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ARTICLE INFO ABSTRACT

Idiopathic pulmonary fibrosis (IPF), whose early diagnosis and effective treatment still remain the focus of
clinical studies, is a chronic, irreversible and finally fatal pulmonary disease. Glutamy! transpeptidase (GGT) has
a potential relationship with the occurrence and development of IPF. Therefore, explore whether GGT can be
applied as a biological indicator for the clinical identification and diagnosis of IPF, sensitive and accurate de-
tection of GGT under physiological conditions is necessary. In this research, a new fluorescent probe Cy-GGT was
exhibited for detecting GGT concentrations in pulmonary fibrosis cell and mice models. Cy-GGT was capable of
rapidly and selectively detecting GGT in vitro. The probe was successfully applied for visualizing GGT in oxi-
dative stress cell models, pulmonary fibrosis cells and mice models. The results revealed that intracellular GGT
increased in the cells and mice models of pulmonary fibrosis. GGT plays a significant part in pulmonary fibrosis,
and the GGT level abnormally expressed in the lung tissue may be employed as a potential biological indicator to
diagnose IPF lesions. Furthermore, the discovery of the close relationship between IPF and GGT will provide a
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new idea for effective therapy of IPF in the future.

1. Introduction

Idiopathic pulmonary fibrosis (IPF), acknowledged as a chronic,
non-reversible, progressive, and ultimately lethal disease, is a most
common type of the idiopathic interstitial pneumonia [1]. The median
survival time of IPF is between 3-4 years from diagnosis and it largely
occurs in older male adults. The incidence increases with age, from 1.1
new cases per 100,000 person-years in adults ages 18-34 to 19.3 new
cases per 100,000 person-years in adults ages 55-64 [1]. Early diag-
nosis of IPF is vital to enable patients to get treatments that slow disease
progression. However, since no single clinical feature is characteristic
to IPF, the diagnosis needs a combination of chest imaging, clinical, and
pathologic findings, which bring great difficulties to early and precise
diagnosis [2]. In addition, current treatment options for IPF only slow
down the progression of disease, alleviate suffering, avoid deteriora-
tion, and eventually extend survival [3,4]. Consequently, there is an

urgent necessity to establish an accurate diagnosis and more effective
therapies for IPF [5]. Although the cause of IPF is not entirely clear yet,
the IPF patients have higher levels of oxidative stress than healthy
people [6]. There is evidence that the pathogenesis of IPF is related to
oxidative stress, and ROS generation by Nox4 mediates the activation of
myofibroblasts and the fibrogenic responses to pulmonary injury [7]. It
showed that the cellular oxidative stress state is important in the de-
velopment of IPF.

Glutamyl transpeptidase (GGT), a membrane-relevant enzyme,
plays a crucial role in a large number of pathological and physiological
processes [8-11], involving regulating the metabolism of reduction and
oxidation, diabetes, cancers and drug resistance [12-14]. Notably, the
pathological state of oxidative stress could cause the increase of GGT
level. GGT can maintain the metabolism and homeostasis of glutathione
(GSH) in the cell, and thus can regulate the oxidative stress generated
under pathological conditions. GSH is an endogenous antioxidant in
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cells, which protects cells against oxidative stress by neutralizing the
ROS and sustaining the exogenous antioxidant levels like vitamins C
and E [15]. GGT sustains intracellular GSH levels by taking part in
gamma-glutamyl cycle [16-18]. GGT, as an essential part of en-
dogenous antioxidant system, is vital to understand main physiological
resistance mechanism to oxidative stress damage in regulating a
number of disease cycles. In addition, recent researches have suggested
that bleomycin-induced pulmonary fibrosis is attenuated in GGT-defi-
cient mice [19]. Therefore, we aim to explore the relationship between
GGT and IPF.

Compared with the traditional detection method of GGT involving
colorimetric assays (p-Nitroanilide-based) [20], high-performance li-
quid chromatography (HPLC) [21], and electrochemistry [22], fluor-
escence-based technology has received a great deal of attention because
of its essential attributes of real-time imaging, rapid response, high
selectivity, and non-damaging detection for biological target in com-
plex samples [23-33]. Owing to their universal chemical structure
modification, fluorescent probes are more likely to capture diverse
biological targets [34-38]. This makes it possible to explore new design
methods for detecting specific enzymes with fluorescent probes. Re-
cently, the fluorescent probes have been demonstrated as efficient ways
to tract enzymes in biological samples [39,40]. Up to now, many
fluorescent probes have been designed to monitor GGT level by means
of the characteristic cleavage of g-glutamate bond with a quenched
fluorophore [41-49]. However, the vast majority of them were de-
signed by means of fluorophores with short excitation wavelengths,
which are likely to suffer from auto-fluorescent background, photo
damage and attenuated signals. There are still some difficulties in ac-
curately detecting GGT level in clinical and biological samples. To re-
duce these problems, the fluorescent probes with near-infrared (NIR)
excitation and emission were developed to monitor intracellular GGT
level in physiological environment [50-53]. According to our knowl-
edge, although the emission wave of some published research located in
NIR region, emission wavelength of NIR fluorescent probe exceed
750 nm were still lacking [54]. Therefore, there is an urgent need to
synthesize a NIR fluorescent probe to selectively and accurately
monitor intracellular GGT level in clinical and biological samples.

Hence, we conceived a NIR fluorescent probe Cy-GGT with 780 nm
emission for detecting the behavior of GGT in cells and in vivo. By
tracking GGT level in living cells and in vivo, the versatile function of
Cy-GGT in organismal systems was detailedly assessed. Furthermore,
Cy-GGT was applied to clarify the increase of GGT level in pulmonary
fibrosis cell and mice models, revealing the close connection between
GGT and IPF. To our knowledge, this is the first time to use a fluores-
cence probe for imaging and detecting the level of GGT in pulmonary
fibrosis cell and mice models. More importantly, we provide clear and
intuitive evidence for changes of GGT concentration in the development
of pulmonary fibrosis, which may offer a new strategy for the specific
diagnosis of IPF in clinical.

2. Experimental methods
2.1. Synthesis of probe Cy-GGT

We added compound e (87 mg, 0.1 mM) to dry CH,Cl, (2 mL), then
slowly stirred with a normal temperature for 10 min to ensure that
compound e was completely dissolved. Furthermore, CH,Cl,/TFA
(2mL, v/v = 1:1) was dropped into the above mixtures. After the above
operation was completed, this mixture was further continuously stirred
overnight. To obtain the deep green solid probe Cy-GGT, we purified
the preliminary product by silica gel column chromatography. (64 mg,
90 % yield). "H NMR (CDCl;-d;, 500 MHz) 8 (ppm): 10.29 (s, 1 H), 9.92
(s, 1H), 8.00-7.98 (m, 2H), 7.86-7.84 (m, 2H), 7.36-7.31 (m, 5H),
7.28-7.22 (m, 2H), 7.06-7.04 (m, 2H), 6.97-6.95 (m, 3 H), 6.04-6.02
(m, 1 H), 5.95-5.92 (m, 1 H), 4.0 3-4 .02 (m, 4 H), 3.79-3.76 (m, 1 H),
2.70-2.67 (m, 4H), 1.68-1.67 (m, 2H), 1.46-1.24 (m, 22 H). 3C NMR
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(DMSO-dg, 125MHz) & (ppm): 176.1, 171.9, 171.7, 155.7, 142.8,
141.5, 141.2, 134.8, 128.6, 125.2, 122.5, 122.4, 122.2, 122.0, 114.3,
110.0, 98.9, 49.2, 44.9, 39.2, 28.4, 28.3, 28.0, 27.9, 24.4, 24.3, 22.5,
21.1, 12.2, 8.6. MS (ESI"): m/z C45Hs3N404" caled. 713.4061, found
[M*] 713.5278.

2.2. Cell models

RLE-6TN cells were cultivated in DMEM medium under a 5% CO,
atmosphere at 37 °C. Pulmonary fibrosis cell models were established
using living cells by treating with 50 uM transforming growth factor
beta 1 (TGF-f1) for 72h. The pulmonary fibrosis cell models and
normal cells were treated with Cy-GGT at 37 °C for 30 min. As oxidative
stress model, living cells were stimulated with paraquat (50 uM) to
induce excessive production of O5" ~ for another 8 h at 37 °C, that could
cause severe oxidative stress level. Prior to imaging, living cells were
cultivated with Cy-GGT at 37 °C for 30 min. With a commercial probe
(DHE), we examined the oxidative stress level stimulated by paraquat.
We implemented cell imaging experiments with RLE-6TN cells culti-
vated with DHE at 37 °C for 30 min.

2.3. Cytotoxicity of Cy-GGT

We determined the toxicity of Cy-GGT to cells by MTT method.
First, we seeded RLE-6TN cells in good condition on 96-well plates for a
whole day. Subsequently, the RLE-6TN cells were administrated with
diverse concentrations of Cy-GGT (0.1, 1, 10 and 100 uM) in an at-
mosphere of 5% CO, for a whole day. The cells were then cultured
under an atmosphere of 5% CO, for another 4h, after adding MTT
(5mg / mL) to each well. Next, formazan crystal dissolved in DMSO
(150 uL) formed. The absorbance was assessed at 570 nm. The above
data are the average standard deviation of 5 independent tests.

2.4. Animal models

These C57BL/6 mice purchased from the Model Animal Research
Center (Nanjing University) for 8 weeks were raised in groups. They
freely accessed to enough water and food, and lived in a 12:12 light-
dark cycle. To establish the mice model of pulmonary fibrosis, we in-
stilled bleomycin (5mg/kg), which is dissolvable in physiological
saline, into the trachea under anesthesia. The drug was infused only
once, and the mice were raised for 28 days.

2.5. In vivo imaging in living mice

Mice model was established as described in the chapter of “Animal
model”. Then all the C57BL/6 mice were administered an intratracheal
instillation of Cy-GGT (10 uM, 10 uL in 1:99 DMSO/saline v/v). Prior to
imaging, we anesthetized all C57BL/6 mice by injection with 4%
chloral hydrate (0.25 mL). The imaging of living mice were obtained by
In Vivo Imaging System. T he above data were the mean standard de-
viation of 5 independent tests. In addition, in order to clearly show the
reaction sites of C57BL/6 mice, the fluorescence image and the bright
field image were merged.

3. Results and discussion
3.1. Design strategies of Cy-GGT

The synthetic approaches of probe Cy-GGT was exhibited in Scheme
S1. These detailed procedures of the mixtures were described in
Supporting Information. These compounds in this part were char-
acterized by HRMS, 'H NMR and '3>C NMR. We applied a heptamethine
cyanine dye as the fluorophore unit located in the near-infrared region
to emit the detection signal. The optical imaging with NIR fluorophores
has higher tissue penetration depth and sensitivity, because the tissue
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Scheme 1. The response mechanism for the probe towards GGT.

auto-fluorescence and absorption are greatly low in the NIR spectral
range. In previous experiments, we incorporated the specific recogni-
tion moiety of the y-glutamyl group into fluorophore unit to get a probe
for detecting GGT. Interestingly, a y-glutamyl amide group acts as an
enzyme active trigger of GGT for its high sensitivity and characteristic
response. For establishing our ideal probe, the Boc-protected glutamic
acid moiety was grafted onto the fluorescence reporter, following de-
protection under the acidic condition (Scheme S1). Therefore, the
electron-withdrawing glutamyl amide moiety could quench the fluor-
escent signals of Cy-GGT. The enzyme-triggered cleavage reaction sti-
mulated by GGT led to the release of electron-donating amine moiety,
thereby acquiring a “turn-on” fluorescent response with a long emission
wavelength (780 nm). The described detection mechanism was ex-
hibited in Scheme 1. We could use this probe to track the change of GGT
in cells and in vivo. Additionally, the physiological function of GGT in
occurrence and development of IPF would be excavated.

3.2. Spectroscopic properties

We studied the absorption spectra and fluorescence spectral re-
sponse of Cy-GGT to GGT in HEPES buffer solution (10 mM, pH = 7.4).
The maximum absorption wavelength of Cy-GGT (10 uM) locates in
770nm with ¢ = 2.6 x 10* M~ 'em ™! (Fig. $3). As we expected, Cy-
GGT showed a remarkable enhancement of absorption peak at the
wavelength of 770 nm after adding 50 U/L GGT. For further exploring
the specific fluorescence response of Cy-GGT to GGT, the fluorescence
spectra of Cy-GGT were checked. The experiment results indicated that
the addition of GGT (from 0 to 100 U/L) induced the increase of
fluorescence signals, which centered at 780 nm (Fig. 1a). Thus, we
quantified the fluorescence response of Cy-GGT to GGT with the wa-
velength at 780 nm as the suitable fluorescence signals. It was note-
worthy that the low fluorescence intensity of CyMito was attributed to
d-PET process (®Cy-Mito = 0.015). Cy-GGT has the low fluorescence
quantum yields (®¢y.ggr = 0.025). After Cy-GGT was treated with in-
creasing concentrations of GGT (0-100 U/L), the fluorescence quantum
yields was ®cy.gor + gor = 0.13. The light stability of our probe is an
important factor to be evaluated, therefore, the curve of fluorescence
intensity of Cy-GGT + GGT upon continuous laser irradiation for
35min was shown in Fig. S5. The fluorescence intensity visibly de-
creased within 35 min irradiation. The calibration curve was exhibited
in Fig. 1b, and an excellent linearity with the GGT concentrations
ranging from 0 to 100 U/L was obtained. The regression equation was
F780 nm = 8.2641 [GGT] (U/L) + 18.3950 (r = 0.9960). Under the
existing test conditions, the limit of detection (30/slope, where o is the
standard deviation of blank measurements, n = 11) towards GGT was
calculated to be 7.6 mU/L. The result illustrated that Cy-GGT had
higher sensitivity to GGT. The probe Cy-GGT has the potential to be
applied to various biological detections.

3.3. Kinetic responds of Cy-GGT against GGT

The fluorescence signal had almost no change in the pH range from
4.0 to 9.0. After the probe Cy-GGT reacted with GGT, the fluorescence
signal was significantly enhanced especially maintained a maximum
intensity at pH 7.4, indicating that Cy-GGT responded well to GGT
under simulated physiological conditions. Furthermore, the reaction
kinetic was explored by the time-dependent fluorescence response
(Fig. 1c). We selected the reaction time of 50 min for the present
system. Moreover, in the absence of GGT, there was no obvious change
in the fluorescence of the probe Cy-GGT within 50 min. After GGT was
added, the fluorescence signals gradually increased to its maximum
within about 30 min. The second-order rate constant (k,) for reaction
between Cy-GGT and GGT is 1.09 x 107 M~ ' s~'. And higher GGT
concentrations led to faster reaction velocity and stronger fluorescence
generation. These aforementioned results demonstrated that Cy-GGT
was able to respond to GGT quickly. The fast reaction kinetics would
facilitate real-time detection of GGT in complex organisms.

3.4. Selectivity of probe towards GGT

Next, we assessed the fluorescent response of Cy-GGT to other
common physiologically relevant species. As shown in Fig. S4, Cy-GGT
was treated with diverse biospecies, including tocopherols, S-ni-
trosoglutathione (GSNO), NaHS, Na,S,, .-cysteine (L-cys), L-arginine (L-
arg), ascorbic acid, glutathione (GSH) and tyrosine. The experiment
data distinctly demonstrated that only GGT could significantly increase
the fluorescence emission (Fig. S4). More importantly, the analogous
functional enzymes (nitroreductase, glutathione S-transferases, horse-
radish peroxidase, alkaline phosphatase, monoamine oxidase A, -ga-
lactosidase and monoamine oxidase B also could not result in any in-
fluence in the experiments (Fig. 1d). These results certified that Cy-GGT
exhibited great selectivity to GGT in the presence of diverse biologically
relevant species.

3.5. Imaging of GGT in RLE-6TN cells

Owing to the outstanding ability of Cy-GGT to track GGT specifi-
cally and sensitively, the potential application of Cy-GGT for detecting
GGT in living cells is next explored. The RLE-6TN cells were chosen as
test models to explore the applicability of Cy-GGT in cells. Because the
safety of Cy-GGT is extremely vital for biological application, we first
employed MTT to detect the cytotoxicity of the probe. As shown in
Fig. 2d, Cy-GGT is less cytotoxic to living cells, as evidenced by high cell
survival rates under normal physiological conditions. To prepare for
fluorescence imaging, all three groups of cells need to be incubated
with Cy-GGT at 37 °C for 30 min. Laser scanning confocal microscopy
was utilized to perform cell imaging experiments, which were further
tested by flow cytometry analysis. The first cell groups were the control.
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Fig. 1. Spectral properties and enzymatic properties of Cy-GGT. a) Fluorescence emission spectra changes of Cy-GGT (10 uM) in response to diverse concentrations of
GGT (0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 U/L). b) The plot of the linear relationship between the relative fluorescence intensity at 780 nm and con-
centrations of GGT (0 - 100 U/L). c) Plot of fluorescence intensity of Cy-GGT (10 uM) towards the reaction time with varied concentrations of GGT (0, 10, 50, 100 U/
L). d) Fluorescence responses of Cy-GGT (10 uM) to various analogous functional enzymes (1.0 pg/mL) and GGT (100 U/L) after mixed for 30 min: 1. Blank, 2.
horseradish peroxidase, 3. nitroreductase, 4. glutathione S-transferases, 5. alkaline phosphatase, 6. monoamine oxidase A, 7. monoamine oxidase B, 8. 3-galacto-
sidase, 9. GGT. The tests were carried out at 37 °C in HEPES buffer solution (10 mM, pH 7.4).

The commercial inhibitor of GGT, GGsTop (1 mM), was added to RLE-
6TN cells in the second group for 24 h before fluorescence imaging,
which reduced intracellular GGT concentrations. The third group of
RLE-6TN cells overexpressed GGT by transfecting GGT-RNA. The
fluorescence intensity of RLE-6TN cells in Fig. 2a gradually increased
during the testing process. The rather lower fluorescence intensity was
offered in Fig. 2b, because the GGT activity was inhibited by GGsTop.
The fluorescence intensity of Fig. 2c was stronger than that in Fig. 2a,
revealing the higher level of GGT in these transfected cells. Ad-
ditionally, the correctness of the above results was verified again by
flow cytometry analysis (Fig. 2a-2c). The activity of GGT in the three
groups was further determined via GGT activity assay kit (Fig. 2e),
which is concordant with the data gained from flow cytometry analysis
and fluorescence image. The average fluorescence intensity was dis-
played in Fig. 2f for directly quantifying GGT. The function of probe Cy-
GGT for sensitive imaging GGT in living cells was illustrated by the
above experiments, and we could investigate the essential role of GGT
in physiological and pathological processes with Cy-GGT as a service-
able and promising tool.

3.6. Evaluation of the changes of GGT in the cell models of pulmonary
fibrosis

Higher level of oxidative stress in IPF could lead to increased GGT
[55,56]. Hence, prior to exploring the connection between pulmonary
fibrosis and GGT, the relationship between oxidative stress and GGT
was first validated. We applied Cy-GGT to monitor the changes of GGT
under oxidative stress condition. The RLE-6TN cells in Fig. 3a were
stimulated with paraquat (50 uM) for 8 h to trigger the excessive pro-
duction of O," 7, leading to cell damage under oxidative stress state. We

next treated the RLE-6TN cells with Cy-GGT at 37 °C for 30 min and
then imaging. Dihydroethidium (DHE), a commercial fluorescent probe,
was further utilized to monitor the oxidative stress condition. As dis-
played in Fig. 3b, the RLE-6TN cells offered a strong fluorescent in-
tensity in the green channel, which revealed that the irritation stimu-
lated by paraquat would result in a grievous oxidative stress condition.
The intense fluorescence intensity in red channel was exhibited in RLE-
6TN cells stimulated by paraquat as expected, disclosing the fact that
more GGT were generated (Fig. 3a). We applied the flow cytometry
analysis to verify the data receiving from fluorescence imaging of cells
(Fig. 3a and b). The average fluorescence intensity of RLE-6TN cells
imaging was displayed in Fig. 3c. Then the fluctuations of GGT activity
were examined via a commercial GGT activity assay kit (Fig. 3d). This
result indicated that the function of our probe was consistent with the
commercial kit. The distinct increase of intracellular GGT in living cells
cultivated with oxidative stress condition was amply confirmed by the
above results, probably because GGT could regulate the oxidative stress
generated under pathological conditions.

The unknown relationship between GGT and pulmonary fibrosis
was inspected based on the fact that the GGT level in cells elevated
under oxidative stress state. For establishing pulmonary fibrosis cell
models successfully, RLE-6TN cells were stimulated with TGF-B1
(50 uM) for 72h. As displayed in Fig. 3e, the RLE-6TN cells cultured
with Cy-GGT for 30 min were selected as control. A higher fluorescence
intensity in the pulmonary fibrosis cell models than in the control group
clarified a higher GGT level in these cells. Furthermore, we employed
the flow cytometry analysis to confirm the data receiving from imaging
of cells (Fig. 3e). The average of GGT activity were further determined
via GGT activity assay kit (Fig. 3g). One of the typical manifestation in
pulmonary fibrosis is the phenomena of mesenchymal characteristics,
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The RLE-6TN cells were transfected GGT-RNA. d) The cell viability of cells for Cy-GGT during 24 h, the concentrations of Cy-GGT were 0, 10, 20, 30, 40, 50, 60, 70,
80 and 100 pM. e) The changes of GGT activity in RLE-6TN cell after administration with GGsTop or treatment with GGT transfection. f) Average fluorescence
intensities of images in (a-c). Images are representative of n = 5 independent tests. Scale bars: 20 pm.

involving the loss of E-cadherin protein (E-cadherin) as a marker for
epithelial cells, and the abnormal performance of mesenchymal mar-
kers, like transcription repressor snail, vimentin, and alpha-smooth
muscle actin protein (a-SMA) in lung cells [57]. The a-SMA and E-
cadherin are widely utilized as effective indicators to verify the severity
of pulmonary fibrosis. Western blot (WB) was performed to assess -
SMA and E-cadherin concentration changes. As shown in Fig. 3h, in the
cell model of pulmonary fibrosis, the increase of a-SMA and the de-
crease of E-cadherin certified that the cells stimulated with TGF-f1
were much more severe than the control group cells. The relative
protein expressions of a-SMA and E-cadherin in Fig. 3i were consistent
with Fig. 3h. The above results verified that the pulmonary fibrosis cell
models were successfully established, and the level of GGT in the cell
model of pulmonary fibrosis was higher than that of normal cells. As
our expectations, the intracellular GGT concentration was closely con-
nected to the extent of pulmonary fibrosis, and the GGT level was po-
tential to instruct the process of pulmonary fibrosis.

3.7. Evaluation of the changes of GGT in the mice models of pulmonary
fibrosis

We next performed trials to investigate the potential application of
Cy-GGT as an effective imaging tool in the mice models of pulmonary
fibrosis. The living C57Bl/6 mice were stimulated with bleomycin to
establish pulmonary fibrosis mice models. We performed H&E and
Masson staining of lung tissues in each group to verify the success of the
model. Cy-GGT was intratracheal administration for 1h before fluor-
escence imaging in vivo. We applied an in vivo imaging system to
measure the GGT in different testing groups. The increase of fluores-
cence intensity in the mice models of pulmonary fibrosis indicated the
content of GGT elevated with the aggravation of pulmonary fibrosis
(Fig. 4a). As shown in Fig. 4b, only the ex vitro imaging of lung showed
enhanced fluorescence clearly, and there were no significant fluores-
cence changes in other organs, involving the heart, spleen, liver, and
kidneys. The average fluorescence intensities of every group were dis-
played in Fig. 4d. H&E and Masson staining were employed to verify the
successful establishment of pulmonary fibrosis model and degree of
pulmonary fibrosis (Fig. 4c). These in vivo results clarified intimate
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6TN cells exposed to Cy-GGT (5 uM) for 30 min as control. The other group was primarily administrated with paraquat (50 uM) for 8 h to cause oxidative stress state
before being treated as the control group. b) Cell fluorescence imaging and flow cytometry assays of ROS in RLE-6TN cells exposed with DHE (10 uM) for 30 min as
control. The other group was primarily administrated with paraquat (50 uM) for 8 h to cause oxidative stress state before being treated as the control group. c)
Average fluorescence intensities of images in (a — b). d) The changes of GGT activity in RLE-6TN cell after treatment with paraqua. e) Confocal microscopy images
and flow cytometry assays of GGT in living RLE-6TN cells incubated with Cy-GGT (5 uM) for 30 min as control. The other group was first treated with TGF-B1 (50 pM)
for 72 h before being treated as the control group. f) Average fluorescence intensities of images in e). g) The changes of GGT activity in RLE-6TN cell after stimulation
with TGF-B1. h) Western blot experiments of E-cadherin and a-SMA in e). The B-actin was chosen as the loading control. i) Expression quantitative of E-cadherin and
a-SMA in h). Data are presented as mean * SD (n = 5). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version
of this article).

association between GGT and pulmonary fibrosis, GGT may play a
crucial part in pathophysiology of IPF. More importantly, our probe has
great potential as an effective tool to monitor the development of pul-
monary fibrosis in actual mice models.

4. Conclusion

In this study, we design a NIR fluorescent probe Cy-GGT, as an
outstanding and rapid tool, for detecting endogenous GGT in living cells
and in vivo. With the help of Cy-GGT, we successfully detect the
changes of GGT in oxidative stress cell models and in pulmonary fi-
brosis cell models. Compared with normal cells, the GGT level in the
cell models of oxidative stress and pulmonary fibrosis is higher. To
further confirm the underlying association between GGT level and
pulmonary fibrosis degree, we validate the GGT increased in the mice
models of pulmonary fibrosis. The effective application of the probe in

the mice models also demonstrated its ability to imaging GGT in vivo
due to its NIR emission. The results suggest GGT is inextricably linked
to the occurrence and development of pulmonary fibrosis, GGT might
be a promising marker for IPF diagnosis. We anticipate that our probe,
as a practical and accurate detection tool, has promising applications in
the precise diagnosis of IPF in clinical.
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