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Isosinensetin attenuates the growth of colorectal cancer 
cells by targeting the USP10/c-Myc signaling pathway
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Abstract: Objectives: To investigate the effects of Isosinensetin (ISNT) on colorectal cancer (CRC) progression and 
explore its potential molecular mechanisms. Methods: Cell proliferation was evaluated using the MTT assay; colony 
formation ability was assessed via plate clone formation assays; Transwell migration and invasion assays were 
used to determine cell migration and invasion capacity. Cancer cell stemness was analyzed by a tumor spheroid 
formation assay. Subcutaneous tumor-bearing mouse experiments were performed to observe tumor growth in vivo. 
Real-time fluorescence quantitative PCR (qPCR) and Western blot analyses were used to examine gene and protein 
expression. Pull-down assays, luciferase reporter assays, and ubiquitination assays were employed to study protein 
interactions and degradation pathways. Results: ISNT significantly inhibited the proliferation, migration, invasion, 
and stemness of CRC cells in vitro. In the mouse tumor model, ISNT suppressed tumor growth. Mechanistically, ISNT 
reduced the transcriptional activity of ubiquitin-specific peptidase 10 (USP10), thereby promoting USP10-catalyzed 
ubiquitination and subsequent degradation of the MYC proto-oncogene (c-Myc). Conclusions: ISNT effectively inhib-
its CRC progression by suppressing cell proliferation, migration, invasion, and stemness. The underlying mechanism 
involves downregulation of USP10 transcriptional activity, leading to c-Myc ubiquitination and degradation.
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Introduction

Worldwide, colorectal cancer (CRC) accounts 
for approximately 10% of all cancer diagnoses 
and cancer-related deaths, ranking second in 
global cancer mortality and third in incidence 
[1]. Projections indicate that by 2035, 2.5 mil-
lion new CRC cases will be reported globally  
[2]. Despite advancements in CRC therapies, 
unmet clinical needs persist [3], underscoring 
the critical importance of developing new, safe, 
and effective drug molecules for adjunctive 
CRC treatment.

Ubiquitin-specific peptidase 10 (USP10) medi-
ates diverse physiological and metabolic func-
tions. It deubiquitinates and stabilizes p53 in 
response to DNA damage [4], activates AMP-
activated protein kinase alpha 1 (AMPK) during 
energy deficiency [5], enhances autophagy by 
stabilizing Beclin1 [6], and maintains the stabil-
ity of the notch receptor 1 intracellular domain 
(NICD1) in endothelial cell angiogenesis [7]. 
USP10’s role in cancer is context-dependent: it 

acts as a tumor suppressor in gastric [8] and 
intestinal adenocarcinomas [9], yet promotes 
oncogenic activity in prostate, breast, and 
acute myeloid leukemia [10]. However, its  
specific involvement in CRC remains poorly 
understood.

Screening drug molecules from natural prod-
ucts is a modern strategy in drug development 
[11, 12]. For example, dimethyl fumarate (DMF), 
derived from the methyl ester of natural fumar-
ic acid (a tricarboxylic acid cycle intermediate), 
and SFX01, developed from natural sulfora-
phane, are under clinical evaluation for various 
diseases. Pentacyclic triterpenoids like bardox-
olone methyl (RTA 402) and omaveloxolone 
(RTA 408) are in clinical trials for chronic kidney 
disease, type 2 diabetes, and pulmonary arte-
rial hypertension [11, 12]. Polymethoxyflavones 
(PMFs), abundant in citrus species, exhibit 
diverse pharmacological activities, including 
anti-tumor [13], anti-inflammatory, [14] anti- 
mutagenic [15], antiviral [16], antioxidant [17], 
and antihypertensive effects [18]. Isosinensetin 
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(ISNT), a PMF, has been studied for its anti-
tumor, anti-fibrotic, antioxidant, and anti-dia-
betic properties [17, 19, 20]. However, its 
impact on CRC and regulation of the USP10/c-
Myc signaling pathway remain underexplored.

This study aims to investigate the anti-tumor 
effects of ISNT in CRC cells and a mouse sub-
cutaneous xenograft model, and to elucidate 
its interaction with the USP10/c-Myc signaling 
pathway. These efforts seek to provide experi-
mental and theoretical support for ISNT’s 
potential clinical application in CRC therapy.

Materials and methods

All experimental procedures adhered strictly to 
the ARRIVE guidelines and were performed in 
compliance with relevant regulations.

Cells

The human colorectal cancer (CRC) cell lines 
HCT 116 (CL-0096), RKO (CL-0196) and SW620 
(CL-0225) were kindly provided by Wuhan 
Pricella Biotechnology Co.,Ltd. Cells were cul-
tured respectively in McCoy’s 5A, MEM and 
Leibovitz’s L-15 media, with 10% fetal bovine 
serum from Israel BioIndustries (BI) and 1% 
penicillin-streptomycin solution (PS, 100×) 
added to the media. The media were supplied 
by Muellerunbio in Dalian, China. The cultures 
were kept in a humidified 5% CO2 environment 
during incubation at 37°C. Experiments were 
carried out after the mycoplasma test was 
negative.

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-2H-
tetrazolium bromide (MTT) assay

In order to conduct the experiment, 2.0×103 
cells of HCT116 cell line and 3.0×103 cells of 
RKO/SW620 cell lines were added to each well 
of a 96-well plate in a volume of 100 μL. Various 
concentrations of Isosinensetin (ISNT, the high-
est concentration was 50 μm, which was suc-
cessively diluted by 2-fold gradient) were 
administered twenty-four hours after planting. 
After the treatment for 72 hours, 10 μL of MTT 
solution (5 mg/mL, MCE, HY-15924) was 
applied to every well. Dimethyl sulfoxide (DMSO, 
100 μL) was used to dissolve the formazan 
crystals after four hours of incubation, after 
which the liquid above the crystals was discard-
ed. Thermo Fisher Scientific’s Multiskan FC 

microplate reader was used to measure the 
absorbance at 490 nm.

Colony formation assay

1,000 cells of HCT116, RKO or SW620 were 
added to each well of a 6-well plate. The medi-
um was changed every 3 days and the final con-
centration of ISNT was 0, 10, 20 and 40 µm. In 
order to fix the cells, the cells were washed 
twice with phosphate-buffered saline (PBS) 
after 14 days and then exposed to 4% parafor-
maldehyde for 15 minutes. After staining the 
colonies with 0.1% crystal violet for 15 min-
utes, photographs were taken.

Cell migration and invasion

Transwell plates with 24-wells were used to 
evaluate migration and invasion. The upper sur-
faces of the transwell insert porous mem-
branes were either coated with Matrigel (BD 
Bioscience) or left uncoated. About 200 μL of 
serum-free medium mixed with 0, 10, 20 and 
40 µm ISNT respectively and 5×104 HCT116, 
RKO or SW620 cells were placed in the upper 
chambers. The lower wells were filled with 0.5 
mL of medium containing 20% FBS as a che-
moattractant. Following a 24-hour incubation 
period, the cells that did not migrate to the 
upper side of the membrane were carefully 
eliminated. Afterwards, a 0.1% crystal violet 
solution from Amresco was used to fix and stain 
the remaining cells on the lower side.

Quantitative PCR (qPCR)

RNA was extracted from HCT116 and RKO cells 
using Trizol Reagent (Yeasen, China) and con-
verted into cDNA using Hifair®III 1st Strand 
cDNA Synthesis Kit. An experiment utilizing 
2×SYBR Green Premix PCR Master Mix (Bimake, 
USA) was performed using a LightCycler®480 
(Roche, Switzerland) equipment for real-time 
PCR. The 2-ΔΔCt technique was used to calcu- 
late the expression levels of the target genes, 
which were normalized to GAPDH. The primer 
sequence is listed in Table 1.

Western blotting

After protein concentration was determined 
using the Bicinchoninic Acid Assay (BCA) detec-
tion kits (Beyotime, China), equal amounts of 
protein lysates were resolved on 10% sodium 



Pharmacological research of anti-cancer natural product

210	 Int J Clin Exp Med 2025;18(8):208-219

dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) gels and transferred to PVDF 
membranes. After blocking the membranes 
with 5% skim milk powder, the membranes 
were incubated with primary antibodies includ-
ing anti-c-Myc (Cell Signaling, #5605), anti-
USP10 (Proteintech, 67917-1-Ig), anti-Ubiquitin 
(Cell Signaling, #3936), anti-CD44 (Protein- 
tech, 15675-1-AP), anti-CD133 (Cell Signaling, 
#64326), anti-OCT4 (Abcam, ab19857), anti-
Nanog (Abcam, ab109250) and anti-β-actin 
(Proteintech, 66009-1-Ig, used as a control) at 
4°C overnight. Then, they were incubated with 
a secondary antibody (1:8000, KPL, 5220-
0336) at room temperature for 2 hours. 
Detection of protein bands was performed 
using a chemiluminescent WB luminol reagent 
provided by Santa Cruz Biotechnology, USA.

Sphere-formation assay

The development of tumor spheres was exam-
ined by seeding HCT116, RKO and SW620  
cells into 96-well ultralow attachment plates 
(Corning) at a density of 500 cells per well. For 
this reason, a specific tumorsphere medium 
was utilized, which contained 20 ng/mL of epi-
dermal growth factor, 10 ng/mL of basic fibro-
blast growth factor, 5 μg/mL of insulin, 0.4% 
bovine serum albumin, and DMEM/F12. After 3 
days, the tumorspheres that had formed were 
subjected to different concentrations of ISNT 
(10, 20 and 40 µm) for another 72 hours. 
Changes in the morphology and number of 
spheres were meticulously documented.

Mouse xenograft models

Female athymic nude mice (BALB/c, Charles 
River; aged six to eight weeks) were purchased 
from Academy of Military Medical Sciences, 
(Beijing, China) and housed in sterile isolator 
cages in a SPF BSL-2 facility. The environment 
was maintained at 24±1°C, 50±10% humidity, 
and a 12-h light cycle. Mice received auto-
claved food, water, and bedding, with cages 
changed three times weekly. All animal experi-

ments were performed in accordance with the 
guidelines of the Institutional Animal Care and 
Use Committee (IACUC) of Xingtai Central 
Hospital (Approval number: XTZXYY-SYDWLL- 
2023-1221).

The mice were utilized for the subcutaneous 
injection of 5×106 HCT116 cells. When the 
tumor reached 80 to 100 mm3, the animals 
were randomly divided into three groups of five 
mice each. Intraperitoneal injection of ISNT at 
100 and 200 mg/kg was performed every day, 
while control group was injected with distilled 
water. Measurements of tumor dimensions 
were taken every three days using a vernier 
caliper, and the volumes of the tumors were 
estimated using the equation V=1/2 × length × 
width2. The weight of the mice was weighed and 
recorded every day. After 16 days, the mice 
were humanely euthanized by CO2 inhalation, 
and the tumors were carefully removed and 
documented through photography.

Hematoxylin and Eosin (H&E) stain

The tissues were fixed with paraformaldehyde, 
embedded in paraffin, and sectioned into 5 µm 
slices. The slices were dewaxed in xylene and 
hydrated in 100%, 95%, 85%, and 75% ethanol 
for 5 minutes each. After being washed twice 
with PBS, the slices underwent hematoxylin 
and eosin staining (Beyotime). Subsequently, 
the slices were cleared through 75%, 85%, 
95%, and 100% alcohol and xylene, air-dried, 
and mounted with neutral resin.

Pull-down assay

In order to prepare the HCT116 cell lysates for 
the assay, a lysis solution (20 mM Tris-HCl -pH 
7.4, 150 mM NaCl, 10% glycerol, 0.5% NP-40, 
and 1X NaF) was mixed with 1X cocktail 
(Yeasen) and PMSF (Solarbio) protease inhibi-
tors. The supernatant was left to incubate with 
2 µg of c-Myc antibody overnight at 4°C after 
centrifugation at 12,000 rpm for 15 minutes. 
After that, the lysate and antibody combination 

Table 1. Human qPCR primer pairs
Gene Forward Reverse
GAPDH GTTTCTATAAATTGAGCCCGCAG CGACCAAATCCGTTGACTCC
c-Myc CCTGGTGCTCCATGAGGAGAC CAGACTCTGACCTTTTGCCAGG
USP10 AAATGCCACCGAACCTATCGGC CAGCCATTCAGACCGATCTGGA
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were incubated for 2 hours before pre-washed 
magnetic beads were added. A buffer contain-
ing 20 mM Tris-HCl (pH 7.4), 150 mM NaCl, 
10% glycerol, and 0.1% Triton X-100 was used 
to wash the beads many times after incubation. 
Afterwards, the beads were mixed with SDS-
PAGE sample loading buffer (2X), subjected to a 
10-minute heating cycle at 95°C, and finally, 
the mixture was spun at 12,000 rpm for an 
additional 10-minutes period in order to collect 
the supernatant for SDS-PAGE examination. 
The target proteins were located using Liquid 
Chromatography Tandem-mass Spectrometry 
(LC-MS/MS, Fusion). The statistical data are 
shown as the mean plus or minus the standard 
deviation, and the significance levels are 
***P<0.001, **P<0.01, *P<0.05 (Student’s 
t-test).

Statistical analysis

A completely randomized design was adopted, 
and the cells were divided into 4 groups: the 
control group (DMSO), the low-dose Isosinen- 
setin group (10 μM), the medium-dose group 
(20 μM), and the high-dose group (40 μM), with 
n=3 in each group (the experiment was inde-
pendently repeated 3 times). All data were 
recorded as mean ± SD. Student’s t-test was 
used for comparison between groups. The con-
trol group was normalized and the percentage 
of the experimental group to the control group 
was calculated. In the animal experiment, mice 
were randomly divided into 3 groups, with 5 
mice in each group for the experiment. The 
data were processed as the mean ± SD, and 
the components were tested by t-test. 
Differences were considered significant when 
the p value was less than 0.05. (*P<0.05, 
**P<0.01, ***P<0.001). The SPSS 18.0 and 
GraphPad Prism 19.5.1 were used to perform 
statistical analysis.

Results

ISNT inhibits CRC cell growth in vitro

Isosinensetin (ISNT), a polymethoxyflavone 
found in various citrus species, exhibits potent 
anti-tumor activity. As shown in Figure 1A, its 
chemical structure was characterized. Following 
treatment with increasing doses of ISNT for 72 
hours, HCT116, RKO, and SW620 cell growth 
was significantly inhibited in a dose-dependent 
manner, with IC50 values of 12.76 µM, 14.06 

µM, and 14.27 µM, respectively (Figure 1B). 
Microscopic analysis revealed marked morpho-
logical alterations in cells treated with 10, 20, 
and 40 µM ISNT compared to the control group 
(Figure 1C). Colony formation assays further 
confirmed that these concentrations of ISNT 
suppressed cell proliferation (Figure 1D). 
Collectively, these results demonstrate that 
ISNT potently inhibits CRC cell growth in vitro.

ISNT impairs CRC cell migration and invasion 
in vitro

To assess the impact of ISNT on CRC cell motil-
ity, transwell assays with and without Matrigel 
were performed using HCT116, RKO, and 
SW620 cells. Results showed a dose-depen-
dent reduction in migration capacity compared 
to untreated controls (Figure 2A-D). Invasion 
assays similarly revealed that 10, 20, and 40 
µM ISNT significantly attenuated cell invasive 
potential (Figure 2E-H). These findings indicate 
that ISNT suppresses both migration and inva-
sion of CRC cells.

ISNT reduces CRC cell stemness in vitro

Growing evidence highlights the role of cancer 
stem cell (CSC) stemness in CRC recurrence, 
metastasis, drug resistance, and poor progno-
sis [21, 22]. To investigate ISNT’s effect on CSC 
properties, tumor sphere formation assays 
were conducted. Treatment with 10, 20, and 40 
µM ISNT disrupted tumor sphere formation and 
reduced sphere numbers in a dose-dependent 
manner across HCT116 (Figure 3A), RKO 
(Figure 3B), and SW620 (Figure 3C) cell lines 
(Figure 3D). Western blot analysis confirmed 
that ISNT downregulated expression of CSC 
biomarkers (Figure 3E, 3F). These results sug-
gest that ISNT diminishes CRC cell stemness.

ISNT suppresses CRC tumor growth in vivo

A subcutaneous tumor xenograft model in nude 
mice was used to evaluate ISNT’s anti-tumor 
efficacy in vivo. HCT116 cells were inoculated 
subcutaneously into 6-8-week-old nude mice, 
and once tumors reached 80-100 mm3, mice 
were randomized into three groups: vehicle 
control, 100 mg/kg ISNT, or 200 mg/kg ISNT 
(intraperitoneal injection daily). Tumor dimen-
sions were measured every 3 days. After 16 
days, mice were euthanized, and tumors were 
excised for weight and imaging analysis. Body 
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Figure 1. ISNT inhibits the growth of CRC cells in vitro. A: Chemical structure of ISNT. B: The IC50 values for HCT116, 
RKO and SW620 cells were measured after 72 hours of treatment with different doses of ISNT. C: Photos showing 
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HCT116, RKO and SW620 cells treated with different doses of ISNT for 72 hours. Scale bars represent 100 μm. D: 
Analysis of colony formation in cells treated with varying concentrations of ISNT. Compared with the control group 
(ISNT of 0 µm), ***P<0.001, **P<0.01, *P<0.05.
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weight remained stable across all groups 
(Figure 4A), while both tumor volume and 
weight were significantly reduced in ISNT-
treated groups compared to controls (Figure 
4B-D). Histological analysis via HE staining of 
liver and kidney tissues revealed no pathologi-
cal changes in ISNT-treated mice relative to 
controls (Figure 4E), confirming the lack of hep-
atorenal toxicity. These data demonstrate that 
ISNT effectively inhibits CRC tumor growth in 
vivo without systemic toxicity.

ISNT downregulates USP10 and promotes c-
Myc degradation

To explore the molecular mechanism, we 
focused on c-Myc, a key transcription factor 
linked to CRC cell growth, proliferation, metas-
tasis, and stemness [23, 24]. Western blot and 
RT-qPCR analyses, combined with pull-down 
assays, revealed that ISNT reduced c-Myc pro-
tein expression in a dose-dependent manner 
(Figure 5A) without altering mRNA levels (Figure 
5B) in HCT116 cells. Pull-down assays using a 
c-Myc antibody showed diminished interaction 
with the deubiquitinating enzyme USP10 in 
ISNT-treated cells, particularly at 20 µM (Figure 
5C) [25, 26]. Western blot and RT-qPCR con-
firmed that ISNT downregulated USP10 expres-

sion at both protein and mRNA levels (Figure 
5D, 5E). Luciferase reporter assays demon-
strated that ISNT significantly inhibited USP10 
promoter activity (Figure 5F). Pre-treatment 
with the proteasome inhibitor MG132 abrogat-
ed ISNT-induced c-Myc degradation (Figure 
5G), while ubiquitination assays showed that 
ISNT enhanced c-Myc ubiquitination (Figure 
5H). Collectively, these findings indicate that 
ISNT suppresses USP10 transcription, promot-
ing c-Myc ubiquitination and proteasomal deg-
radation to exert its anti-CRC effects.

Discussion

Isosinensetin (ISNT), a natural polymethoxyfla-
vone, exhibits diverse pharmacological activi-
ties across multiple disease contexts. For 
instance, it inhibits osteoclastogenesis by 
reducing reactive oxygen species, alleviating 
estrogen-deficiency-induced osteoporosis in 
mice and positioning itself as a potential thera-
peutic agent for osteoporosis [27]. In anti-
inflammatory research, ISNT mitigates Parti- 
culate Matter 2.5 (PM2.5)-induced damage to 
human bronchial epithelial cells, underscoring 
its protective effects against environmental 
stressors [28]. Flavonoids, a broader class of 
compounds including ISNT, are well-estab-

Figure 2. ISNT inhibits the migration and invasion of CRC cells in vitro. Cell migration assays for (A) HCT116, (B) RKO 
and (C) SW620 cells treated with different concentrations of ISNT. Scale bars represent 100 μm. (D) Statistics of the 
number of migrating cells in the three cell lines. Transwell assays performed on (E) HCT116, (F) RKO and (G) SW620 
cells treated with various concentrations of ISNT. Scale bars represent 100 μm. (H) Statistics of the number of inva-
sive cells in the three cell lines. Compared with the control group (ISNT of 0 µm), ***P<0.001, **P<0.01, *P<0.05.
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lished for their anticancer mechanisms, such 
as scavenging free radicals, inhibiting tumor 

cell proliferation, and inducing apoptosis [13, 
29]. However, despite these insights, ISNT’s 

Figure 3. ISNT inhibits the stemness of CRC cells in vitro. A: Representative images of tumor spheres in HCT116 
control and ISNT-treated groups. B: Representative images of tumor spheres in RKO cells treated with different 
concentrations of ISNT. C: Representative images of tumorsphere formation in SW620 cells exposed to distinct 
concentrations of ISNT. Scale bars represent 100 μm. D: Statistics on the number of tumor microspheres formed 
in three cell lines. E-G: Western blot analysis of protein expression of tumor stem cell markers after ISNT treatment. 
Compared with the control group (ISNT of 0 µm), ***P<0.001, **P<0.01.
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direct anticancer effects in colorectal cancer 
(CRC) have remained underexplored.

The development of CRC involves complex, 
multigene, multistep processes, with dysregu-
lated signaling pathways like Notch and microR-
NAs (miRNAs) playing pivotal roles in tumor pro-
gression [30]. Current treatment strategies 
primarily rely on chemotherapy (e.g., 5-fluoro-
uracil [5-FU] and combination regimens like 
FOLFOX, FOLFIRI, and CAPOX) and targeted 
therapies (e.g., EGFR inhibitors cetuximab/
panitumumab and VEGF inhibitor bevacizum-
ab). While chemotherapy has improved out-
comes, it is limited by systemic toxicity, poor 

selectivity, and acquired resistance. Targeted 
therapies offer precision but similarly face  
challenges like drug resistance, highlighting  
the need for novel adjunctive treatments.

This study is the first to systematically investi-
gate ISNT’s anti-CRC activity using integrated  
in vitro and in vivo approaches. MTT assays 
revealed that increasing concentrations of ISNT 
dose-dependently reduced viability in HCT116, 
RKO, and SW620 cells, indicating potent inhibi-
tion of proliferation. Transwell migration and 
invasion assays further demonstrated that 
ISNT suppresses metastatic potential in these 
cell lines, collectively establishing its efficacy 

Figure 4. ISNT inhibits the pro-
liferation of CRC cells in vivo. A: 
Body weight of the test animals. 
B: Average tumor volume (mm3). 
C: Representative image of the 
tumors. D: Weight of the tu-
mors. Compared with the control 
group, ***P<0.001, **P<0.01. 
E: Representative images of HE 
staining of livers and kidneys in 
each group. Scale bars repre-
sent 100 μm.
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against key oncogenic phenotypes. In vivo, 
intraperitoneal injection of ISNT in tumor-bear-
ing nude mice significantly reduced tumor vol-
ume and weight, with no observed systemic 
toxicity. Notably, ISNT also disrupted tumor 
sphere formation in a dose-dependent manner, 
suggesting suppression of cancer stem cell 
(CSC) properties.

To uncover the molecular basis of ISNT’s 
effects, Western blotting and RT-qPCR revealed 
that ISNT reduces c-Myc protein expression 
without altering mRNA levels, implying post-
translational regulation. Pull-down assays 
linked c-Myc destabilization to reduced interac-
tion with the deubiquitinase USP10. Further 
analyses confirmed that ISNT downregulates 

Figure 5. ISNT down-regulated USP10 and induced degrdation of c-Myc. A: WB analysis of c-Myc expression after 
treatment with different concentrations of ISNT. B: RT-qPCR analysis of c-Myc mRNA levels in HCT116 cells post-
ISNT treatment. C: Proteomic reactivity profiles for HCT116 cell lysates in control and ISNT-treated groups. D: WB 
analysis of USP10 expression after treatment with different concentrations of ISNT. E: RT-qPCR analysis of USP10 
mRNA levels in HCT116 cells post-ISNT treatment. F: The changes of ISNT-induced luciferase activity in the USP10 
promoter in HCT116 cells. G: Treatment with MG132 (10 μM) showed that ISNT could rescue c-Myc expression. H: 
Western blot analysis of ubiquitin accumulation on c-Myc protein in DMSO and ISNT-treated groups. Compared with 
the control group (ISNT of 0 µm), ***P<0.001, **P<0.01, n.s. No statistical difference.
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USP10 at both the transcriptional and transla-
tional levels, enhancing c-Myc ubiquitination 
and proteasomal degradation. These findings 
establish a novel mechanism whereby ISNT 
inhibits CRC progression by suppressing 
USP10-mediated c-Myc stabilization.

This study provides the first evidence of ISNT’s 
anti-CRC activity, highlighting its potential as a 
natural product-based therapeutic. By target-
ing the USP10/c-Myc axis, ISNT offers a promis-
ing strategy to combat proliferation, metasta-
sis, and stemness in CRC. However, additional 
research is needed to fully characterize its 
safety profile, optimize dosing regimens, and 
explore combinations with existing therapies. 
Future studies should also investigate whether 
ISNT regulates other CRC-relevant pathways 
(e.g., Notch, Wnt/β-catenin) and validate its 
efficacy in preclinical models representing 
diverse CRC subtypes. Collectively, these find-
ings lay a foundation for advancing ISNT toward 
translational research in oncology.
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