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Abstract Cyclooxygenase-2 (COX-2) has been used as
an excellent traceable biomarker, and exists maximally in
Golgi apparatus (Cancer cells). Celecoxib (CCB) is a
selective inhibitor for COX-2, and has been used as one of
non-steroidal anti-inflammatory drug. Herein we report the
conjugation of nile blue (NB) with CCB via a six-carbon
linkage to form a fluorescence probe NB-C6-CCB for the
detection of COX-2. NB-C6-CCB displays strong fluor-
escence with the emission peak centered at near-infrared
wavelength (700 nm) in tumor cells or tumor tissues with
high expression of COX-2. Importantly, NB-C6-CCB can
discriminate cancer cells (MCF-7) fluorescence intensity
from normal ones (COS-7) in the co-culture medium under
confocal microscope. Subcellular localization of the NB-
C6-CCB preferentially points to the Golgi apparatus and
increases the fluorescent intensity. The competitive
analysis (with CCB) and Native-PAGE analysis confirmed
that NB-C6-CCB shows selective binding affinity towards
COX-2 enzyme. Competitive analysis with CCB (flow
cytometry assay) revealed the fluorescence intensity
fluctuation due to pretreatment of CCB with different
concentrations, indicating that the NB-C6-CCB is a precise
or sensitive probe for the COX-2. Tumor tissue (depth: 500
µm), organs and mice imaging tests show excellent near-
infrared visualization, specific localization and identifica-
tion of tumors.
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1 Introduction

Cancer is a deadly disease worldwide and mortality of

cancer patients is increasing every year. Presently, multiple
biomedical imaging techniques are used in all phases of
cancer management or treatment, such as magnetic
resonance imaging (MRI), single-photon emission com-
puted tomography and X-ray imaging. These techniques
are essential part of cancer clinical protocols and are able to
provide morphological, structural, metabolic and func-
tional information. However, these techniques detect
absolute or above stages of cancers and requires expensive
instruments [1–5]. During the cancer treatment, the
localization, deep tissue penetration and selectivity of
tumors are crucial factors [6,7]. Hence, selecting a
fluorescent probe with long wavelength, especially near-
infrared (NIR) above 650 nm), is an important approach,
which features deep tissue penetration without toxicity
towards living normal cells [8–11].
Golgi apparatus plays essential roles in the cellular

activities as a stress sensor, apoptosis generator, lipid and
protein converter, mitotic checkpoint and mediator of
malignant transformation in most types of cancer cells. In
addition, Golgi produces elevated level of proteins or
enzymes in prostate cancer compared to normal cells or
tissues. Anticancer drugs (actinomycin D and vinblastine)
have been used to disrupt and sensitize the function of
protein, which is necessary for the homeostasis of the
Golgi apparatus, and Golgi is emerging as a new
therapeutic target in prostate cancer and its future target
for chemotherapy [12–16]. Hence, organelles (Golgi,
endoplasmic reticulum, lysosomes, and nucleus) targeting
or localization probes are necessary for advanced cancer
imaging and therapy.
Fluorescent probes have been prepared to detect

enzymes in cancer cells, due to the unbalanced presence
of enzymes in all stages of cancer and the maximum types
of tumors [17–19]. Fluorescence turn-on probes designed
specifically for glutamyl-transpeptidase, β-galactosidase
(β-gal), nitroreductase quinoneoxido-reductase isozyme-1
and cyclooxygenase-2 (COX-2) were used to distinguish
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cancer cells from normal cells [17,20–24]. Correspond-
ingly, the fluorescence imagining of COX-2 in Golgi
apparatus of cancer cells and the discrimination of cancer
from both the inflammation and normal tissues were
demonstrated [8,19,25]. Celecoxib (CCB) conjugated
fluorescent probe for discriminate cancer cells (MCF-7)
from normal cells (COS-7) in the single culture medium
under confocal microscope has been reported recently in
our group [26]. NIR “off-on” fluorescence probes for
excellent imaging via targeting Pim-1 kinase and
KIAA1363 in cancer cells have also been reported in our
group [27,28].
COX-2 frequently presents in cancer cells including

breast cancer, prostate cancer, gastric cancer, lung tumors,
and colon adenocarcinoma but much less in normal cell
[29–32]. COX-2 highly expressed in fluorescent probes,
conjugated with indomethacin and CCB have been used to
discriminate the cancer cells from the inflammation and
normal cells were reported in our group [8,19,26].
CCB derivatives have been synthesized as a more

selective inhibitor towards COX-2 [33,34]. CCB has
superior selectivity to COX-2 than indomethacin (IMC)
[34,35]. As a recognition group, the IC50 value of
indomethacin derivatives is approximately 0.75 µmol/L
[8,18]. CCB (IC50 = 0.07 µmol/L) shows greater
selectivity towards COX-2 with anti-cancer effect
[17,34,36]. CCB reduces the viability of H22 cells in a
dose and timedependent manner and induces apoptosis in
mouse liver cancer cells via the mitochondria-dependent
pathway [37]. Polyamine naphthalimide co-treated with
CCB to induce the apoptosis in COX-2 over-expressed
cells (HT29, Caco-2) has been specified [38].
Herein, we linked CCB as the recognition group with a

near infra nile blue (NB) dye as the reporter via a flexible
6-carbon chain to construct a specific red emitting
fluorescent probe, NB-C6-CCB (Fig. 1). We assumed
that NB-C6-CCB could perform with a high selectivity,
sensitivity and longer wavelength (700 nm) towards
COX-2 expressive tumor cells.

The results showed that NB-C6-CCB has emitted strong
fluorescence in MCF-7 and Hela cells (cancer cell lines)
within the short time because of high levels of COX-2,
whereas very less fluorescence is emitted in normal cells
due to the absence of COX-2. Subcellular localization of
the NB-C6-CCB has preferentially characterized the Golgi
apparatus which is a rapid and sensitive factor to enhance
the diagnosis effect of therapeutic cancers. NB-C6-CCB
has a specific and sensitive near infrared fluorescence
discriminating response with MCF-7 versus COS-7 in the
same culture dish, confirmed by confocal microscope.

2 Experimental

2.1 Materials and methods

Solvents and reagents were used without further purifica-
tion. The NB-C6-CCB solution was prepared in dimethyl
sulphoxide (DMSO) at a 5 mmol/L concentration as the
final stock solution. 1H NMR and 13C NMR spectra were
recorded on a Bruker Avance II 400 MHz spectrometer.
Chemical shifts (d) were stated as ppm (in DMSO-d6 or
CDCl3, with TMS as the internal standard). Mass spectro-
metric data were acquired by using TOF-MS instruments.
Absorption intensity spectra were carried out by a Cary 60
UV-V spectrophotometer (Agilent technologies, USA).
Fluorescence intensity spectra were acquired by a Cary
Eclipse fluorescence spectrophotometer (Agilent technol-
ogies, USA). The absolute fluorescence quantum yields of
NB-C6-CCB in different solutions were determined by
Quanturus-QY (HAMAMATSU, Japan). Excitation and
emission slit widths were altered and the fluorescence
intensity was adjusted to a suitable wavelength range.
NBD-C6-ceramide (green) and Hoechst 33342 (blue) were
purchased from Life Technologies Co. (USA). Frozen
tissue slices were prepared by Leica CM1860 UV
(Germany).

Fig. 1 Chemical structures of NB-C6-CCB. (a) NB, (b) CCB derivative (CCB) and (c) NB-C6-CCB
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2.2 Synthesis of NB (step-a)

Compound 1 was synthesized from 3-(dimethylamino)
phenol by the literature procedure [39].

2.3 Synthesis of NB-C6 (step-b)

NB-C6 was synthesized from the reaction of 1-bromo-
naphthalene with 1,6-diaminohexane according to the
reported procedure [8]. Compound 1 (1.5 g, 4.31 mmol)
was dissolved in ethanol (15 mL) in an ice bath (0°C).
3-(Dimethylamino) phenol (984 mg, 6.47 mmol) and
concentrated hydrochloride acid (1.0 mL) were added. The
mixture was stirred for 15 min, then refluxed at 90°C for
4.5 h and monitored by TLC (CH2Cl2:CH3OH = 10:1).
The crude NB-C6 was obtained by recrystallization from
ethanol, and then further purified by silica gel column
chromatography with CH2Cl2/CH3OH (6/1) to give NB-
C6 as a violet solid (500 mg, 30%). 1H NMR (400 MHz,
CD3OD, d ppm): 8.86 (s, J = 8 Hz, 1H), 8.79 (d, J = 8 Hz,
1H), 8.10 (s , J = 8Hz, 2H), 7.96 (t, J = 8 Hz , 1H), 7.85 (t,
J = 8 Hz , 1H), 7.24 (s, 1H), 7.06 (s, J = 8 Hz, 1H), 6.87 (s,
J = 8 Hz, 1H), 3.76 (t, J = 4 Hz, 1H), 3.17 (m, 2H), 2.78 (d,
J = 8 Hz, 3H), 1.78–1.23(m, 11H); 13C NMR (100 MHz,
CD3OD, d ppm): 147.38, 132.04, 132.94, 130.73, 129.75,
124.36, 123.90, 95.90, 93.83, 54.89, 45.25, 40.53, 38.50,
33.97, 28.13, 26.77, 25.79, 25.47, 8.37. HRMS: calculated
for C24H29N4O

+ [M]+ 389.2336, found 389.2335.

2.4 Synthesis of NB-C6-CCB (step-c)

To a flask (100 mL) containing a solution of NB-C6
(300 mg, 770.17 µmol) in THF (15 mL), CCB (463 mg,
1.16 mmol) was added slowly at 25°C, and then
triethylamine (1 mL) was added dropwise. The resulting
mixture was stirred for 4 h at room temperature, and
monitored by TLC (CH2Cl2:CH3OH = 10:2). After reac-
tion, the mixture was purified by neutral silica gel column
chromatography eluted with CH2Cl2/CH3OH (10/1 to
10/3) and NB-C6-CCB was obtained as a violet solid
(200 mg, 35.15%). 1H NMR (400 MHz, CD3OD, d ppm):
8.40 (d, J = 8 Hz, 1H), 8.01 (d, J = 8 Hz, 1H), 7.74 (d, J =
8Hz, 2H), 7.65 (t, J = 8 Hz, 1H), 7.75 (t, J = 8 Hz, 1H),
7.42 (d, 1H), 7.34 (d, J = 8 Hz, 2H), 7.22 (d, J = 8 Hz, 1H),
7.01 (q, J = 4 Hz, 5H), 6.90 (d, 1H), 6.74 (d, J = 8 Hz, 1H),
6.55 (s, J = 4 Hz, 1H), 6.40 (s, J = 8 Hz, 1H), 3.51 (t, J =
8 Hz, 2H), 3.06 (s, J = 8 Hz , 6H), 2.12 (s, J = 8 Hz, 2H),
2.16 (d, J = 8 Hz, 4H), 1.71–1.23(m, 7H); 13C NMR(100
MHz, CD3OD, d ppm): 159.31, 157.02, 152.86, 148.90,
146.98, 145.03, 144.73, 143.55, 142.22, 141.82, 140.78,
135.23, 133.57, 132.98, 132.30, 131.03, 130.59, 129.94,
129.06, 128.06, 127.14, 126.53, 125.5, 123.86, 121.62,
116.28, 106.94, 106.52, 97.11, 94.59, 45.85, 43.86, 41.12,
30.46, 29.62, 27.38, 27.18, 21.30, 21.28. HRMS:
calculated for C41H40F3N6O3S

+ [M]+ 753.2829, found
753.2824.

2.5 Photophysical properties of NB-C6-CCB

The absolute fluorescence quantum yields of NB-C6-CCB
were determined by absolute fluorescent quantum yield
meter Quanturus-QY (HAMAMATSU, Japan).

2.6 Cell incubation and staining with NB-C6-CCB

The live MCF-7 cells MDA-MB-231 (human breast cancer
cells), HeLa (Human cervical cancer cells), COS-7
(African green monkey kidney cells) and HL-7702
(human normal liver cells) were bought from the Institute
of Basic Medical Sciences of the Chinese Academy of
Medical Sciences. Cells were incubated or cultured in 10%
fetal bovine serum medium with 1% streptomycin and
penicillin. The live cells were planted in 24-well flat-
bottomed dishes and incubated for 24 h at 37°C under the
5% CO2. The live cells were stained with 2.5 µmol/L of the
NB-C6-CCB for another 10 min and then washed with
phosphate-buffered saline (PBS) twice. Fluorescence cell
imaging was achieved using an OLYMPUSFV-1000
inverted fluorescence microscope with a 60 � objective
lens. The NB-C6-CCB stained images were obtained by
using the excitation and emission wavelengths at 630 nm
and 655–755 nm, respectively.

2.7 Native-PAGE

MCF-7 cells were stained with NB-C6-CCB at different
concentrations (0, 2.5, 5.0, 10.0 µmol/L) for 30 min at
37°C, under the 5% of CO2. After trypsinization, the cells
fell out from the culture flask, and different concentrations
of protein extracts were obtained by centrifugation. Add
25 mL of the 5 � native-PAGE buffers (0.2 mol/L Tris,
40% glycerol, and 0.4% bromophenol blue) into a protein
sample (100 mL) for gel electrophoresis. The bands were
stained with Coomassie blue, and the protein bands labeled
by NB-C6-CCB were also visualized using a Night-OWL
II LB983 small animal in vivo imaging system with a
delicate charge coupled device camera. Wavelengths at
630 nm of excitation and at 700 nm of emission were used
for NB-C6-CCB [26].

2.8 Fluorescence images of live cells co-stained with Golgi
and nucleolus tracker

After NB-C6-CCB (2.5 mmol/L) was added to cells, NBD-
C6-ceramide (Golgi-tracker, 2.5 mmol/L) and Hoechst
33342 (nucleolus tracker, 2.5 mmol/L) were used to co-
stain the cells. Cells were incubated for 20 min at 37°C
under 5% CO2 and then washed with PBS three times.
Fluorescence images were obtained by using OLYM-
PUSFV-1000 inverted fluorescence microscope with a 60
� objective lens. NB-C6-CCB (red channel), NBD-C6-
ceramide (green channel), and Hoechst 33342 (blue
channel) were excited at 630, 488, and 405 nm,
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respectively, and their emission spectra were collected at
650–700, 500–550, 440–480 nm, respectively.

2.9 Preparation of mouse tissue slices and staining with
NB-C6-CCB

Tumor tissue slices were acquired from nude tumor mouse
and normal tissue slices were resected from nude mice
liver. Before imaging, the tumor tissues slices were
incubated with 2.5 µmol/L NB-C6-CCB for another 20
min and then washed with phosphate-buffered saline
(PBS) twice. Fluorescence images were obtained as
described in section 2.8.

2.10 Fluorescence imaging in vivo

Procedures and protocols were carried out in agreement
with the Guide for the Care and Use of Laboratory Animal
Resources and the National Research Council, and were
approved by the Institutional Animal Care and Use of
laboratory resource. Human breast cancer cell lines MCF-7
were used for in vivo studies. The tumor grafts were
produced by the sub-skin injection of (1 � 106 to 2 � 106

concentration) of MCF-7 cells, these cells were suspended
in 200 to 300 mL of PBS and then injected into BALB/c
nude mice. Experiments of the tumor bearing mice were
finished in 17 d, when tumor size grew up to 0.4–0.6 cm.
The NB-C6-CCB (200 mmol/L/100 mL) was injected to the
mice with tumor by subcutaneous injection at 2 cm away
from the tumor region, and the mice were imaged after 1 h.

2.11 Flow cytometry (competition with CCB)

MDA-MB-231 cells were incubated in dulbecco’s mod-
ified eagle medium (DMEM) supplemented with 10% FBS
(fetal bovine serum) under 5% of CO2 and 95% of air at
37°C. Three groups of MDA-MB-231 cells were sepa-
rately (1) incubated without NB-C6-CCB as a control
group, (2) stained with the NB-C6-CCB (1.0 µmol/L) for
15 min, and (3) pre-incubated with CCB (10 µmol/L or 15
µmol/L) for 2 h and then stained with 1.0 µmol/L of NB-
C6-CCB for 15 min. The resulting cells were analyzed by a
FAC Scan cytometer (Becton Dickinson Biosciences
Pharmingen, USA), and all data were analyzed with Cell
Quest software [37].

2.12 Cytotoxicity experiments

Cell viability quantities were assessed by MTT (3-(4,5)-
dimethylthiahiazo (-2-yl)-3,5-diphenytetrazoliumromide)
to formazan crystals were using mitochondrial dehydro-
genases. MCF-7 cells were seeded in a 96-well microplate
(Nunc, Denmark) at a density of 1�105 cells/mL
(100 µL/well of the DMEM medium containing 10%
FBS). The cells were incubated for 24 h, and then plates
were washed three times with PBS (100 µL/well). The

MCF-7 cells were stained with NB-C6-CCB (0, 2.5, 5.0,
10.0 and 15.0 µmol/L) and then medium was incubated for
24 h. The cell culture medium without NB-C6-CCB was
used as a control group. Six replicate wells were measured
as control and test concentration. Then MTT (10 mL,
5 mg/mL) in PBS was added to each well in the plates and
incubated at 37°C for another 4 h in a 5% CO2 humidified
incubator. The medium was removed carefully, and the
purple crystals were lysed in 150 mL DMSO. Optical
density was determined on a microplate reader (Thermo
Fisher Scientific) at 570 nm with subtraction of the
absorbance of the cell-free blank volume at 630 nm [41].

3 Results and discussion

3.1 Spectral properties of NB-C6-CCB and response to
COX-2

The synthesis of NB-C6-CCB is shown in Scheme 1 and
the intermediates were well characterized by 1H-NMR,
13C-NMR and ESI-HRMS (see the Electronic Supplemen-
tary Material S3–S8). The intensity profile of NB-C6-CCB
in different solvents and the corresponding quantum yields
were depicted in Electronic Supplementary Material (see
the Fig. S1 and Table S1).
The “off-on” mechanism of the fluorescent probe

depends on the length of carbon linker between probe
(signaling group) and inhibitor (receptor group). A six-
carbon linker enhances fluorescence compared with a two-
or eight-carbon linker in the present case. Hence, we select
a six-carbon linker for probe (NB-C6-CCB) designing and
we assume the six carbon linker of NB-C6-CCB may have
off-on mechanism with COX-2.
NB-C6-CCB (lex = 630 nm) shows very weak

fluorescence in aqueous buffer solution. However, the
fluorescence is restored when NB-C6-CCB interacts with
COX-2 in cancer cells (MCF-7 or HeLa), because CCB
binds strongly to COX-2 side pocket of three amino acids
(Val523, Arg513 and Val434) [35]. It has been reported
that the IC50 values for CCB are 0.4 µmol/L and
0.35 mmol/L [33,34].
Enzyme-linked immune sorbent assays showed that

cancer cells express high level of COX-2 enzymes, such
as HT-29 (2.467 mg/mL), HeLa (2.13 mg/mL), MCF-7
(3.758 mg/mL), and tumour tissues (4.52 mg/mL), but
COX-2 expresses at low levels in HCT-116 cancer
cells (0.00075 mg/mL) and normal cells (HL-7702 cell
0.00094 mg/mL, COS-7 cell 0.0077 mg/mL). Normal
tissues (0.0056 mg/mL) have similar results as reported in
our group [19].

3.2 Strategy of COX-2 selective near infrared fluorescent
probe

Native polyacrylamide gel electrophoresis (Native-PAGE)
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analysis was used to investigate whether the NB-C6-CCB
exactly binds to purified COX-2 enzyme. Cancer cell
lines (MCF-7) were stained with NB-C6-CCB (0, 2.5, 5.0,
10.0 µmol/L) for 30 min, the fluorescence emission bands
were detected in gel holding purified COX-2 (Fig. 2(b)).
Moreover, the fluorescence intensity depends on the
concentration of the probe in samples. This experiment
indicates that NB-C6-CCB perfectly binds to COX-2
enzyme, and can thus be used as a perfect bio-marker to
COX-2 in biological samples.

3.3 Fluorescence discrimination of cancer cells from
normal cells

Normal cells (COS-7, HL-7702) express low fluorescence
due to less amount of COX-2 (Fig. 3). NB-C6-CCB probe
interaction or fluorescence intensity with COX-2 depends

on the amount of COX-2 presented in the cancer cell lines
(Fig. 3(e)), because the CCB moiety binds strongly to
COX-2 side pocket of three amino acids (Val523, Arg513
andVal434) in the cancer cells. Hence the NB-C6-CCB
showed strong fluorescence intensity in COX-2 expressed
cancer cells. Accordingly, prolonged irradiation of the laser
light (emission: 640–700 nm) about 0–120 min, illustrated
that NB-C6-CCB has excellent photostability in living
cells (see the Figs. S2(a–c)).

3.4 Fluorescence discrimination of cancer cells in
co-culture dish (MCF-7 and COS-7)

The live cells (MCF-7 and COS-7) were co-cultured and
stained with NB-C6-CCB (2.5 µmol/L) for 10 min. All
images were acquired by using the excitation and emission
windows of lex = 635 nm and lem = 640–700 nm. Cancer
cell lines (MCF-7) expressed stronger fluorescence than
normal cells (COS-7) with NB-C6-CCB, even in single
culture medium (Fig. 4). Confocal imaging of single
culture medium (MCF-7 and COS-7), showed the
selectivity of NB-C6-CCB towards COX-2 with subcel-
lular localization.

3.5 Selectivity confirmation with CCB-competition

For the selectivity confirmation of NB-C6-CCB, COX-2
expressed cells (MCF-7 and HeLa cells) (Figs. 5(A,B))
were pre-incubated with CCB 0, 5, 10 µmol/L for 3 h, and
then NB-C6-CCB (1.0 µmol/L) was added. As shown in
Figs. 5(C,D)), the fluorescence intensity was inhibited by
the increasing concentration of CCB, indicating that NB-
C6-CCB has excellent binding towards COX-2 enzyme
moiety.

Scheme 1 Synthesis of NB-C6-CCB. Reagents and conditions: (a) methoxyethanol, CuI, CsCO3, 125°C, 24 h, (b) ethanol, HCl, 90°C,
4.5 h, (c) THF, CCB derivative, TEA, 4 h, r.t.

Fig. 2 Native-PAGE analysis of NB-C6-CCB labeling. (a)
Coomassie brilliant blue staining, (b) fluorescence image with
excitation 630 nm and emission wavelengths 640–700 nm (lane 1:
purified cyclooxygenases-2; lanes 2–4: protein extracts of MCF-7
cells incubated with various concentrations of NB-C6-CCB for
30 min)
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3.6 CCB competition experiments by flow cytometry

MDA-MB-231 cells were pre-incubated with CCB (10 or
15 µmol/L) for 30 min or 1.5 h, then NB-C6-CCB

(1.0 µmol/L) was added and analyzed by flow cytometry.
The result shows the fluorescence intensity background
decreases with increasing CCB pre-incubation time and
concentration. As shown in Fig. 6, only MDA-MB-231

Fig. 3 Fluorescent images of live cells stained with NB-C6-CCB (2.5 µmol/L). (a) HL-7702, (b) COS-7, (c) MCF-7, (d) HeLa and (e)
fluorescence intensity of live cells (lex = 630 nm, lem = 640‒700 nm)

Fig. 4 Normal and cancer cells co-cultured and stained with NB-C6-CCB (2.5 µmol/L). (a) and (c) Fluorescence of co-cultured cancer
(MCF-7) and normal cells (COS-7), (b) and (d) overly of co-cultured cancer (MCF-7) and normal cells (COS-7). Images were acquired by
confocal microscopy (lex = 630 nm, scan range lem = 640‒700 nm)
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cells containing NB-C6-CCB shows high fluorescence
intensity (Fig. 6). The flow cytometry experiments
demonstrated that, NB-C6-CCB was a good COX-2
recognizing agent and showed the sensitivity towards
COX-2 over-expressed cancer cells.

3.7 Golgi and hoechst 33342 co-localization

NBD-C6-Ceramide was the bright probe for Golgi
localization. The maximum COX-2 enzymes were
expressed in Golgi complex, so that we selected
commercial NBD-C6-Ceramide for the comparison.
NB-C6-CCB (2.5 µmol/L) and NBD-C6-Ceramide
(2.5 µmol/L) were co-stained in MDA-MB-231 cells.
The co-localization co-efficients were assessed by Pear-
son’s co-relation factors [42]. As shown in Fig. 7, NB-C6-
CCB (Fig. 7(b)) and NBD-C6-Ceramide (Fig. 7(a)) were
localized at Golgi complex in MDA-MB-231 cells (Fig. 7
(c)) with cross co-stain intensity profile (Fig. 7(e)),
Pearson’s co-relation factor is 0.94 (Fig. 7(f)), indicating
that both probes combine perfectly and NB-C6-CCB is
mostly localized in Golgi complex of cancer cells.
Similarly, hoechst 33342 has been used as an outstanding
nucleolus tracker [43]. Thus, NB-C6-CCB (2.5 µmol/L),
NBD-C6-ceramide (2.5 µmol/L) and Hoechst 33342

(2.5 µmol/L) were multi-stained in MDA-MB-231 cells,
showing that NB-C6-CCB has not merged perfectly with
DNA tracker like NBD-C6-ceramide as co-localization
shows (Fig. 8).

3.8 Fluorescence imaging of mice tissue slices

The mouse breast cancer tissue and normal liver tissue
from nude mouse were incubated with NB-C6-CCB (2.5
µmol/L) for 20 min. As shown in Fig. 9, the breast cancer
tissue slices (Fig. 9(A)) exhibit high fluorescence with
deeper penetration into tissue (depth: 500 mm), as
specifically shown in 3D image (Fig. 9(B(c))), whereas
normal liver tissue (Fig. 9(C)) show very less fluorescence
due to different concentrations of level of COX-2. Because
inflammation tissues always contain COX-2 to some extent
[19], unfortunately, the probe could not distinguish cancer
from inflammation tissues although cancer tissues show
much brighter fluorescence.

3.9 Fluorescence imaging in tumor mice

NB-C6-CCB (40 µmol/L) was dissolved in PBS (100 mL)
and then injected to tumor mouse (MCF-7) by tail vein
injection. As shown in Fig. 10, the tumor part of MCF-7

Fig. 5 Selectivity conformation of NB-C6-CCB. (A) MCF-7 and (B) HeLa were pre-incubated with CCB 0, 5, 10 µmol/L for 3 h and
then 1.0 µmol/L of NB-C6-CCB was added. lex = 630 nm, scan range lem = 640‒700 nm; quantitative image analysis of the average total
fluorescence of (C) MCF-7 cells and (D) HeLa cells
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Fig. 6 Flow cytometry analysis of competition of CCB with NB-C6-CCB for COX-2 in MDA-MB-231 cells. (a) Control group, (b)
stained with only NB-C6-CCB (1.0 µmol/L), (c) pre-incubated with CCB 10 µmol/L for 2.0 h and then added 1.0 µmol/L of NB-C6-CCB,
(d) pre-incubated with CCB 15 µmol/L for 2.0 h and then added 1.0 µmol/L of NB-C6-CCB (lex = 630 nm, scan range lem = 640‒700
nm)

Fig. 7 Fluorescence images of NB-C6-CCB (2.5 µmol/L) co-stained with NBD-C6-Ceramide (2.5 µmol/L) in MDA-MB-231 cells. (a)
Green emission of Golgi tracker (lex = 488 nm, lem = 500‒540 nm), (b) red emission of NB-C6-CCB (λex = 630 nm, lem = 640‒700 nm),
(c) overlay of the green and red channels, (d) overlay zoom image from picture c, (e) intensity profile of cross co-stain image, (f) Pearson’s
co-efficient graph of overlay
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visualized shows strong fluorescence intensity at exact
place of tumor region (Fig. 10A(b)), and then from the
same tumor mouse, we resected the tumor lump, liver,
heart, kidney, and spleen (Fig. 10(B)). The NB-C6-CCB
fluorescence intensity is still strong in the tumor lump
(Fig. 10B(a)) and there is no fluorescence indication in
normal mice organs.

3.10 Cytotoxicity

The MTT assay proved that NB-C6-CCB has no
cytotoxicity towards living cells and stimulates the cell
proliferation (Fig. 11). Consequently, NB-C6-CCB has no

Fig. 8 Fluorescence images of NB-C6-CCB (2.5 µmol/L) co-stained with NBD-C6-ceramide (2.5 µmol/L) and Hoechst 33342
(2.5 µmol/L) in MDA-MB-231 cells. (a) Red emission of NB-C6-CCB (lex = 630 nm, lem = 640‒700 nm), (b) blue emission of Hoechst
33342 (lex = 405 nm, lem = 440‒480 nm), (c) green emission of Golgi tracker (lex = 488 nm, lem = 500‒540 nm), (d) overlay of the blue
and red channels, (e) overlay of NB-C6-CCB, hoechst 33342 and NBD-C6-ceramide

Fig. 9 Fluorescence imaging of cancer and normal tissues with stained NB-C6-CCB (2.0 µmol/L). A(a) bright field, A(b) merged, A(c)
fluorescence image; B(a) bright field, B(b) 2D image, B(c) 3D images of tumor tissue (length: 500 mm); C(a) bright field, C(b) merged,
C(c) fluorescence images of normal mouse liver tissue

Fig. 10 Fluorescence imaging of tumor mouse and organs by
using NB-C6-CCB. A(a) white light, A(b) merged light; B(a)
tumor lump, B(b) liver, B(c) kidney, B(d) spleen, B(e) heart
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toxicity between the concentrations of 2.5 to 15 µmol/L.
Therefore, we suggest NB-C6-CCB could be used for
further studies.

4 Conclusions

We have demonstrated that COX-2 is hyperactive and
Golgi is localized near-infrared fluorescent probe (NB-C6-
CCB), and by using this probe, the cancer cell lines can be
discriminated from normal cells in terms of the intensity
and localization (Golgi localization) due to the differentiate
level of COX-2. NB-C6-CCB exhibits strong fluorescence
(lem = 640–700 nm) in the presence of cancer cells,
because the inhibitor moiety binds strongly to the COX-2
amino acid pockets. Importantly, subcellular localization
of the NB-C6-CCB particularly indicates in the Golgi
apparatus and enhances the fluorescence intensity in Golgi,
mostly in the COX-2 expressed cancer cells. Interestingly,
confocal laser microscopy imaging, CCB-competition
imaging and native-PAGE proved the selectivity of NB-
C6-CCB to COX-2. The NB-C6-CCB probe penetrates
deeper towards tumor tissue, which was confirmed by 3D
imaging. Remarkably, in vivo experiments of tumor mouse
and organs show the excellent NIR visualization on
particular part of the tumor with high fluorescence
intensity. MTT analysis results show that NB-C6-CCB is
not harmful to living cells. Therefore, NB-C6-CCB is an
excellent tool for COX-2 imaging in the tumor with long
wavelength (lem = 700 nm) without the disturbance of
normal cells or tissues.
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