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Abstract
Background Gliclazide is a potential anti-cancer drug candidate for preventing carcinogenesis. However, the effect of gli-
clazide on colitis-associated colorectal cancer remains unknown.
Aims We aimed to evaluate whether gliclazide plays a protective role in colitis-associated colorectal cancer and the underly-
ing molecular mechanism.
Methods The administration of azoxymethane (AOM) followed by dextran sulfate sodium (DSS) aimed to induce colitis-
associated colorectal cancer in mice. C57BL mice were gavaged with gliclazide (6 mg/kg by gavage 5 days a week) for 
12 weeks immediately following AOM administration. After sacrificing the mice, colon tissues were measured for tumor 
number and tumor burden. The proliferation- and inflammation-related molecular mechanisms were explored.
Results The administration of gliclazide significantly reduced the tumor number and tumor burden in mice. Cell proliferation 
decreased in the gliclazide group compared with the control group, as indicated by reduced Ki-67 expression. Furthermore, 
gliclazide alleviated colonic inflammation, significantly decreased pro-inflammatory factor TNF-α levels and increased 
anti-inflammatory factor IL-10 levels in vivo. In vivo and vitro, it was shown that gliclazide increased the level of phospho-
AMPK (p-AMPK) and inhibited NF-κB activity. Further studies demonstrated that the inhibition of NF-κB activity induced 
by gliclazide was mediated by p-AMPK in vitro.
Conclusions Gliclazide effectively alleviated colonic inflammation and prevented colonic carcinogenesis in an AOM–DSS 
mouse model by modulating the AMPK-NF-κB signaling pathway. Thus, gliclazide holds potential as a chemopreventive 
agent for colitis-associated colorectal cancer.
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Introduction

Inflammatory bowel disease (IBD) is a chronic relapsing 
inflammatory disorder of the gastrointestinal tract, which 
mainly includes ulcerative colitis (UC) and Crohn’s disease 
(CD). The risk of colorectal cancer in patients with IBD is 
greatly increased compared to that in the general popula-
tion. This specific form of cancer is commonly referred to as 
colitis-associated colorectal cancer (CAC). The median time 
of malignant transformation is approximately 15–20 years 
[1]. Therefore, chemopreventive interventions are impor-
tant for the long-term management of this cancer. It is well 
known that glucocorticoid, mesalazine, and immunosuppres-
sive agents can be effective to induce or maintain inflamma-
tion remission [2]. However, there is still ongoing debate 
regarding the effectiveness of various agents in preventing 
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the transformation of colonic inflammation into cancer. Cur-
rently, the availability of well-established and safe agents for 
the prevention of CAC remains quite limited.

Gliclazide is a second-generation sulfonylurea that is 
widely used as a therapeutic drug for diabetes. Interest-
ingly, several recent studies have suggested that gliclazide 
can reduce colorectal cancer risk and mortality in patients 
with type 2 diabetes [3, 4]. It was reported that gliclazide 
decreased colorectal cancer incidence in patients with type 
2 diabetes, while other sulfonylureas increased the colorectal 
cancer incidence [3]. Moreover, it was reported that cancer 
mortality was markedly reduced in diabetic patients receiv-
ing gliclazide treatment compared with glibenclamide users, 
and none of the patients treated with gliclazide monotherapy 
died from cancer during the follow-up [4]. These results 
highlight the additional benefits of gliclazide beyond its 
primary role in reducing glucose levels. However, the effect 
of gliclazide on colonic inflammation-cancer transformation 
remains unknown. In the current study, we demonstrated that 
gliclazide significantly prevented CAC in mice by alleviat-
ing colonic inflammation and modulating the AMPK-NF-κB 
signaling pathway.

Materials and Methods

Mouse Model, Gliclazide Intervention Protocol, 
and Reagents

Colitis-associated carcinogenesis was established using an 
azoxymethane (AOM)-dextran sulfate sodium (DSS) mouse 
model. Male C57BL/6 mice (6 to 8-weeks-old) were injected 
intraperitoneally with 12.5 mg/kg AOM (Sigma, A2853) at 
the beginning of the experiment. One week later, 2.5% (w/v) 
DSS (MP Biomedicals, 160,110) was administered in drink-
ing water for five consecutive days. To evaluate the chemo-
preventive effect of gliclazide (MCE, S1702), the mice were 
divided into four groups for the study. Groups 1 and 2 served 
as controls, while groups 3 and 4 were used to induce CAC 
using AOM and DSS treatment. Immediately after AOM 
administration (0 week), the mice in groups 2 and 4 started 
to receive gliclazide at 6 mg/kg by gavage 5 days a week 
for 12 weeks. On the other hand, the mice in groups 1 and 3 
received the same amount of olive oil which is the vehicle 
for gliclazide (Fig. 1A). The mice were sacrificed at the end 
of week 12. The colons (from the ileocecal junction to the 
anal verge) and serum were collected and stored for subse-
quent assays. The number and size of the colonic neoplasias 
were recorded.

Colitis was established using the DSS mouse model. The 
male C57BL/6 mice (6 to 8-weeks-old) were administered 
2.5% DSS in drinking water for five consecutive days. The 
mice were divided into three groups. Colitis was induced in 

groups 2 and 3 by DSS treatment, but not for group 1, which 
served as a control. At the beginning of the experiment (day 
0), the mice in group 3 were treated with 4.29 mg/kg gli-
clazide by gavage for 7 days to evaluate the anti-inflamma-
tory effect of gliclazide, while the mice in groups 1 and 2 
received the same amount of olive oil (Fig. 2A). The mice 
were sacrificed on day 7. The colons (from the ileocecal 
junction to the anal verge) and serum were collected and 
stored for subsequent assays. Histological inflammation was 
analyzed and scored by an experienced pathologist who was 
blinded to the animal groups. This study was approved by 
the Experimental Animal Ethics Committee of the Second 
Hospital of Shandong University.

AOM and mouse monoclonal antibodies against β-actin 
were purchased from Sigma-Aldrich Corporation (St. Louis, 
MO, USA). DSS (molecular weight 36–50 kDa) was pur-
chased from MP Biomedicals (Santa Ana, CA, USA). Rab-
bit polyclonal antibody against Ki-67 was obtained from 
Abcam Co. Ltd (Cambridge, UK), rabbit polyclonal anti-
body against phospho-AMPK (p-AMPK) (Thr172) was 
obtained from Affinity Biosciences (Cincinnati, OH, USA), 
and rabbit polyclonal antibody against AMPK was obtained 
from Abclonal Technology (Woburn, MA, USA). Gliclazide 
was provided by MedChemExpress (MCE, NJ, USA). Com-
pound C, a specific AMPK blocker, was provided by Calbio-
chem (Ka Jolla, CA, USA).

Cell Culture

The human colon cancer cell lines SW480 was obtained 
from the American Type Culture Collection (ATCC). 
SW480 cells were cultured in Dulbecco’s modified Eagle’s 
medium/F12 (Hyclone) supplemented with 10% fetal bovine 
serum (Hyclone) and 1% penicillin–streptomycin solution 
(Hyclone). Cells were maintained at 37 °C, 95% humidity, 
and 5% carbon dioxide. The cells were seeded and incubated 
for 24 h for attachment. After the treatment with 1000 nM 
gliclazide (MCE, S1702) or control for 24 h or 48 h, the cells 
were collected for subsequent experiments.

Cell Proliferation Assay

Cell proliferation was evaluated using the Cell counting 
kit-8 (CCK8) assay following the manufacturer’s instruc-
tions. A total of  104 cells were seeded into each well of 
96-well plates. After 24 h, the medium was replaced with 
fresh medium containing serial dilutions of gliclazide 
(10–1000 nM). The cells were incubated at 37 °C for an 
additional 48 h. For the CCK8 assay, 10 μl of CCK8 (MCE, 
NJ, USA) solution was added per well. After 2 h, the absorb-
ance was detected at 450 nm using a microplate reader.
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RNA Isolation, Reverse Transcription, and Real‑Time 
PCR

Total RNA was isolated from mouse colon tissues or cells 
using Trizol reagent (Invitrogen). After treatment with 
DNase I, RNA was reverse transcribed into cDNA using 
the Thermo Scientific Maxima First Strand cDNA Synthe-
sis Kit. Real-time quantitative PCR was performed using 
a Bio-Rad PCR System. The relative levels of mRNA 
transcripts were normalized to GAPDH (glyceraldehyde-
3-phosphate dehydrogenase) expression. Primers for the 
mice were as follows: TNF-α forward, 5′-CCC TCA CAC 
TCA GAT CAT CTTCT-3′ and reverse, 5′-GCT ACG ACG 
TGG GCT ACA G-3′. IL-1β forward, 5′-GCA ACT GTT 
CCT GAA CTC AACT-3′ and reverse, 5′-ATC TTT TGG 

GGT CCG TCA ACT-3′. IL-10 forward, 5′-GCT CTT ACT 
GAC TGG CAT GAG-3′ and reverse, 5′-CGC AGC TCT AGG 
AGC ATG TG-3′. COX-2 forward, 5′-TTC AAC ACA CTC 
TAT CAC TGGC-3′ and reverse, 5′-AGA AGC GTT TGC 
GGT ACT CAT-3′. Ki-67 forward, 5′-ATC ATT GAC CGC 
TCC TTT AGGT-3′ and reverse, 5′-GCT CGC CTT GAT 
GGT TCC T-3′. AMPK forward, 5′-GTC AAA GCC GAC 
CCA ATG ATA-3′ and reverse, 5′-CGT ACA CGC AAA TAA 
TAG GGGTT-3′. GAPDH forward, 5′-AAC TTT GGC ATT 
GTG GAA GG-3′ and reverse, 5′-ACA CAT TGG GGG TAG 
GAA CA-3′. Primers for humans were as follows: AMPK 
forward, 5′-TTG AAA CCT GAA AAT GTC CTGCT-3′ and 
reverse, 5′-GGT GAG CCA CAA CTT GTT CTT-3′. GAPDH 
forward, 5′-AGC CAC ATC GCT CAG ACA C-3′ and reverse, 
5′-GCC CAA TAC GAC CAA ATC C-3′.
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Fig. 1  Gliclazide inhibited colon carcinogenesis in an AOM–DSS 
mouse model. A Experimental protocol and intervention schedule 
of gliclazide in the CAC mouse model as detailed in “Materials and 
Methods” section. The mice in groups 2 and 4 were gavaged with gli-
clazide immediately following AOM treatment until the mice were 
sacrificed, while the mice in groups 1 and 3 were gavaged with the 

same amount of olive oil. B Representative pictures of H&E staining 
of the mouse colon from the control and AOM–DSS groups. Scale 
bars represent 100  μm. C Representative macroscopic view of the 
mouse colon in each group. The formation of colonic tumor was eval-
uated as D tumor number and E tumor burden in each group. Data 
were presented as mean ± SD (n = 6–8). *P < 0.05
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Western Blot

First, cells were lysed in ice-cold lysis buffer supple-
mented with protease inhibitor cocktail and protein phos-
phatase inhibitor to extract total proteins. Protein concen-
tration was determined using a bicinchoninic acid assay 
kit (Applygen, Beijing, China), and the protein was boiled 
in 1 × SDS loading buffer. Lysates were separated by 10% 
sodium dodecylsulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred to polyvinylidene difluoride 
(PVDF) membranes. The membranes were blocked with 
5% non-fat dry milk for 1 h and then incubated overnight 
at 4 °C with primary antibodies against phospho-AMPK 
(p-AMPK) (Thr172) (Affinity Biosciences, 1:500), AMPK 
(ABclonal, 1:500), or β-actin (Sigma, 1:10,000). After 
three washes for 10 min, the membranes were incubated 
with a horseradish peroxidase-linked secondary antibody 

(Cell Signaling Technology) for 1 h. The signal was visu-
alized with ECL (Millipore).

Transient Transfection

SW480 cells in 6-well plates were transfected with siAMPK 
using 5 μl of Lipofectamine 2000 (Invitrogen) according to 
the manufacturer’s instructions. The siRNA targeting human 
AMPK and control siRNA were synthesized by GenePharma 
(Suzhou, Jiangsu, China). Following transfection, the cells 
were collected for RT-PCR and Western blotting as men-
tioned above, to ensure knockdown efficiency.

Luciferase Assay

SW480 cells in 24-well plates were transfected with wild-
type NF-κB luciferase reporter (200 ng) and pRL-TK (2 ng). 
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Fig. 2  Effect of gliclazide administration on inflammation after DSS 
induction. A Experimental protocol and intervention schedule of 
short-term gliclazide in DSS mouse model as detailed in “Materials 
and Methods” section. B Representative pictures of H&E staining of 
the mouse colon from colitis and colitis/gliclazide group. Scale bars 
represent 100 μm. C Histological inflammation scores of colon tissue 
were assessed in colitis and colitis/gliclazide groups. D The expres-

sions of TNF-α, IL-1β, IL-10, and COX-2 mRNA in the mouse colon 
were detected with real-time polymerase chain reaction. E The levels 
of pro-inflammatory cytokines (CCL20 and TNF-α) in mouse colon 
tissues were measured by ELISA. F The levels of anti-inflammatory 
cytokines (IL-10 and IL-13) in mouse colon tissues were measured 
by ELISA. Data were presented as mean ± SD (n = 5–8). *P < 0.05 
and **P < 0.01
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The transfection agent, Lipofectamine 2000 (Invitrogen), 
was incubated in serum-free medium for 20 min before 
being added to the cells and then incubated for an additional 
6 h. Following treatment with 1000 nM gliclazide for 24 h 
or 48 h, cellular lysates were collected for luciferase activity 
measurement using a Dual-Luciferase assay kit (Promega). 
All data were normalized using pRL-TK.

NF‑κB p65 Activity Assay

Colon tissues were subjected to nuclear-cytoplasmic frac-
tionation using a nuclear extraction kit (Cayman Chemical, 
Ann Arbor, Michigan, USA). Isolated nuclear protein frac-
tions were then used to assess the DNA-binding activity 
of NF-κB using a NF-κB (p65) transcription factor assay 
kit (Cayman Chemical) according to the manufacturer’s 
instructions.

Hematoxylin–Eosin (H&E) Staining 
and Immunohistochemistry

Mouse colon tissues were fixed in neutral buffered formalin 
for 24 h and then embedded in paraffin. Three-micron-thick 
tissue sections were cut and stained with H&E. Colon tis-
sue sections were dewaxed and rehydrated in xylene and 
graded concentrations of ethanol solutions, followed by anti-
gen retrieval and endogenous peroxidase activity block. The 
sections were incubated with primary antibodies, followed 
by incubation with the appropriate secondary antibodies. 
Anti-Ki-67 (Abcam, 1:1000) and anti-p-AMPK (Thr172) 
(Affinity Biosciences, 1:1000) antibodies were used as the 
primary antibodies. The sections were detected using Poly-
mer Detection System reagents (ZSGB-BIO Company, Bei-
jing, China) and DAB (ZLI-9019).

ELISA

ELISA (RayBiotech) was performed on the interstitial fluid 
of the colon to determine CCL20, TNF-α, IL-10, and IL-13 
levels according to the manufacturer’s recommendations. 
Relative levels of CCL20, TNF-α, IL-10, and IL-13 were 
determined by calculating their values based on the standard 
curve and subtracting the negative control signal.

Statistics Analysis

Statistical analysis was done with the GraphPad Prism 
statistical program. Data were analyzed by unpaired Stu-
dent’s t test between the two groups. Values are expressed 
as mean ± SD. Statistical significance was set at P < 0.05.

Results

Gliclazide Prevents Colon Carcinogenesis in AOM–
DSS Mouse Model

To study the effect of gliclazide on CAC, an AOM–DSS 
mouse model was established (Fig. 1A). H&E staining 
revealed that the majority of lesions observed in the 
mouse colon from the AOM–DSS and AOM–DSS/gli-
clazide groups were consistent with adenoma, high-grade 
intraepithelial neoplasia, or carcinoma in situ (Fig. 1B). In 
contrast, no abnormal findings were observed in the con-
trol and gliclazide groups. There was no difference at the 
histological level between the AOM–DSS and AOM–DSS/
gliclazide groups, or between the control and gliclazide 
groups. Colonic neoplasm was observed in the colon of all 
mice in the AOM–DSS and AOM–DSS/gliclazide groups, 
whereas no colonic neoplasm was found in the control and 
gliclazide groups (Fig. 1C). It was identified that the tumor 
number and the tumor burden were significantly reduced 
in the AOM–DSS/gliclazide group compared with the 
AOM–DSS group (Fig. 1D, E). Thus, the data indicated 
that the administration of gliclazide significantly reduced 
tumor formation induced by AOM–DSS in mice.

Gliclazide Alleviates DSS‑Induced Colitis 
and Decreases Pro‑inflammatory Factors Levels 
In Vivo

An increasing number of studies have shown that multiple 
sulfonylureas including gliclazide, glipizide, and gliben-
clamide play a role in anti-carcinogenesis by inhibiting 
inflammation, proliferation, and angiogenesis [5, 6]. To 
explore the effect of gliclazide on the stage of acute colitis, 
a DSS mouse model was first established, and then the 
mice were sacrificed 7 days following the initiation of gli-
clazide treatment (Fig. 2A). H&E staining highlighted sev-
eral lesions in the colitis group, including severe damage 
and necrosis of the intestinal glands, and congested blood 
vessels with diffuse inflammatory cell infiltration. Fur-
thermore, gliclazide administration significantly improved 
the histopathological presentation, characterized by intact 
lining of epithelial layers, mild submucosal edema, and 
mild inflammatory cell infiltration (Fig. 2B). In the control 
group, colon sections revealed a normal histopathologi-
cal structure. The histological inflammation score of the 
colitis/gliclazide group was significantly lower than that 
of the colitis group (Fig. 2C). Both pro-inflammatory and 
anti-inflammatory factor levels were determined to eluci-
date the mechanism by which gliclazide protects against 
DSS-induced colon injury. In our study, we detected 
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inflammatory factors (TNF-α, IL-1β, IL-10, CCL20, and 
IL-13) and COX-2 levels in colon tissues through Real-
time PCR and ELISA, which have been reported to be 
closely associated with the anti-inflammatory effect of 
gliclazide [7, 8]. We observed a decrease in mRNA and 
protein levels of the pro-inflammatory cytokine TNF-α, 
and an increase in levels of the anti-inflammatory cytokine 
IL-10 in colon tissue in the colitis/gliclazide group com-
pared to the colitis group. However, there were no sig-
nificant differences between the expression of IL-1β and 
COX-2 at the mRNA level and the expression of CCL20 
and IL-13 at the protein level (Fig. 2D–F). These results 
suggest that gliclazide has an anti-inflammatory effect in 
a DSS mouse model in vivo.

Gliclazide Reduces Cell Proliferation in AOM–DSS 
Mouse Model

To evaluate the effect of gliclazide on cell proliferation, we 
measured the Ki-67 mRNA expression level, a marker indic-
ative of proliferating cells. Gliclazide reduced the mRNA 
expression of Ki-67 in the mouse colon tissues (Fig. 3A). 
Ki-67 staining was also performed. We observed a signifi-
cant decrease in the Ki-67-posivtive rate within the adenoma 
region of the AOM–DSS/gliclazide group compared to the 

AOM–DSS group. However, no significant difference was 
observed in the non-adenoma region (Fig. 3B). In vitro, 
treatment with gliclazide (10–1000 nM) for 48 h in SW480 
cells resulted in a dose-dependent decrease in cell growth, as 
measured by the CCK8 assay (Fig. 3C). These data suggest 
that gliclazide inhibits the proliferation of colitis-associated 
colon cancer cell.

Gliclazide Regulates AMPK‑NF‑κB Signaling 
Pathway In Vitro

Gliclazide induces AMPK activation and inhibits vascu-
lar smooth muscle cell proliferation in a dose- and time-
dependent manner [9]. AMPK-NF-κB signaling participates 
in the pathogenesis of non-alcoholic fatty liver disease, non-
alcoholic steatohepatitis, and hepatocellular carcinoma by 
regulating proliferation, migration, and invasion [10, 11]. 
However, it is unknown whether gliclazide regulates AMPK-
NF-κB signaling in CAC. We observed that the level of 
p-AMPK was increased following the treatment with gli-
clazide for 24 h or 48 h in SW480 cells, whereas the total 
level of AMPK remained unchanged (Fig. 4A). Meanwhile, 
treatment with gliclazide effectively inhibited p65 NF-κB 
transcriptional activity in SW480 cells (Fig. 4B). Moreo-
ver, AMPK knockdown successfully rescued the inhibitory 

Fig. 3  Effect of gliclazide on cell proliferation of colonic epithelium 
in the AOM–DSS mouse model. A The expression of Ki-67 mRNA 
in colon tissues was measured with real-time PCR. B Ki-67 staining 
in colon tissues was performed with IHC analysis. Scale bars repre-

sent 100  μm. C SW480 cells were stimulated with gliclazide (10–
1000 nM) for 48 h. CCK8 assay was performed to detect cell prolif-
eration. Data were presented as mean ± SD (n = 5–8). *P < 0.05 and 
**P < 0.01
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effect of gliclazide on p65 NF-κB transcriptional activity in 
SW480 cells (Fig. 4C–E). Compound C, a specific blocker 
of AMPK, was used to suppress AMPK kinase activity. 
Treatment of SW480 cells with 10 μM compound C inhib-
ited AMPK phosphorylation, thereby blocking AMPK acti-
vation, and rescued the inhibitory effect of gliclazide on p65 
NF-κB transcriptional activity (Fig. 4F, G). This further sup-
ports that gliclazide regulates the AMPK-NF-κB signaling 
pathway in vitro.

Gliclazide Induces AMPK Phosphorylation 
and Inhibits NF‑κB Activity In Vivo

To confirm whether gliclazide activates AMPK and inhibits 
NF-κB in vivo, we assessed the mRNA level of AMPK using 
real-time PCR, protein levels of p-AMPK using immuno-
histochemistry (IHC), and NF-κB activity using an NF-κB 

activity assay in colon tissues. No significant difference 
was observed in the mRNA levels of AMPK between the 
AOM–DSS and AOM–DSS/gliclazide groups (Fig. 5A). 
However, IHC analysis demonstrated that gliclazide notably 
increased p-AMPK levels in vivo (Fig. 5B). NF-κB activity 
significantly decreased in the AOM–DSS/gliclazide group 
compared with the AOM–DSS group (Fig. 5C). These find-
ings suggest that gliclazide prevented colitis-associated 
colon carcinogenesis by inducing phosphorylation of AMPK 
and inhibiting NF-κB activity in vivo.

Discussion

IBD patients carry an increased risk for the development 
of colorectal cancer (CRC), especially those with a greater 
duration and those with extensive amounts of inflammation. 
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Pro-inflammatory effects play a crucial role in the trans-
formation of colonic inflammation into cancer. As shown 
in an animal mouse model, the inhibition of COX-2 and 
NF-κB signaling contributed to the prevention of CAC [12]. 
It has been reported that gliclazide inhibited tumor necro-
sis factor (TNF) production and inhibited TNF bioactivity 
and immunoreactivity in mouse serum [13]. Furthermore, 
gliclazide prevents 5-FU-induced oral mucositis by inhibit-
ing NF-κB signaling and decreasing the levels of TNF-α 
and IL-1β [7]. For the first time, we found that gliclazide 
significantly decreased tumor number and tumor burden in 
an AOM–DSS mouse model, suggesting that gliclazide may 
have a preventive effect on colitis-associated colon cancer 
initiation. In our study, we also found that supplemental gli-
clazide alleviated colonic inflammation, decreased levels of 

the pro-inflammatory mediator TNF-α, and increased levels 
of the anti-inflammatory mediator IL-10 level in an acute 
colitis mouse model. It is well accepted that the severity of 
colitis correlates with the risk of colon cancer. Thus, it is 
likely that the reduction in colitis severity leads to a decrease 
in both tumor number and tumor burden.

An expanding body of epidemiological and preclinical 
studies provides evidence that gliclazide exerts anti-cancer 
effects in various cancers such as colon cancer, lung adeno-
carcinoma, and pancreatic carcinoma [14, 15]. Recently, it 
was reported that gliclazide induces cell cycle arrest and 
inhibits proliferation in lung adenocarcinoma, possibly by 
targeting specific genes [16]. However, it remains unknown 
whether gliclazide has a role in inhibiting the prolifera-
tion of colitis-associated colon cancer cells. In our study, 

Fig. 5  Gliclazide induced AMPK phosphorylation and inhibited 
NF-κB activity in the AOM–DSS mouse model. A The relative 
mRNA level of AMPK was measured with RT-PCR in mouse colon 
tissues. B IHC analysis of p-AMPK expression in mouse colon tis-

sues was performed. Scale bars 100  μm. C NF-κB activity in the 
mouse colon was detected by the NF-κB p65 activity assay. Data 
were presented as mean ± SD (n = 5–8). *P < 0.05
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we demonstrated that gliclazide significantly decreased the 
expression of Ki-67 in an AOM–DSS mouse model and 
in vitro. These results suggest that gliclazide may inhibit 
the proliferation of colitis-associated colon cancer cells.

AMPK is a critical regulator of cellular energy and is 
closely associated with colon cancer cell initiation and pro-
liferation [17, 18]. It was reported that AMPK was highly 
expressed in CRC samples using IHC [19]. Furthermore, 
activated AMPK inhibited colon cancer cell proliferation 
and tumor growth in a xenograft tumor model and in vitro 
[18, 20]. Currently, the molecular mechanisms by which 
gliclazide plays a protective role in colon cancer remain 
poorly understood. In the current study, our novel finding 
was that gliclazide significantly increased p-AMPK levels 
in the AOM–DSS mouse model and colon cancer cells, 
suggesting that gliclazide could activate AMPK signaling. 
It has been reported that LKB1 or CaMKKβ mediated the 
gliclazide-induced activation of AMPK signaling which was 
associated with cell proliferation [9]. However, it remains 
unknown whether LKB1 or CaMKKβ mediates gliclazide-
induced activation of AMPK signaling in preventing colonic 
inflammation-cancer transformation, and it requires further 
investigation. It is well known that NF-κB signaling par-
ticipates in colonic inflammation-cancer transformation and 
has a major role in proliferation, invasion, and metastasis in 
cancer cells [21, 22]. NF-κB can be inactivated by AMPK, 
both directly and indirectly [23, 24]. It has been showed that 
AMPK/NF-κB signaling had a major role in curcumin sup-
pressing colon cancer cell proliferation and invasion [25]. 
Here, we found that gliclazide treatment decreased NF-κB 
activity in an AOM–DSS mouse model and in vitro. Impor-
tantly, we further demonstrated in vitro that p-AMPK medi-
ated gliclazide-induced inhibition of NF-κB activity. Based 
on these data, we propose that gliclazide inhibits p-AMPK-
mediated NF-κB activation, possibly resulting in the sup-
pression of colitis-associated colon cancer cell prolifera-
tion. However, due to AMPK-NF-κB signaling pathway is 
detected within the formed tumors, it does not really explain 
what gliclazide may be doing at the time of colitis-associated 
colon cancer initiation.

In summary, gliclazide was shown to be a chemoprophy-
lactic agent against CAC via AMPK-mediated inhibition of 
NF-κB in colon cancer cells. The upregulation of p-AMPK 
plays a significant role in the inhibitory effect of gliclazide 
on NF-κB in both in vivo and in vitro settings. However, 
the mechanism by which gliclazide prevents CAC requires 
further investigation. Moreover, gliclazide as an anti-cancer 
drug candidate still needs to be explored in prospective inter-
vention studies.
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