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Evaluation of cyclooxygenase-2 fluctuation via
a near-infrared fluorescent probe in idiopathic
pulmonary fibrosis cell and mice models†

Yude Wang,‡abc Yinghui Wei,‡ab Na He,d Liangwei Zhang,*c Jinmao You, e

Lingxin Chen *ce and Changjun Lv*ab

Idiopathic pulmonary fibrosis (IPF) is a devastating and fatal interstitial lung disease due to various challenges

in diagnosis and treatment. Due to its complicated pathogenesis and difficulty in early diagnosis, there is no

effective cure. Cyclooxygenase-2 (COX-2) is inextricably associated with pulmonary fibrosis. The abnormal

level of COX-2 leads to extremely exacerbated pulmonary fibrosis. Therefore, we reported a near-

infrared fluorescent probe Cy-COX to detect the fluctuation of COX-2 levels during pulmonary fibrosis

and explain its important protective effect. The probe Cy-COX showed a significant enhancement of

fluorescence signal to COX-2 with excellent selectivity and sensitivity. In order to clarify the relationship

between COX-2 and pulmonary fibrosis, we used the probe Cy-COX to detect COX-2 fluctuation in

organisms with pulmonary fibrosis. The results showed that the COX-2 level increased in the early stage

and decreased in the late stage with the aggravation of pulmonary fibrosis. Furthermore, up-regulation

of COX-2 levels can effectively alleviate the severity of pulmonary fibrosis. Therefore, Cy-COX is a fast

and convenient imaging tool with great potential to predict the early stage of pulmonary fibrosis and

evaluate the therapeutic effects.

1. Introduction

Many diseases, including interstitial lung diseases (ILDs),
accompanying various degrees of fibrosis, have high morbidity
and mortality, including the well-known disease idiopathic
pulmonary fibrosis (IPF).1,2 IPF is an interstitial disease with
short-term functional deterioration and rapid progression. The
overall prognosis of IPF patients is poor, with a 5 year survival,
which is worse than several types of cancer.3 The pathogenesis
of IPF is not yet fully understood, and there is still no unified

mechanism that can explain total pulmonary fibrosis, which
may be caused by multiple factors.4 Therefore, early identifi-
cation and determination of the process from pulmonary
inflammation to pulmonary fibrosis may be of great signifi-
cance in predicting disease progression and improving effective
treatment. In addition, the transformation of myofibroblasts
and the deposition after collagen synthesis during pulmonary
fibrosis are important mechanisms for the pathogenesis of
pulmonary fibrosis.5 Although nintedanib and pirfenidone
are recognized as specific drugs of pulmonary fibrosis until
now, none of them can cure pulmonary fibrosis.6 Therefore,
there is an urgent need for the effective treatment of pulmonary
fibrosis.

Cyclooxygenase (COX), known as prostaglandin endoperox-
ide synthase, represents COX-1 and COX-2, the two isoenzyme
families.7 COX-1 is normally expressed in most tissues and is
mainly involved in homeostasis. COX-2 is an inducible enzyme
involved in the pathogenesis of many diseases, and it is almost
not expressed in most normal tissues.8–12 However, it can be
significantly increased by the stimulation of a variety of differ-
ent mediators, including proinflammatory cytokines, fibrotic
cytokines, hormones, and oncogenes.13,14 COX-2 is considered
a potentially important medium in the fibrogenic process.
Prostaglandin E2 (PGE2), an important metabolite of COX-2,
has an important protective effect on pulmonary fibrosis. PGE2
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can inhibit the proliferation of fibroblasts, the transformation
of myofibroblasts, the synthesis of collagen, and promote the
degradation of newly synthesized collagen.15,16 Some previous
research suggested that the deficiency of COX-2 led to the deteriora-
tion of pulmonary fibrosis.17–19 Therefore, the up-regulation of
COX-2 will have an important therapeutic effect on pulmonary
fibrosis. Until now, various methods of analyzing and detecting
COX-2 have been developed, for example, western blot, RT-PCR,
and immunohistochemistry.20–22 In contrast to these biological
detection methods, which are complicated in operation and cannot
be used for visual monitoring in living organisms, fluorescence
probe-based visualization of pathophysiological changes in organ-
isms is becoming increasingly indispensable. The collaborative
work of fluorescent bioimaging technology and fluorescent probes
has obvious advantages in non-invasive in situ rapid analysis, high
selectivity, sensitivity, temporal and spatial resolution.23,24 Further-
more, near-infrared (NIR) fluorescence has the advantages of low
background interference and deep tissue imaging, which greatly
promotes in vivo imaging of molecular processes.25–30

Therefore, we preferred designing a fluorescent probe in the
NIR region for imaging. Until now, several fluorescent probes
for COX-2 have been developed,31–35 but the short excitation
and emission wavelengths of the developed probes limit their
application to a certain extent. Therefore, we designed a near-
infrared fluorescent probe Cy-COX to detect COX-2 changes in
organisms during the process of pulmonary fibrosis. Cy-COX
roughly includes three components: The indomethacin (IMC) is
the response unit; The NIR heptamethine cyanine fluorophore
is the fluorescence modulator; The response unit and the
fluorescence modulator are connected by the hexanediamine.
The response unit can specifically recognize COX-2 and turn on
the fluorescence. In addition, the probe can detect COX-2 with
high sensitivity and selectivity in cells. As far as we know, this is
the first NIR fluorescent probe to visualize COX-2 changes in
pulmonary fibrosis cells and mice models, which may provide
powerful help for further research on the biological process of IPF.

2. Experimental
2.1 Synthesis of probe Cy-COX

Compound c (511.5 mg, 1 mmol), compound e (455 mg, 1 mmol),
and triethylamine (101 mg, 1 mmol) were successively added to
the ethylene glycol methyl ether solution (25 mL). The above
solution was placed in a dark environment and heated to reflux at
90 1C for 12 h. After the mixture was concentrated, the crude
product was purified by silica gel column chromatography (10 : 1
CH2Cl2/CH3OH) to give the blue probe Cy-COX in 60% yield.
1H NMR (500 MHz, CDCl3) d 8.63 (s, 1H), 7.74–7.61 (m, 4H),
7.50–7.40 (m, 2H), 7.32–7.19 (m, 2H), 7.05 (dd, J = 9.3, 5.0 Hz, 3H),
6.86 (dd, J = 27.2, 8.5 Hz, 4H), 6.64 (dd, J = 9.0, 2.5 Hz, 1H), 5.56
(d, J = 12.2 Hz, 2H), 4.13 (q, J = 7.1 Hz, 2H), 3.82 (d, J = 9.2 Hz, 6H),
3.77 (t, J = 6.8 Hz, 2H), 3.69 (s, 2H), 3.26 (dd, J = 13.0, 6.7 Hz, 2H),
2.50 (t, J = 6.2 Hz, 4H), 2.39 (s, 3H), 1.95–1.86 (m, 2H), 1.81
(dd, J = 12.7, 6.4 Hz, 2H), 1.73 (s, 4H), 1.59–1.48 (m, 3H), 1.43–1.27
(m, 10H), 1.26 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, CDCl3)

d 170.99, 168.35, 161.95, 161.67, 156.07, 139.42, 136.44, 133.46,
131.08, 130.95, 130.81, 130.54, 129.09, 128.70, 117.61, 115.29,
114.91, 112.92, 111.68, 101.26, 55.63, 53.40, 52.26, 39.61, 39.32,
31.68, 28.83, 26.95, 25.73, 25.41, 13.05. MS (ESI+): m/z
C59H69ClN5O3+ calcd. 930.5083, found [M+] 930.5267.

2.2 CCK-8 assay for Cy-COX

To evaluate the cytotoxicity of the probe, CCK-8 assays
were carried out. MRC-5 cells (8000 per cell) and RLE-6TN cells
(8000 per cell) were seeded in 96-well plates in 10% fetal bovine
serum DMEM medium. The 96-well plate was placed in a 37 1C,
5% CO2 environment to make the cells adhere for 24 h. Then
the cells were incubated with 0, 10, 20, 30, 40, 50, 60, 70, 80,
and 100 mM (final concentration) of Cy-COX for 24 h. Then, the
previous media was discarded, and 100 mL medium containing
10% CCK-8 solution was added to each well. Then the absor-
bance at 450 nm was measured with a microplate reader after
30 min. The control group eliminated the effect of DMSO. As
shown in Fig. S4 (ESI†), cells showed high vitality and indicated
that our probe was safe for cell detection.

2.3 Pulmonary fibrosis cell models

MRC-5 and RLE-6TN cells were cultured in a serum-free DMEM
medium, and transforming growth factor b1 (TGF-b1) was used
to stimulate these two cells for 24 h and 72 h to establish cell
models of pulmonary fibrosis. All cells were incubated with the
probe at 37 1C for 60 min before imaging.

2.4 Pulmonary fibrosis animal models

Eight-week-old C57BL/6 mice obtained from Binzhou Medical
College were selected for the experiment. The mice were
allowed to eat food and water freely in the light/dark (12 : 12)
cycle. To establish the pulmonary fibrosis mice model, bleo-
mycin (5 mg kg�1) was injected into the trachea in a single dose
under anesthesia and raised until the 28th day.

2.5 Imaging of mice and isolated organs

The establishment of the mice model refers to the mice
pulmonary fibrosis animal models. All the C57BL/6 mice in
the experiment were instilled into the probe Cy-COX (100 mM,
50 mL in 1 : 9 DMSO/saline v/v) through the trachea. Mice in
each group were anesthetized by intraperitoneal injection of
4% chloral hydrate (0.2 mL) before imaging. The organs of the
mice were taken out for imaging of the isolated organs.
The imaging of mice and isolated organs was performed using
the in vivo imaging system with excitation wavelengths set at
650 nm and emission wavelengths at 750–800 nm.

2.6 Ethics statement

Animal procedures were in agreement with National Guidelines
for the Care and Use of Laboratory Animals. The experimental
protocols were approved by the Institutional Animal Care
and Use Committee in Binzhou Medical University. Approval
Number: No. IRB2021-231.
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3. Results and discussion
3.1 Design strategies for probes Cy-COX

We reported a novel ‘‘off–on’’ COX-2 specific fluorescent probe,
and the details of the Cy-COX synthesis are illustrated in
Scheme 1. The synthetic routes of the compounds are discussed
in the ESI.† Compounds were characterized by 1H NMR,
13C NMR, and MS. Fluorophores in the NIR region are widely
used due to their high tissue permeability and low background
signal. Therefore, a heptamethine cyanine dye (compound c,
Scheme 1) with NIR fluorescence emission was chosen as a
fluorophore for the COX-2 probe design. It has been shown that
IMC can specifically bind hydrophobic pockets of COX-2
composed of Arg120, Tyr355, and Glu524.36,37 Therefore, IMC

was selected as the COX-2 response unit. Then, linear alkyl
diamines were selected to connect IMC and the fluorophore,
one end of which formed an amide bond with IMC and the
other end formed a secondary amine bond with the Cy7-Cl.
Fluorescence quenching occurred due to the photoinduced
electron transfer (PET) between the fluorophore and the
response unit,33,35 and hence, the probe Cy-COX displayed
weak fluorescence. In the presence of COX-2, probe Cy-COX
can bind to Arg120, Tyr355, and Glu524 amino acids of COX-2,
and the response unit IMC of Cy-COX can occupy the large
hydrophobic cavity of the COX-2 homodimer. We also used the
molecular docking method (Fig. S1, ESI†) to confirm the
proposed binding mode, which was consistent with the proven
interaction between IMC and COX-2. We hypothesized that the
probe Cy-COX can adopt an unfolded conformation to inhibit
the PET effect. This unfolded conformation inhibited the PET
effect and restored fluorescence. Finally, we obtained a NIR
fluorescent probe, Cy-COX, which can specifically detect COX-2.

3.2 Spectral properties

The spectral properties of Cy-COX were determined in Tris–HCl
buffer (100 mM, pH 8.0). The maximum absorption wavelength
of Cy-COX (10 mM) was at 630 nm (Fig. S3, ESI†). The maximum
emission wavelength of the probe was also detected. As shown
in Fig. 1a, the fluorescence emission centered at 770 nm gradually
increased after adding COX-2 (from 0 to 0.8 mg mL�1). In the given
range, the fluorescence intensity at 770 nm formed a good linear
proportional relationship with COX-2 concentration (Fig. 1b). The
regression equation was F770nm = 94 066[COX-2] mg mL�1 + 22 392
(R2 = 0.997). The limit of detection (3s/k) towards COX-2 was
determined to be 11 ng mL�1 under the given experimental
conditions. The Fig. S11 (ESI†) showed a comparison of the
detection limit of our probe Cy-COX and other reported COX-2
probes. The results showed that Cy-COX was highly sensitive
to COX-2. We also carried out dependent studies of the probe
Cy-COX with COX-2. As shown in Fig. 1c, the increment of
fluorescence intensity was dependent on the incubation time,
and the fluorescence signal reached the maximum and was stable

Scheme 1 (1) Iodoethane, acetonitrile, refluxed, 12 h, 90%; (2) DMF, CH2Cl2, POCl3, 45 1C, 3 h, 85%; (3) n-butyl alcohol : benzene = 7 : 3 (v/v), refluxed,
3 h, 70%; (4) EDCl, N-boc-1,6-hexanediamine, DMAP, indomethacin, room temperature, 24 h, 55%; (5) trifluoroacetic acid, CH2Cl2, room temperature,
3 h; (6) ethylene glycol methyl ether, refluxed, 12 h.

Fig. 1 Spectral and enzymatic properties of Cy-COX. (a) Spectral variation
of Cy-COX (10 mM) after 60 min upon addition of COX-2 (0, 0.1, 0.2, 0.3,
0.4, 0.5, 0.6, 0.7, and 0.8 mg mL�1) in Tris–HCl (100 mM, pH 8.0) at 37 1C.
(b) Linear fitting curve between the fluorescence intensity and COX-2
(0–0.8 mg mL�1). (c) Time-dependent fluorescence signal change of Cy-
COX toward COX-2 (0.8 mg mL�1). (d) Fluorescence responses of Cy-COX
(10 mM) toward different biomolecules (0.8 mg mL�1): 1, control; 2, DNA;
3, RNA; 4, BSA; 5, histone; 6, hemoglobin; 7, lysozyme; 8, proteinase k;
9, collagen; 10, triacylglycerol acylhydrolase; 11, b-amylase; 12, trypsin;
13, chymotrypsin, and 14, COX-2. All data were obtained at lex = 650 nm,
lem =750–800 nm.
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within 60 min. There was no change in the fluorescence signal in
the absence of COX-2. Therefore, Cy-COX was useful for the
detection of COX-2 with high sensitivity, showing great potential
in biological sample analysis.

3.3 Selectivity of the probe Cy-COX

Next, we examined the fluorescence signal change of Cy-COX to
related molecules in Tris–HCl buffer (100 mM, pH = 8.0). In
Fig. 1d, the probe Cy-COX did not show obvious fluorescence
change in the presence of various biomolecules, such as DNA,
RNA, BSA, histone, and so on. However, after exposure of
Cy-COX to COX-2, the fluorescence intensity increased signifi-
cantly. The selectivity of the probe to COX-1 and other related
species is shown in Fig. S5 (ESI†). These results indicated that
Cy-COX had high selectivity, which motivated us to use Cy-COX
to detect COX-2 changes in living organisms.

3.4 Imaging of Cy-COX response to COX-2

We first discussed the toxicity of the probe to living cells. We
performed CCK-8 experiments to detect the toxicity of the probe
at 0 to 100 mM on MRC-5 and RLE-6TN cells. CCK-8 experi-
mental results suggested that the probe Cy-COX with low
cytotoxicity can be used for imaging living cells (Fig. S4, ESI†).
The cells were incubated with Cy-COX at 37 1C for 60 min
before the imaging was conducted by laser scanning confocal
microscope. MRC-5 and RLE-6TN cells were grouped according
to the experimental design. As shown in Fig. 2a, there was no
fluorescence in the Control and NC groups due to the low levels

of COX-2 in normal MRC-5 and RLE-6TN cells. The fluorescence
intensity of the COX-2+ group was significantly enhanced,
which indicated that there was a higher level of COX-2. The
results of the bright field image of cell imaging in Fig. 2a can be
viewed in Fig. S6 (ESI†). Furthermore, the results obtained by
flow cytometry analysis (Fig. 2b) were consistent with the
imaging results shown in Fig. 2a. The mean fluorescence
intensities were directly quantified according to Fig. 2a and
displayed in Fig. 2c and d, which inspired us to study the
important role of COX-2 in physiological and pathological
processes using our probe Cy-COX.

3.5 Changes of COX-2 in pulmonary fibrosis cell models

Now that it has been established that our probes can image
COX-2 in cells, we began to explore the fluctuations of COX-2
in different stages of pulmonary fibrosis. We used TGF-b1
(5 ng mL�1) to stimulate cells to establish pulmonary fibrosis
cell models. Then, the probe Cy-COX was added to cells and
incubated at 37 1C for 60 min before imaging. As illustrated in
Fig. 3a, the control group expressed almost no fluorescence due
to the low concentration of COX-2. After 24 h of TGF-b1
stimulation, MRC-5 and RLE-6TN cells showed obvious fluores-
cence enhancement, indicating that the intracellular COX-2
level significantly increased. However, when the cells were
stimulated for 72 h, the fluorescence intensity of the cells
obviously reduced, indicating that the levels of COX-2 reduced
extremely. The flow cytometry results were consistent with the
cell imaging results (Fig. 3b). Fig. 3c presented the mean

Fig. 2 The expression of COX-2 in living MRC-5 and RLE-6TN cells was analyzed by laser confocal microscopy and flow cytometry. (a) The cells were
added with Cy-COX (5 mM) and incubated for 60 min to serve as the control group. The same treatment was performed for all groups as the control
group before imaging, and the negative control group (NC) group was transfected with empty plasmid PIRES2-EGFP, the COX-2+ group was transfected
with PIRES2-EGFP-PTGS2 to overexpress COX-2. (b) The control group, NC group, and COX-2+ group were analyzed by flow cytometry. (c) Quantitative
mean fluorescence intensity of MRC-5 cell images. (d) Quantitative mean fluorescence intensity of RLE-6TN cell images. Data are displayed as
mean � SD (n = 5). Scale bars: 20 mm.
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fluorescence intensity of cell imaging. The results of the bright
field image of cell imaging in Fig. 3a can be viewed in Fig. S7
(ESI†). As we all know, cells will have typical interstitial char-
acteristics during pulmonary fibrosis. The process of pulmon-
ary fibrosis involves fibroblast-myofibroblast transformation
(FMT) and epithelial–mesenchymal transition (EMT), accom-
panied by an increase in collagen I protein and alpha-smooth
muscle actin (a-SMA) protein,38,39 Therefore, we used western
blot analysis to detect the expression of collagen I and a-SMA
protein to indicate the progression of pulmonary fibrosis
(Fig. 3d). The change of COX-2 concentration was further
verified by western blot experiments (Fig. 3d). COX-2 protein
increased after 24 h of TGF-b1 stimulation and decreased after
stimulation for 72 h. Collagen I protein and a-SMA protein
increased with stimulation time, indicating that the severity of
pulmonary fibrosis also increased with stimulation time. The
above results indicated that COX-2 evidently increased after
24 h of TGF-b1 stimulation, and COX-2 extremely reduced after

stimulation for 72 h. These data certified that the intracellular
COX-2 level had a close correlation with pulmonary fibrosis.

3.6 The protective effect of COX-2 in pulmonary fibrosis cell
models

We have already discussed the changes of COX-2 in different
time periods of TGF-b1 stimulation. These changes in COX-2
concentration indicated that intracellular COX-2 played an
important role in cellular self-protection during pulmonary
fibrosis. We inferred that under short-term (24 h) TGF-b1
stimulation, the cell self-protection mechanism responded
quickly to cytokine stimulation. However, with the progress of
pulmonary fibrosis, the long-term (72 h) stimulation by TGF-b1
was beyond the ability of the cell self-protection. Considering
the protective effect of COX-2 in pulmonary fibrosis, in the
TGF-b1 group, MRC-5 and RLE-6TN cells were stimulated with
TGF-b1 for 72 h to establish the required pulmonary fibrosis
cell model. All imaging results were recorded using laser

Fig. 3 The changes of COX-2 in MRC-5 and RLE-6TN cells in pulmonary fibrosis cell models at different time points: 24 h and 72 h. (a) The cells were
added with Cy-COX (5 mM) before imaging and incubated for 60 min as the control group. TGF-b1 (5 ng mL�1) stimulated these two cells for 24 h and
72 h to establish early and late cell models of pulmonary fibrosis. (b) The control group, TGF-b124h, and TGF-b172h groups were analyzed by flow
cytometry. (c) Quantification of the mean fluorescence intensity of images (a). (d) The expression of COX-2 protein, collagen I protein, and a-SMA protein
in MRC-5 and RLE-6TN cells were analyzed by Western Blot experiments. GAPDH was chosen as the internal control. (e) Quantification of COX-2
protein. (f) Quantification of collagen I protein. (g) Quantification of a-SMA protein. Data are displayed as mean � SD (n = 5). Scale bars: 20 mm.
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confocal microscopy. As Fig. 4a displayed, the cell images in the
TGF-b1 + COX-2+ group showed a significant increase in
fluorescence intensity because of the high levels of COX-2 in
cells. However, the Control, TGF-b1, and TGF-b1 + NC groups
had almost no fluorescence, suggesting that the cells in these
groups contained low concentrations of COX-2. Flow cytometry
results further confirmed the above confocal imaging results
(Fig. 4b). Fig. 4c displayed the mean fluorescence intensity of
cell imaging. The results of the bright field image of cell
imaging in Fig. 4a can be viewed in Fig. S8 (ESI†). As illustrated
in Fig. 4d, WB results showed that COX-2 protein increased
significantly in the TGF-b1 + COX-2 group, while the other
groups almost did not express the COX-2 protein. Compared to
the control group, the collagen I protein and a-SMA protein in
the TGF-b1 and TGF-b1 + NC groups were obviously increased,
suggesting an increase in the degree of pulmonary fibrosis.
However, the collagen I protein and a-SMA protein in the
TGF-b1 + COX-2+ group were significantly reduced compared

to TGF-b1 and TGF-b1 + BP groups. This indicated that COX-2
had a protective effect on pulmonary fibrosis, and the increase
in COX-2 levels can significantly relieve the severity of pulmon-
ary fibrosis.

3.7 Imaging COX-2 in the pulmonary fibrosis mice models

The successful application of the cell imaging experiment has
greatly encouraged us to conduct further imaging experiments
in vivo in mice. C57BL/6 mice were infused with bleomycin via
trachea before imaging. To evaluate the level fluctuations of
COX-2 in the development of pulmonary fibrosis, we divided
the mice into five groups according to the number of stimula-
tion days: 0, 7, 14, 21, and 28 days. In order to detect the
changes of COX-2 in pulmonary fibrosis in vivo, we instilled the
probe Cy-COX into the lungs through the trachea and per-
formed fluorescence imaging in vivo after 30 min. As presented
in Fig. 5a, as the stimulation time increased, the fluorescence
intensity gradually increased, reaching the maximum fluorescence

Fig. 4 Evaluation of the protective effect of COX-2 in pulmonary fibrosis. (a) MRC-5 and RLE-6TN cells were added with Cy-COX (5 mM) before imaging
and incubated for 60 min as the control group. The TGF-b1 group was stimulated with TGF-b1 (5 ng mL�1) for 72 h to establish the required pulmonary
fibrosis cell model. TGF-b1 + BP group was first transfected with pIRES2-EGFP, and the TGF-b1+ COX-2+ group was first transfected with pIRES2-EGFP-
PTGS2 to overexpress COX-2, and the two groups were then treated the same way as the TGF-b1 group to create cell models. (b) Fluorescence
intensities in MRC-5 and RLE-6TN cells were analyzed by flow cytometry in the Control, TGF-b1, TGF-b1 + NC, and TGF-b1 + COX-2+ groups.
(c) Quantification of the mean fluorescence intensity of images (a). (d) The expression of COX-2 protein, collagen I, and a-SMA protein in MRC-5 and
RLE-6TN cells was analyzed by Western Blot experiment. GAPDH was chosen as the internal control. (e) Quantification of COX-2 protein.
(f) Quantification of collagen I protein. (g) Quantification of a-SMA protein. Data are displayed as mean � SD (n = 5). Scale bars: 20 mm.
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intensity on the 14th day, and then gradually decreased until the
minimum fluorescence intensity on the 28th day, which was still
stronger than the control group. We hypothesized that although
there was residual COX-2, its levels were not enough to prevent the
development of pulmonary fibrosis. The mechanisms of COX-2
reduction in the process of pulmonary fibrosis in previous experi-
ments have shown that the low acetylation of histone led to the
reduction of COX-2 expression,40 and other studies have shown
that the hypermethylation of chromosome 8 open reading frame 4
(c8orf4) led to the decreased ability of fibroblasts in fibrotic lung to
upregulate COX-2.41 However, the specific mechanism of COX-2
reduction in pulmonary fibrosis can be further proved by our probe
in future experiments. Fluorescence imaging of isolated organs
showed obvious fluorescence signals in the lungs, but no fluores-
cence signals in other organs (Fig. 5b). Fig. 5e displayed the mean
fluorescence intensity of mice imaging. The establishment of mice
models of pulmonary fibrosis and the change of pulmonary fibrosis
progression were presented by H&E and Masson staining (Fig. 5c
and d). The above experimental results proved the close relation-
ship between COX-2 and pulmonary fibrosis. The probe Cy-COX
has also been successfully used as a tool for imaging COX-2 level
fluctuations in the pulmonary fibrosis mice models.

3. Conclusions

In general, we have successfully synthesized a novel NIR fluo-
rescent probe Cy-COX to detect COX-2 with high selectivity, and it
was used to evaluate the fluctuation of COX-2 levels in pulmonary
fibrosis models. The probe was successfully applied in the

detection of COX-2 and evaluation of the protective effect of
COX-2 in fibrosis cell models. We also visualized the changes in
COX-2 levels in early and late stages in mice models of pulmonary
fibrosis. These results suggested that COX-2 played a role in the
inflammatory response of alveolar cells and the early stage of
pulmonary fibrosis through high expression. However, in the late
stage of pulmonary fibrosis, the increase of COX-2 was inhibited,
and the severity of pulmonary fibrosis increased. Therefore, probe
Cy-COX has great potential in predicting the progression of early
pulmonary fibrosis and evaluating effective treatment.
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