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1 Introduction  1 

Cell staining is a fundamental technique in which specific dyes are used to label and visualize cells and 2 

their internal structures [1, 2]. This approach is widely employed to evaluate cellular morphology, size, and 3 

function, and is indispensable in various fields, including cell biology, pathology, and developmental 4 

biology [3,4]. Several cell-staining dyes are currently commercially available and can be classified by their 5 

staining targets, functional properties, and spectral characteristics [5]. 6 

Recently, fluorescent dyes that absorb in the near-infrared (NIR) region, particularly in the 650–2000 7 

nm range, have attracted considerable attention [6,7]. Compared with visible light, NIR light exhibits 8 

reduced scattering and absorption in biological tissues, allowing more efficient penetration through the skin 9 

and deep tissues and thereby enabling superior in vivo imaging [8]. Microscopy techniques operating in 10 

the NIR region, including confocal, multiphoton, and light-sheet microscopy, have been actively developed 11 

owing to advances in fluorescence imaging technologies [8, 9]. 12 

Currently, in vivo imaging in small animals relies predominantly on bioluminescence imaging using 13 

luciferase-expressing cells in combination with substrates such as luciferin [10, 11]. While effective, this 14 

approach has several limitations: it requires genetic modification of cells and repeated substrate 15 

administration throughout the experiment, and it raises concerns about the potential physiological effects 16 

of luciferin on animals [12,13]. These drawbacks increase both experimental complexity and cost, 17 

highlighting the need for alternative imaging modalities. 18 
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Therefore, establishing fluorescent dye-based in vivo imaging as a viable alternative could address many 19 

of these limitations. However, only a few NIR fluorescent dyes have been sufficiently validated for in vivo 20 

applications, and systematic characterization is essential to establish their utility and guide appropriate 21 

selection for specific experimental needs. 22 

The NIR dye FI 7500 possesses a phthalocyanine structure (Online Resource 1), which endows it with 23 

superior photostability, thus offering the potential to overcome key limitations of conventional dyes [15,16]. 24 

However, its in vitro properties and detailed performance have not yet been systematically characterized. 25 

Here, we present a comprehensive in vitro characterization of FI 7500, including its staining performance 26 

in two-dimensional (2D) and three-dimensional (3D) cell culture models, and assess its suitability for in 27 

vivo applications via subcutaneous and intravenous administration of FI 7500-stained cells. This 28 

characterization will contribute to expanding the choice of NIR dyes for cellular and in vivo imaging, 29 

facilitating more informed selection of fluorescent probes for specific experimental requirements. 30 

 31 

2 Materials and methods 32 

2.1 Dye solution preparation 33 

To dissolve FI 7500, 50 μL of dimethyl sulfoxide (DMSO; spectroscopic grade; FUJIFILM Wako Pure 34 

Chemical Co., Osaka, Japan) was added to the tube containing the dye powder. The final concentration of 35 

the FI 7500 solution was 200 μM. 36 
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 37 

2.2 Spectral properties 38 

The absorption and fluorescence spectra of FI 7500 were measured using an ultraviolet–visible–NIR 39 

spectrophotometer UH5700 (Hitachi High-Tech Corp., Tokyo, Japan) and a spectrofluorometer FP-6500 40 

(JASCO Corp., Tokyo, Japan), respectively. The 200 μM stock solution was diluted 10-fold to obtain a 20 41 

μM solution, followed by an additional 10-fold dilution to a final concentration of 2 μM for spectral 42 

measurements. All measurements were performed using the diluted dye solutions under standard instrument 43 

settings. 44 

 45 

2.3 Cytotoxicity analysis of FI 7500 46 

To evaluate the cytotoxicity of FI 7500 and determine an appropriate staining concentration, HeLa cells 47 

(2×104 cells/well) were seeded in a 96-well plate (Thermo Fisher Scientific Inc., Waltham, MA, USA) and 48 

maintained in low-glucose Dulbecco’s modified Eagle medium (DMEM; FUJIFILM Wako Pure Chemical 49 

Co.) supplemented with 10% heat-inactivated fetal bovine serum (FBS; Serana Europe GmbH, 50 

Brandenburg, Germany), 100 μg/mL penicillin, and 100 μg/mL streptomycin (Thermo Fisher Scientific 51 

Inc.) at 37 °C in a humidified atmosphere containing 5% CO2. The day after cell seeding, the cells were 52 

incubated with 0, 0.05, 0.1, 0.2, 0.3, and 1 μM FI 7500 for 30 min at 37 °C in a humidified atmosphere 53 

containing 5% CO2. After staining, the cells were cultured for 24 or 48 h, and cell viability was then 54 

measured using the Cell Counting Kit-8 (CCK-8) reagent (Dojindo Molecular Technologies Inc., 55 
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Kumamoto, Japan) according to the manufacturer’s protocol. Growth inhibition (%) was calculated relative 56 

to that in the DMSO-treated control. 57 

 58 

2.4 Optimal staining time identification 59 

To identify the optimal staining time for FI 7500, HeLa cells (2×104 cells/well) were seeded in a 96-well 60 

plate (Thermo Fisher Scientific Inc.) and maintained under the conditions mentioned above. Upon reaching 61 

sub-confluence, the cells were treated with 0.2 μM FI 7500 at 37 °C in a humidified incubator containing 62 

5% CO2 and were imaged every 5 min for 45 min using a BZ-X 800 microscope (KEYENCE Co., Osaka, 63 

Japan) with a Cy5 band-pass filter. 64 

 65 

2.5 Staining site identification 66 

To identify the subcellular localization of FI 7500, HeLa cells were seeded onto 10-cm cell culture dishes 67 

(Wuxi NEST Biotechnology Co., Ltd., Jiangsu, China) and maintained under the conditions mentioned 68 

above. Upon reaching sub-confluence, the cells were treated with 0.2 μM FI 7500 for 30 min at 37 °C in a 69 

humidified incubator containing 5% CO2, stained using ER-Tracker™ Green (Thermo Fisher Scientific 70 

Inc.) or MitoTracker™ Orange FM (Thermo Fisher Scientific Inc.) according to the manufacturer’s 71 

instructions, and observed under a BZ-X 800 microscope using appropriate band-pass filters selected for 72 

each dye. The degree of colocalization was quantified by image analysis using ImageJ software. 73 
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 74 

2.6 Cell staining (2D) 75 

To evaluate the 2D cell staining ability of FI 7500, HeLa, C2C12, NIH/3T3, Hep G2, HuH-7, and A-431 76 

cells were seeded onto 10-cm cell culture dishes and maintained under the conditions mentioned above. 77 

Upon reaching sub-confluence, the cells were treated with 0.2 μM FI 7500 for 30 min at 37 °C in a 78 

humidified incubator containing 5% CO2, washed three times with phosphate-buffered saline [PBS (−); 79 

FUJIFILM Wako Pure Chemical Co.], and observed under a BZ-X 800 microscope with a Cy5 band-pass 80 

filter. 81 

NIH/3T3 cells grown on an 8-well glass chamber plate (NIPPON Genetics Co., Ltd., Tokyo, Japan) were 82 

fixed with Mildform® 10N (FUJIFILM Wako Pure Chemical Co.) for 15 min at room temperature and 83 

washed three times with PBS. The cells were blocked with 1% bovine serum albumin (FUJIFILM Wako 84 

Pure Chemical Co.) in PBS for 60 min at room temperature. The cells were incubated for 60 min at room 85 

temperature with Phalloidin-iFluor® 532 Conjugate (Cayman Chemical Co., MI, USA; diluted 1:500) and 86 

Hoechst 33342 (DOJINDO LABORATORIES, Kumamoto, Japan; diluted 1:1000). After three washes with 87 

PBS, the cells were incubated with FI 7500 for 30 min at 37 °C. Images were acquired with a BZ-X 800 88 

microscope using appropriate band-pass filters selected for each dye. 89 

 90 

2.7 Cell staining (3D) 91 
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2.7.1 Cross-section staining 92 

To evaluate the spheroid cross-section staining ability of FI 7500, NIH/3T3 cells were seeded onto 10-cm 93 

cell culture dishes and maintained under the conditions mentioned above. Upon reaching sub-confluence, 94 

the cells were treated with 0.2 μM FI 7500 for 30 min at 37 °C in a humidified incubator containing 5% 95 

CO2, washed three times with PBS (−), and dissociated using trypsin–ethylenediaminetetraacetic acid 96 

(EDTA) solution (Thermo Fisher Scientific Inc.). Subsequently, they were transferred to a 96-well, clear, 97 

U-bottom, ultra-low-attachment microplate (Sumitomo Bakelite Co., Ltd., Shinagawa-ku, Tokyo, Japan) at 98 

a density of 5×102, 1×103, 2×103, 3×103, 4×103, 5×103, and 1×104 cells/well and maintained at 37 °C in a 99 

humidified incubator containing 5% CO2. After two days, the spheroids were transferred to an 8-well glass 100 

chamber plate, and images were acquired using a BZ-X 800 microscope with an appropriate band-pass 101 

filter. 102 

Then, the spheroids fabricated with 5×103 and 1×104 cells were fixed using Mildform® 10N at room 103 

temperature for 60 min, washed with PBS (−), and cleared by overnight incubation with SCALEVIEW-S4 104 

(FUJIFILM Wako Pure Chemical Co.) at 37 °C in a humidified incubator containing 5% CO2 [17]. The 105 

cleared spheroids were transferred to an 8-well glass chamber plate, and images were acquired using a BZ-106 

X 800 microscope with an appropriate band-pass filter. 107 

 108 

2.7.2 Surface staining 109 
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To evaluate the spheroid surface staining ability of FI 7500, NIH/3T3 cells were cultured under the 110 

conditions mentioned above. Upon reaching sub-confluence, the cells were washed with PBS (−) and 111 

dissociated using trypsin–EDTA solution (Thermo Fisher Scientific Inc.). Subsequently, they were 112 

transferred to a 96-well, clear, U-bottom, ultra-low-attachment microplate (Sumitomo Bakelite Co., Ltd.) 113 

at a density of 5×103 cells/well and maintained at 37 °C in a humidified incubator containing 5% CO2. After 114 

two days, the spheroids were treated with 0.2 μM FI 7500 for 30 min at 37 °C in a humidified incubator 115 

containing 5% CO2 and washed three times with PBS (−). The stained spheroids were transferred to an 8-116 

well glass chamber plate, and images were acquired using a BZ-X 800 microscope with an appropriate 117 

band-pass filter. 118 

 119 

2.8 Subcutaneous injection 120 

To assess the in vivo fluorescence retention of FI 7500, 1×106 or 2×106 HeLa cells stained with 0.2 μM FI 121 

7500 were mixed with an equal volume of Matrigel (Corning Inc., Corning, NY, USA). The cell suspension 122 

was subcutaneously injected into 7-week-old female BALB/cAJcl-nu/nu mice (CLEA Japan Inc., Tokyo, 123 

Japan) using a 1-mL syringe (Terumo Corp., Tokyo, Japan) and a 27 G needle (Terumo Corp.). The body 124 

weight and tumor size of the mice were measured three times per week. At the same time points, the 125 

fluorescence intensity of the transplanted cells was measured using an IVIS-Spectrum (Summit 126 

Pharmaceuticals International Corp., Tokyo, Japan). The animal experiments were conducted in compliance 127 
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with the guidelines of the Institute for Laboratory Animal Research, National Cancer Center Research 128 

Institute (approval no. T25-006). 129 

 130 

2.9 Intravenous injection 131 

To assess the in vivo cell tracking capability of FI 7500, 5×106 B16-F10/EF1a-Luc cells stained with 0.2 132 

μM FI 7500 were suspended in 200 μL of DMEM. The cell suspension was intravenously injected into the 133 

tail vein of 7-week-old female BALB/cAJcl-nu/nu mice (CLEA Japan Inc.) using a 1-mL syringe (Terumo 134 

Corp.) and a 27 G needle (Terumo Corp.). The fluorescence intensity of the transplanted cells was measured 135 

using an IVIS-Spectrum (Summit Pharmaceuticals International Corp.). D-Luciferin (Summit 136 

Pharmaceuticals International Corp.) was prepared at 30 mg/mL in PBS and injected intraperitoneally at 137 

a dose of 150 mg/kg body weight prior to each bioluminescence imaging session. 138 

The animal experiments were conducted in compliance with the guidelines of the Institute for Laboratory 139 

Animal Research, National Cancer Center Research Institute (approval no. T25-006). 140 

 141 

3 Results  142 

3.1 Characterization of FI 7500 143 

To evaluate the photophysical properties of FI 7500, its absorption and fluorescence spectra were measured 144 

(Fig. 1). The absorption spectrum displayed a sharp and maximum absorption maximum in the NIR region 145 
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at approximately 714 nm, along with minor shoulder absorption bands at approximately 300 and 460 nm 146 

(Fig. 1a). Upon excitation at its maximum absorption wavelength, FI 7500 exhibited a distinct fluorescence 147 

spectrum centered at approximately 725 nm (Fig. 1b). The dye demonstrated a stokes shift of approximately 148 

10 nm, indicating minimal structural rearrangement in the excited state and favorable properties for optical 149 

imaging with reduced self-absorption.  150 

Phase-contrast images and CCK-8 assay results indicated that FI 7500 was cytotoxic at concentrations 151 

exceeding 0.3 μM (Online Resource 2). Therefore, we used FI 7500 at a concentration of 0.2 μM for staining 152 

in subsequent experiments. 153 

To determine the optimal incubation time for cellular staining, fluorescence intensity was monitored over 154 

time using a fluorescence microscope (Online Resource 3). The signal intensity increased progressively 155 

and reached a plateau after 30 min, with no change observed at later time points. Based on these 156 

observations, 30 min was selected as the optimal staining time for subsequent experiments. 157 

Microscopic observation and image analysis revealed that FI 7500 localized to the endoplasmic reticulum 158 

(ER), as shown by its co-staining with ER-Tracker, an ER-specific dye (Fig. 1c, d). Moreover, in different 159 

cell lines, FI 7500 staining showed strong fluorescence in the cytoplasm, where the ER is located, whereas 160 

the nuclei were not stained (Fig. 2a). In elongated cells such as C2C12, FI 7500 enabled clear staining 161 

extending to the cell periphery (Fig. 2a). FI 7500 could also be combined with phalloidin and Hoechst 162 

33342 for multicolor staining of NIH/3T3 cells (Fig. 2b). 163 
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 164 

3.2 Observation of stained cells (3D) 165 

To evaluate the applicability of FI 7500 for 3D cell culture imaging, we stained spheroids containing 166 

different numbers of cells and observed them under a microscope. Under live-cell conditions without 167 

fixation or clearing, FI 7500 enabled visualization of the internal structure of spheroids containing up to 168 

2×103 cells (Online Resource 4). After optical clearing of fixed spheroids, the penetration depth was further 169 

improved, enabling internal visualization of spheroids containing up to 1×104 cells (Fig. 3a, b). However, 170 

dye penetration in larger spheroids (>1×104 cells) remained limited even after clearing, and the central 171 

regions were undetectable (data not shown). 172 

In addition to internal imaging, FI 7500 enabled observation of the spheroid surface. High-resolution 173 

microscopy revealed the characteristic staining pattern of FI 7500, in which the cytoplasm was labeled 174 

while the nuclei remained unstained, clearly delineating individual cells at the spheroid surface (Fig. 3c, d). 175 

 176 

3.3 In vivo observation of stained cells 177 

After subcutaneous transplantation of FI 7500-stained HeLa cells (Fig. 4a), we observed that FI 7500 178 

retained fluorescence in the mice until day 21, regardless of the number of transplanted cells. However, 179 

after day 21, the fluorescence intensity decreased first in the group transplanted with fewer cells (Fig. 4b, 180 

c), and by day 28, the signals in both groups had fallen below the detection limit (data not shown). The 181 
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tumor growth curves were comparable between mice transplanted with unstained and FI 7500-stained cells 182 

(Online Resource 5). 183 

After intravenous transplantation of FI 7500-stained B16-F10/EF1a-Luc cells (Fig. 5a), we confirmed the 184 

successful in vivo tracking of the transplanted cells. Specifically, the cells accumulated in the lungs, where 185 

they were continuously monitored for 3 h (Fig. 5b). 186 

 187 

4 Discussion 188 

In this study, we comprehensively characterized the NIR fluorescent dye FI 7500 for in vitro and in vivo 189 

imaging applications. Although FI 7500 is a promising tool for cell staining, its detailed in vitro properties 190 

had not been systematically evaluated. Our characterization, including staining performance in 2D and 3D 191 

cell culture models and in vivo imaging after subcutaneous and intravenous administration of stained cells, 192 

demonstrates its potential as a reliable alternative to bioluminescence imaging, which requires genetic 193 

modification and repeated substrate administration.  194 

Before evaluating the in vivo performance of FI 7500, we characterized its photophysical properties and 195 

validated its feasibility for in vitro cellular imaging. Based on the spectral measurements, FI 7500 is suitable 196 

for observation with Cy5, Cy5.5, and Cy7 band-pass filters. FI 7500 also offers a distinct advantage for 197 

multicolor staining, as its emission spectrum does not overlap with those of conventional visible-light 198 

fluorophores [5]. Our microscopy-based analysis revealed that FI 7500 specifically localizes to the ER, as 199 
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demonstrated by co-staining with ER-Tracker and subsequent image analysis. This ER-specific localization 200 

pattern was consistently observed across multiple cell types, with strong cytoplasmic fluorescence and no 201 

nuclear staining. Notably, in elongated cells such as C2C12 myoblasts, FI 7500 enabled clear visualization 202 

of ER networks extending to the cell periphery, suggesting its utility for visualizing cellular morphology in 203 

cells with complex shapes [18]. Its distribution throughout the cytoplasm enables whole-cell visualization 204 

without nuclear interference, which is particularly valuable for tracking cell migration and morphological 205 

changes.  206 

As a preliminary step toward in vivo studies, we focused on evaluating whether FI 7500 could facilitate 207 

deep fluorescence visualization within in vitro 3D cellular structures, thereby assessing its suitability for 208 

thick biological samples. Our 3D imaging analysis demonstrated that FI 7500 can visualize spheroid 209 

structures under multiple conditions, with penetration depth depending on sample preparation. Under live-210 

cell conditions, internal structures were observable in spheroids containing up to 2×103 cells, whereas 211 

optical clearing extended this capability to spheroids containing 1×104 cells [19,20]. Beyond this size, the 212 

central regions remained undetectable, possibly owing to insufficient penetration of excitation light into the 213 

core or reduced detection efficiency of fluorescence emitted from the inner regions. 214 

Furthermore, FI 7500 was effective for surface imaging regardless of spheroid size, with its ER-specific 215 

staining pattern clearly delineating individual cells at the periphery. This surface imaging capability is 216 

particularly valuable because the spheroid periphery represents the most metabolically active region and 217 
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the primary site of interaction with the microenvironment [21,22]. The ability to perform live-cell imaging 218 

without fixation or clearing enables real-time monitoring of dynamic processes such as proliferation, 219 

migration, and drug response in 3D models [22,23]. Collectively, these findings position FI 7500 as a 220 

versatile tool that can be adapted to different experimental needs: live-cell imaging for small spheroids, 221 

clearing-enhanced imaging for medium-sized spheroids, and high-resolution surface analysis for larger 222 

structures. 223 

Based on these findings, which confirmed the fundamental properties and performance of FI 7500 in 224 

monolayer and 3D cellular environments, we subsequently proceeded to in vivo evaluation. In vivo 225 

validation of subcutaneously injected FI 7500-stained cells showed that the tumor diameter increased 226 

gradually over time, whereas the fluorescent area progressively decreased (Fig. 4a, b). We initially 227 

hypothesized that the fluorescent area would correspond to the tumor area, enabling the use of fluorescence 228 

data for tumor size measurement. However, the results of this validation suggest that this approach is not 229 

feasible. The reduction in fluorescent area may be attributed to photobleaching caused by continuous 230 

exposure to fluorescent lights in the animal facility, metabolic degradation within the mouse body, and 231 

quenching below the detection limit due to cell division [24,25], although the precise mechanism remains 232 

unclear. 233 

Before the subcutaneous transplantation experiment, we were concerned that FI 7500 toxicity might 234 

inhibit tumor formation. However, the tumor growth curves were comparable between mice transplanted 235 
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with unstained and stained cells (Online Resource 5). Therefore, we concluded that the effect of FI 7500 236 

on tumor formation was negligible. 237 

B16-F10/EF1a-Luc is a melanoma cell line known to metastasize to the lungs upon intravenous 238 

administration in animal models [26,27]. In this study, FI 7500-stained cells administered via the tail vein 239 

accumulated in the lungs after transplantation, demonstrating behavior consistent with that observed in the 240 

luciferin-administered group. While tracking cellular metastatic dynamics has conventionally relied on 241 

luciferin administration in combination with luciferase-expressing cells [28,29], our findings demonstrate 242 

that fluorescent dyes such as FI 7500 can also serve as a highly effective tool for tracking tumor metastasis. 243 

Although bioluminescence imaging with D-luciferin is a standard method, it has several practical 244 

limitations. First, repeated administration of luciferin prior to every imaging session is time-consuming and 245 

costly, especially when handling large cohorts of mice. Second, this approach requires luciferase-expressing 246 

cells, which necessitates additional time and resources to purchase or establish stable cell lines if they are 247 

not readily available. In contrast, cell staining with FI 7500 requires only a brief 30-min incubation before 248 

transplantation, enabling convenient in vivo monitoring in fluorescence mode without the need for repeated 249 

substrate injections. Therefore, in vivo imaging with FI 7500 offers a highly practical alternative to 250 

bioluminescence imaging, serving as a powerful and versatile new experimental tool for researchers. 251 

This study has several limitations. First, although FI 7500 demonstrated ER-specific localization and 252 

effective staining in multiple cell types, we did not systematically compare its performance with other 253 
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commercially available NIR dyes such as DiD and DiR under identical experimental conditions [30]. Such 254 

comparative analyses would provide valuable insights into the relative advantages and disadvantages of FI 255 

7500 for specific applications. Second, although FI 7500 enabled the internal visualization of spheroids 256 

containing up to 1×104 cells after optical clearing, penetration remained limited in larger spheroids, 257 

restricting its utility for imaging dense 3D structures that more closely mimic in vivo tumor 258 

microenvironments [31,32]. This limitation may necessitate the use of complementary imaging modalities 259 

such as light-sheet microscopy or two-photon imaging for deep tissue penetration [33,34]. Future studies 260 

addressing these limitations should further refine the appropriate use of FI 7500 and guide the development 261 

of next-generation NIR fluorescent dyes with improved properties. 262 

In summary, we characterized the NIR fluorescent dye FI 7500 for in vitro and in vivo imaging. FI 7500 263 

localizes to the ER and enables the visualization of cell morphology in 2D and 3D cultures. It also enables 264 

long-term fluorescence retention in stained cells and real-time monitoring of metastatic cell accumulation 265 

in vivo, without adversely affecting tumor formation or growth. These findings support the use of FI 7500 266 

as a practical alternative to bioluminescence imaging, eliminating the need for genetic modification and 267 

repeated substrate administration. 268 
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 374 

 375 

Figure Legends 376 

Fig. 1 Characteristics of FI 7500. 377 

Absorption (a) and fluorescence (b) spectra of FI 7500 recorded in DMSO. Evaluation of the intracellular 378 

staining site of FI 7500 via co-staining with MitoTracker and ER-Tracker (c) and the corresponding 379 

colocalization measured using ImageJ (d) 380 

 381 

Fig. 2 Cell stainability of FI 7500. 382 

The usability of FI 7500 in different cell lines was assessed by staining HeLa, Hep G2, HuH-7, NIH/3T3, 383 

and C2C12 cells (a). The usability of FI 7500 for multiple staining was assessed by co-staining NIH/3T3 384 

cells with phalloidin and Hoechst 33342 (b) 385 

 386 

Fig. 3 Spheroid stainability of FI 7500. 387 

Schematic of the procedure for cross-section staining of spheroids with FI 7500 (a). Cross-sectional images 388 

of spheroids containing 5×103 and 1×104 cells (b). Schematic of the procedure for surface staining of 389 

spheroids with FI 7500 (c). Phase-contrast and FI 7500 fluorescence images of the surface of spheroids 390 

containing 5×103 cells (d) 391 

 392 
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Fig. 4 Subcutaneous implantation of FI 7500-stained cells. 393 

Schematic of the procedure for subcutaneous implantation of FI 7500-stained HeLa cells (a). Time-394 

dependent changes in fluorescence intensity of FI 7500-stained HeLa cells transplanted at 1×106 cells (b) 395 

and 2×106 cells (c), measured using an IVIS imaging system 396 

 397 

Fig. 5 Intravenous administration of FI 7500-stained cells. 398 

Schematic of the procedure for intravenous administration of FI 7500-stained B16-F10/EF1a-Luc cells (a). 399 

Time-dependent changes in fluorescence intensity of FI 7500-stained B16-F10/EF1a-Luc cells and 400 

bioluminescence intensity following D-luciferin administration, measured using an IVIS imaging system 401 

(b) 402 

 403 

Online Resource 1 Chemical structure of the phthalocyanine-based fluorescent dye FI 7500 404 

Online Resource 2 Cytotoxicity and cell proliferation assessment of FI 7500 in HeLa cells. 405 

Phase-contrast images of HeLa cells treated with various concentrations of FI 7500 for 24 h (a) and 48 h 406 

(b). Cell proliferation evaluated using the CCK-8 assay (c) 407 

Online Resource 3 Time-course imaging of FI 7500 in HeLa cells. 408 

Representative fluorescence images of HeLa cells incubated with 0.2 μM FI 7500. Images were captured 409 

every 5 min using a Cy5 band-pass filter 410 
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Online Resource 4 Cross-sectional images of live spheroids containing different numbers of cells stained 411 

with FI 7500. 412 

Representative cross-sectional fluorescence images of live HeLa spheroids formed with various cell 413 

numbers (5×102, 1×103, 2×103, 3×103, 4×103, and 5×103 cells) following staining with 0.2 μM FI 7500. 414 

Images were acquired in the live state using confocal fluorescence microscopy with a Cy5 band-pass filter 415 

Online Resource 5 Evaluation of the in vivo effect of FI 7500 on tumor growth. 416 

Evaluation of the in vivo effect of FI 7500 based on tumor diameter. FI 7500-stained or unstained HeLa 417 

cells were transplanted into mice at 1×106 or 2×106 cells/mouse, and time-dependent tumor growth was 418 

compared between the two groups 419 

 420 
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