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Background: Bladder cancer is a malignant tumor of the urinary and reproductive tract that seriously threatens human health.
It is urgent to develop new drugs for bladder cancer. This study aims to explore whether curcumin could inhibit bladder cancer
and the potential mechanism.
Methods: Firstly, network pharmacology was applied to explore the potential target of curcumin in bladder cancer. Among
the potential target of curcumin on bladder cancer, the role of matrix metalloproteinase-14 (MMP14) was further explored by
bioinformatic analysis and the expression of MMP14 was confirmed by immunohistochemistry staining. The effect of curcumin
on bladder cancer was then studied using the cell counting kit-8 (CCK-8) assay, clone formation assay, apoptosis assay, and
Transwell assay. Finally, AKT, MMP14, E-cadherin and N-cadherin were analyzed by Western blot assay to confirm whether
curcumin could inhibit bladder cancer by inhibiting invasion via AKT/MMP14 pathway.
Results: In the present study, we found that the target of curcumin for bladder cancer includes signal transducer and activator
of transcription 3 (STAT3), AKT, cyclin A2 (CCNA2), epidermal growth factor receptor (EGFR), E1A binding protein p300
(EP300) and MMP14. MMP14 was highly expressed in bladder cancer than in normal tissues and was associated with a worse
prognosis (p< 0.05). Curcumin could inhibit the proliferation and migration of bladder cancer cells (p< 0.05), while promoting
cell apoptosis by inhibiting the AKT/MMP14 pathway (p < 0.05).
Conclusion: Curcumin could inhibit bladder cancer by inhibiting invasion through the AKT/MMP14 pathway.

Keywords: bladder cancer; curcumin; AKT; MMP14

Introduction

Bladder cancer is a malignant tumor of the urinary and
reproductive tract that seriously threatens human health.
Its incidence rate is seventh among malignant tumors, and
about 150,000 patients worldwide die from this disease ev-
ery year [1,2]. The cause of bladder cancer is not clear
and is related to many factors. The incidence of bladder
cancer is now believed to be related to genetic polymor-
phism, occupation, smoking, diet, long-term use of certain
drugs, infection, and other factors, etc. [3]. In the past 30
years, bladder cancer has been treated in a variety of ways.
Currently, classic methods for treating bladder cancer are
transurethral resection of the bladder tumor and radical cys-
tectomy [4,5]. However, research shows that the rate of
recurrence in patients with high-risk bladder cancer after
transurethral cystectomy is very high five years later, which
may be due to the strong invasive capacity of bladder can-
cer, leading to easy recurrence and metastasis in patients

after surgery. The survival rate for patients with high-risk
bladder cancer is low [6,7]. In addition to resection, blad-
der perfusion is another effective adjuvant treatment, which
can reduce the rate of tumor recurrence. However, more
than half of patients will have side effects such as hema-
turia, cystitis, and systemic symptoms, and are also prone
to tumor drug resistance [8,9]. Therefore, it is very mean-
ingful to develop new drugs for the treatment of bladder
cancer.

Turmeric (Curcuma longa) is a dry tuber of a peren-
nial herbaceous plant, classified as part of the ginger fam-
ily. It is grown mainly in tropical and subtropical regions
and has been widely used as a seasoning and treatment of
food safety for various diseases [10,11]. Curcumin is an ac-
tive ingredient extracted from Turmeric (Curcuma longa).
The molecular formula of curcumin is C2H20O6. As a
food additive, curcumin has a long history and many stud-
ies show that it has little side effects on the human body
[12–14]. More and more studies have shown that curcumin
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has a strong antioxidant function, an anti-inflammatory ef-
fect, mediation of body immunity, protection of cardiovas-
cular and other biological activities [15–17]. Curcumin has
been clinically found to have good therapeutic effects on
diabetes, Alzheimer’s disease, and other chronic diseases
[18,19]. Research also shows that curcumin has a broad
spectrum of antitumor activity, including kidney cancer,
prostate cancer, ovarian cancer, and other malignant tu-
mors. Curcumin can inhibit tumor cell survival, prolifer-
ation, invasion, migration, and induce apoptosis and au-
tophagy [20–22].

In most types of tumors, the AKT signaling pathway
is activated, while in normal cells, AKT signaling is inhib-
ited [23]. Research has shown that the AKT signaling path-
way is closely related to tumor angiogenesis and invasion,
and the development of new antitumor drugs targeting the
inhibition of the AKT signaling pathway is currently a re-
search hotspot [24,25]. The AKT signaling pathway in pa-
tients with bladder cancer also has abnormal activation [26].
Some studies have shown that AKT up-regulates matrix
metalloproteinase-14 (MMP14) to promote the invasion of
liver cancer, gastric cancer, and glioma, but the AKT reg-
ulation of MMP14 has not been reported in bladder cancer
[27–29]. Curcumin has been reported in prostate cancer and
melanoma, which can inhibit the expression ofMMP14 and
play an antitumor role. However, it is unknown whether
curcumin can inhibit the expression of MMP14 in bladder
cancer [30].

Therefore, this study first analyzed the potential cur-
cumin target in bladder cancer through network pharmacol-
ogy and then confirmed the expression and role of MMP14
in bladder cancer through bioinformatic analysis. Taking
the bladder cancer T24 cell model as the research object,
this study explored that curcumin inhibits MMP14 expres-
sion through the AKT signaling pathway to inhibit invasion
and metastasis of bladder cancer, providing a scientific ba-
sis for the clinical application of curcumin and also provides
a new strategy for the treatment of bladder cancer.

Material and Method
Reagent

The cell counting kit-8 (CCK-8) was purchased
from Dojindo (#CK04, Kumamoto, Japan). Curcumin
was obtained from Selleck (#S1848, Shanghai Lanmu
Chemical Co., Ltd., Shanghai, China). The Annexin
V/FITC apoptosis detection kit was purchased from Jia-
may Biotech Co., Ltd. (#LHK601-050-P, Beijing, China).
Anti-E-cadherin (#14472), anti-N-cadherin (#13116), anti-
phospho-AKT (#4060), anti-AKT (#4685), anti- glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) (#5174)
and anti-rabbit immunoglobulin G (IgG), horseradish per-
oxidase (HRP)-linked antibody (#7074)were obtained from
Cell signaling technology (Danvers, MA, USA). Anti-
MMP14 (#ab51074) was obtained from Abcam (Cam-
bridge, UK).

Curcumin Target Prediction
Use the PubChem database to obtain the molecular

structure of curcumin, predict the potential target protein
of curcumin based on the Swiss Target Reduction platform,
and use the UniProt database (http://www.uniprot.org) to
standardize the name of the target protein as the target gene
for curcumin. Bladder cancer disease target: Take bladder
cancer as the keyword, search the GeneCards database (ht
tp://www.genecards.org/) and select with Relevance score
≥10 as the condition to obtain the target of bladder cancer
disease.

Construction of a Curcumin-Bladder Cancer
Network

Venn analysis was carried out on the obtained cur-
cumin drug targets and bladder cancer disease targets.
Common targets of both are potential curcumin targets in
the treatment of bladder cancer. The intersection targets of
curcumin and drug diseases were imported into Cytoscape
software (version 3.9, Oracle Company, CA, USA) for vi-
sualization, and the curcumin-bladder cancer network dia-
gram was established.

Gene Ontology (GO) Analysis
Using Gene Ontology (GO) annotations from the R

software package org. Hs. eg db (version 3.1.0, Univer-
sity of Auckland, Auckland City, New Zealand) as a back-
ground, map genes to the background set, and perform en-
richment analysis using the R software package cluster-
Profiler (version 3.14.3, University of Auckland, Auckland
City, New Zealand) to obtain the results of gene set enrich-
ment. Set the minimum gene set at 5, the maximum gene
set at 5000, a p-value of <0.05 and an false discovery rate
(FDR) of <0.25 were considered statistically significant.

Kyoto Encyclopedia of Genes and Genomes (KEGG)
Analysis

Using the Kyoto Encyclopedia of Genes and Genomes
(KEGG) rest application programming interface (API) (http
s://www.kegg.jp/kegg/rest/keggapi.html) to obtain the lat-
est annotation of the KEGG Pathway gene as background.
Then map the genes to the background set and use the R
software package clusterProfiler for enrichment analysis to
obtain the results of enrichment of the gene set. Set the
minimum gene set at 5, the maximum gene set at 5000, a
p-value of <0.05 and an FDR of <0.25 were considered
statistically significant.

Protein-Protein Interaction (PPI) Networks Analysis
Importing drug disease intersection targets into the

STRING platform (http://string-db.org) to construct a pro-
tein interaction protein-protein interaction (PPI) network.
Based on Cytoscape software (version 3.9, Oracle Com-
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pany, CA, USA) optimization and topology analysis, tar-
gets with average values above the mean degree, centrality
betweenness and centrality proximity were selected as key
core targets.

Molecular Docking
Obtain 2D or 3D structures of compounds and pro-

teins from the PBD website (http://www.rcsb.org), use
AutoDock Tools (version 1.5.6, Scripps Institute, FL, USA)
for dehydration, hydrogenation, and charge addition, and
determine the position and size of the grid box at the
protein-ligand binding site. Then, the LibDockScore score
is selected to reflect the binding efficiency between the pro-
tein molecules and compounds, and the affinity between the
compounds and target proteins is evaluated.

Differential Analysis of Gene Expression
Download the microarray gene expression profiling

and corresponding clinical information of 431 bladder can-
cer tissues from the TCGA data portal website (https://xe
na.ucsc.edu), and download 19 adjacent tissues from the
GTEx database (https://www.gtexportal.org). Download
the microarray gene expression profiling and correspond-
ing clinical information of 9 normal bladder tissues from
the TCGA data portal website (https://xena.ucsc.edu). And
then perform data normalization through the Toil process
(28398314). Statistical analysis of gene expression levels
was performed using the Welch t-test using packages stats
[4.2.1] and cars [3.1-0] packages, and finally the data were
visualized using the ggplot2 package (version [3.3.6], Uni-
versity of Auckland, Auckland City, New Zealand).

Prognostic Curve and Prognostic Column Chart
Based on the clinical characteristics of the patient and

the expression level of MMP14, a proportional risk hypoth-
esis test, risk score, and fitted survival Cox regression anal-
ysis were performed using the survival [3.3.1] package. The
survival package and the ggplot2 package were used to vi-
sualize the results. At the same time, nomogrammaps were
drawn and visualized using the rms package package (ver-
sion [6.3-0], University of Auckland, Auckland City, New
Zealand) based on the selected clinical features (Pathologi-
cal stage, histological grade).

Cell Culture
Bladder cancer T24 cells were purchased from Pro-

cell Life Science & Technology Co., Ltd. (Wuhan, Hubei,
China). The result of the mycoplasma test was negative.
Short tandem repeat (STR) identification did not showmul-
tiple alleles and no significant cross-contamination of cells,
and matched completely with T24 cells in the database of
the American type culture collection (ATCC). T24 cells
were cultured in McCoy’s 5A+10% fetal bovine serum
(FBS)+1% penicillin/streptomycin (P/S) medium at 37 ℃
in a 5% CO2 cell incubator. Take logarithmic growth phase

cells for subsequent experiments. McCoy’s 5A medium
(#16600082), FBS (#10099141C), P/S (#15140148) were
purchased from Invitrogen (Carlsbad, CA, USA).

Cell Counting Kit-8 (CCK-8)
T24 cells were seeded in 96 well plates with 5000 cells

per well. 24 h later, curcumin of different concentrations
was added (0, 10 µM, 20 µM). The culture ended at 24
hours, 48 hours, and 72 hours after the addition of the drug.
The 10 uL CCK-8 reagent was added. The OD450 value
was detected in the microplate reader and cell proliferation
was calculated.

Cell Cloning Experiment
T24 cells were inoculated into 6-well plates with 500

cells in each well. After the cells adhered to the wall, cur-
cumin of different concentrations was added (0, 10 µM, 20
µM). After 24 hours of dosing, they were replaced with
fresh medium. After 14 days of continuous culture, the
culture was terminated. Cells were fixed with anhydrous
ethanol, stained with the Giemsa stain kit (#C0133, Bey-
otime, Hangzhou, China), and the number of clones was
counted.

Apoptosis Analysis
T24 cells were seeded in 6-well plates with 1 × 106

cells per well. After the cells adhered to the wall, differ-
ent concentrations of curcumin were added. Cells, includ-
ing cell supernatant, were collected 24 hours after the ad-
dition of the drug. According to the instructions of the An-
nexin V/FITC apoptosis detection kit, stained with 5 µL
of Annexin V labeled with fluorescein isothiocyanate and
5 µL of PI for 15 min in the dark. The apoptosis ratio
was then analyzed using Cytoflex analysis software (ver-
sion 2.4, Beckman Coulter life science, Bria, CA, USA) on
Beckman Coulter.

Transwell Assay
T24 cells were seeded in 6-well plates with 1 × 106

cells per well. After the cells adhered to the wall, different
concentrations of curcumin were added. Cells were col-
lected 24 hours after drug addition. After digestion with
0.25% trypsin digestion (#15050065, GibcoTM, Grand Is-
land, NY, USA) digestion, a single cell suspension was
prepared with serum-free medium and the cell concentra-
tion was adjusted to 1 × 105/mL. Inoculate 200 uL of cell
suspension in the upper chamber, and add 500 uL of cul-
ture medium containing FBS to the lower chamber for 48
hours. Take out the chamber, wash with phosphate buffer
saline (PBS) (#10010002, Invitrogen, CA, USA) for 2–3
times, fix with absolute ethanol at room temperature for 10
minutes, dye with 0.1% crystal violet (diluted with PBS) at
room temperature for 10 minutes, and then wash with clean
water. The pictures were then randomly selected under a
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microscope (#CKX31, Olympus, Tokyo, Japan). The num-
ber of migrated cells was counted using the direct counting
method, as the number of inoculated cells was consistent.
The experiments were repeated in triplicate.

Western Blot
T24 cells were seeded in 6-well plates with 1 × 106

cells per well. After the cells adhered to the wall, differ-
ent concentrations of curcumin were added. Cells were
collected 24 hours after the drug was added to extract the
total protein. The bicinchoninic acid (BCA) protein con-
centration measurement method was used to determine pro-
tein concentration, with a sample of 10 ug per well. After
electrophoresis, membrane transfer, and incubation of pri-
mary antibodies at a dilution of 1:1000 overnight at 4 ℃
and secondary antibodies at a dilution of 1:2000 for 2 h at
room temperature, Electrochemiluminescence (ECL) lumi-
nescence was used for development and Image J was used
for greyscale analysis (version 1.52e, National Institutes of
Health, Bethesda, MD, USA).

Hematoxylin-Eosin (HE) Staining
Collect tissues from surgical patients, prepare them

into paraffin sections, and use xylene and different con-
centrations of ethanol for the dewaxing treatment. Paraffin
slices were stained with hematoxylin for 1 minute, rinsed
with water, differentiated with 1% hydrochloric acid alco-
hol for 15 seconds, rinsed with water, followed by a so-
lution of 1% ammonia water that returned to blue for 1
minute, rinsed with water for 15 seconds, and stained with
eosin dye for 30 seconds. Rinse with water. The paraf-
fin sections were sequentially treated with different concen-
trations of ethanol and xylene and then sealed with neutral
gum for microscopic observation. All pathological samples
obtained were informed to each patient and signed an in-
formed consent form, which was also approved by Hunan
Provincial People’s Hospital ethics committee (Ethical Ap-
plication Number: 2021-12).

Immunohistochemistry (IHC) Staining
The tissues of surgical patients were collected, pre-

pared in paraffin sections, dried, dewaxed, hydrated, anti-
gen repaired, sealed, incubated with anti-MMP14 (at a di-
lution of 1:500) and HRP-linked antibody (at a dilution
of 1:1000) and then stained with 3,3’-diaminobenzidine
(DAB) (#G1212, Servicebio Co., Ltd., Wuhan, China) and
hematoxylin. After the tissue dehydration process and
transparent paraffin wax, neutral gum sealing was used and
observed under the microscope (Olympus, Tokyo, Japan).

Statistical Analysis
Statistical Product and Service Solutions (SPSS) soft-

ware (version 22.0, SPSS Inc., Chicago, IL, USA) was used
for statistical analysis, and the measurement data were ex-
pressed as mean plus or minus the standard deviation. Dif-

ferences between the two groups were analyzed using t-
tests, while differences between multiple groups were an-
alyzed using one-way analysis of variance (ANOVA) and
a Bonferroni post hoc test. A bilateral p less than 0.05 was
considered statistically significant and all graphs were com-
pleted using GraphPad Prism software (version 9.0, Graph-
Pad Software, Inc., La Jolla, CA, USA).

Result

Potential Inhibitory Effect of Curcumin on Bladder
Cancer

The network pharmacologymethod was applied to an-
alyze the curcumin target and related genes for bladder can-
cer, and we obtained 34 potential curcumin targets for blad-
der cancer. These include signal transducer and activator of
transcription 3 (STAT3), AKT, cyclin A2 (CCNA2), epider-
mal growth factor receptor (EGFR), E1A binding protein
p300 (EP300) and matrix metalloproteinase-14 (MMP14)
(Fig. 1A,B and Supplementary Table 1). Analysis of these
genes showed that the biological process (BP) mainly fo-
cused on the negative regulation of cell death and protein
physiology (Fig. 1C). The display of the cellular compo-
nent (CC) focuses mainly on the serine/threonine protein
kinase complex and the nuclear part (Fig. 1D). The display
of molecular function (MF) is mainly focused on catalytic
activity (Fig. 1E). The KEGG display is focused primarily
on cancer pathways (Fig. 1F).

Subsequently, we further conducted a protein interac-
tion analysis of PPI and found that the main targets of action
were STAT3, AKT, CCNA2, EGFR, EP300, and MMP14
(Fig. 2A,B). Furthermore, we performed a molecular cou-
pling verification and found that curcumin has possible
binding sites with STAT3, AKT, CCNA2, EGFR, EP300,
and MMP14 (Fig. 2C–H). These results suggest that cur-
cuminmay play a role in inhibiting bladder cancer by acting
on these action targets.

MMP14 Plays an Important Role in Promoting the
Occurrence and Development of Bladder Cancer.

We explored the expression of the STAT3, AKT,
CCNA2, EGFR, EP300, and MMP14 genes in normal and
tumor tissues in the TCGA database and found that CCNA2
and MMP14 were significantly overexpressed in tumor tis-
sues (Fig. 3A–F) (p < 0.001). Then we verified the rela-
tionship between CCNA2 and MMP14 and the prognosis
and found that patients with high expression of MMP14
had significantly worse prognosis. However, CCNA2 ex-
pression does not have a significant correlation with the
prognosis of bladder cancer patients (Fig. 3G and Supple-
mentary Fig. 1. And it was found that MMP14 has a
significant prognostic significance for patients (Fig. 3H).
We collected samples from 17 patients with pathologically
diagnosed with bladder cancer by hematoxylin-eosin (HE)
staining (Fig. 3I,J). Subsequently, these slices were also de-
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Fig. 1. Potential inhibitory effect of curcumin on bladder cancer. (A) The Venn of the target of curcumin-bladder cancer. There
were 34 potential curcumin targets for bladder cancer. (B) The 34 curcumin targets in the treatment of the bladder cancer network. (C)
The biological process (BP) analysis of 34 target genes. (D) The analysis of the cellular component (CC) of 34 target genes. (E) The
molecular function (MF) analysis of 34 target genes. (F) The Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis of 34 target
genes.

tected for MMP14 expression using immunohistochemical
methods, and it was found that MMP14 was mainly ex-
pressed in the cytoplasm, with a positive expression ratio
of 13/17 (Fig. 3I,J). The Tumor Node Metastasis (TNM)
stage of bladder cancer was according to the 8th edition of
American Joint Committee on Cancer (AJCC) Cancer Stag-
ing Manual. Information on the clinical characteristics is
shown in Supplementary Table 2. In future work, we will
expand the sample to verify the relationship between the
expression level of MMP14 in bladder cancer patients and
the prognosis.

Curcumin Inhibits Bladder Cancer Proliferation and
Invasion and Promotes the Apoptosis of Bladder
Cancer Cells

When T24 cells were treated with curcumin, the CCK-
8 results showed that curcumin inhibited T24 cell prolifera-
tion activity in a dose-dependent and time-dependent man-
ner (Fig. 4A–C) (p < 0.05). Then, we chose the concen-
tration below half-maximal inhibitory concentration (IC50)
with proliferation inhibition to observe the inhibitory effect
of curcumin on bladder cancer. We treated T24 cells with
two concentrations of 10 and 20 µM for 24 h, and the re-

https://www.discovmed.com/


76

Fig. 2. The core target of curcumin in bladder cancer. (A) The protein-protein interaction (PPI) of curcumin on bladder cancer. (B)
The PPI of the top 6 core targets. (C–H) The molecular docking of curcumin with STAT3, AKT, CCNA2, EGFR, EP300, and MMP14.

sults of the cloning experiment also showed that curcumin
could inhibit the cloning capacity of T24 cells (Fig. 4D) (p
< 0.01). The flow cytometric results showed that curcumin
could promote T24 cell apoptosis (Fig. 4E) (p< 0.05). The
results of the Transwell experiment showed that curcumin
could inhibit T24 cell migration ability (Fig. 4F) (p< 0.01).

Curcumin Plays an Antitumor Role by Inhibiting the
AKT Signaling Pathway and Down-Regulating
MMP14

Taking into account the important regulatory effect
of the AKT signaling pathway on MMP14 reported in the
previous literature [25], and the above results indicate that
AKT is included in the main curcumin target, we then
used Western blot to detect the impact of curcumin on
phospho-AKT (p-AKT)/AKT, E-cadherin, N-cadherin and
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Fig. 3. MMP14 is highly expressed in bladder cancer. (A–F) The expression of the signal transducer and activator of transcrip-
tion 3 (STAT3), AKT, cyclin A2 (CCNA2), epidermal growth factor receptor (EGFR), E1A binding protein p300 (EP300), and matrix
metalloproteinase-14 (MMP14) genes in normal and tumor tissues from the TCGA database. (G) Survival curve of bladder cancer pa-
tients with high and low expression of MMP14. (H) Prognostic column chart of bladder cancer with MMP14. (I) Hematoxylin-eosin
(HE) staining and MMP14 positive staining of bladder cancer (scale bar: 100 µm). (J) HE staining and MMP14 negative staining of
bladder cancer (scale bar: 100 µm). Note: ns, p > 0.05. **p < 0.01, ***p < 0.001.

MMP14. As expected, curcumin can inhibit the activ-
ity of the AKT signaling pathway, while up-regulating E-
cadherin and down-regulating the expression of N-cadherin
and MMP14 (Fig. 5) (p < 0.05). These results support the
notion that curcumin plays an antitumor role by inhibiting
the AKT signaling pathway and downregulating MMP14.

Discussion

Bladder cancer is one of the malignant tumors that en-
dangers human health. Now, studies have found that cur-
cumin can inhibit bladder cancer in a variety of ways [1–

4]. This study analyzed the potential target of curcumin
on bladder cancer through network pharmacology, further
analyzed the possible mechanism of curcumin against blad-
der cancer and provided new ideas for future research. We
found that curcumin may play an anti-bladder cancer role
by targeting 34 genes, which are mainly enriched in protein
photosynthesis, apoptotic process, cancer pathways, etc.,
and may play a role in regulating catalytic activity. Further-
more, we also found that the core target of action is EGFR,
AKT1, STAT3, EP300, CCNA2, andMMP14. Possible tar-
get sites of action were identified by molecular docking.
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Fig. 4. Curcumin (Cur) inhibits bladder cancer and promotes apoptosis of bladder cancer cells. (A) The cell counting kit-8 (CCK-8)
assay of different concentrations of curcumin treatment for 24 h. (B) The CCK-8 assay of different concentrations of curcumin treatment
for 48 h. (C) The CCK-8 assay of different concentrations of curcumin treatment for 72 h. (D) The clone formation assay of curcumin
treatment for T24 cells. (E) The apoptotic assay of curcumin treatment for T24 cells. (F) The migration assay of curcumin treatment for
T24 cells (scale bar: 50 µm). Note: *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig. 5. Curcumin plays an antitumor role by inhibiting the AKT signaling pathway and downregulating MMP14. (A) Western
blot assay for protein levels of phospho-AKT (p-AKT)/AKT. (B) Western blot assay for protein levels of E-cadherin, N-cadherin and
MMP14. Note: *p < 0.05, **p < 0.01, ***p < 0.001. GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Matrix metalloproteinase (MMP) is a collagen hydro-
lase that plays a role in many biological processes, such as
tissue remodeling and growth, wound repair, tissue defense
mechanisms, and immune responses [31,32]. Induction of
MMP activity contributes to the disintegration of intercel-
lular connections and degradation of the extracellular ma-
trix, thus overcoming the physical limitations of cell move-
ment and participating in tumor invasion [33,34]. MMP14
is an important member of MMPs. More and more evi-
dence shows that MMP14 is involved in malignancy and
a poor prognosis of bladder cancer [35,36]. We identified
MMP14 in bladder cancer through bioinformatic analysis
and found that MMP14 is overexpressed in bladder cancer
and associated with a poor prognosis, which can be used as
a prognostic marker for bladder cancer patients.

Curcumin can reduce the expression of Survivin and
Bid2 and other genes in bladder cancer cells and induce up-
regulation of the p53 and Bax genes related to apoptosis,
thus causing apoptosis in bladder cancer cells [37]. In the
rat model, curcumin can negatively regulate vascular en-
dothelial growth factor (VEGF) expression to prevent the
proliferation of bladder cancer cells [38]. Curcumin can
also up-regulate miR-203 in bladder cancer cells to inhibit
growth and induce apoptosis of bladder cancer cells [39].

Furthermore, curcumin can also be used together with other
antitumor drugs to improve the killing effect of cisplatin on
tumor cells and the inhibitory effect of epirubicin on blad-
der tumor cells [37,40]. Through network pharmacology
and bioinformatic methods, we have identified thatMMP14
may be an important curcumin target protein in bladder can-
cer, and MMP14 plays an important role in the malignant
progression of bladder cancer. Then we also verified in
bladder cancer T24 cells that curcumin can inhibit bladder
cancer cell proliferation, induce cell apoptosis, inhibit cell
invasion and significantly inhibit the level of phospho-AKT
(p-AKT), simultaneously regulate the expression of EMT
related proteins, promote the expression of E-cadherin, and
inhibit the expression of N-cadherin and MMP14.

Conclusion

In summary, this study shows that curcumin can in-
hibit the invasion and metastasis of bladder cancer. Cur-
cumin has been preliminarily found to inhibit bladder can-
cer, related to inhibition of the AKT/MMP14 signaling
pathway. It provides a scientific basis for curcumin in the
treatment of bladder cancer and also provides a new idea
for the treatment of bladder cancer.
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