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Colitis is considered a significant risk factor for the development and progression of colorectal cancer due to
excessive inflammation formed as a result of inflammatory bowel disease (IBD), which is linked to colorectal
cancer development. Colorectal cancer often lacks overt symptoms in its early stages, leading to late-stage
diagnosis in most patients. Therefore, timely diagnosis and differentiation of colitis and colorectal cancer are
crucial. This study introduces a novel activatable carboxylesterase 2 (CES2) fluorescent probe, DBF-CES2, con-
sisting of a cationic indolium fluorophore and a CES2-specific benzyl ester recognition group. The probe operates
via the intramolecular charge transfer (ICT) mechanism. Upon binding and hydrolysis by CES2, a potent electron-
donating hydroxyl group is released, enhancing the ICT effect and increasing fluorescence intensity, emitting red
fluorescence light (Ae;, = 680 nm). The probe had a large Stokes shift of 167 nm and a detection limit as low as
0.70 ng/mL. It also had high selectivity, sensitivity, and biocompatibility. Cellular imaging experiments
demonstrated that CES2 expression levels in colorectal cancer cells were higher than those in normal cells. The
DBF-CES2 probe specifically recognized endogenous CES2 in colorectal cancer cells, promptly distinguishing
them from normal cells. In vivo imaging in mice confirmed that the probe could differentiate between colitis and
colorectal cancer, allowing for the assessment of the therapeutic effects of two drugs. The synthesized CES2-
targeting organic small molecule fluorescent probe DBF-CES2 is a new molecular tool for the early diagnosis
of colitis and colorectal cancer-related diseases, holding significant potential in clinical diagnostics.

1. Introduction

Inflammatory bowel disease (IBD) represents a common gastroin-
testinal disorder, predominantly driven by immune dysfunction and
microbial imbalance [1]. Characterized by symptoms like diarrhea,
abdominal pain, and weight loss, and sometimes accompanied by oral
ulcers and dermatitis, ulcerative colitis (UC)—which is a type of IBD—is
a chronic inflammation primarily affecting the colonic mucosa [2-4].
Colitis, exacerbated by lifestyles and environmental factors, is increas-
ingly recognized as a significant precursor for colorectal cancer, a ma-
lignancy known for its high morbidity and mortality due to its late-stage
diagnosis [5-7]. Therefore, early diagnosis and differentiation of colitis
and colorectal cancer are crucial.

Carboxylesterases (CES), particularly the CES1 and CES2 isoforms,
play vital roles in the hydrolysis of drugs and xenobiotics in the liver and
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intestines, thereby influencing drug metabolism and detoxification
processes [8-10]. CES2, which preferentially metabolizes compounds
with larger hydroxyl and smaller acyl groups, emerges as a cancer
biomarker due to its altered expression in various cancers, including
colorectal cancer [11-15]. The ability to detect changes in CES2
expression is a promising avenue for early-stage disease diagnosis
through advanced molecular imaging techniques such as fluorescence
imaging [16-18]. Owing to its high sensitivity and specificity, and
unique fluorescent properties, fluorescence imaging can be leveraged to
detect and monitor dynamic biological processes to enable precise dis-
ease characterization at the molecular level [19-22]. Previous studies
have reported the use of CES2-targeted fluorescent probes for diag-
nosing liver diseases [23-32]. For instance, Yin’s group developed the
probe JFast, which is an oxazine 1-based probe and responsive to CES2,
to distinguish human primary liver cancer tissue from adjacent tissue
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through significant fluorescence enhancement [33]. These results un-
derscore the potential of JFast in clinical application and our under-
standing of the physiological and pathological processes related to
hepatocellular carcinoma. Song’s group developed a novel
mitochondria-targeting near-infrared molecular imaging tool, YDT, for
imaging and sensing CES2 during the early diagnosis of liver-related
diseases [34]. Ma’s group designed a selective, sensitive ratiometric
endoplasmic reticulum-targeting CES2 fluorescent probe, ERNB, to
monitor the activity and expression of CES2 in an
acetaminophen-induced acute liver injury model [35]. However, their
applications for intestinal diseases, especially colitis and colorectal
cancer, are rarely reported [36-38].

This study presents the synthesis of a novel near-infrared small
molecule fluorescent probe, DBF-CES2, tailored for the detection of
CES2. In the probe’s design, a donor-n-acceptor (D-n-A) structure with a
benzyl ester as the CES2-specific recognition group was incorporated.
Upon interacting with CES2, the probe undergoes hydrolysis, in turn
triggering fluorescence emission that is indicative of the presence and
activity of CES2. This probe had high selectivity and sensitivity, a large
Stokes shift, good biocompatibility, and a low detection limit. In cellular
imaging, DBF-CES2 was successfully applied to image endogenous CES2
in colorectal cancer cells and confirm the upregulation of CES2
expression in these cancer cells. In vivo imaging in mice demonstrated
the probe’s capability to distinguish between colitis and colorectal
cancer and to assess the therapeutic effects of two drugs. The probe was
developed to provide a non-invasive, highly sensitive diagnostic tool for
the early detection and timely intervention of pathological changes. This
work elucidates the role of CES2 in the pathogenesis of colitis and
colorectal cancer, offering a more precise molecular target for future
clinical diagnostics and treatment.

2. Experimental section
2.1. Organic synthesis
The synthesis process of DBF-OH and DBF-CES2 is described in Fig. 1.

2.1.1. DBF-OH synthesis

Under nitrogen protection, the synthesis began by combining 5-
formyl-2-furanyl boronic acid (488 mg, 3 mmol), 4-iodophenol
(438 mg, 2 mmol), potassium carbonate (828 mg, 6 mmol), and palla-
dium acetate (31 mg, 0.14 mmol). The mixture was then added to 14 mL
of 1,4-dioxane and 6 mL of deionized water, and then stirred overnight.
Following this, the solvent was evaporated under reduced pressure. The
resulting residue was purified by silica gel column chromatography
using petroleum ether/ethyl acetate (10:1) as the eluent to yield a deep
red solid powder denoted as compound 1 (202 mg). Next, compound 1
(160 mg, 0.53 mmol) and 3-ethyl-1,1,2-trimethyl-1H-benzo[e]indol-3-
ium iodide (128 mg, 0.53 mmol) were dissolved in 10 mL of ethyl ace-
tate and stirred until fully dissolved. After piperidine (53 pL, 0.53 mmol)

HO o K,CO;, Pd(CH,C0O0),
R ———
HO r.t., 1,4-dioxane&water
OH 1

Triethylamine
—_—
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was slowly added to the solution, the mixture was stirred at 85 °C for
12 h. The progress of the reaction was monitored by thin-layer chro-
matography (TLC). Upon completion of the reaction, the mixture was
cooled to room temperature. The solvent was then removed under
vacuum, and the final product was purified by silica gel column chro-
matography using CH»Cly/CH3OH (v/v, 100:1-20:1) as the eluent,
which resulted in DBF-OH as a purple solid (204.8 mg, 65 % yield). 'H
NMR (600 MHz, DMSO-dg) 6 10.24 (s, 1H), 8.46 — 8.33 (m, 2H), 8.27 (d,
J =8.9 Hz, 1H), 8.20 (d, J = 8.1 Hz, 1H), 8.08 (d, J = 9.0 Hz, 1H), 7.97
(d, J=8.7 Hz, 2H), 7.83 - 7.74 (m, 1H), 7.75 - 7.65 (m, 2H), 7.34 - 7.21
(m, 2H), 6.95 (d, J = 8.7 Hz, 2H), 4.76 (q, J = 7.2 Hz, 2H), 2.00 (s, 6H),
1.51 (t, J = 7.2 Hz, 3H) (Figure S1). **C NMR (151 MHz, CDCls) &
180.75, 164.84, 162.53, 160.96, 152.55, 137.94, 137.76, 133.93,
133.51, 131.70, 130.28, 129.14, 128.71, 127.60, 127.33, 127.10,
125.90, 122.74, 111.60, 53.52, 43.46, 27.06, 14.81 (Figure S2). HR-MS
(m/2): Calculated for [CogH3oN4Os]™: 408.1959, found: 408.1908
(Figure S3).

2.1.2. DBF-CES2 synthesis

DBF-OH (118 mg, 0.2 mmol) was dissolved in 5 mL of CH»Cl,, fol-
lowed by the addition of triethylamine (0.25 mmol). Benzoyl chloride
(0.2 mmol, mixed with 1 mL CH»Cl,) was then added dropwise at 0 °C,
and the mixture was stirred for 1 h. The reaction was incubated over-
night at room temperature. The progress of the reaction was monitored
using TLC. After the reaction was complete, the solvent was removed
under reduced pressure, and excess benzoyl chloride was washed with
petroleum ether. Finally, the product was purified by silica gel column
chromatography using CHyCly/CH3OH (v/v, 20:1) as the eluent; and the
probe DBF-CES2 as a red solid (42 mg, 41 % yield) was obtained. 'H
NMR (600 MHz, CDCl3) § 8.28 — 8.23 (m, 3H), 8.12 (d, J = 8.7 Hz, 1H),
8.11 - 8.01 (m, 3H), 7.99 (d, J = 8.1 Hz, 2H), 7.72 (ddq, J = 28.6, 14.1,
7.5, 7.0 Hz, 5H), 7.57 (t, J = 7.5 Hz, 2H), 7.42 (d, J = 8.1 Hz, 2H), 7.05
(s, 1H), 4.96 (q, 2H), 2.19 (s, 6H), 1.73 (t, J = 7.0 Hz, 3H) (Figure S4).
13C NMR (151 MHz, CDCl3) 6 179.37, 164.84, 162.53, 160.96, 152.55,
151.58, 138.26, 137.94, 137.76, 133.93, 133.51, 131.70, 130.28,
128.71,128.64,127.60,127.33,127.10, 126.30, 122.29, 111.60, 53.79,
43.46, 25.33, 14.12 (Figure S5). HR-MS (m/z): Calculated for
[CagH3oN405]: 512.2221, found: 512.2285 (Figure S6).

2.2. Detection of CES2 in solution

In the detection of CES2, the probe DBF-CES2 was first dissolved in
DMSO to prepare a 1 mM stock solution. A test solution was then pre-
pared by mixing 1 mM DBF-CES2 stock solution, a specific concentra-
tion of the analyte, and PBS (10 mM, pH 7.4) to a total volume of 1 mL,
and the final concentration of DBF-CES2 in the solution was 10 pM.
Enzymatic reaction parameters were optimized to find the optimal test
conditions.

/
t., CH,CI. /+
rt., ChCl k'
DBF-CES2

Fig. 1. The synthesis process of DBF-OH and DBF-CES2.
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2.3. Cellular imaging experiments

2.3.1. Cellular endogenous CES2 imaging

NCM460 and SW620 cells were incubated with 10 pM DBF-CES2 at a
concentration of for different durations, and cellular imaging experi-
ments were subsequently performed.

Detection of CES2 in inflammatory cells: For the control group,
SW620 cells were treated with only DBF-CES2 (10 pM) for 90 min. To
explore CES2 expression in inflammatory conditions, SW620 cells were
first treated with LPS (1 pg/mL) for 16 h, followed by DBF-CES2 (10 pM)
for 90 min. Additionally, the effects of an accelerator and a CES2-
specific inhibitor were investigated by treating SW620 cells with 5-FU
(1 mM) or LPA (1 mM) for 1h, followed by DBF-CES2 (10 pM) for
90 min.

2.4. Invivo imaging experiments in mice with colitis and colorectal cancer

2.4.1. Ethical compliance

The animal experiments were conducted under the ethical protocols
approved by the Institutional Animal Care and Use Committee (IACUC)
of Jilin University, with certification from ethical inspection permit
number SY202306031.

2.4.2. Nude mouse model of inflammation
Nude mice were subjected to a 7-day regimen of drinking water
containing 5 % dextran sulfate sodium (DSS) to induce a colitis mouse
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model. They were then characterized by weight loss and bloody stools.

2.4.3. Tumor-bearing nude mice

Five-week-old nude mice, free from specific pathogens, were housed
individually in ventilated cages and fed with SPF-grade laboratory food
and water. A culture medium containing 2 x 10 cells was subcutane-
ously injected into the mice. Ectopic SW620 tumors were established
until the tumor volume reached about 200 mm?®,

2.4.4. Treatment groups

In the diagram, Group 1 represents the inflammation establishment
process, Group 2 received 100 pL of 16 mM mesalazine daily for one
week, and Group 3 received 100 pL of 16 mM Coptis chinensis water daily
for one week.

3. Results and discussion
3.1. Probe design and spectral performance

We designed and synthesized a novel NIR fluorescent probe, DBF-
CES2, which consists of two components: the fluorescent moiety DBF-
OH and a CES2-specific recognition group, the benzoyloxy group. The
fluorescent moiety DBF-OH emitted intense red fluorescence, whereas
the probe DBF-CES2 with a typical donor-n-acceptor (D-n-A) structure
emitted weak fluorescence. This weak fluorescence is likely due to the
conjugation of the benzoyloxy group with the hydroxyl group in the
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Fig. 2. (A) UV-vis absorption spectra of DBF-CES2 (10 pM), the reaction system and DBF-OH (10 pM). (B) Fluorescence spectra of DBF-CES2 (10 pM), the reaction
system and DBF-OH (10 pM); hex = 513 nm. (C) Fluorescence spectra of DBF-CES2 following the gradual addition of CES2; Aey = 513 nm. (D) Linear relationship
between fluorescence intensity (Igo) of DBF-CES2 and CES2 concentration (0-40 ng/mL); Aex = 513 nm.
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fluorophore, which can reduce the electron donor capacity, in turn
inhibiting the intramolecular charge transfer (ICT) process. To explore
the spectral performance of the probe in the presence of CES2, we
examined the ultraviolet absorption and fluorescence spectra of DBF-
CES2 incubated with CES2. As displayed in the ultraviolet absorption
spectrum of DBF-CES2 (Fig. 2a), the absorption was nearly unobserv-
able. However, after incubating with CES2, the maximum absorption
peak shifted to 520 nm, resulting in a new peak with a significantly
increased UV-visible absorption intensity. This new peak aligns with the
maximum absorption wavelength of the fluorescent moiety DBF-OH.
The fluorescence spectrum of DBF-CES2, depicted in Fig. 2b, was ac-
quired at an excitation wavelength of 513 nm. DBF-CES2 alone emitted
weak fluorescence, but upon the addition of CES2, a new fluorescence
emission peak emerged at 680 nm. This confirms the formation of a
substantial amount of the fluorescent group upon reacting with the
enzyme.

Subsequently, molecular docking simulations were conducted to
investigate the interaction between the probe DBF-CES2 and CES2. As
depicted in Fig. 3, DBF-CES2 formed one hydrogen bond with ARG147
in CES2, in addition to other weak interactions. This indicates a strong
binding affinity between the probe and CES2, further corroborated by a
low binding energy of —8.2 kcal/mol.

Before conducting all spectral experiments, we investigated the re-
action time. The results indicated that the fluorescence intensity of the
system increased over time, peaking at 40 min, and no significant in-
crease was observed at 60 min. Thus, 40 min was selected as the optimal
reaction time (Figure S7). The fluorescence intensity of DBF-OH
increased by approximately 22.6 times as the enzyme concentration
was increased (from O to 300 ng/mL) (Fig. 2¢). This effectively elimi-
nates the interference from the overlapped scattered spectra and self-
absorption, thereby enhancing the signal-to-noise ratio of the fluores-
cence image. Remarkably, the fluorescence intensity at 680 nm showed
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a strong linear relationship with the enzyme concentration, with
r = 0.9999 (Fig. 2d). The detection limit of the probe DBF-CES2 was as
low as 0.70 ng/mL, and its Stokes shift was also large with a value of
167 nm. Compared with the detection limits of other CES2 detection
probes (Table S1), the detection limit of DBF-CES2 is the lowest. Further,
the kinetics of the enzymatic reaction was investigated using the
Michaelis—Menten plot and Lineweaver—Burk plot. As shown in
Figure S8, Vmax = 102.77 uM min~! and Km = 4.0 yM. This demon-
strates its feasibility in the fluorescence detection of CES2.

3.2. Optimization of spectral properties of probe DBF-CES2, reaction
system, and fluorophore

To investigate its stability under prolonged excitation light irradia-
tion, the fluorescent probe DBF-CES2 was incubated with the sample for
extended periods, and its fluorescence intensity at 513 nm was
measured every 10 min. As shown in Figure S9, the fluorescence in-
tensity of the system was stable after 50 min of light exposure, with
negligible changes thereafter. The fluorescence intensity of both the
probe and the fluorophore remained stable under 50 min of being
exposed to the excitation light, which indicates the good photostability
of the system. With such stability, the probe is unlikely to easily
decompose into its fluorescent components, which is beneficial for long-
term biological fluorescence imaging applications.

To determine whether DBF-CES2 is suitable for biological detection
systems, its response to CES2 at various pH values and temperatures was
explored. As depicted in Figure S10, the fluorescence intensity was
highest at pH 7.4. Considering that the physiological pH is 7.4, this pH
was selected for the final test system. Comparing different temperatures
(25 °C, 30 °C, 37 °C, and 42 °C), the system exhibited the highest
fluorescence intensity at 37 °C, which aligns with the physiological
temperature of biological systems. Therefore, 37 °C was chosen as the
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Fig. 3. Molecular docking simulation results showing interactions between DBF-CES2 and CES2.
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optimal temperature for the final test system (Figure S11). These
optimal conditions align with the physiological environments, which
confirms that the method is suitable for subsequent biological experi-
ments. In summary, the optimal in vitro experimental conditions were 37
°C, pH 7.4, and 40-minute incubation time.

To evaluate the selectivity of DBF-CES2 towards CES2, 17 common
biological substances were tested, including cations, anions, amino
acids, and various enzymes. substances were added to a PBS solution
containing DBF-CES2, and the fluorescence intensities were measured.
As shown in Figure S12, only CES2 elicited a significant response to DBF-
CES2, which indicates that the probe has high selectivity and specificity
for CES2.

3.3. Cytotoxicity assessment

To explore the relationship between CES2 and normal, colitic, and
cancerous cell, this study utilized both normal intestinal cells and
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colorectal cancer cells for subsequent cellular experiments. Prior to
these experiments, the CCK-8 assay was employed to evaluate the
cytotoxicity of the normal intestinal cells and colorectal cancer cells to
ensure that the probe does not adversely affect cellular health. The
feasibility of using this probe in further cellular studies was assessed
thereafter. As indicated by the results shown in Figures S13 and S14,
after incubating normal intestinal cells and colorectal cancer cells with
DBF-CES2 at varying concentrations (0, 10, 20, 30, 50, and 100 uM) for
24 h, cell viability remained above 80 %. This demonstrates that even at
higher concentrations, the probe does not compromise cellular health,
validating its suitability for subsequent cellular imaging experiments.

3.4. Intracellular endogenous CES2 imaging

The probe DBF-CES2 was utilized to investigate the levels of
endogenous CES2 in different cell types. As illustrated in Fig. 4A and B,
NCM460 and SW620 cells cultured with DBF-CES2 exhibited red
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Fig. 4. (A) Sequential fluorescence imaging of DBF-CES2 (10 pM) in NCM460 cells, showing the progression of bright field, fluorescence and hoechst33342 images
over time (top to bottom). (B) Sequential fluorescence imaging of DBF-CES2 (10 pM) in SW620 cells, illustrating changes of bright field, fluorescence and
hoechst33342 images over time (top to bottom). (C) Averaged intracellular fluorescence intensity of NCM460 cells depicted in (B). (D) Averaged intracellular

fluorescence intensity of SW620 cells in (A).
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fluorescence. The fluorescence intensity increased over time and
reached a plateau at 90 min. This indicates the presence of CES2 in both
cell types and suggests that DBF-CES2 has good cell permeability and,
thus can penetrate the cell membrane and then enter the cells. Notably,
SW620 cells had higher fluorescence intensity, which is indicative of the
possible overexpression of CES2 in these cells. These results demonstrate
that the probe DBF-CES2 can effectively detect fluctuations in CES2
activity levels within cells and thus can be a valuable tool for monitoring
CES2 activity in living cells.

3.5. Detection of CES2 in inflammatory cells

As depicted in Fig. 5, SW620 cells were treated with various agents
including 5-FU (a CES2 inducer), the inhibitor LPA, and LPS, and the
effects of these agents on CES2 activity were studied. The treatment with
5-FU resulted in the highest fluorescence intensity, which is an indica-
tion of an increase in CES2 activity during this process. Conversely,
when SW620 cells were treated with LPA, the fluorescence intensity
decreased, which is suggestive of a reduction in CES2 content. Addi-
tionally, previous studies have reported a close relationship between
inflammation and CES2 production. Therefore, SW620 cells were also
treated with LPS. The treatment led to a notable decrease in fluorescence
signal, an indication of a significant reduction in CES2 expression and
activity in inflammatory cells. These results demonstrate that the probe
DBF-CES2 is highly sensitive to changes in intracellular CES2 activity
and thus has potential in the dynamic monitoring of CES2. The probe
DBF-CES2 can also aid in understanding biological activities related to
CES2 in organisms. Furthermore, due to its high sensitivity and speci-
ficity, DBF-CES2 can serve as a powerful diagnostic tool for
inflammation-related diseases and for offering insights into the regula-
tory mechanisms of CES2 under various pathological conditions.

3.6. Establishment and imaging of colitis and colorectal cancer mouse
models

Following the validation of its spectral properties and application in
detecting CES2 in cellular experiments, the probe DBF-CES2 had
excellent spectral performance, which made it a beneficial imaging tool.
To further explore the probe’s capability in in vivo detection of CES2 in
colitis and colorectal cancers, mouse models for the two cancer
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conditions were established. As shown in Fig. 6 A and 6B, a gradual
decline in mouse body weight was observed during the development of
colonic inflammation. The treatment of the condition with mesalazine
and Coptis chinensis water led to the recovery of body weight to a varying
degree as the colitis gradually improved.

To validate the differences in CES2 expression among colitis, colo-
rectal cancer, and normal mice, the probe was injected into the mice.
Based on the results depicted in Fig. 6C, D, and E, compared to normal
mice, the CES2 expression in the colorectal cancer mice was higher
whereas that in colitis mice was lower. Additionally, tissue section ex-
periments were conducted to further verify the successful establishment
of the models. This provides effective strategies for treating the mouse
model of colitis using traditional Chinese medicine like Coptis chinensis
water and Western medicine like mesalazine. The results from in situ
imaging of the Coptis chinensis water treatment group showed a trend
toward fluorescence recovery. Anatomical images of organ tissue sec-
tions showed some blank areas compared to normal colon staining;
however, the numbers of these areas were significantly lower compared
to the inflammation model. This demonstrates the effectiveness of the
Coptis chinensis water treatment. Similarly, the mesalazine treatment
group also showed a trend toward fluorescence recovery, according to
the in situ imaging. Tissue sections of the treated organs also showed a
reduction in blank areas compared to the inflammatory model, which
confirms the effectiveness of the mesalazine treatment. These observa-
tions are consistent with the aforementioned results on body weight
recovery, which strongly suggests that our probe can effectively validate
the trends in CES2 expression in colitis and colorectal cancer mouse
models and assess the therapeutic effects of the two treatments
(Figure S15).

4. Conclusions

In this study, an organic small molecule fluorescent probe, DBF-
CES2, was designed and developed for the detection of CES2 activity.
The probe DBF-CES2 could specifically recognize CES2, which then
triggers the release of the fluorescent moiety DBF-OH, causing the
enhancement of the ICT effect, in turn emitting red fluorescence light
(Aem=680 nm). The probe had a large Stokes shift (167 nm), high
selectivity and sensitivity, and good biocompatibility. Cellular imaging
experiments demonstrated that CES2 expression levels in colorectal
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Fig. 5. (A) SW620 cells under different treatments (from left to right): Cells treated with 5-FU (1 mM) for 1 h followed by DBF-CES2 (10 pM) for 90 min; cells treated
with LPA (1 mM) for 1 h followed by DBF-CES2 (10 pM) for 90 min; cells treated only with DBF-CES2 (10 uM) for 90 min; and cells treated with LPS (1 pg/mL) for
16 h followed by DBF-CES2 (10 pM) for 90 min. (B) The corresponding averaged intracellular fluorescence intensity of cells in (A).
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Fig. 6. (A) Schematic diagram showing the establishment of inflammation model and subsequent treatments. (B) Mouse body weight data: G1 represents the body
weight during the model establishment process, G2 represents the body weight after treatment with mesalazine, and G3 represents the body weight after treatment
with Coptis chinensis water. (C) Images of subcutaneous colorectal cancer tumors in mice. (D) In situ images and anatomical images of organs for the control group,
with (d) showing the H&E staining of the colon pathology. (E) In situ images and anatomical images of organs for the IBD group, with (e) showing the pathology of
the colon. (F) In situ images and anatomical images of organs for the traditional Chinese medicine Coptis chinensis water treatment group, with (f) showing the
pathology of the colon. (G) In situ images and anatomical images of organs for the Western medicine mesalazine treatment group, with (g) showing the pathology of

the colon.

cancer cells were higher than those in normal cells, and the DBF-CES2
probe could specifically target endogenous CES2 in colorectal cancer
cells; thus, it could easily distinguish between cancerous and normal
cells. In vivo imaging of mice showed that the probe could easily
differentiate between colitis and colorectal cancer and was able to assess
the therapeutic effects of two drugs. Overall, the synthesized CES2-
targeting organic small molecule fluorescent probe DBF-CES2 is a new
molecular tool that can be employed for the early diagnosis of diseases
related to colitis and colorectal cancer. It holds a significant potential in
clinical diagnostics.
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