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ABSTRACT: Vanin-1 is a pantetheine hydrolase that plays a key
role in inflammatory diseases. Effective tools for noninvasive, real-
time monitoring of Vanin-1 are lacking, largely due to background
fluorescence interference in existing probes. To address this issue,
we developed a dual-modal fluorescent and colorimetric probe,
MB-Van1, to detect Vanin-1 with high sensitivity and selectivity.
MB-Van1 has a structure optimized to exhibit nearly zero
background fluorescence, resulting in a high signal-to-noise ratio
that enables the accurate detection of Vanin-1 activity in various
biological tissues. In vitro experiments demonstrated that MB-Van1
had a detection limit as low as 0.031 ng/mL in the fluorescence
mode. We successfully employ MB-Van1 to observe elevated
Vanin-1 levels in inflammatory tissues of various mouse models of
rheumatoid arthritis (RA), drug-induced liver injury (DILI), and nonsteroidal anti-inflammatory drug (NSAID) enteropathy models,
within only 5 min. This advancement provides a novel approach for monitoring the dynamic changes of Vanin-1 during
inflammation, offering new strategies for the early diagnosis and therapeutic assessment of other related diseases.

■ INTRODUCTION
Inflammation represents a self-protective response of the body
to harmful stimuli, including pathogen invasion, physical
injury, or chemical irritation.1−3 It involves complex cellular
and molecular mechanisms.4,5 Disease biomarkers are critical
for elucidating the mechanisms underlying inflammation,
diagnosing inflammatory conditions, and evaluating therapeu-
tic efficacy.6−8 Although traditional diagnostic methods such as
blood tests and histological examinations are effective, they
inevitably cause harm to organisms to some degree.2,9,10 In
contrast, fluorescent probes offer the advantage of non-
invasiveness, allowing for the direct labeling and tracking of
key molecules involved in inflammation, thereby facilitating
real-time visualization of inflammatory activity within deep
tissues.11−15 However, the inherent background fluorescence
associated with these probes can interfere with the diagnosis,
thereby limiting their broader application.16,17

Vanin-1, a glycosylphosphatidylinositol (GPI)-anchored
enzyme with pantetheinase activity, is ubiquitously expressed
in various organs, including the liver, intestine, and
kidney.18−21 Recent studies have highlighted the significant
potential of Vanin-1 as a disease biomarker, showing its close
association with the progression of multiple diseases such as
acute kidney injury, inflammatory bowel disease, diabetes, and
influenza.22−27 Vanin-1 influences CoA metabolism by
catalyzing the hydrolysis of pantetheine to cysteamine and
pantothenate, which subsequently regulate the intracellular
redox status and glutathione levels.28,29 These alterations are

intimately linked to the onset and progression of inflamma-
tion.30 Despite the growing clarity regarding Vanin-1’s role in
inflammation, there are challenges in the direct, real-time
monitoring of its activity at inflammatory sites in vivo still
persist.31 To date, only Ma et al. have successfully employed a
fluorescent probe technology to visualize intestinal Vanin-1
activity in a mouse model of inflammatory bowel disease
(IBD).32 Although this represents a significant milestone, it
fails fully address the broader research and application needs.
Consequently, there is a need for a fluorescent probe capable
of efficiently and accurately detecting Vanin-1 activity across
various biological tissues.
In response to this challenge, we developed an MB-Van1

probe. The probe was synthesized by integrating the
fluorophore methylene blue with the recognition group
pantothenate using 4-aminobenzyl alcohol as a self-eliminating
linker. The disruption of methylene blue’s conjugated structure
resulted in MB-Van1 having nearly zero background
fluorescence, which led to the significant enhancement in its
signal-to-noise ratio for fluorescence imaging in complex
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biological systems. The high sensitivity and specificity of the
MB-Van1 probe enabled us to achieve precise fluorescence
imaging of inflammatory tissues in a variety of mouse models
including drug-induced liver injury, NSAID enteropathy, and
rheumatoid arthritis models. This study not only provides
novel diagnostic and monitoring tools for inflammatory
diseases but also contributes to the understanding of dynamic
changes in Vanin-1 during the inflammatory process. It also
offers new insights that are beneficial to mechanistic research
and therapeutic strategies.

■ EXPERIMENTAL SECTION
Materials and Instruments. The specific materials and

equipment employed in this study are detailed in the
Supporting Information.
Synthesis. The synthetic route for the MB-Van1 probe is

illustrated in Figure 1. The syntheses of Compound 1,
Compound 2, and Compound 3 have been described in the
literature.33,34

Synthesis of Compound 4. Under a nitrogen atmosphere,
compound 1 (177 mg, 0.51 mmol), compound 3 (204 mg,
0.46 mmol), Cs2CO3 (487 mg, 1.38 mmol), and DMAP (56
mg, 0.46 mmol) were dissolved in 20 mL of CH2Cl2, and the
components were allowed to react at 45 °C overnight. The
reaction progress was monitored using thin-layer chromatog-
raphy (TLC) until completion. The mixture was washed three
times with 50 mL of 1 M HCl, and the solvent was
subsequently removed by vacuum distillation. The resultant
crude intermediate was directly used in the subsequent
reaction without further purification.

Synthesis of MB-Van1. Compound 4 (40 mg, 0.054 mmol)
was dissolved in 80% acetic acid and stirred at room
temperature for 3 h. The reaction mixture was then
concentrated under a reduced pressure to remove the solvent.
The resulting crude product was purified by silica gel column
chromatography using a CH2Cl2/CH3OH mixture (v/v, 10:1)
as the eluent, which yielded MB-Van1 as a light blue solid (23

mg, 67% yield). 1H NMR (600 MHz, CDCl3) δ 8.49 (s, 1H),
7.48 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.5 Hz, 2H), 7.25 (d, J =
8.4 Hz, 2H), 6.71 (s, 2H), 6.65 (d, J = 6.8 Hz, 2H), 5.17 (s,
2H), 4.00 (s, 1H), 3.62−3.58 (m, 2H), 3.50 (s, 1H), 3.47 (t,
2H), 2.92 (s, 12H), 2.55 (t, J = 5.9 Hz, 2H), 2.10 (s, 1H), 0.91
(s, 6H) (Figure S1).13C NMR (151 MHz, CDCl3) δ 174.26,
174.05, 170.00, 154.57, 137.70, 132.91, 132.25, 128.49, 127.08,
120.02, 111.54, 110.80, 77.51, 70.82, 67.47, 40.98, 39.33,
36.79, 35.23, 20.52 (Figure S2). HR-MS (m/z): Calculated for
[C33H42N5O6S]+: 636.2778, found: 636.2766 (Figure S3).

In Vitro Detection of Vanin-1. The MB-Van1 probe was
dissolved in DMSO to prepare a 1 mM stock solution. The
final reaction, with a total volume of 1 mL, consisted of MB-
Van1 (10 μM), PBS (10 mM, pH 7.4), and the analyte. The
reaction mixture was incubated in a shaking incubator at a
constant temperature of 37 °C for 40 min prior to
spectroscopic analysis. The UV−vis absorption and fluores-
cence spectra of the reaction mixture were measured using a 1
cm quartz cuvette.
Cell Imaging of Endogenous Vanin-1. Cells used for

imaging studies were divided into six groups. The first group
served as the control with untreated cells. The second group
was treated with MB-Van1 (10 μM) for 30 min before
imaging. The third group was pretreated with RR6 (50 μM)
for 2 h, followed by incubation with MB-Van1 (10 μM) for 30
min prior to imaging. The fourth to sixth groups were treated
with different concentrations of LPS (20, 50, and 200 μg/mL,
respectively) for 24 h, followed by incubation with MB-Van1
(10 μM) for 30 min. For all groups, cells were washed three
times with PBS (10 mM, pH 7.4) prior to imaging. Imaging
was performed with excitation at 640 nm and emission
collected between 663 and 738 nm.
Fluorescence Imaging of Mouse Models. All animal

experiments were conducted with the approval of the
Institutional Animal Care and Use Committee (IACUC) of
Jilin University, under the ethics review permit number

Figure 1. Synthesis route of MB-Van1.
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SY202306031, and in accordance with the established ethical
protocols.

Imaging of Rheumatoid Arthritis Mouse Model. For the
rheumatoid arthritis mouse model, mice in the experimental
group were injected with λ-carrageenan (0.1 mg/mL, 50 μL in
PBS) in the right tibiotarsal joint once daily, while those in the
control group received an equivalent volume of PBS. After 1
week, all mice were subcutaneously injected with 100 μL of
MB-Van1 (1 mM) in the right tibiotarsal joint. The mice were
then anesthetized with isoflurane, and in vivo imaging was
performed using a small animal imaging system 5 min
postinjection.

Imaging of Drug-Induced Injury Mouse Model. For the
drug-induced injury mouse model, mice were first fasted
overnight. Mice in the experimental group were intra-
peritoneally injected with 300 mg/kg APAP, while those in
the control group received an equal volume of PBS. Six hours
postinjection, the hair on the abdomen of all mice was
removed using depilatory cream. The mice were then injected
with 100 μL of MB-Van1 (1 mM) in the tail vein. Five minutes
after injection, they were anesthetized with isoflurane and then
subjected to in vivo imaging using a small animal imaging
system. Following the imaging, all mice were immediately
dissected, and the dissected tissues were subjected to
fluorescence imaging using a small animal imaging system.

Imaging of NSAID Enteropathy Mouse Model. Mice in the
experimental group received indomethacin (20 mg/kg)
dissolved in 0.5% carboxymethyl cellulose (4 mg/mL) via
gavage once daily, while those in the control group were given
an equal volume of normal saline. After 2 days, the hair on the
abdomen of all mice was removed using depilatory cream. The
mice were then intrarectally injected with 100 μL of MB-Van1
(1 mM). Five minutes postinjection, the mice were
anesthetized with isoflurane and then subjected to in vivo
imaging using a small animal imaging system. After imaging, all
mice were immediately dissected, and their organs were
excised for fluorescence imaging using a small animal imaging
system.

■ RESULTS AND DISCUSSION
Design and Synthesis of MB-Van1. Methylene blue is a

widely utilized and cost-effective near-infrared fluorescent dye
and is well-regarded in scientific research and diagnostic
applications due to its exceptional fluorescence properties.35,36

An effective design strategy for fluorescent probes involves the
modification of the nitrogen atom on the phenothiazine ring of
methylene blue. The modification disrupts the original
conjugated structure of the molecule, conferring the probe
with the distinctive advantage of minimal background
fluorescence, which significantly enhances the detection
sensitivity. In this study, methylene blue was selected as the
fluorophore, while pantothenic acid was used as the
recognition group. These components were directly linked
through a self-eliminating linker, 4-aminobenzyl alcohol,
resulting in a Vanin-1-targeting fluorescent probe, MB-Van1.
In its initial state, MB-Van1 was colorless and exhibited
negligible fluorescence, leading to substantially reduced
background interference and improved detection accuracy.
Upon the presence of Vanin-1, the pantothenic acid moiety in
the probe is selectively cleaved, resulting in the release of free
methylene blue molecules. This cleavage transformed the color
of MB-Van1 from colorless to blue, accompanied by a

significant enhancement in fluorescence, thereby enabling
dual-modal fluorescence and colorimetric detection of Vanin-1.
Optical Response and Reaction Condition Optimiza-

tion. The spectral properties of the MB-Van1 probe were
initially examined under simulated physiological conditions
(pH 7.4 PBS buffer, 10 mM). MB-Van1 alone exhibited
negligible UV−vis absorption; however, upon the addition of
Vanin-1, a new absorption peak at 665 nm appeared. which
corresponds to the absorption peak of methylene blue. The
addition of Vanin-1 also resulted in the solution color change
from colorless to blue (Figure 2A). Regarding the fluorescence

spectra, MB-Van1 exhibited a nearly zero fluorescence
background. At an excitation wavelength of 665 nm, the
introduction of Vanin-1 significantly enhanced the emission
peak at 710 nm. Specifically, in the presence of 200 ng/mL
Vanin-1, the fluorescence intensity increased by approximately
85 folds (Figure 2B). The optical stability of MB-Van1 and its
reaction system was also evaluated. Under continuous
excitation by light at a wavelength of 665 nm, the fluorescence
intensity remained highly stable for up to 1 h, which is
indicative of excellent optical stability (Figure S4). Given that
fluorescence intensity can be influenced by various environ-
mental factors, optimization of the reaction conditions was
further conducted. The data showed that the fluorescence
intensity of the reaction system progressively increased with
increasing reaction times, reaching the maximum value at 40
min, which was selected as the optimal reaction time (Figure
S5). At pH 7.4, MB-Van1 exhibited the lowest background
fluorescence and the highest fluorescence intensity; thus, pH
7.4 was selected as the optimal reaction condition (Figure S6).
Additionally, after the addition of Vanin-1, the fluorescence of
the reaction increased progressively at temperatures between
25 and 42 °C. Considering the physiological relevance, 37 °C
was chosen as the optimal reaction temperature (Figure S7).

Figure 2. (A) Absorption spectra of MB-Van1 (10 μM), the reaction
system (MB-Van1 + Vanin-1) and methylene blue (10 μM). The
inset shows the color change of the reaction system without Vanin-1
(left) and with Vanin-1 (right). (B) Fluorescence spectra of MB-Van1
(10 μM), the reaction system (MB-Van1 + Vanin-1) and methylene
blue (10 μM). (C) Linear relationship between absorbance at 665 nm
and Vanin-1 concentration (0−80 ng/mL). (D) Linear relationship
between fluorescence intensity (λex = 665 nm) and Vanin-1
concentration (0−60 ng/mL).
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Analytical Performance. MB-Van1 enabled the quantita-
tive detection of Vanin-1 through dual-mode fluorescence and
colorimetric methods. As the concentration of Vanin-1
increased, both the absorption intensity at 665 nm and the
fluorescence intensity at 710 nm of MB-Van1 increased
(Figures S8 and S9). According to the colorimetric assay, the
absorption intensity showed a strong linear correlation with
Vanin-1 concentration at a range of 0−80 ng/mL, and the
detection limit of the probe was 0.62 ng/mL (Figure 2C).
Similarly, the fluorescence assay showed that the fluorescence
intensity linearly correlated with Vanin-1 concentration at a
range of 0−60 ng/mL, and the detection limit was as low as
0.031 ng/mL (Figure 2D). Considering that various active
substances in the organism may potentially affect the probe, we
conducted selective experiments on MB-Van1 (Figure S10).
The results showed that the fluorescence of MB-Van1 was
significantly enhanced only after binding with Vanin-1,
demonstrating the potential of MB-Van1 for detection in
complex biological environments.
Reaction Kinetics. The Michaelis−Menten equation was

derived from the double reciprocal (Lineweaver−Burk) plot,
which allows for the calculation of the Michaelis constant
(Km). The Km for the interaction between MB-Van1 and
Vanin-1 was determined to be 6.855 μM, which is indicative of
a strong binding affinity between MB-Van1 and Vanin-1
(Figures S11 and S12).
Sensing Mechanism. The response mechanism of MB-

Van1 to Vanin-1 was investigated using LC-MS. The mass
spectrometry analysis of the reaction system revealed a peak at
m/z 284.1240, which corresponded to the mass peak of
methylene blue (m/z 284.1260) (Figures S13 and S14). The
HPLC analysis further supported these findings, showing
chromatographic peaks at 3.01 and 4.81 min, which matched
the retention times of MB and MB-Van1, respectively (Figure
S15). Based on these results, we may propose that the sensing
mechanism of MB-Van1 involves the specific cleavage of the
pantothenic acid moiety by Vanin-1. This cleavage then
triggers the self-elimination of the aminobenzyl alcohol linker,
resulting in the release of free methylene blue.

Molecular docking studies further corroborated the effective
binding of MB-Van1 to the active site of Vanin-1. The docking
results indicated that MB-Van1 forms four hydrogen bonds
with three amino acids (PRO102, LYS171, and ARG175) in
the active site of Vanin-1, with a binding energy of −7.6 kcal/
mol, which further confirms the strong interaction between the
enzyme and MB-Van1 (Figure S16).
Fluorescence Imaging of Vanin-1 Activity in Living

Cells. Prior to applying MB-Van1 in live cell imaging, its
cytotoxicity to the LO2 cell line was assessed using the CCK-8
assay. The results indicated that the cell viability of LO2 cells
remained above 80% even when the Vanine-1 concentration
was as high as 200 μM, demonstrating that MB-Van1 possesses
high biocompatibility (Figure S17). In addition, a hemolysis
assay was conducted to evaluate the biocompatibility of MB-
Van1. The results indicated that even when the probe
concentration was as high as 200 μM, the hemolysis rate
remained below 4%. This finding demonstrates that MB-Van1
possesses good biocompatibility and is thus suitable for cellular
and in vivo imaging (Figure S18).
The fluorescence imaging experiments demonstrated that

untreated LO2 cells did not exhibit fluorescence. However,
upon being treated with MB-Van1, the cells exhibited red
fluorescence. To confirm that this fluorescence enhancement
was due to endogenous Vanin-1, LO2 cells were treated with
RR6, which is a specific inhibitor of Vanin-1. The results
demonstrated a significant reduction in fluorescence intensity
following RR6 treatment. Subsequently, an inflammatory cell
model induced by different concentrations of LPS was
established to investigate the changes in Vanin-1 expression
within inflammatory cells. The results revealed that as the
concentration of LPS increased, the intensity of red
fluorescence in the cells significantly escalated, effectively
substantiating the overexpression of Vanin-1 in inflammatory
cells (Figure 3A,B). Furthermore, Western blot analysis
corroborated these findings (Figure 3C).
Fluorescence Imaging of Vanin-1 in an RA Mouse

Model. Rheumatoid arthritis (RA) is a chronic autoimmune
disorder characterized by persistent inflammation of the
synovial tissue.37 This inflammation extends beyond the joints

Figure 3. (A) Fluorescence imaging of LO2 cells under different treatments: (a) untreated cells; (b) cells treated with MB-Van1 (10 μM) for 30
min; (c) cells pretreated with RR6 (50 μM) for 2 h, followed by incubation with MB-Van1 (10 μM) for 30 min; (d) cells treated with LPS (20 μg/
mL) for 24 h, then incubated with MB-Van1 (10 μM) for 30 min; (e) cells treated with LPS (50 μg/mL) for 24 h, followed by MB-Van1 (10 μM)
for 30 min; (f) cells treated with LPS (200 μg/mL) for 24 h, followed by MB-Van1 (10 μM) for 30 min. (λex = 640 nm, λem = 663−738 nm. Scale
bar = 50 μm). (B) Comparison of fluorescence intensities of LO2 cells across different treatments as depicted in (A). (C) Western blot analysis of
Vanin-1 and inflammatory marker TNF-α expression levels in the corresponding cells.
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and progressively erodes surrounding tissues, which can
ultimately lead to structural damage and severe functional
deterioration.38 Given the complexity and persistence of the
inflammatory response in RA, an in-depth understanding of its

molecular mechanisms is essential for effective disease
management. Recent studies have identified Vanin-1 as an
enzyme playing a pro-inflammatory role in various inflamma-
tory diseases.21 Considering the distinct pathological features

Figure 4. (A) Schematic diagram representing mouse injection and in vivo fluorescence imaging. (B) Fluorescence images of mice in the
experimental group (top) and control group (bottom) at different times after being injected with MB-Van1. (C) Mean fluorescence intensity of
images in (B).

Figure 5. (A) Schematic diagram representing mouse injection and in vivo fluorescence imaging. (B) Fluorescence images of mice in the
experimental group (top) and control group (bottom) at different times after being injected with MB-Van1. (C) Fluorescence images of dissected
organs of mice in the experimental group (left) and control group (right). (D) Mean fluorescence intensity of images in (B).
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of RA, it is reasonable to hypothesize that the regulation of
Vanin-1 expression in affected joint tissues may be aberrant.
To test this hypothesis, MB-Van1 was employed to monitor
changes in Vanin-1 levels in a rheumatoid arthritis mouse
model. RA was induced in mice using λ-carrageenan, and
control mice received an equivalent volume of PBS. After that,
MB-Van1 was injected into the joints of both experimental and
control mice, and fluorescence imaging was performed 5 min
postinjection (Figure 4A). The results demonstrated the joints
of RA mice exhibited pronounced fluorescence, whereas those
of mice in the control group exhibited minimal fluorescence.
This observation indicates that the Vanin-1 expression was
significantly upregulated during the pathological progression of
RA (Figures 4B,C and S19). This positive correlation suggests
that Vanin-1 can serve as a potential biomarker for the
diagnosis and monitoring of RA. It also suggests that MB-Van1
has a broad application such as in the studies of other arthritis-
related conditions.
Fluorescence Imaging of Vanin-1 in a DILI Mouse

Model. Drug-induced liver injury (DILI) is a condition where
drugs or their metabolites directly cause liver damage.39 The
pathogenesis of DILI is complex, with oxidative stress being
recognized as one of the key contributors to its development.40

Given the crucial role of Vanin-1 in maintaining intracellular
redox homeostasis, we hypothesized that its expression may be
altered during the progression of DILI.21 However, currently,
there is a lack of real-time, in situ methods to effectively
monitor Vanin-1 activity in the liver. To address this gap, we
conducted an in-depth study using the MB-Van1 probe in a
DILI mouse model induced by acetaminophen (APAP). In the
study, mice in the experimental group were administered
APAP via intraperitoneal injection to establish the DILI model,
while mice in the control group received an equal volume of

PBS. Six hours postinjection, both groups of mice were
injected with MB-Van1 (10 mM, 100 μL) in the tail vein, and
fluorescence imaging was conducted 5 min after the injection
(Figure 5A). The results demonstrated a significantly enhanced
fluorescence signal in the liver of mice in the experimental
group compared to those in the control group. This suggests
the Vanin-1 expression was upregulated in the liver during
APAP-induced DILI (Figure 5B,D). To further substantiate
these findings, the mice were dissected, and their major organs,
including the heart, lungs, liver, and kidneys, were collected for
ex vivo fluorescence imaging. The results revealed only the liver
of DILI mice exhibited prominent fluorescence (Figure 5C).
This not only confirms the increase in Vanin-1 content in the
liver tissue during DILI but also indicates that MB-Van1 is
selectively accumulated in the liver. In conclusion, MB-Van1
holds significant potential for real-time monitoring of Vanin-1
activity in the liver. It is an innovative and powerful tool that
can be used for the early diagnosis and prognosis of drug-
induced liver injury.
Fluorescence Imaging of Vanin-1 in an NSAID

Enteropathy Mouse Model. Nonsteroidal anti-inflammatory
drugs (NSAIDs) are widely used due to their anti-
inflammatory, analgesic, and antipyretic effects.41 However,
their use is also associated with the risk of intestinal damage,
which is a condition that often remains asymptomatic until
severe symptoms such as ulcers and bleeding manifest.42

Consequently, the development of early diagnostic methods
for NSAID-induced enteropathy has become a critical focus in
medicine. The investigations into the mechanisms underlying
intestinal inflammation show the distinct pro-inflammatory
properties of Vanin-1; and for this reason, it has garnered
significant attention. This led us to hypothesize that
monitoring changes in Vanin-1 activity could potentially be a

Figure 6. (A) Schematic diagram representing mouse injection and in vivo fluorescence imaging. (B) Fluorescence images of mice in the
experimental group (top) and control group (bottom) at different times after being injected with MB-Van1. (C) Fluorescence images of dissected
organs of mice in the experimental group (left) and control group (right). (D) Mean fluorescence intensity of images in (B).
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new approach for the early diagnosis of NSAID-induced
intestinal damage. To test this hypothesis, we conducted a
confirmatory experiment using the MB-Van1 probe to monitor
Vanine-1 a mouse model of enteropathy induced by
indomethacin. Mice in the experimental group received
indomethacin via gavage, while those in the control group
received an equal volume of saline. Following the establish-
ment of the model, both groups of mice were rectally
administered with MB-Van1, and fluorescence imaging was
performed 5 min postadministration (Figure 6A). The results
indicated that the intestinal region of mice in the experimental
group showed significant fluorescence, which is in contrast to
that of mice in the control group. This observation
preliminarily suggests that Vanin-1 may be upregulated during
intestinal injury (Figure 6B,D). To further validate these
findings, both the experimental and control mice were
dissected, and their six major organs, including the intestines,
were collected for ex vivo fluorescence imaging. The results
demonstrated that strong fluorescence was observed exclu-
sively in the intestines of mice in the experimental group,
confirming that the Vanin-1 levels in the intestines were
elevated during indomethacin-induced enteropathy (Figure
6C). In conclusion, this discovery offers new strategies and
hope for the early identification and intervention of NSAID-
related enteropathy.

■ CONCLUSION
In summary, we developed the fluorescent probe MB-Van1 to
facilitate real-time monitoring of Vanin-1 activity in inflam-
matory tissues. This probe not only had excellent optical
properties, including nearly zero background fluorescence, but
also had high selectivity and sensitivity; all of which enabled
the specific detection of Vanin-1 through a dual-mode
fluorescence and colorimetric approach. In vitro experiments
demonstrated that MB-Van1 could quantitatively and
sensitively detect Vanin-1. Its detection limit was as low as
0.031 ng/mL in the fluorescence mode and 0.62 ng/mL in the
colorimetric mode. We successfully employed MB-Van1 to
detect the increased expression of Vanin-1 in LPS-induced
LO2 cells. Furthermore, in vivo imaging studies revealed that
MB-Van1 could rapidly detect the fluorescent-labeled inflam-
matory tissues, and within only 5 min, it was able to detect the
upregulation of Vanin-1 expression in mouse models of drug-
induced liver injury, NSAID enteropathy, and rheumatoid
arthritis. These findings demonstrate that MB-Van1 can be a
powerful new tool for monitoring the dynamic changes of
Vanin-1 during inflammation and holds significant potential for
applications in mechanistic studies and diagnostic evaluations
of other related diseases.
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