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Cepharanthine inhibits migration,  
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Abstract: Background: Cepharanthine, a bioactive constituent of Stephania japonica (Thunb.) Miers, is known for 
its potent anti-tumor properties. Nevertheless, the precise impact of this substance on bladder cancer remains 
poorly comprehended. The aim of this study was to demonstrate the effect and mechanism of cepharanthine on 
the metastasis of human bladder cancer cells. Methods: The application of network pharmacology was utilized to 
ascertain the possible targets and signaling pathways of cepharanthine in the treatment of bladder cancer. The 
antiproliferative effects of cepharanthine were evaluated using Cell Counting Kit-8 and colony formation assays. The 
migration and invasion capabilities were assessed using Transwell assays and wound healing experiments. Proteins 
related to the Rap1 signaling pathway, cellular migration, cellular invasion, and Epithelial-Mesenchymal Transition 
(EMT) were quantified by western blotting. Results: Through database screening, 313 cepharanthine-acting targets, 
277 candidate disease targets in bladder cancer, 22 intersecting targets, and 12 core targets were confirmed. The 
involvement of the Rap1 signaling system was revealed by the Kyoto Encyclopedia of Genes and Genomes’ pathway 
enrichment study. Cepharanthine was shown to decrease bladder cancer cell proliferation, migration, and invasion 
in vitro. Cepharanthine activated the Rap1 signaling pathway by upregulating Epac1 and downregulating E-cadherin 
and C3G protein expression, leading to increased expression of Rap1 GTP protein and decreased expression of 
protein kinase D1 and integrin α5. Rap1 signalling pathway activation resulted in the downregulation of migration 
and invasion-related proteins, matrix metallopeptidase MMP2, MMP9, as well as EMT-related proteins, N-cadherin 
and Snail, without affecting vimentin expression. Conclusion: Cepharanthine inhibits migration, invasion, and EMT 
of bladder cancer cells by activating the Rap1 signalling pathway. The results offer helpful insights regarding the 
possible therapeutic use of cepharanthine for treating bladder cancer.
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Introduction

Bladder cancer is a prevalent tumor worldwide, 
with uroepithelial cancer as its main histologi-
cal type [1]. The prevalence and fatality rates  
of bladder cancer are notably higher in men 
compared to women, which have consistently 
remained increased since the year 2020 [2]. 
Bladder cancer is classified into two types: non-
muscle invasive bladder cancer (NMIBC) and 
muscle-invasive bladder cancer (MIBC). NMIBC 

comprises roughly 75% of newly diagnosed 
cases, while the remaining cases are MIBC, 
characterized by deeper infiltration into the 
bladder wall or metastasis [3].

Current treatment options for bladder cancer 
include transurethral resection of the bladder 
tumor (TURBT), radical cystectomy, radiothera-
py, chemotherapy, immunotherapy, and target-
ed therapy [4]. TURBT and adjuvant Bacillus 
Calmette-Guérin vaccine therapy are commonly 
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used for NMIBC, but their clinical benefits  
are limited [5, 6]. Radical treatment is primary 
for MIBC; however, it often leads to impair-
ments in urinary, bowel, and sexual functions, 
significantly impacting patients’ quality of life 
[7-9].

Tumor metastasis involves a dynamic multistep 
process of cell migration and invasion, regulat-
ed by intrinsic and extrinsic factors [10]. The 
Rap1 signaling pathway, crucial for cell adhe-
sion, integration, and invasive behaviors, is 
implicated in bladder cancer metastasis [11]. 
Network pharmacology, a modern approach 
that combines systems biology and computa-
tional analysis, is utilized in our study to predict 
the targets and signaling pathways of ceph-
aranthine in bladder cancer, offering a holistic 
view of the drug’s multifaceted effects on cel-
lular processes and its potential mechanisms 
in inhibiting tumor metastasis.

Traditional Chinese medicine (TCM) plays a sig-
nificant role in bladder cancer therapy, with 
increasing focus on understanding its effects 
and mechanisms of action. Several studies 
have explored TCM treatments for bladder  
cancer, such as using artesunate, baicalin,  
and Xiaozheng Decoction [12-14]. Stephania 
japonica (Thunb.) Miers, a TCM herb known for 
its heat-clearing and detoxifying properties, 
has been extensively documented and is spe-
cifically effective for urinary urgency, pain, dis-
comfort, and swelling. Cepharanthine, an active 
component extracted from Stephania japonica 
(Thunb.) Miers, has a variety of biological activi-
ties such as anti-inflammatory, antiviral, anti-
tumor and anti-organ fibrosis effects [15-21]. 
Despite some focus on cepharanthine’s role  
in drug resistance, there is limited literature  
on its effects on bladder cancer, particularly 
regarding migration and invasion. Furthermore, 
the specific targets and molecular processes  
of cepharanthine have yet to be determined 
[22-24].

Hence, this research employed network phar-
macology to predict the targets and signalling 
pathways of cepharanthine for the purpose  
of treating bladder cancer. Additionally, we 
investigated the molecular mechanisms of 
cepharanthine and its impact on bladder can-
cer cell proliferation, migration, and invasion in 
vitro.

Materials and methods

Prediction of the drug targets and bladder can-
cer disease targets of cepharanthine

The molecular structure of cepharanthine was 
acquired from PubChem (https://pubchem.
ncbi.nlm.nih.gov/). The drug targets of ceph-
aranthine were obtained from the Swiss  
Target Prediction database (http://www.swis-
stargetprediction.ch/) and the Pharm Mapper 
database (http://www.lilab-ecust.cn/pharmma- 
pper/submitfile.html), while the gene symbols 
were obtained from the Uniprot database 
(https://www.uniprot.org/). The drug targets 
from both databases were merged based on 
gene symbols, resulting in the identification of 
drug targets for cepharanthine after elimina-
tion of any duplicate targets. The disease  
targets for bladder cancer in Homo sapiens 
were obtained from the GeneCards database 
(https://www.genecards.org/), and candidate 
disease targets with relevant score ≥ 30.0 were 
chosen.

Analysis of the overlapping targets and con-
struction of a network of protein-protein in-
teractions (PPI) between cepharanthine and 
bladder cancer

The drug targets of cepharanthine and the  
candidate disease targets in bladder cancer 
were crossed using the Venny 2.1.0 databa- 
se (https://bioinfogp.cnb.csic.es/tools/venny/
index.html) to obtain potential therapeutic tar-
gets for bladder cancer treatment with ceph-
aranthine. The potential targets were then 
imported into the STRING database (https://
cn.string-db.org/) for construction of a PPI net-
work, which was visualized using Cytoscape 
3.9.0. The top 10 key targets in terms of de- 
gree and MCC values were filtered using the 
Cytohubba plugin, and the intersection of both 
values was considered as the core target of 
cepharanthine for treating bladder cancer.

Gene ontology and Kyoto Encyclopedia of 
Genes and Genomes signaling pathway en-
richment analysis

The prospective therapeutic targets derived 
from the overlap of the drug and disease tar-
gets were imported into the DAVID database 
(https://david.ncifcrf.gov/) for GO functional 
annotation and KEGG pathway enrichment 
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analysis. The Microbiology Letter online data 
analysis and visualization website (http://www.
bioinformatics.com.cn/) was used to present 
graphical representations of the top 10 count 
values for biological process (BP), cellular com-
ponents (CC), and molecular function (MF) in 
GO functional annotation, as well as the top 20 
count values for KEGG pathway enrichment. 
The significance level was established at a 
P-value of less than 0.05. Additionally, KEGG 
enrichment analysis was conducted on the 
core targets. The resultant signaling pathways 
were then compared to those obtained for the 
possible therapeutic targets to validate the 
identified pathways.

Cepharanthine-bladder cancer-target-pathway 
network construction

The cepharanthine-bladder cancer-target-path-
way network map was visualized using Cytos- 
cape 3.9.0, which included cepharanthine, 
bladder cancer, the potential therapeutic tar-
gets obtained by intersecting cepharanthine 
and bladder cancer, and the top 20 pathways 
obtained from KEGG enrichment analysis.

Cell culture

The G2 and G3 cell lines, 5637 and HT1376 
respectively, are representative of different 
grades in bladder cancer. These cell lines were 
acquired from Wuhan Shangen Biotechnology 
in China. They were cultivated in Roswell Park 
Memorial Institute-1640 medium supplement-
ed with 10% FBS from Dayou in China, along 
with 1% antibiotic containing 100 U/mL penicil-
lin G and 100 μg/mL streptomycin. The subcul-
ture process was initiated when the cell conflu-
ence reached 80%. Subsequently, the cells 
were cultured under specific conditions, main-
taining a temperature of 37°C, a carbon dioxide 
concentration of 5%, and a humidity level rang-
ing from 70% to 80%.

Cell proliferation assay

Cepharantine was procured from MedChem- 
Express, with a purity ≥ 99.71% and catalog 
number HY-N6972. HT1376 and 5637 cells 
were inoculated onto 96-well plates at a densi-
ty of 5000 cells per well. Following cell attach-
ment, the cells were subjected to treatment 
with different concentrations (0, 5, 10, 15, 20, 
25, and 30 μM) of cepharanthine (dissolved in 

dimethyl sulfoxide) for 24 h, resulting in a final 
dimethyl sulfoxide concentration of 2.5/1000 
(v/v) in the drug sample. Following PBS wash-
ing, the wells were treated with CCK-8 reagent 
(APExBIO, USA) and incubated at 37°C in full 
media for 2 h. The measurement of absorbance 
at 450 nM was conducted using the Thermo 
Fisher Scientific Varioskan LUX multipurpose 
enzyme marker (Thermo Fisher, China). Cell 
viability (%) was calculated as [(absorbance of 
cepharanthine-treated group - absorbance of 
blank control group)/(absorbance of untreat- 
ed cells group - absorbance of blank control 
group)] ×100%.

Colony formation assay

Six-well plates were seeded with 1000 HT1376 
and 5637 cells, dispersed evenly. The cells 
were treated with 0, 10, or 20 μM of cepharan-
thine for 24 h. Subsequently, fresh medium 
was introduced, and the cells were placed in an 
incubator for 10 days. After incubation, the 
cells were washed with PBS and fixed with 4% 
paraformaldehyde for 1 h before being stained 
with 0.1% crystalline violet (Solarbio, China) for 
30 min. The staining solution was removed 
using running water, and the cells were 
observed and photographed after drying. The 
cells were scanned using a microscope slide 
scanner NanoZoomer S360 (Hamamatsu Pho- 
tonics, Japan), and the colonies were counted 
using Image J software.

Wound healing assay

HT1376 and 5637 cells were seeded at an 
appropriate density in six well plates. Once the 
cells covered the entire culture dish after 
attachment, they were starved for 12 h in a 
serum-free medium. The cells were then treat-
ed with 0, 10, or 20 μM of cepharanthine after 
being scratched with a 200 μL gun tip and 
cleaned with PBS. Migration was observed and 
documented using an inverted fluorescence 
microscope (Olympus IX73, Japan). Cell migra-
tion was quantitatively analyzed using the 
Image J software.

Transwell cell migration assay

HT1376 and 5637 cells were seeded into six-
well plates at a density of 2×105 cells per well. 
Following attachment, the cells were exposed 
to 0, 10, or 20 μM of cepharanthine for 24 h. 
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Subsequently, the cells were collected and 
reconstituted in a medium devoid of serum, 
with the cell density modified to 3×105/mL. In 
the lower transwell chamber, 600 μL of com-
plete medium containing 20% FBS was added, 
while in the upper chamber, 200 μL of cell sus-
pension treated with medicines was added. 
After 24 h of cell development, the cells were 
immobilized by exposure to a 4% paraformalde-
hyde solution for 30 min. Afterwards, 0.1% 
crystal violet dye (Solarbio, China) was applied 
to the cells for another 30 min. After being 
washed with PBS, the cells and crystal violet 
staining solution were carefully removed from 
the bottom of the upper chamber using a damp 
cotton swab. Afterwards, the samples were 
thoroughly dried and viewed using a fluores-
cence microscope for observation and quantifi-
cation. The cells were observed and recorded 
using an inverted fluorescent microscope 
(Olympus IX73, Japan), and the analysis was 
performed using Image J software.

Transwell cell invasion assay

HT1376 and 5637 cells were seeded in 6-well 
plates at a density of 2×105 cells per well. 
Following attachment, the cells were exposed 
to 0, 10, or 20 μM of cepharanthine for 24 h. 
The cells were harvested in a medium without 
serum, and the density of cells was adjusted to 
3×105 cells/mL. The matrix gel was composed 
of BD Matrigel and serum-free medium in a 
ratio of 1:8, which had been pre-cooled to 4°C. 
Subsequently, 600 μL of complete medium 
including 20% fetal bovine serum (FBS) was 
introduced into the lower transwell chamber, 
while the upper chamber was filled with 200  
μL of medication-treated cell suspension. The 
cells were incubated for 24 h, fixed with 4% 
paraformaldehyde for 30 min to maintain  
their structure, and then stained with a 0.1% 
crystal violet solution (Solarbio, China) for 30 
min. Following PBS washing, the cells and  
crystal violet staining solution were carefully 
removed from the bottom of the upper cham-
ber using a damp cotton swab. Subsequently, 
the cells were adequately air-dried and cap-
tured using a fluorescence microscope (Oly- 
mpus IX73, Japan) for observation and quanti-
fied using Image J software.

Western blot

Following the optimum seeding density of 
HT1376 and 5637 cells into 6-well plates, the 

cells were exposed to 0, 10, and 20 μM ceph-
aranthine for 24 h, and then rinsed with PBS. 
200 μl of lysis solution with protease inhibitor 
(Solarbio, China) was added to each well, and 
the lysis process was carried out on ice for 20 
min. Subsequently, the lysate was collected, 
subjected to centrifugation, and the resulting 
liquid above the sediment was obtained by 
aspiration. The protein concentration was stan-
dardized to 1 mg/ml using a BCA Protein 
Quantification Kit (Thermo Fisher, China). For 
sodium dodecyl sulphate (SDS)-polyacrylamide 
gel electrophoresis, we employed 10-30 μg of 
total protein samples. The separation gel con-
centration was set at 8-12%. After separation, 
the proteins were transported to polyvinylidene 
difluoride membranes (Millipore, USA), which 
were subsequently blocked with 5% skimmed 
milk powder for 1 h at room temperature. Then, 
they were incubated overnight at 4°C with pri-
mary antibodies against GAPDH (HuaBio; Cat: 
ET1601-4; 1:8000), Rap1 (Cell Signaling Tech- 
nology; Cat: 2399S; 1:500), Epac1 (HuaBio; 
Cat: ET1705-79; 1:1000), E-cadherin (Cell 
Signaling Technology; Cat: 3195S; 1:1000), 
C3G (Santa Cruz; Cat: sc-17840; 1:1000), 
PKD1 (HuaBio; Cat: ET1705-4; 1:1000), ITGA5 
(HuaBio; Cat: ET1610-15; 1:1000), MMP2 
(Abcam; Cat: ab97779; 1:1000), MMP9 (Cell 
Signaling Technology; Cat: 13667T; 1:1000), 
N-cadherin (HuaBio; Cat: M1304-1; 1:1000), 
Snail (HuaBio; Cat: ER1706-22; 1:1000), and 
Vimentin (Santa Cruz; Cat: sc-6260; 1:1000). 
After a thorough cleaning with TBST solution 
three times (5 min for each), the membranes 
were exposed to secondary antibodies for 1 h 
at ambient temperature, followed with TBST 
rinse again for three times (10 min for each). 
Protein visualization was carried out using the 
ChemiDoc XRS+ system in conjunction with  
the ECL (Abbkine, Wuhan, China) developer. 
The grayscale intensity of all protein bands  
was determined using Image J software, with 
GAPDH serving as the reference for loading  
normalization. The ultimate outcomes were 
represented as the grayscale value of the tar-
get band divided by the grayscale value of 
GAPDH.

Active Rap1 detection

The active form of the Rap1 protein was identi-
fied in cellular lysates using an active Rap1 pull 
down and detection kit provided by Cell 
Signaling Technology. HT1376 and 5637 cells 
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were seeded onto 6-well plates at suitable cell 
densities, exposed to 0, 10, and 20 μM of  
cepharanthine for 24 h, and then rinsed with 
PBS. A lysis buffer solution containing phenyl-
methylsulfonyl fluoride was applied for 5 min, 
and the cell debris were removed by using cen-
trifugal force. Subsequently, the liquid portion 
of the mixture was used for BCA protein mea-
surement and the creation of a lysate with a 
concentration of 1 mg/ml. The sample, bound 
protein, and glutathione resin were mixed in a 
rotating cup and kept at a temperature of 4°C 
for 1 h. This allowed the GTP-bound GTPase to 
attach to the glutathione resin via the GST-
linked binding protein. The protein that was not 
bound was separated by centrifugation, while 
the GTPase that was attached to the glutathi-
one resin was released using SDS buffer con-
taining dithiothreitol (DTT) with a final concen-
tration of 200 mM. The eluted samples were 
subjected to western blot analysis to quantify 
the quantity of active Rap1 protein.

Quantitative data analysis

The statistical analysis was conducted with 
IBM SPSS Statistics 27.0.1 software. The data 
were collected from three separate and repeat-
ed studies, and the findings were presented as 
the mean value ± the standard deviation (SD). 
Independent samples t-tests were used to test 
for significant differences between two groups 
of data; one-way ANOVA was used to analyze 
significant differences between three or more 
groups, with statistical significance defined at  
P-value < 0.05.

Results

Molecular structure of cepharanthine and its 
potential therapeutic targets in bladder cancer 
treatment

The chemical configuration of cepharanthine 
was acquired from PubChem and graphically 
shown using ChemDraw 21.0.0 (Figure 1A). In 
order to determine the possible therapeutic tar-
gets of cepharanthine for the treatment of blad-
der cancer, the Swiss Target Prediction and 
Pharm Mapper databases were utilized, and 
yielded a compilation of drug action targets 
linked to cepharanthine, resulting in a total of 
313 relevant targets. Additionally, we retrieved 
information on bladder cancer disease targets 
from the GeenCards database, which yielded a 

total of 9,291 targets. By setting the relevance 
score threshold to ≥c30.0, we identified 277 
candidate disease targets specifically related 
to bladder cancer. To determine the potential 
therapeutic targets of cepharanthine for blad-
der cancer treatment, we performed an inter-
section analysis between the drug action tar-
gets and the bladder cancer disease targets. 
Through Venn plots (Figure 1B), we obtained a 
total of 22 intersecting targets, suggesting that 
these targets may play a role in the treatment 
of bladder cancer with cepharanthine and have 
the potential to be targeted for therapeutic 
purposes.

Construction of a PPI network map and core 
target screening

A PPI network diagram was created to explore 
possible therapeutic targets of cepharanthine 
for the treatment of bladder cancer, as shown 
in Figure 1C. The CytoHubba plugin was utilized 
to select the Degree Top10 and MCC Top10 
core targets, as displayed in Figure 1D. The 
Degree Top10 core targets included EGFR, 
MET, MTOR, FGFR1, TERT, SRC, JAK2, ESR1, 
MDM2, and AKT1, while the MCC Top10 core 
targets consisted of ESR1, TERT, MDM2, SRC, 
EGFR, MET, KIT, FGFR1, ALK, and MTOR. A total 
of 12 non-repeating core targets were identi-
fied, highlighted in Figure 1E.

GO study of putative cepharanthine medicinal 
targets for bladder cancer therapy

Figure 1F shows the findings of GO functional 
annotation analysis for putative therapeutic 
targets of cepharanthine for bladder cancer 
therapy. In BP, 91 enriched GO terms were iden-
tified, with a focus on signal transduction, pro-
tein autophosphorylation, and negative regula-
tion of apoptosis. 21 enriched GO items were 
detected in CC, predominantly associated with 
the plasma membrane, nucleus, and cytosol. In 
MF, 34 enriched GO terms were identified, 
mainly involving protein binding, identical pro-
tein binding, and adenosine triphosphate 
binding.

KEGG pathway enrichment study of potential 
cepharanthine medicinal targets for bladder 
cancer therapy

Figure 1G displays the results of KEGG pathway 
enrichment analysis for the potential therapeu-
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tic targets of cepharanthine in the treatment  
of bladder cancer. Enrichment analysis identi-
fied that potential targets were implicated in 76 
signaling pathways, with prominent pathways 
encompassing cancer, proteoglycans in cancer, 
the PI3K-Akt signaling pathway, hepatocellular 
carcinoma, endocrine resistance, the Rap1 sig-
naling pathway, prostate cancer, EGFR tyrosine 
kinase inhibitor resistance, and breast cancer. 
These findings indicate that cepharanthine may 
exert its anti-bladder cancer actions via many 
signaling pathways.

Results of drug-disease-target-pathway analy-
sis

A drug-disease-target-pathway network dia-
gram was created to visualize the potential 
interactions among cepharanthine, bladder 
cancer, therapeutic targets, and pathways, as 
shown in Figure 1I. The analysis demonstrated 
that cepharanthine has multi-target and multi-
pathway interactions, suggesting its potential 
efficacy as an anti-bladder cancer agent.

IC50 values of cepharanthine in HT1376 and 
5637 cells were determined to be 11.18 and 
11.58 μM, respectively.

Cepharanthine inhibited bladder cancer cell 
proliferation in vitro

To assess the impact of cepharanthine on  
the proliferation of bladder cancer cells, we 
conducted a colony formation test using the 
HT1376 and 5637 cell lines. As demonstrat- 
ed in Figure 3, the clonogenic numbers of blad-
der cancer cells decreased gradually as the 
concentrations of cepharanthine increased, 
indicative of a concentration-dependent inhibi-
tion of cell proliferation.

Cepharanthine reduced migration, invasion, 
and EMT of bladder cancer cells

To examine the potential inhibitory effects of 
cepharanthine on the migration, invasion, and 
EMT of bladder cancer cells, we performed 
wound healing, transwell migration and inva-

Figure 1. Molecular structure of cepharanthine, potential therapeutic targets of cepharanthine on bladder cancer, 
PPI network visualization, core targets, GO, KEGG enrichment analysis, and drug-disease-target-pathway visualiza-
tion of cepharanthine. A. Molecular structure of cepharanthine. B. Overlapping cepharanthine-related and bladder 
cancer-related targets on Venn diagram. C. Visualization of PPI network of potential therapeutic targets. D. Top 10 
ranking of Degree and MCC values. E. Twelve core targets from the intersection of Degree Top10 and MCC Top10. F. 
GO enrichment analysis. The top 10 functional categories of biological processes, cellular components, and molecu-
lar functions were selected for display. G. KEGG pathway enrichment analysis of the potential therapeu tic targets. 
The 20 pathways with the highest count values were selected for display. H. Results of KEGG pathway enrichment 
analysis of core targets. I. Visual network diagram of drug-disease-target-pathway of cepharanthine for bladder 
cancer treatment.

Figure 2. Inhibitory effects of cepharanthine on the viability of bladder can-
cer cells. Cell viability of HT1376 (A) and 5637 (B) bladder cancer cells treat-
ed with different concentrations of cepharanthine for 24 h, was detected by 
the CCK-8 method. Values are expressed as mean ± SD, n = 3 (experiments 
were repeated in triplicate independently), *P < 0.05 vs. control group (con-
centration: 0 μM).

Cepharanthine inhibited the 
vitality of bladder cancer cells

The impact of cepharanthine 
on the viability of bladder  
cancer cells was assessed  
by CCK-8 test after 24 h  
of treatment with different 
doses (0, 5, 10, 15, 20, 25, 
and 30 μM). Following ceph-
aranthine treatment, the cell 
viability of HT1376 and 5637 
cells dropped considerably. 
HT1376 cell viability reduced 
significantly from 100% to 
(17.36 ± 1.56)% (P < 0.05) 
(Figure 2A), while 5637 cell 
viability declined significantly 
from 100% to (12.65 ± 3.25)% 
(P < 0.05) (Figure 2B). The 
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sion assays using HT1376 and 5637 cell  
lines. After 24 h, the wound area in untreated 
control group was considerably larger com-

pared to that in the cepharanthine-treated 
group (10 μM, 20 μM), as seen in Figure 4. 
Furthermore, the transwell migration and  

Figure 3. Effect of cepharanthine on colony forming ability of HT1376 and 5637 cells. Cells were treated with ceph-
aranthine and then cultured in fresh medium for 10 days to form colonies. Values are expressed as mean ± SD, n = 
3 (experiments were repeated in triplicate independently), *P < 0.05 vs. untreated group (concentration: 0 μM), #P 
< 0.05 vs. treatment group (concentration: 10 μM). Note: CEP: cepharanthine.

Figure 4. Cepharanthine inhibited migration 
of HT1375 and 5637 cells. The effect of ceph-
aranthine on migration (wound healing assay) of 
HT1376 (A) and 5637 (B) cells after 24 h treat-
ment. (C) The statistical results are expressed as 
mean ± SD, n = 3 (experiments were repeated 
in triplicate independently), Scale bar = 200 μm; 
magnification power: 100×. *P < 0.05 vs. untreat-
ed group (concentration: 0 μM), #P < 0.05 vs. 
treatment group (concentration: 10 μM). Note: 
CEP: cepharanthine.
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invasion assays revealed a significant decrease 
in the rate of cell perforation in the treated 
groups as compared to the control group 
(Figure 5). In addition, the western blotting 
study showed a reduction in the expression of 
MMP2, MMP9, N-cadherin, and Snail. How- 
ever, the levels of Vimentin didn’t change  
greatly (Figure 6A-D). These data indicate that 
cepharanthine can suppress the migration, 
invasion, and EMT process of bladder cancer 
cells.

Activation of Rap1 signaling pathway by ceph-
aranthine

Based on the KEGG enrichment analysis of 
drug-disease crossover targets, the Rap1 sig-
naling pathway was identified as a potential 
pathway involved in the therapeutic effects of 

cepharanthine on bladder cancer. To validate 
this hypothesis, we performed a KEGG enrich-
ment analysis (Figure 1H) of the previously 
obtained drug-disease core targets, which con-
firmed the involvement of the Rap1 signaling 
pathway. Additionally, we evaluated the activa-
tion of the Rap1/PKD1/ITGA5 pathway (Figure 
7) and observed that the expression of active 
Rap1 protein was upregulated with increasing 
drug concentrations, while the downstream 
protein molecules PKD1 and ITGA5 were down-
regulated (Figure 8). Furthermore, western 
blotting analysis indicated a dose-dependent 
decrease in E-cad/C3G expression and an 
increase in Epac1 expression after the admin-
istration of cepharanthine, providing insight 
into its mechanism of action through the Rap1 
signaling pathway.

Figure 5. The effect of cepharanthine on migration and invasion (transwell assay) of HT1376 and 5637 cells after 
24 h treatment. Migration (A, B) and invasion (C, D) abilities were observed by transwell assay. Values are expressed 
as mean ± SD, n = 3 (experiments were repeated in triplicate independently), Scale bar = 100 μm; magnification 
power: 200×. *P < 0.05 vs. untreated group (concentration: 0 μM), #P < 0.05 vs. treatment group (concentration: 
10 μM). Note: CEP: cepharanthine.
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Discussion

Bladder cancer is a highly prevalent and deadly 
tumor, ranking among the top 10 most com-
mon cancers worldwide [2]. The metastasis 
rate of bladder cancer is also alarmingly high 
[25]. Despite advancements in treatment, 
patients with metastatic bladder cancer still 
face significant challenges, including low 5-year 
survival rates [26]. Hence, it is essential to 
investigate novel therapeutic agents and tech-
niques for the treatment of bladder cancer, par-
ticularly in tackling the problem of metastasis. 
Cepharanthine, an active compound found in 
the plant Stephania japonica (Thunb.) Miers 
[15], has shown promise in influencing various 

biological behaviors of tumors, such as cell  
proliferation [18], apoptosis [19, 27], migration, 
and invasion [28]. Furthermore, recent research 
has shown its capacity to hinder the multiplica-
tion of viruses, suggesting its promise as a 
therapy for severe acute respiratory syndrome 
caused by coronavirus 2 [17]. As understan- 
ding of cepharanthine grows, researchers have 
begun investigating its antitumor and antiviral 
effects. However, there is a lack of exploratory 
studies specifically examining its anti-bladder 
cancer effects and underlying mechanisms. 
Our research used network pharmacology and 
in vitro experiments to investigate the anti-
bladder cancer properties of cepharanthine. 
We have identified possible targets and the 

Figure 6. Cepharanthine inhibited the expression of migration and invasion related proteins in HT1376 and 5637 
cells. The effect of cepharanthine on the expression levels of migration and invasion related proteins MMP2, MMP9, 
and EMT-related proteins, detected by western blotting, in HT1376 (A, C) and 5637 (B, D) cells after 24 h treatment. 
Values are expressed as mean ± SD, n = 3 (experiments were repeated in triplicate independently), *P < 0.05 vs. 
untreated group (concentration: 0 μM), #P < 0.05 vs. treatment group (concentration: 10 μM). Note: CEP: ceph-
aranthine; MMP2: matrix metalloproteinase 2; MMP9: matrix metalloproteinase 9; EMT: epithelial-mesenchymal 
transition.
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Figure 7. Rap1 signaling pathway. The highlighted part is the related pathway we focused on.
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molecular pathways involved. The specific flow-
chart is shown in Figure 9. TCM has garnered 
substantial recognition in disease treatment, 
leading to a surge in research efforts to explore 
its possible uses. We used internet databases 
and performed network pharmacology studies 
to thoroughly investigate the specific targets 
and mechanisms of action of cepharanthine in 
the treatment of bladder cancer. Subsequently, 
we conducted in vitro experiments to validate 
our findings. The KEGG enrichment analysis 
showed that cepharanthine was linked to vari-
ous signaling pathways, such as cancer, proteo-

glycans in cancer, PI3K-Akt signaling pathway, 
hepatocellular carcinoma, endocrine resis-
tance, Rap1 signaling pathway, prostate can-
cer, EGFR tyrosine kinase inhibitor resistance, 
and breast cancer (Figure 1G). Rap1, a small 
GTPase belonging to the Ras family [29], exhib-
its dual biological functions: first, it can reverse 
KRAS-induced cell morphological alterations 
[30], and second, its activation can promote 
the development of various cancers through 
multiple signaling pathways [31, 32]. The Rap1 
signaling pathway plays a crucial role in regulat-
ing several cancers, particularly in integrin fam-

Figure 8. Cepharanthine activate Rap1 and affect the expression of related signaling pathway molecules. The effect 
of cepharanthine on the expression levels of Rap1, Epac1, E-cadherin, C3G, Rap1 GTP, PKD1, ITGA5, detected by 
western blotting, in HT1376 (A, C) and 5637 (B, D) cells after 24 h treatment. Values are expressed as mean ± SD, 
n = 3 (experiments were repeated in triplicate independently), *P < 0.05 vs. untreated group (concentration: 0 μM), 
#P < 0.05 vs. treatment group (concentration: 10 μM). Note: CEP: cepharanthine; Rap1: Ras-proximate-1; Epac1: Ex-
change protein directly activated by cAMP 1; E-cadherin: epithelial cadherin; C3G: Crk SH3-domain-binding guanine-
nucleotide-releasing factor; PKD1: protein kinase D1; ITGA5: integrin alpha-5.
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Figure 9. The flow chart for the network pharmacology analysis and in vitro validation.
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ily-mediated processes such as cell adhesion, 
migration, and invasion [11]. Epac1, a guanyl-
ate exchange factor regulated by cyclic adenos-
ine monophosphate (cAMP), is involved in GTP/
GDP exchange and activation of the Rap1 sig-
naling pathway for potential cancer therapeutic 
effects [33, 34]. C3G, another guanine nucleo-
tide exchange factor (GEF) also known as 
RAPGEF1, plays an important role in the activa-
tion of the Rap1 signaling pathway [35]. PKD1, 
a member of the serine/threonine kinase fami-
ly, functions as a significant controller in sever-
al biological processes such as cell migration, 
invasion, and EMT [36]. It is closely associated 
with the regulation of Rap1 and integrins [37, 
38]. ITGA5, an integral part of the integrin fam-
ily, plays a pivotal function in the invasion of 
cancer cells and is strongly linked to the pro-
cess of metastasis [39]. In our study, we select-
ed the bladder cancer cell lines 5637 (G2) and 
HT1376 (G3) for in vitro experiments. These 
cell lines represent intermediate to high-grade 
bladder cancers with relatively high metastatic 
potential [40]. We evaluated the effects of 
cepharanthine on bladder cancer cell migra-
tion, invasion, and the EMT process through the 
Rap1/PKD1/ITGA5 signaling pathway. The con-
centrations of cepharanthine used in subse-
quent drug experiments (10 μM, 20 μM) were 
determined based on the IC50 values observed 
in HT1376 and 5637 cells. The final concentra-
tion of dimethyl sulfoxide in the drug samples 
was 2.5/1000 (v/v), which has been reported 
to have little or no cytotoxicity under a concen-
tration of 5/1000 (v/v) [41-43]. During addition-
al experiments using colony formation, wound 
healing, transwell migration and invasion 
assays, we observed that cepharanthine effec-
tively suppressed the proliferation, migration, 
and invasion of bladder cancer cells. Migration 
and invasion were chosen for comprehensive 
investigations of their molecular mechanisms. 
By network pharmacology analysis, our atten-
tion was directed towards the confirmation of 
the Rap1 signaling pathway.

Through western blotting, we observed that  
the Rap1 signaling pathway was activated, 
resulting in elevated Rap1 GTP manifestation  
in the bladder cancer cell lines HT1376 and 
5637 after treatment with cepharanthine. 
Additionally, activated Rap1 suppressed the 
expression of PKD1 and ITGA5, and prevented 
MMP2, MMP9, N-cadherin, and snail expres-

sion. However, vimentin protein expression 
remained unaffected. To further investigate  
the regulatory mechanism of cepharanthine’s 
action on Rap1 and confirm the expression 
level of Rap1 GTP, we examined the expression 
levels of Epac1, E-cadherin, and C3G, which are 
upstream molecules involved in the regulation 
of Rap1 activation, by using the technique of 
western blotting. Prior studies have shown an 
positive relationship between the expression 
levels of Rap1 GTP and the migratory and inva-
sive capabilities of bladder cancer cells [35, 
44]. We found that E-cadherin and C3G ex- 
pressions were decreased, Epac1 expression 
was increased, and Rap1 GTP expression was 
increased after cepharanthine treatment. Our 
observation of Rap1 GTP expression disagrees 
with previous reports, suggesting that Epac1 
overexpression in bladder cancer cells acti-
vates Rap1 and thus inhibits bladder cancer 
cell migration [45]. Lyle et al. also found that 
the activation of the Epac-Rap pathway by 
cAMP hinders the migration of epithelial cells 
[46]. In our western blot experiments, we noti- 
ced a double band for Epac1, which may be 
attributed to protein transcription and post-
translational modifications generating multiple 
protein isoforms. We also observed downregu-
lation of E-cadherin expression, an EMT-related 
protein, which differs from previous reports 
[47], indicating that downregulated E-cadherin 
inhibits bladder cancer metastasis. Further- 
more, C3G expression was downregulated in 
our study, contradicting previously reported 
pro-migration and pro-EMT effects of downreg-
ulated C3G in other diseases [48]. It is possible 
that E-cadherin disengagement activates the 
Rap1 GTPase, and E-cadherin is mutually asso-
ciated with the presence of C3G [49]. These 
results lead to the conclusion that cepharan-
thine hinders the migration and invasion of 
bladder cancer cells, as well as the process  
of EMT, via activating the Rap1 signaling 
pathway.

While our study provides significant insights 
into the therapeutic potential of cepharanthine 
in bladder cancer, it also comes with limita-
tions. One of the main constraints is the reli-
ance on in vitro experiments. Though these 
offer valuable information on cellular mecha-
nisms, they cannot fully replicate the complexi-
ty of tumor behavior in the human body. Future 
research should, therefore, include in vivo stud-
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ies to validate our findings in a more physiologi-
cally relevant context. Additionally, while net-
work pharmacology has enabled us to predict 
and analyze the targets and pathways affected 
by cepharanthine, experimental validation of 
these targets in bladder cancer models remains 
crucial. Moreover, understanding the drug’s 
pharmacokinetics and pharmacodynamics in 
vivo will be essential for translating these find-
ings into clinical applications. Future studies 
should also explore the potential synergistic 
effects of cepharanthine with current bladder 
cancer treatments to enhance therapeutic effi-
cacy and overcome drug resistance. Finally, 
considering the genetic and molecular hetero-
geneity of bladder cancer, investigating the 
effects of cepharanthine across different blad-
der cancer subtypes would provide deeper 
insights into its therapeutic potential and help 
personalize treatment strategies.

Conclusion

This study shows that cepharanthine has an 
impact on bladder cancer by influencing the 
Rap1 signaling pathway and regulating the 
expression of downstream proteins, such as 
PKD1 and ITGA5. Additionally, cepharanthine 
modulates the expression of proteins related to 
migration, invasion, and EMT. MMP2 and 
MMP9 are representative proteins involved in 
migration and invasion, while proteins such as 
E-cadherin, N-cadherin, and Snail are EMT-
related proteins. These molecular alterations 
contribute to the suppression of bladder can-
cer cell motility, invasion, and EMT processes. 
Hence, cepharanthine exhibits potential as a 
viable therapeutic choice for the management 
of bladder cancer and the prevention of its 
metastases.
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