine precursors 118 and 222 were prepared according to literature procedures
for further elaboration with the 2-nitroimidazole moiety. These precursors have a chlorine atom at the
meso position, which can be easily replaced by various nucleophiles through an Sgnl

mechanism.

GPU-316 42%

Scheme 1. Reagents and conditions: (a) 1, DMF, 85 °C, 3.5 h; (b) 2, EizN, DMF, 80 °C, 3 h

GPU-210 42%
Scheme 2. Reagents and conditions: (a) 1, DMF, 85 °C, 3.5 h; (b) EDCI-HCI, HOBt-H»O,
DMEF, rt, 30 min then 3, rt, 20 h
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Scheme 3. Reagents and conditions: (a) 2-nitro-1-(prop-2-ynyl)-1H-imidazole (6), Cu(OAc)2, sodium
L-ascorbate, --BuOH/H>O, rt, 20 h; (b) CH2Cl2/TFA, 1t, 45 min; (c) 1 or 2, DMF, 80 °C, 4 h;
(d) CDI, DMF, rt, 45 min then 2-(2-nitro-1H-imidazol-1-yl)acetic acid (10), rt, 18 h

Next, GPU-172 and GPU-316 were synthesized as illustrated in Scheme 1. Nucleophilic substitution at
the central vinyl halide carbons of 1 and 2 by 3!2 at an elevated temperature provided the final products,
GPU-172 and GPU-316, respectively. This reaction was conveniently monitored by a color change in the
reaction solution. Specifically, completion of the reaction was indicated by a color change from green to
blue, corresponding to a hypochromic shift of the dye. It is noteworthy that this reaction did not occur at
room temperature, as did a similar previous reported amine substitution reaction.!® We then started to
prepare GPU-210 as shown in Scheme 2. Replacing the meso-chlorine atom in 1 by a nucleophilic amino
group of 6-aminohexanoic acid at an elevated temperature provided key intermediate 4 in moderate yield
(65%). Conjugation of 4 with 3 using 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
(EDCI'HCI) in the presence of a catalytic amount of 1-hydroxybenzotriazole (HOBt) monohydrate
afforded GPU-210 in 42% yield.
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We then attempted to prepare GPU-297, 298, 309, and 310 as shown in Scheme 3. We used Hiiisgen
cycloaddition and amide bond formation to form a reliable connection between the 2-nitroimidazole and
linker moieties. Moreover, triazole and/or amide can achieve more than just linking because they can
readily associate with biological targets through hydrogen bonding and dipole interactions.?2 For Hiiisgen
cycloaddition, Cu(I)-catalyzed 1,3-dipolar cycloaddition of 5% with 62 using Cu(OAc), and sodium
L-ascorbate in a mixture of 1:1 --BuOH/H>O furnished 7 in 89% yield. The Boc group in 7 was removed
using a mixture of CH>CL/TFA (4:1, v/v) to obtain 8 in 68% yield. Then, for the amide bond linkage, 9%
was activated with carbonyldiimidazole (CDI) in anhydrous DMF to form the acyl imidazole intermediate
in situ followed by coupling with 10%® to give 11 in 78% yield. The Boc-group in 11 was deprotected
using the same procedure as for the synthesis of 8 to give compound 12 in 61% yield. These
hydrophilically tethered linkers conjugated to hypoxia targeting moieties (8 or 12) were then conjugated
to NIR dyes (1 or 2) by replacing the meso-chlorine atom in cyanine 1 or 2 by an amino group of
compound 8 or 12 at an elevated temperature to give probes GPU-297, 298, 309, and 310 in 57%—67%
yields. Finally, GPU-198 and 212, in which fluorescent dyes and hypoxic marker moieties were linked

via an S or O atom, were synthesized as shown in Scheme 4.
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Scheme 4. Reagents and conditions: (a) (i) HOSu, DIC, DMAP, DMF, rt, 24 h, (ii) 3, DIPEA,
DMF, rt, 24 h; (b) 3, DMF, rt, 20 h; (¢c) NaH, DMF, rt, 30 min, then 1, rt, 1 h



566 HETEROCYCLES, Vol. 101, No. 2, 2020

Compound 132, was reacted with N-hydroxysuccinimide (HOSu) in the presence of
N,N'-diisopropylcarbodiimide (DIC) to give an activated ester intermediate, which was directly
conjugated with the amino group of 3 to give GPU-198 in 36% yield. Compound 14%® was reacted
efficiently with compound 3 to give compound 15 in 82% yield. Etherification of 15 with dye 1 was
achieved in the presence of NaH/DMF to afford probe GPU-212 in 22% yield. Analytical HPLC was
performed to assess the purity of the products (see Supplementary data for details).

Spectral Analysis We first compared the absorption and fluorescence spectra of GPU-172, 316, 210,
297, 309, 298, 310, 198, and 212 in methanol (Table 1). All GPU dyes displayed strong absorption with
high molar absorption coefficients reaching 10° L-M"'-cm™ in methanol solutions. All exhibited NIR
fluorescence (>740 nm) with quantum yields of 0.04-0.34. As expected, GPU-172, 316, 210, 297, 309,
298, and 310 exhibited large Stokes shifts (111-125 nm).1¢ Conversely, GPU-198 and 212 showed small
Stokes shifts (<20 nm). Thus, it was confirmed for our compounds that the meso-nitrogen functional
group of the heptamethine cyanine dye causes large Stokes shifts. These are attributed to excited-state
intramolecular charge transfer (ICT) from the donor nitrogen group to the acceptor heptamethine cyanine

group in the dyes as described by Peng et al.1

Table 1. Photophysical characteristics and Rm values of probes GPU-172, 316, 210, 297, 309, 298, 310,

198, and 212
Absorption Emission Stokes
Compound max max g (L-Mt.cm™) shift Of Rm
(nm) (nm) (nm)
GPU-172 639 756 4.7 x 10* 117 0.041 -0.06
GPU-316 626 747 2.8 x 10* 121 0.076  -0.57
GPU-210 633 758 6.7 x 10* 125 0.22 0
GPU-297 643 754 4.3 x 10 111 0.17 -0.68
GPU-309 628 753 1.6 x 10* 125 0.22 -0.62
GPU-298 643 756 2.3 x10* 113 0.16 -0.76
GPU-310 631 756 4.4 x10° 125 0.34 -0.43
GPU-198 798 813 9.1 x 10* 15 0.035  -0.03
GPU-212 768 784 2.6 x 10° 16 0.096 0.14

Hydrophobicity Index (Rm) The Rm values of these GPU probes, which function as a hydrophobicity
index, were measured as pharmacokinetic predictors.?? For comparison, the Rm of indocyanine green
(ICG), a clinically approved NIR fluorescent dye,>® was also determined. ICG has a short half-life and is

exclusively excreted by the liver into bile.3! The Rm values of all compounds were determined using a
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reversed-phase thin-layer chromatographic system (mobile phase: 10% 5 mM sodium phosphate buffer,
pH 7.4, and 90% methanol). As shown in Table 1, probes with tetracthylene glycol linkers (GPU-297,
298, 309, and 310) had higher hydrophilicity (Rm: —0.43 ~ —0.76) than those with alkyl linkers (GPU-172,
316, 210, 198, and 212, Rm: 0.14 ~ —0.57). ICG (—0.5) has no membrane permeability and is taken up
into cells via an endocytic mechanism.32 In our previous in vivo hypoxia imaging studies, GPU-167
showed better biodistribution than GPU-311, while the former had a higher Rm than the latter (GPU-167:
—-0.26, GPU-311: —0.43) 1213

Fluorescence Imaging of Hypoxic Cells [n vitro fluorescence assays of all NIR dyes were performed
using SUIT-2/HRE-Luc pancreatic cancer cells which stably carry plasmid pSHRE-luciferase, and
express firefly luciferase under the control of a HIF-dependent promoter.2® The cells were cultured under
hypoxic (0.1% O2) and normoxic (21% O2) conditions with probes at concentrations of 0.2, 1, 5, and/or
20 pM. Compounds other than GPU-298 and 310 exhibited significantly stronger fluorescence signals in
hypoxic cells than in normoxic cells at almost all concentrations shown in Figure 4. Among these,
GPU-316, 210, 297, 198, and 212, which showed a significant increase in fluorescence intensity at a
concentration of 5 YM under hypoxic conditions, were further examined for in vivo biodistribution by

fluorescence imaging.
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Figure 4. Accumulation of GPU molecules to hypoxic cells in vitro. The SUIT-2/HRE-Luc cells (2 x 10°
cells) cultured under normoxic (NOR) or hypoxic (HYP) conditions were treated with

GPU molecules and analyzed by measurement of fluorescence intensity (*P < 0.05, n = 3).
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In vivo Fluorescence Imaging of Hypoxic Tumors The in vivo fluorescence imaging of hypoxic tumor
cells was evaluated by intravenously injecting the above compounds into mice with subcutaneous
SUIT-2/HRE-Luc tumors in the forefoot.** Preliminary examinations (data not shown) showed that
GPU-198 was cleared in a short time, and no accumulation in the tumor was observed. Additionally,
GPU-198 and 210 discolored in around two hours, suggesting that these probes would be unstable and
decompose. GPU-212 was mostly excreted through the liver and kidney, and the tumor selectivity was
insignificant. GPU-297 showed moderate in vitro hypoxia selectivity, but in vivo, it was mainly
distributed in the liver and showed no significant accumulation in the tumor. Finally, GPU-316 showed
the most promising result with in vivo imaging among all the compounds tested here. When GPU-316
was injected into tumor-bearing mice via the tail vein, fluorescence signals were detected throughout the
body of the mice within 30 min and these gradually became weaker (Figure 5A). Signals of GPU-316 in
tumors were detected as soon as 3 h after the injection and the highest T/B ratio (2.95) was obtained 12 h
after injection (Figure 5B). In addition to the apparent GPU-316 accumulation in the tumors, a
fluorescence signal was also detected in the abdomen. For detailed examination, we performed ex vivo
imaging of major organs 48 h after GPU-316 administration, which revealed high fluorescence signals in
the liver, spleen, and stomach and moderate signals in tumors and in the kidney (Figure 5C). In
SUIT-2/HRE-Luc tumor cells, HIF-1a expression was undetectable under normoxic and severely hypoxic
(pO2 <10 mmHg) conditions but increased significantly under relatively mild hypoxic conditions,
indicating that bioluminescence signals from SUIT-2/HRE-Luc xenografts result from HIF-active cells
under relatively mild hypoxic conditions.?* Ex vivo imaging of tumors at 48 h after GPU-316 injection
revealed that most fluorescence signals of GPU-316 showed a similar pattern of localization to the
bioluminescence signals (Figure 5D). These results demonstrate that GPU-316 efficiently detected
hypoxic cells, probably adjacent to severely hypoxic regions in vivo. Although the significant GPU-316
accumulation in hypoxic tumors in vivo showed some improvement from the precedent result with
GPU-311,13 its specificity for tumor hypoxia was lower than for GPU-167.12 For example, the highest
T/B ratio for GPU-316 (3.0) was lower than that for GPU-167 (4.4), although the in vitro hypoxia
selectivity of GPU-316 is higher than that of GPU-167 even at a lower dose.



HETEROCYCLES, Vol. 101, No. 2, 2020 569

GPU-316
before

(A) “; l i . I

T/B ratio
N w

0 10

40 50 (D) GPU-316 i HIF X108

20 30
Time (h) 6.0
50
40
ag
20

10

Tumor 1 04 Tumor 1

Tumor 2 ) Tumor 2
Figure 5. (A) In vivo optical imaging of hypoxic region in subcutaneous cancers with GPU-316.
Representative in vivo images of hypoxic tumors after administration of 10 nmol of GPU-316. Nude mice
carrying SUIT-2/HRE-Luc xenografts in both forefeet were imaged at the indicated time after GPU-316
injection. The right panel (HIF) shows a bioluminescence image of a HIF-1-active hypoxic tumor at 24 h.
(B) Specific GPU-316 accumulation in subcutaneous xenografts. The relative fluorescence intensity for
the T/B ratio is shown. Fluorescence intensities of the SUIT-2/HRE-Luc xenografts and the muscle of the
hind foot were measured at the indicated time after GPU-316 administration. (C) Representative ex vivo
fluorescence imaging of organs of hypoxic tumor bearing mouse. The mouse shown in (A) was analyzed
by ex vivo imaging. A fluorescence image at 48 h after GPU-316 administration is shown. (D)
Representative ex vivo fluorescence (GPU-316) and bioluminescence (HIF-1) images of excised

subcutaneous tumors. The dissected tumors shown in (C) were imaged.

CONCLUSION

In summary, we developed an efficient NIR fluorescent probe with a large Stokes shift due to ICT,
GPU-316, comprising pimonidazole and tricarbocyanine dye for in vivo imaging of tumor hypoxia. This
accumulated in tumor cells cultured under hypoxic conditions significantly more than in those cultured
under normoxic conditions. We also demonstrated that hypoxic tumors were apparently visualized by
NIR fluorescence with a significant T/B ratio 24 h after GPU-316 administration to living mice in a

subcutaneous xenograft model.
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EXPERIMENTAL

General Information

Unless otherwise stated, all reagents and solvents were obtained from Sigma-Aldrich (St. Louis, MO,
USA), Wako Chemicals (Osaka, Japan), Nacalai Tesque (Kyoto, Japan), or Tokyo Chemical Industry
(Tokyo, Japan) without further purification. Normal-phase TLC was carried out on Silica gel 60 Fas4
(Merck KGaA (Darmstadt, Germany), 1.05715.0009) using reagent graded solvents. Normal-phase
column chromatography was performed on silica gel (AP-300, Daikoh (Kiyosu, Japan)). Reverse-phase
TLC was performed on RP-18 Fasas (Merck KGaA, 1.15389.). All moisture or air-sensitive reactions
were carried out under nitrogen atmosphere. 'H-NMR spectra were obtained with JEOL JNM-AL400 or
JINM-EX400 spectrometer (Akishima, Japan) at 400 MHz frequency or JIMN-ECAS500 spectrometer at
500 MHz frequency in CDClz, CD30D, and DMSO-ds with TMS as an internal standard. Chemical shifts
are reported in ppm. Coupling constants are reported in Hz. The multiplicity is defined by s (singlet), d
(doublet), t (triplet), dd (doublet of doublets), br (broad), and m (multiplet). The FAB-MS measurements
were carried out on a JEOL JMS-SX102A or JMS-T100TD. The Direct Analysis in Real Time
(DART)-MS measurements were carried out on a JEOL JMS-T100TD. ESI-MS measurements were
carried out on a Shimadzu LCMS-IT-TOF. UV-Vis spectra were obtained by a Beckman DU 640
UV-VIS spectrophotometer (Brea, CA, USA). The fluorescence excitation spectra and emission spectra
were obtained by a JASCO FP-6600 Fluorescence spectrophotometer (Hachioji, Japan). The slit width
was 5 nm or 10 nm for excitation and 10 nm for emission. All the newly synthesized probes were purified
by Yamazen flash liquid chromatography W-Prep 2XY system (Osaka, Japan) equipped with Ultra Pack
ODS-SM-50B column (26 mm L.D. x 300 mm) and their purity were analyzed by reverse phase analytical
HPLC monitored at 300 nm and 630 or 640 nm absorption.

Synthesis

Tricarbocyanine dye 1,'® 2,2 1-[4-(aminomethyl)piperidin-1-yl]-3-(2-nitro-1H-imidazol-1-yl)propan-2-
ol hydrochloride (3),12 tert-butyl N-(2-{2-[2-(2-azidoethoxy)ethoxy]ethoxy}ethyl)carbamate (5),2
2-nitro-1-(prop-2-ynyl)-1H-imidazole (6),2* tert-butyl N-(2-{2-[2-(2-aminoethoxy)ethoxy]ethoxy}ethyl)-
carbamate  (9),22  2-(2-nitro-1H-imidazol-1-yl)acetic acid (10),2% compound 132 and 2,5-
dioxopyrrolidin-1-yl 3-(4-hydroxyphenyl)propanoate (14)2 were prepared according to the literature
procedures.

Tricarbocyanine GPU-172: Compound 3!2 (280 mg, 0.876 mmol) was added to a solution of 1'% (150
mg, 0.200 mmol) in DMF (5 mL). The resulting solution was stirred at 85 °C for 3.5 h. After the solvent
was removed, the residue was dissolved in MeOH (2 mL) and precipitated by Et2O (25 mL). The solid
was collected by centrifugation and was further purified with RP-MPLC using H;O/MeCN as an eluent to
give GPU-172 (63.8 mg, 32%) as a dark blue solid. 'H-NMR (DMSO-ds, 400 MHz): § 7.60 (d, J=12.9
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Hz, 2H), 7.52 (d, J=1.0 Hz, 1H), 7.40 (d, J=7.1 Hz, 2H), 7.27 (t, /=7.4 Hz, 2H), 7.13 (d, J=7.8 Hz, 2H),
7.10 (d, J=0.7 Hz, 1H), 7.04 (t, J=7.4 Hz, 2H), 5.80 (d, J=12.0 Hz, 2H), 5.01 (1H, d, J=5.9 Hz, 1H), 4.67
(dd, J=13.3, 3.0 Hz, 1H), 4.21 (dd, J=13.4, 7.8 Hz, 1H), 4.02-3.86 (m, 4H), 3.57 (d, /=4.9 Hz, 2H), 2.92
(d, J=11.0 Hz, 1H), 2.80 (d, J=12.0 Hz, 1H), 2.54 (br, 7H), 2.33 (dd, J=13.0, 5.4 Hz, 1H), 2.24 (dd,
J=12.8, 7.5 Hz, 1H), 2.03 (t, /=10.7 Hz, 1H), 1.94 (t, /= 10.9 Hz, 1H), 1.84-1.66 (m, 14H), 1.60 (s, 12H),
1.31-1.10 (m, 2H); HR-ESI-MS m/z: 972.4361 ([M-Na], calcd for CsoHe7N709S2: 972.4369).
Tricarbocyanine GPU-316: To a stirring solution of 2 (25.0 mg, 0.0352 mmol) dissolved in DMF (5
mL) was added 3 (50.0 mg, 0.156 mmol). To a stirring the resulting solution was slowly added in drops
Et;N (24.5 L, 0.176 mmol), the resulting solution was stirred at 80 °C for 3 h. After cooling, the solvent
was removed under reduced pressure. To the residue was added Et;O (15 mL) and the resulting
precipitate was collected by centrifugation. After the solvent was removed, the residue was dissolved in
MeOH and evaporated. The solid was purified with RP-MPLC using H>O/MeCN as eluent to give
GPU-316 (14.1 mg, 42%) as a dark blue solid. 'H-NMR (DMSO-ds, 400 MHz): & 8.57 (br s, 1H),
7.68-7.5 (m, 7H), 7.19 (s, 1H), 7.08 (d, J/=8.2 Hz, 2H), 5.81 (br d, J=12.1 Hz, 2H), 4.55 (br d, /=10.3 Hz,
1H), 4.32 (br, 1H), 4.12 (q, J=5.2 Hz, 1H), 4.00 (br q, J/=6.1 Hz, 4H), 3.59 (br, 2H), 3.17 (d, /=4.6 Hz,
1H), 3.10 (q, J/=7.3 Hz, 1H), 2.54 (s, 1H), 2.50 (br, 8H), 1.79-1.69 (m, 2H), 1.59 (s, 12H), 1.21 (t, J=7.1
Hz, 6H), 1.24-1.13 (m, 2H). HR-ESI-MS m/z: 916.3703 ([M-KT, calcd for C4sH50N709S>: 916.3743).
Tricarbocyanine 4: To a solution of 1 (150 mg, 0.200 mmol) in DMF (5 mL), 6-aminohexanoic acid
(130 mg, 0.991 mmol) was added. The resulting solution was stirred at 85 °C for 3.5 h. After the solvent
was removed, the residue was dissolved in MeOH (2 mL) and precipitated by Et;O (25 mL). The solid
was collected by centrifugation and was filtered and further purified with RP-MPLC using H;O/MeOH as
an eluent to give 4 (110 mg, 65%) as a dark blue solid. 'H-NMR (DMSO-ds, 400 MHz): § 8.18 (s, 2H),
7.49 (d, J=11.5 Hz, 2H), 7.31 (d, J=7.3 Hz, 2H), 7.23 (t, J=7.7 Hz, 2H), 7.05-6.95 (m, 4H), 5.68 (d,
J=10.9 Hz, 2H), 3.87 (br, 4H), 3.67 (br t, J=6.0 Hz, 2H), 2.61 (br t, J/=5.8 Hz, 4H), 2.51 (br t, /=6.6 Hz,
4H), 2.09 (t, J=7.0 Hz, 2H), 1.85-1.69 (m, 12H), 1.60 (s, 12H), 1.60-1.50 (m, 2H), 1.47-1.35 (m, 2H);
FAB-MS m/z: 822 ((M+2H-Na]"), 844 ([M+H]").

Tricarbocyanine GPU-210: To a solution of 4 (60.0 mg, 0.0711 mmol) in DMF (5 mL), EDCI-HCI
(48.0 mg, 0.250 mmol), and HOBt-H>O (2.0 mg, 0.013 mmol) were added. The mixture was stirred at
room temperature for 30 min. After that, a solution of 3 (15.0 mg, 0.0469 mmol) in DMF (1 mL) was
added and the resulting mixture was stirred at room temperature for 20 h. After the solvent was removed,
the residue was dissolved in MeOH (2 mL) and precipitated by Et2O (25 mL). The solid was collected by
centrifugation and was further purified with RP-MPLC using 0.1 M Ets;N/AcOH buffer (pH 7.3)/MeCN
as an eluent to give GPU-210 (22.0 mg, 42%) as a dark blue solid. 'TH-NMR (DMSO-ds, 500 MHz):
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6 8.33 (s, 1H), 7.81 (br m, 1H), 7.59 (s, 1H), 7.57 (s, 2H), 7.42 (d, J=7.2 Hz, 2H), 7.28 (t, J=7.6 Hz, 2H),
7.19-7.11 (m, 3H), 7.04 (t, J=7.3 Hz, 2H), 5.80 (d, J=11.6 Hz, 2H), 4.66 (dd, J=13.6, 2.3 Hz, 1H), 4.20
(dd, J=14.0, 8.0 Hz, 1H), 3.95 (br s, 5H), 3.68 (br t, /=6.5 Hz, 2H), 2.70 (d, J=12.1 Hz, 1H), 2.57-2.43
(m, 10H), 2.31-2.17 (m, 2H), 2.07 (t, J/=7.3 Hz, 2H), 1.81-1.62 (br m, 16H), 1.59 (s, 12H), 1.61-1.44 (m,
4H), 1.38-1.25 (m, 4H). HR-ESI-MS m/z: 1078.5393 ([M+2H-Na]’, calecd for CssH7sNsO10So:
1078.5355).

tert-Butyl (11-{4-[(2-nitro-1H-imidazol-1-yl)methyl]-1H-1,2,3-triazol-1-yl}-3,6,9-trioxaundecyl)-
carbamate (7): To a solution of 62 (310 mg, 2.05 mmol) in a mixture of +-BuOH (3 mL) and H>O (3
mL), 5% (760 mg, 2.39 mmol), Cu(OAc): (36.0 mg, 0.198 mmol) and sodium L-ascorbate (78.0 mg,
0.394 mmol) were added. The mixture was stirred at room temperature for 20 h. The residue was
extracted with CHCIz (3 x 10 mL), and the organic phase was washed with water, dried over anhydrous
Na;SOs and concentrated. The crude product was purified by column chromatography using
CHCI13-MeOH as an eluent to give 7 (860 mg, 89%) as a light yellow waxy solid. '"H-NMR (CDCls, 500
MHz): 6 7.97 (s, 1H), 7.43 (s, 1H), 7.13 (s, 1H), 5.73 (s, 2H), 5.28 (br s, 1H), 4.57 (t, /=4.9 Hz, 2H), 3.88
(t, J =5.2 Hz, 2H), 3.64-3.57 (br m, 8H), 3.54 (t, J/=5.4 Hz, 2H), 3.29 (q, J=5.2 Hz, 2H), 1.42 (s, 9H);
HR-FAB-MS m/z: 470.2377 ((M+H]", calcd for C19H3:2N707: 470.2363).
11-{4-[(2-Nitro-1H-imidazol-1-yl)methyl]-1H-1,2,3-triazol-1-yl}-3,6,9-trioxaundecan-1-amine
trifluoroacetate (8): To a solution of 7 (300 mg, 0.639 mmol) in CH2Cl, (4 mL), TFA (1 mL) was added.
The mixture was stirred at room temperature for 45 min and then quenched with water (10 mL). After
extraction by CHCI3 (2 x 5 mL). The aqueous layer was isolated and sodium hydroxide (40% aqueous
solution) was added to pH 7-8 and extracted with CHCI3 (3 x 15 mL). The organic layer was dried over
anhydrous MgSO4 and evaporated. The obtained product was purified by RP-MPLC using H>O/MeCN
containing 0.1% TFA as an eluent to give 8 (210 mg, 68%) as a waxy yellow solid. '"H-NMR (CD;OD,
500 MHz): 6 8.17 (s, 1H), 7.66 (s, 1H), 7.24 (s, 1H), 5.83 (s, 3H), 5.81 (s, 2H), 4.63 (2H, t, J=4.5 Hz),
3.92 (2H, t, J=4.6 Hz), 3.77 (2H, t, J=4.6 Hz), 3.68-3.61 (m, 2H), 3.61 (br, 6H), 3.25 (2H, br s);
HR-DART-MS m/z: 370.1843 ([M+H]", calcd for C14H24N70s: 370.1839).

Tricarbocyanine GPU-297: Compound 8 (37.0 mg, 0.0765 mmol) was added to a solution of 1 (20.0 mg,
0.0267 mmol) in DMF (3 mL). The mixture was stirred at 80 °C for 4 h. After the solvent was removed,
the residue was dissolved in MeOH (2 mL) and precipitated by Et2O (25 mL). The solid was collected by
centrifugation and was further purified with RP-MPLC using 0.1 M Ets;N/AcOH buffer (pH 7.3)/MeCN
as an eluent to give GPU-297 (17.6 mg, 61%) as a dark blue solid. 'H-NMR (DMSO-ds, 500 MHz): §
8.13 (s, 1H), 7.78 (s, 1H), 7.68 (d, /=12.6 Hz, 2H), 7.47 (d, J=7.4 Hz, 2H), 7.32 (t, J=7.6 Hz, 2H), 7.23 (s,
1H), 7.20 (d, J=7.8 Hz, 2H), 7.09 (t, J=7.4 Hz, 2H), 5.86 (d, J=10.5 Hz, 2H), 5.73 (s, 2H), 4.52 (t, J=5.1
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Hz, 2H), 4.00 (br, 4H), 3.87 (br, 2H), 3.81 (t, J=5.1 Hz, 2H), 3.82-3.72 (m, 2H), 3.62-3.55 (m, 2H),
3.56-3.44 (m, 6H), 2.62-2.48 (m, 7H), 1.84-1.70 (m, 10H), 1.63 (s, 12H); HR-ESI-MS m/z: 1060.4666
([M+2H-Na]", calcd for Cs2HeoNoO11S2: 1060.4631).

Tricarbocyanine GPU-309: Compound 8 (37.0 mg, 0.100 mmol) was added to a solution of 2 (13.0 mg,
0.0183 mmol) in DMF (3 mL). The mixture was stirred at 80 °C for 4 h. After the solvent was removed,
the residue was dissolved in MeOH (2 mL) and precipitated by Et2O (25 mL). The solid was collected by
centrifugation and was further purified with RP-MPLC using 0.1 M EtsN/AcOH buffer (pH 7.3)/MeCN
as an eluent to give GPU-309 (12.5 mg, 65%) as a dark blue solid. "H-NMR (DMSO-ds, 500 MHz): &
8.08 (s, 1H), 7.71 (s, 1H), 7.67-7.59 (m, 4H), 7.58 (dd, J=8.3, 1.3 Hz, 2H), 7.17 (s, 1H), 7.05 (d, J=8.2
Hz, 2H), 5.78 (d, J/=12.4 Hz, 2H), 5.68 (s, 2H), 4.48 (t, J=5.2 Hz, 2H), 3.99 (q, J=6.5 Hz, 4H), 3.84 (t,
J=4.7 Hz, 2H), 3.78 (t, J=5.2 Hz, 2H), 3.73 (t, J=4.7 Hz, 2H), 3.62-3.4 (m, 8H), 2.52-2.46 (m, 4H),
1.79-1.68 (m, 2H), 1.60 (s, 12H), 1.23 (t, J=6.7 Hz, 6H); HR-ESI-MS m/z: 1004.4032 ([M+2H-K]", calcd
for C4sHe1N9O11S2: 1004.4005).

tert-Butyl [1-(2-nitro-1H-imidazol-1-yl)-2-0x0-6,9,12-trioxa-3-azatetradecan-14-yljcarbamate (11):
To a solution of 92° (350 mg, 2.05 mmol) in DMF (4 mL), CDI (350 mg, 2.16 mmol) was added. The
mixture was stirred at room temperature for 45 min. Compound 102 (600 mg, 2.05 mmol) was added,
and the mixture was stirred for 18 h at room temperature. DMF was removed and the residue was treated
with water and extracted with CHCIs, the combined organic extract was dried over anhydrous MgSO4 and
evaporated. The residue was purified by column chromatography using CHCl3-MeOH as an eluent to give
11 (710 mg, 78%) as a yellow waxy solid. '"H-NMR (CDCls, 500 MHz): § 7.64 (br s, 1H), 7.28 (s, 1H),
7.15 (s, 1H), 5.43 (t, J=5.4 Hz, 1H), 5.12 (s, 2H), 3.64 (s, 8H), 3.6-3.51 (m, 4H), 3.45 (q, J/=5.2 Hz, 2H),
3.29 (q, J=5.4 Hz, 2H), 1.43 (s, 9H); HR-DART-MS m/z: 446.2290 ([M+H]", caled for CisH32NsOs:
446.2251).

N-(11-Amino-3,6,9-trioxaundecyl)-2-(2-nitro-1 H-imidazol-1-yl)acetamide trifluoroacetate (12): To a
solution of 11 (300 mg, 0.67 mmol) in CH>Cl, (4 mL), TFA (1 mL) was added, the mixture was stirred at
room temperature for 45 min and then quenched with water (10 mL). After extraction by CHCI3 (2 x 5
mL). The aqueous layer was isolated and sodium hydroxide (40% aqueous solution) was added to pH 7—8
and then extracted with CH>Cl> (3 x 20 mL). The organic layer was dried over anhydrous MgSQO4 and
evaporated. The crude product which was purified by RP-MPLC using H2O/MeCN containing 0.1% TFA
as eluent to give 12 (190 mg, 61%) as a waxy yellow solid. 'H-NMR (CDCls, 500 MHz): § 8.56 (t, J=5.4
Hz, 1H), 8.07 (br s, 3H), 7.64 (s, 1H), 7.18 (s, 1H), 5.15 (s, 2H), 3.64 (t, /=4.9 Hz, 2H), 3.59 (s, 4H), 3.56
(s, 4H), 3.46 (t, J=5.7 Hz, 2H), 3.29 (q, J=5.4 Hz, 2H), 3.05-2.97 (m, 2H); HR-DART-MS m/z:
346.1732 ([M-trifluoroacetate]”, calcd for C13H24Ns5O¢: 346.1727).
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Tricarbocyanine GPU-298: Compound 12 (35.0 mg, 0.0762 mmol) was added to a solution of 1 (20.0
mg, 0.0267 mmol) in DMF (3 mL). The mixture was stirred at 80 °C for 4 h. After the solvent was
removed, the residue was dissolved in MeOH and precipitated by Et;O. The solid was collected by
centrifugation and was further purified with RP-MPLC using 0.1 M Ets;N/AcOH buffer (pH 7.3)/MeCN
as an eluent to give compound GPU-298 as a dark blue solid; yield (16.0 mg, 57%). "H-NMR (DMSO-ds,
500 MHz): o 8.45 (t, J=5.7Hz, 1H), 7.65 (s, 1H), 7.62 (s, 2H), 7.43 (d, J=7.3 Hz, 2H), 7.28 (t, J/=7.7 Hz,
2H), 7.19-7.14 (m, 3H), 7.05 (t, J/=7.4 Hz, 2H), 5.82 (d, J=11.8 Hz, 2H), 5.09 (s, 2H), 3.95 (br t, J=6.1
Hz, 4H), 3.83 (br t, J/=4.8 Hz, 2H), 3.73 (br t, J=4.6 Hz, 2H), 3.62-3.43 (m, 8H), 3.42 (m, 6H), 3.39 (t,
J=5.8 Hz, 2H), 3.21 (q, J=5.7 Hz, 2H), 2.51-2.42 (m, 2H), 1.79-1.63 (m, 10H), 1.60 (s, 12H);
HR-ESI-MS m/z: 1036.4546 ([M+2H-Na]", calcd for CsiHgoN7012S2: 1036.4518).

Tricarbocyanine GPU-310: Compound 12 (35.0 mg, 0.0762 mmol) was added to a solution of 2 (13.0
mg, 0.0183 mmol) in DMF (3 mL). The mixture was stirred at 80 °C for 4 h. After the solvent was
removed in vacuo, the residue was dissolved in MeOH (2 mL) and precipitated by Et;O (25 mL). The
solid was collected by centrifugation and was further purified with RP-MPLC using 0.1 M Ets;N/AcOH
buffer (pH 7.3)/MeCN as an eluent to give GPU-310 (12.5 mg, 67%) as a dark blue solid. 'H-NMR
(DMSO-ds, 400 MHz): & 8.44 (t, J=5.6 Hz, 1H), 7.67-7.59 (m, 5H), 7.56 (dd, J=8.2, 1.3 Hz, 2H), 7.16
(s, 1H), 7.06 (d, J/=8.3 Hz, 2H), 5.79 (d, J=12.9 Hz, 2H), 5.08 (s, 2H), 3.99 (q, J=6.6 Hz, 4H), 3.84 (t,
J=4.7 Hz, 2H), 3.74 (t, J/=4.7 Hz, 2H), 3.64-3.47 (m, 8H), 3.41 (t, J/=5.8 Hz, 2H), 3.22 (q, J/=5.8 Hz, 2H),
2.49 (m, 4H), 1.78-1.68 (m, 2H), 1.60 (s, 12H), 1.21 (t, J=7.0 Hz, 6H); HR-ESI-MS m/z: 980.3912
([M+2H-K]", calcd for C47Hs1N7012S2: 980.3892).

Tricarbocyanine GPU-198: To a solution of 132 (87.5 mg, 0.101 mmol), DIC (23.0 yL, 0.147 mmol),
HOSu (16.1 mg, 0.140 mmol), and DMAP (6.5 mg, 0.053 mmol) were dissolved in 4 mL of DMF and
stirred at room temperature for 24 h. After Et2O (30 mL) was added to the mixture, the precipitated was
collected by centrifugation. This crude activated ester intermediate as dark green powder (106.0 mg) was
used in the next step without further purification.

To this intermediate, 3 (93.5 mg, 0.292 mmol) and N,N-diisopropylethylamine (130 yL, 0.746 mmol) in
anhydrous DMF (3mL) was stirred at room temperature for 24 h. After Et2O (30 mL) was added to the
mixture, the precipitated was collected by centrifugation. This crude product was further purified with
RP-MPLC using HoO/MeOH as eluent to give GPU-198 (41.6 mg, 36%) as a dark green powder.
"H-NMR (DMSO-ds, 500 MHz): § 9.01 (br s, 1H), 8.55 (d, J=13.7 Hz, 2H), 8.46 (br t, J=5.5 Hz, 1H),
7.77 (d, J=8.6 Hz, 2H), 7.59 (s, 1H), 7.52 (d, J=7.5 Hz, 2H), 7.44 (d, J=8.0 Hz, 2H), 7.38 (t, /=7.7 Hz,
2H), 7.33 (d, J=8.0 Hz, 2H), 7.22 (t, J/=7.4 Hz, 2H), 7.19 (s, 1H), 6.39 (d, J/=14.3 Hz, 2H), 5.97 (d, J=5.7
Hz, 1H), 4.48 (d, /=10.9 Hz, 1H), 4.39-4.32 (m, 2H), 4.19 (br t, J/=6.9 Hz, 4H), 4.11 (br q, J=4.6 Hz, 1H),
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3.48-3.35 (m, 2H), 3.17 (d, J/=4.0 Hz, 2H), 3.17-3.05 (m, 2H), 3.08-2.96 (m, 1H), 3.0-2.86 (m, 1H), 2.79
(brt, J/=5.9 Hz, 5H), 2.47 (t, J/=7.4 Hz, 4H), 1.94 (br t, J/=5.9 Hz, 2H), 1.84-1.62 (m, 10H), 1.39 (s, 12H).
HR-ESI-MS m/z: 1110.4407 ([M+ 2H-Na]", calcd for Cs7H71N7010S3: 1110.4497).
N-({1-]2-Hydroxy-3-(2-nitro-1H-imidazol-1-yl)propyl]piperidin-4-yl}methyl)-3-(4-hydroxyphenyl)-
propanamide (15): To a solution of 14%® (70.0 mg, 0.266 mmol) in DMF (3 mL), a solution of 3 (as free
base, 68.0 mg, 0.240 mmol) in DMF (1 mL) was added. The mixture was stirred for 20 h at room
temperature. After the solvent was removed, the residue was partially purified by column chromatography
using CHCI3/MeOH as an eluent to afford crude 15 (84.9 mg, 82%) as a yellow solid. FAB-MS m/z: 432
(IM*+H]).

Tricarbocyanine GPU-212: To a solution of 15 (60.0 mg, 0.139 mmol) in DMF (10 mL), NaH (60% in
mineral oil) (3.7 mg, 0.15 mmol) was added. The mixture was stirred at room temperature for 30 min.
Subsequently, 1 (63.0 mg, 0.0841 mmol) in DMF (0.5 mL) was added dropwise. The mixture was stirred
at room temperature for 1 h, then the reaction was quenched with small piece of dry ice. After the solvent
was removed, the residue was dissolved in MeOH (2 mL) and precipitated by Et;O (25 mL). The solid
was filtered and further purified with RP-MPLC using 0.1 M Ets;N/AcOH buffer (pH 7.3)/MeCN as an
eluent to give GPU-212 (21.0 mg, 22%) as a dark green solid. 'TH-NMR (DMSO-ds, 500 MHz): § 7.82 (d,
J=14.2 Hz, 2H), 7.74 (t, J=5.5 Hz, 1H), 7.56 (s, 1H), 7.48 (d, J/=7.4 Hz, 2H), 7.39 (t, /=7.8 Hz, 2H), 7.36
(t, J=7.1 Hz, 2H), 7.21 (d, J=8.9 Hz, 2H), 7.19 (t, J=7.3 Hz, 2H), 7.14 (s, 1H), 7.05 (d, J=8.5 Hz, 2H),
6.22 (d, J=14.1 Hz, 2H), 4.66 (dd, J=13.6, 2.5 Hz, 1H), 4.19 (dd, J=13.7, 8.1 Hz, 1H), 4.13 (t, J/=6.5 Hz,
4H), 3.99-3.89 (m, 1H), 3.51 (s, 1H), 2.92-2.84 (m, 1H), 2.86-2.77 (m, 3H), 2.78-2.67 (m, 6H),
2.53-2.45 (m, 6H), 2.33-2.15 (m, 4H), 1.82-1.65 (m, 10H), 1.48 (t, J=10.1 Hz, 2H), 1.26 (s, 12H),
1.2-1.15 (m, 2H); HR-ESI-MS m/z: 1122.5063 ([M+2H-Na]", calcd for CsoH76N7011S2: 1122.5039).
HPLC analysis

Analytical HPLC was performed on a reverse phase column (Waters symmetry C18 (3.5 ym, 4.6 x 75
mm) using suitable eluent gradient system, fitted on Shimadzu LC-20AD pumps, SPD-M20A detectors,
CTO-20A column oven (maintaining 40 °C), and LCMS solution system.

Spectroscopic assessment

Measurement of extinction coefficients: The extinction coefficients (¢) of GPU molecules were
calculated according to the Lambert-Beer law. Absorption spectra of the samples were recorded in
methanol.

Fluorescence spectrophotometry: Fluorescence spectra of GPU molecules were recorded in MeOH at 25 °C.
The slit widths for excitation and emission were set to 5 and 10 nm, respectively.

Measurement of fluorescence quantum yield: The fluorescence quantum yield (®fl) was determined by

integrating the corrected emission spectra and comparing the results to those for NK-1511 in DMSO (®fl
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=0.63)* or ICG in MeOH (®fl = 0.04).2 Under these conditions, quantum yields were calculated using

the following equation.

Ox/Dst = [Ast/Ax][nx*/nst?][Dx/Dst]

st: standard, x: sample

A: absorbance at the excitation wavelength.
n: refractive index

D: area under the fluorescence spectra on an energy scale.

Hydrophobicity index (Rm)

Rm values were determined according to a literature procedure.?’ In brief, solutions of test compounds
were applied to a reversed-phase thin-layer chromatography plate and developed in saturated chambers
with a mobile phase (10% 5 mM sodium phosphate buffer, pH 7.4, and 90% MeOH). The separated spots
were identified under visible light. The retention factor (Rf) values were obtained from the RP-TLC
system, and Rm values were calculated using the equation: Rm = Log (1/R¢— 1).

In vitro fluorescence assay of SUIT-2/HRE-Luc cells incubated under different oxygen conditions
SUIT-2/HRE-Luc cells were constructed according to a published method.?* In these cells, the HIF-1a.
stability is strictly regulated by the oxygen concentration (HIF-la expression is undetectable under
normoxic conditions but significantly increases under hypoxic conditions®?). The cells were maintained at
37 °C in 5% FCS-Dulbecco’s-modified Eagle’s medium (Nacalai Tesque, Kyoto, Japan) supplemented
with penicillin (100 units/mL) and streptomycin (100 pg/mL). Hypoxic cell cultures were obtained in 5%
C02/0.1% Oz in an INVIVO; 400 hypoxia workstation (Ruskinn Technology, Ltd., Bridgend, UK). GPU
probes (10 mM in DMSO) were diluted to 0.02, 0.1, 0.5, and/or 2 mM with a medium containing 10%
DMSO.

SUIT-2/HRE-Luc cells (2 x 10° cells/well) were seeded in a six-well plate. The cells were preincubated
under aerobic or hypoxic conditions for 4 h before adding 1/100 volume of GPU solution to the culture
(final GPU molecules concentrations were 0.2, 1, 5, and/or 20 yM with 0.1% DMSO) and incubating for
30 min. The cells were then washed with fresh medium, incubated for 1 h in fresh medium to release the
unbound GPU molecules from the cells, and suspended in 200 YL of radioimmunoprecipitation assay
(RIPA) buffer. Fluorescence intensities were obtained for 150 YL of the suspensions in a 96-well plate
using an Infinite® F500 microplate reader (Tecan, Miannedorf, Switzerland). The excitation/emission
filters used to measure the fluorescence intensity were 620/780 nm. The following conditions were used

for image acquisition: exposure time = 1 sec, binning = medium (8), field of view = 19 x 19 cm, and
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f/stop = 1. Statistical analysis was performed using the Student’s z-test. Values of P < 0.05 were
considered statistically significant.

In vivo and ex vivo bioluminescence imaging of SUIT-2/HRE-Luc subcutaneous tumors in a mouse
xenograft model

All animal experiments were performed with the approval of the Animal Ethics Committees of Tokyo
Institute of Technology (No. 2010006) and in accordance with the Ethical Guidelines for Animal
Experimentation of Tokyo Institute of Technology. Male Balb/c nu/nu were purchased from Oriental
Yeast Co., Ltd (Tokyo, Japan). All experimental mice were at 610 weeks old. A-low fluorescence
background diet was fed to experimental mice. SUIT-2/HRE-Luc cells suspended in PBS (1.0 x 10°
cells/20 yL) were mixed with an equal volume of Geltrex (Invitrogen, Carlsbad, CA, USA) and injected
into both forelegs of seven-week-old male nude mice. Mice with subcutaneous tumors 5-15 mm in
diameter were used for experiments.

For in vivo photon counting to assess bioluminescence, tumor-bearing mice were injected
intraperitoneally with 200 YL of D-luciferin solution (10 mg/mL in PBS, Promega, Madison, WI, USA)
and placed in an IVIS®-SPECTRUM instrument (Waltham, MA, USA). Bioluminescence images were
acquired 20 min after intraperitoneal injection of D-luciferin. For ex vivo imaging, mice were sacrificed
immediately after in vivo imaging and bioluminescence images of the bodies and their organs were
obtained within 10 min of in vivo imaging. The following conditions were used for image acquisition:
exposure time = 2 min, lamp level = high, binning = medium (8), field of view = 19 x 19 cm (for in vivo)
and 12.9 x 12.9 cm (for ex vivo), and f/stop = 1. The bioluminescence was analyzed using Living Image
3.20 software (Caliper Life Sciences). The minimum and maximum photons/s/cm?*/steradian of each
image were indicated in each figure by a red bar scale.

GPU molecules (10 nmol) in 100 L of PBS (pH 8.0) containing 0.2% DMSO was intravenously injected
into tumor-bearing mice. /n vivo fluorescence images were acquired at indicated times. For ex vivo
imaging, mice were sacrificed after in vivo imaging and their organs were harvested. All fluorescence
images were acquired with an IVIS®~-SPECTRUM instrument using the same parameters for the
excitation filter (640 nm for GPU-210; 675 nm for GPU-297; 710 nm for GPU-316), emission filter (760
nm for GPU-210 and GPU-297; 800 nm for GPU-316), and exposure time (1 sec); binning = medium (8),
field of view = 19 x 19 cm, f/stop = 1. No subtraction was performed to remove the background signal
after fluorescence imaging acquisition.

Analysis of T/B ratio: The photon flux/sec in the same areas (region of interest: ROI) of the tumors and
the muscles in the lower limbs was counted at the indicated time after GPU molecules injection. Each
photon flux/sec value was normalized by subtracting the background photon flux/sec in the corresponding

ROI. T/B was calculated by dividing the normalized values in tumors by those in the muscle.
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