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restores gefitinib drug sensitivity by
regulating MYLK to inhibit EGFR and EMT processes
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Abstract: Erianin exerts anticancer effects in bladder cancer, although its underlying molecular mechanisms remain
unclear. This study used online databases to identify erianin-related drug targets and bladder cancer-associated
disease targets and to predict the potential signaling pathways involved. Intersecting genes were enriched in the
epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor resistance signaling pathway, and high myosin
light chain kinase (MYLK) expression was associated with poor prognosis. A gefitinib-resistant bladder cancer cell
line was established to evaluate the role of MYLK. Erianin inhibited MYLK and EGFR protein expression, blocked
EGFR signaling and epithelial-mesenchymal transition (EMT), restored gefitinib sensitivity, and suppressed the pro-

liferation, invasion, and migration of bladder cancer cells.
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Introduction

Urothelial carcinoma (UC) is a common malig-
nant tumor of the urinary system [1]. Transi-
tional cell carcinoma (TCC) accounts for approx-
imately 95% of bladder cancer cases [2].
Current treatment options for bladder cancer
include surgery, chemotherapy (gemcitabine +
cisplatin), immunotherapy (durvalumab, and
pembrolizumab), and targeted therapy (erdafi-
tinib, and enfortumab vedotin) [3-6]. Epithelial-
mesenchymal transition (EMT), which often
occurs during invasion and metastasis in epi-
thelial tumors, confers a mesenchymal pheno-
type and contributes to drug resistance in blad-
der cancer. Through EMT, tumor cells can
enhance self-repair capacity and resist chemo-
therapy-induced damage [7-9], leading to treat-
ment failure and reduced survival. However,
current treatment methods remain limited.
Phenformin combined with gefitinib inhibits
bladder cancer progression by suppressing
EGFR and AMPK pathways. Gefitinib can re-
verse abnormal EGFR pathway activation and
PD-L1-mediated immunosuppression induced

by long-term glutamine blockade in bladder
cancer. These indicate that gefitinib, an EGFR
inhibitor, suppresses the proliferation, invasion,
and migration of bladder cancer cells and has
research value in the study of bladder cancer.
The widespread expression of EGFR in bladder
cancer, together with gefitinib’'s capacity to
reverse drug resistance and support combina-
tion therapy, makes gefitinib a promising candi-
date for addressing the limitations of conven-
tional treatment [10-12].

Inhibiting EMT-related genes can reverse the
invasive and metastatic capacity of bladder
cancer cells [13, 14]. Therefore, drugs targeting
EMT-related genes may provide an effective
strategy for bladder cancer treatment. Com-
bining chemotherapeutic agents with EMT-
targeted drugs may improve chemotherapy effi-
cacy and reduce drug resistance [15, 16].
Therefore, EMT has become an important focus
of anticancer research. Natural compounds are
important sources for developing low-toxicity
and highly effective anticancer drugs. Erianin, a
plant-derived compound, has antitumor [17],
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antioxidant [18], and anti-inflammatory proper-
ties [19]. Erianin significantly inhibits cancer
cell growth and proliferation, and its mecha-
nism is associated with inhibition of EMT.
Erianin downregulates N-cadherin expression
and upregulates E-cadherin expression, there-
by inhibiting EMT [20]. Erianin also inhibits the
PIBK/AKT signaling pathway, thus preventing
hepatocellular carcinoma metastasis and inva-
sion [21]. However, its mechanism of action in
bladder cancer remains unclear.

The present study used bioinformatics analysis
to predict the targets and signaling pathways of
erianin in bladder cancer, focusing on the myo-
sin light chain kinase (MYLK) and the epidermal
growth factor receptor (EGFR) resistance sig-
naling pathway. High MYLK expression has
been associated with poor prognosis in several
cancer types and can induce EMT in cancer
cells [22, 23]. Gefitinib is an epidermal growth
factor receptor tyrosine kinase inhibitor (EGFR-
TKI), and resistance to gefitinib occurs in sev-
eral cancers [24]. Identifying targets involved in
gefitinib resistance is therefore essential. This
study investigated the effect of erianin on EMT
in T24/gefitinib-resistant (GR) bladder cancer
cells and explored its preliminary mechanism
of action.

Methods and materials

Screening and pathway enrichment analysis of
erianin and bladder cancer targets

A total of 116 erianin-related drug targets were
obtained from the CTD database (https://ctd-
base.org/) by searching for “erianin” and using
Swiss Target Prediction (http://swisstargetpre-
diction.ch/) (Table S1). Bladder cancer-related
genes were retrieved from the GeneCards
database (https://www.genecards.org/) using
“pladder cancer” as the keyword, yielding
11,828 targets. Targets with relevance scores
greater than or equal to the median score (7.81)
were retained, resulting in 3,383 bladder can-
cer-related target genes (Table S2) [25, 26].
The VennDiagram package in R was utilized to
identify overlapping genes between the two
datasets and generate a Venn diagram, yield-
ing 63 intersecting genes. The DAVID Bioin-
formatics Resources online database (https://
david.ncifcrf.gov/summary.jsp) was used to
perform Kyoto Encyclopedia of Genes and
Genomes (KEGG) and Gene Ontology (GO)
enrichment analyses of the 63 intersecting
genes [27].
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Screening of potential target genes for erianin
and bladder cancer

The GSE13507 dataset (primary bladder can-
cer and adjacent carcinoma) was downloaded
from NCBI (https://www.ncbi.nlm.nih.gov/) and
analyzed using the R packages “FactoMineR”
and “factoextra”. Principal component analysis
was performed on the two sample groups, and
differential expression between groups was
analyzed using the “limma” package. Genes
were screened using P < 0.05 and |[logFC| > 1,
yielding 385 differentially expressed genes,
including 52 upregulated and 333 downregu-
lated genes (Table S3) [28]. The two groups
formed distinct clusters, and differentially
expressed genes were used to generate volca-
no plots and clustering heat maps [29].

For molecular docking, core ligand structure
files were retrieved in SDF format from
PubChem (CID: 356759; https://pubchem.
ncbi.nim.nih.gov). The MYLK protein structure
was selected using the following criteria: reso-
lution standard < 2.5 A to ensure clear electron
density for binding-pocket residues and reduce
conformational ambiguity; no more than three
consecutive missing key residues; active ligand
threshold < -5.0 kcal/mol; conformational simi-
larity threshold RMSD < 2.0 A; and minimum
cluster proportion > 60%. These criteria were
used to exclude random binding patterns and
ensure reproducibility. The ligand files were
converted into PDB files using PyMOL 2.5.8
(https://pymol.org/2/). The 3D crystal struc-
tures of the targets were obtained from the
RCSB Protein Data Bank (https://www.pdb.
org/) and imported into PyMOL 2.5.8 for water
molecule removal and ligand separation [30].
Ligands and receptors were imported into
AutoDock Tools 1.5.6 (https://ccsb.scripps.
edu/mgltools/downloads/) for dehydration, hy-
drogenation, and charge calculation and were
saved in pdbqgt format. Molecular docking was
performed using AutoDockVina to obtain bind-
ing energy data for each active ingredient-tar-
get pair, and components and targets with
favorable binding activities were selected
based on binding energy [31]. Finally, PyMol
version 2.5.8, and Discovery Studio 2019 were
used to visualize the docking results.

Using the genes obtained from GeneCards and
Swiss Target Prediction, intersecting genes
were visualized with a Venn diagram generated
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using the VennDiagram package in R. Online
analysis software (https://www.xiantaozi.com/
literatures) was used to generate prognostic
survival curves for bladder cancer [32].

Cell culture

Human invasive uroepithelial cancer cells (T24
cells) were purchased from the Shanghai Cell
Bank of the Chinese Academy of Sciences.
After removal from liquid nitrogen, T24 cells
were resuspended, cultured in McCoy’'s 5A
medium containing 10% fetal bovine serum
(FBS) and 1% penicillin-streptomycin, and pas-
saged every 2 days. Cells were cultured until
the exponential growth phase before sub-
sequent experiments. Gefitinib (HY-50895)
and erianin (HY-NO517) were purchased from
MedChem Express Biotechnology Inc. (Mon-
mouth Junction, NJ, USA). Before the experi-
ments, the cell lines were authenticated by an
expert and confirmed to be free of mycoplasma
contamination.

Construction of T24/GR cell line

Cells in logarithmic growth phase (80%-90%
confluence) were treated with gefitinib at an
initial concentration of 1/10-1/5 of the IC, of
the parental cell line and cultured at 37°C with
5% COZ. When cell density reached 50%, the
medium was replaced with drug-free medium
for continued incubation. When cell density
returned to 80%-90%, the drug treatment was
repeated 6-8 times. The drug concentration
was increased after stable cell growth, and the
same procedure was repeated until cells grew
stably at the final drug concentration. The IC_
of the drug-resistant cell line was calculated. A
resistance index (RI) > 5 (Rl = IC_  of resistant
cell line/IC_, of parental cell line) indicated suc-
cessful establishment of a resistant strain. T24
cells represented the parental cell line, and
T24/GR cells represented the GR strain. After
successful construction, T24/GR cells were cul-
tured in McCoy’s 5A medium containing 100
nmol/L gefitinib to maintain drug resistance.

Construction of MYLK overexpression and
downregulation cell lines

To construct the MYLK over-expression plas-
mid, pcDNA3.1(+) vector was linearized by dou-
ble digestion with BamHI and EcoR I. In-Fusion®
HD cloning (639649; Clontech, China) was per-
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formed using primers with homologous arms
to amplify the full-length CDS of MYLK gene.
After gel recovery, the amplified product and
linearized vector were homologously recom-
bined. The recombinant product was trans-
formed into TOP10 competent cells (CB104-01;
TIANGEN BIOTECH (BEUING) Co., Ltd., China),
plated on resistant LB plates, and cultured,
after which single colonies were selected.
Positive clones were verified by colony PCR and
sequencing, and recombinant plasmids were
extracted. Specific siRNAs targeting MYLK were
designed by General Biosystems (Anhui) Corp.
Ltd. T24/GR cells in exponential phase were
collected, centrifuged, resuspended, and seed-
ed into six-well plates at 3 x 10° cells/mL; 2 mL
of cell suspension was added to each well and
incubated overnight. The following day, siRNA
or overexpression plasmid mixed with Lip3000
transfection reagent (Thermo Fisher Scientific,
L3000075, China) was added. Cells were col-
lected 48 h after transfection for subsequent
experiments, and successful construction was
confirmed by quantitative polymerase chain
reaction (QPCR) and western blotting.

Cell counting kit-8 assay

When T24 cells reached exponential phase, 1
mL of trypsin (P6730; Solarbio, China) was
added, and cells were incubated for 2-3 min.
McCoy’s 5A medium (1 mL; Solarbio, M9420)
was then added, and the mixture was centri-
fuged at 1200 rpm for 3 min. Subsequently,
3,000 cells were seeded into 96-well plates
and incubated overnight. Experimental groups
were treated with different concentrations of
erianin or gefitinib, and the control group
received the same volume of dimethyl sulfox-
ide. After 48 h of incubation in an incubator
(Thermo Fisher Scientific, Heracell Vios 160i
CR), 10 uL of Cell Counting Kit-8 (CCKS;
Solarbio, CA1210) solution was added to each
well. After a further 3 h of incubation, absor-
bance at 450 nm was measured using a micro-
plate reader (Flash, ReadMax 1200).

Wound healing assay

Successfully transfected T24/GR cells were
collected, digested, and counted at a concen-
tration of 5 x 105 cells/mL per well, then inocu-
lated into six-well plates. Then, 1 mL of cell sus-
pension was added to each well, and 1 mL of
McCoy’s 5A medium was replenished. The cells
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were then incubated overnight. Three lines
were drawn horizontally using a pipette gun
with a 10 pL tip, and the dislodged cells were
washed away with phosphate-buffered saline
(PBS). The cells were then added to a cell cul-
ture incubator containing 100 nmol/L erianin.
McCoy’s 5A medium was added, and the cells
were re-incubated, after which they were photo-
graphed using a microscope, placed in a cell
culture incubator, and incubated for 24 h. The
cells were then removed and photographed
under a microscope (Thermo Fisher Scientific,
EVOS™ M7000), and the healing rate was cal-
culated using statistical analysis using Image)J
1.5.2a software.

Transwell assay

Matrigel (356234; BD Biosciences, China) was
diluted with serum-free McCoy’s 5A medium at
a ratio of 1:11. A 100-uL aliquot of the diluted
matrix was added to the upper Transwell cham-
ber, and 500 uL of McCoy’s 5A medium con-
taining 20% FBS was added to the lower cham-
ber. Successfully transfected T24 cells were
collected and diluted to 1 x 10° cells/mL. A
50-uL cell suspension was added to the upper
chamber, followed by 50 pL of serum-free
McCoy’s 5A medium containing 200 nM eri-
anin. After 12 h of culture, cells were fixed with
500 L of methanol in each lower chamber for
25 min. Excess methanol was removed by
washing with PBS. A 0.1% crystal violet solution
(Solarbio, G1062) was added to each lower
chamber and incubated for 25 min. Excess
crystal violet was removed by washing with
PBS, and three randomly selected fields were
photographed under a microscope.

Immunofiuorescence assay

Transfected T24/RG cells were seeded onto
cell coverslips. After attachment, the cells were
incubated with 100 nM erianin for 48 h, fixed
with 4% paraformaldehyde, and washed three
times with PBS. Triton X-100 (0.5%; Solarbio,
T8200) was then added, and cells were incu-
bated at 25°C for 20 min. Bovine serum albu-
min (Solarbio, T8010) was added and incubat-
ed at room temperature for 1 h, followed by
incubation with the corresponding primary anti-
bodies. The cells were washed three times with
PBS, incubated with fluorescent secondary
antibody in a wet box protected from light for 1
h, washed three times with PBS, stained with
4’.6-diamidino-2-phenylindole, and incubated
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protected from light for 5 min. After three addi-
tional PBS washes, mounting medium was
added. After air drying, cells were photographed
using a confocal microscope (Leica, STELLARIS
5 Cryo), and three randomly selected images
were quantitatively analyzed using ImageJ 9.0.
Details of antibody and dilution ratios are pre-
sented in Table S4.

gPCR assay

Cell precipitates were collected according to
the requirements of each group, and total RNA
was extracted using TRIzol reagent (Solarbio,
R1200) according to the manufacturer’s in-
structions. Complementary DNA was synthe-
sized using Hifair Il 1st Strand cDNA Synthesis
SuperMix (Yeasen, Shanghai, China). gPCR was
performed on a LightCycler 480 Instrument I
(Roche) using Hieff® gPCR SYBR Green Master
Mix (Yeasen). Data were analyzed using
GraphPad Prism 10.0.1. The gPCR primer
sequences, si-MYLK interference sequences,
and overexpression sequence information are
listed in Table S5.

Western blot assay

Cell precipitates were collected, and tissue cell
lysate (Solarbio, BC3710) was added. Protein
concentration was determined using a BCA kit
(Solarbio, PCO020) according to the manufac-
turer’'s instructions. Extracted proteins were
heated at 95°C for 15 min, cooled to room tem-
perature, and used immediately or stored at
-80°C. Protein samples were loaded into each
well, separated by gel electrophoresis at 120 V
for 90 min, and transferred onto polyvinylidene
fluoride membranes at 220 V for 30 min. The
membranes were blocked with 5% skim milk
powder for 2 h, incubated with primary antibod-
ies overnight, washed with Tris-buffered saline
with Tween 20 (TBST), and incubated with sec-
ondary antibody for 1 h. After washing again
with TBST, the membranes were placed in che-
miluminescent solution for 10 s and imaged
using an iBright FL1500 Imaging System
(Thermo Fisher Scientific, A44241). Details of
the antibody and dilution ratios are provided in
Table S4.

Co-immunoprecipitation assay
Cell pellets were collected, and tissue cell lysis

buffer was added to obtain total protein
extracts. The supernatant was incubated over-
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night with a specific antibody at 4°C. Protein
A/G agarose beads were added, and incuba-
tion was continued at 4°C for 2 h to bind the
antibody-antigen complex (Beyotime Biotech
Inc., P2197M, China). The agarose beads were
thoroughly washed with buffer and eluted. The
eluate was collected, and the immunoprecipi-
tated protein complex was analyzed by sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis and western blotting to verify protein
interactions.

Cell derived xenograft

Male nude mice (6-7 weeks old, weighing 20-24
g) were purchased from Henan Skebes
Biotechnology Co., Ltd. (Henan, China). All ani-
mal procedures were approved by the Ins-
titutional Animal Care and Use Committee of
Chengde Medical University (approval No.
CYFYLL2025704). Tumor cell suspensions
were prepared in 100 uL of PBS, and each
mouse was subcutaneously injected with 5 x
108 tumor cells into the dorsal flank. Sub-
sequently, the mice were randomly divided into
four groups (n = 6 per group). Tumor growth
was monitored every three days by measuring
the long and short axes of the tumors using a
caliper, and tumor volume was calculated using
the formula: volume = (major axis x minor
axis?)/2. When the tumor volume reached
approximately 100 mm3, the four groups-Con-
trol, Erianin, Gefitinib, and Erianin + Gefitinib-
were administered normal saline, erianin (100
mg/kg, intraperitoneal injection), gefitinib (50
mg/kg, oral gavage), and the combination of
erianin and gefitinib, respectively. At the end of
the experiment, all mice were euthanized by
cervical dislocation under deep anesthesia
induced by intraperitoneal injection of pento-
barbital sodium (50 mg/kg). Death was con-
firmed by cessation of breathing and heartbeat,
as well as loss of pedal withdrawal reflex.

Statistical analysis

Statistical analyses were conducted using
SPSS software (version 20.0, IBM Corp., Ar-
monk, NY, USA). All data are presented as the
mean = standard deviation (SD) from at least
three independent experiments. For compari-
sons between two groups, the two-tailed
unpaired Student’s t-test was employed. For
comparisons involving more than two groups,
one-way analysis of variance (ANOVA) followed
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by Tukey’s post hoc test was used for multiple
comparisons. The dose-response curves for
IC,, calculations were fitted using nonlinear
regression analysis. Survival curves were gen-
erated using the Kaplan-Meier method, and dif-
ferences between groups were assessed by
the log-rank test. A P-value < 0.05 was consid-
ered statistically significant, with significance
levels denoted as P < 0.05, P<0.01, P<0.001,
and P < 0.0001; “ns” indicates not significant
(P> 0.05).

Results

Prediction of potential signaling pathways for
erianin

Relevant data were downloaded from online
databases to identify potential therapeutic tar-
gets of erianin in bladder TCC and determine
the overlap between predicted erianin targets
and bladder cancer-related targets. A total of
63 overlapping genes were identified (Figure
1A). GO enrichment analysis showed that PI3K-
related enzyme activities and complexes were
primarily enriched (Figure 1B). Conversely,
KEGG functional enrichment analysis revealed
that the differentially expressed genes were
primarily enriched in non-small cell lung can-
cer, EGFR tyrosine kinase inhibitor resistance,
gliomas, and endocrine resistance pathways
(Figure 1C).

Prediction of potential erianin targets

The principal components of the GSE13507
dataset were analyzed (Figure 2A), and volcano
plots (Figure 2B) and cluster heatmaps (Figure
2C) were generated. No additional relevant
information was obtained. GSE13507 target
information was collected and intersected with
erianin and disease targets. The Venn diagram
identified two intersecting genes: MYLK and
aurora kinase A (AURKA) (Figure 2D). Prognostic
survival analysis in bladder cancer revealed
that patients with high MYLK expression had
worse prognosis than patients with low MYLK
expression (P < 0.001), whereas survival did
not differ significantly between patients with
high and low AURKA expression (Figure 2E and
2F). Analysis based on the TCGA database
revealed that MYLK gene expression is signifi-
cantly upregulated in tumor tissues, and its
expression levels show a stepwise increase
with the progression of bladder cancer clinical
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Figure 2. Predictive target screening of erianin for the treatment of bladder cancer. A. Principal component analysis
plot of the GSE13507 disease database. B. Volcano plot of differentially expressed genes in the GSE13507 disease
database. C. Clustering heatmap of the top 10 upregulated and downregulated genes in the GSE13507 disease
database. D. Venn diagrams of the intersection of the target genes obtained from the three online databases. E.
Prognostic survival analysis of myosin light chain kinase (MYLK) expression in patients with bladder cancer. F. Prog-
nostic survival analysis of aurora kinase A (AURKA) expression in patients with bladder cancer. G. 2D and 3D mo-
lecular structure of erianin and its relative molecular mass. H. Schematic diagram of molecular docking of erianin
and MYLK proteins. When comparing the two groups, ****P < 0.0001 indicates significance, whereas “ns” with P

> 0.05 represents no significance.

stages (from stage Il to stage IV). This confirms
that MYLK is not only a driver of tumorigenesis
but also a critical biomarker of disease progres-
sion (Figure S1). Therefore, the MYLK factor,
which has prognostic significance, was select-
ed as the primary subject of subsequent analy-
ses. The 2D and 3D molecular formulae of eri-
anin are shown in Figure 2G. The molecular
docking of erianin with MYLK revealed a corre-
sponding binding site between the two. The
docking binding energy between erianin and
the MYLK protein was -5.72 kcal/mol. Erianin
formed a hydrogen bond with the amino acid
residue GLN673 on the protein and formed
hydrophobic interactions with the amino acid
residues HIS678 and TRP656 (Figure 2H).

Erianin inhibits T24/GR cell viability

The effect of erianin on cell viability was inves-
tigated in bladder cancer and normal cell lines
to determine whether erianin could restore gefi-
tinib sensitivity. Erianin inhibited the prolifera-
tion of multiple bladder cancer cell lines, with
the strongest inhibitory effect observed in T24
cells. In contrast, erianin had no significant
inhibitory effect on the normal SV-HUC-1 cell
line, indicating selective cytotoxicity toward
bladder cancer cells (Figure S2).

To further verify whether erianin restored gefi-
tinib sensitivity, T24 cells were selected be-
cause the IC_ of erianin in these cells (147.28
nmol/L) was lower than that in the other blad-
der cancer cell lines. T24/GR cells were then
established. The IC, values of gefitinib in T24
and T24/GR cells were 0.1534 pmol/L and
1.703 pmol/L, respectively, and Rl = 11.1 > 5
indicated successful construction of the T24/
GR cell line (Figure 3A). In addition, erianin
inhibited T24/GR cell viability in a concentra-
tion-dependent manner, with an IC_  of 106.29
nmol/L (Figure 3B). To evaluate erianin activity
within the effective concentration range and
avoid potential cytotoxicity, 100 nmol/L was
selected for subsequent experiments based on
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the IC,, in T24/GR cells [33, 34]. Western blot-
ting confirmed higher MYLK, EGFR, and p-EGFR
expression in T24/GR cells than in T24 cells
(Figure 3C). T24/GR cell lines with upregulated
or downregulated MYLK expression were con-
structed to confirm the regulatory roles of eri-
anin and MYLK (Figure 3D and 3E). CCK8
results showed that MYLK overexpression
enhanced T24/GR cell viability and weakened
the inhibitory effect of erianin. After MYLK
downregulation, T24/GR cell viability was sig-
nificantly reduced (Figure 3F).

Erianin inhibits EMT in T24/GR cells

The effects of erianin on invasion, migration,
and EMT in T24/GR cells were investigated.
Scratch and Transwell assays showed that
migration and invasion were significantly
decreased in the erianin group compared with
the control group. Cell migration and invasion
ability were also significantly increased in the
MYLK overexpression group compared with
that in the control group, and MYLK overexpres-
sion attenuated the inhibitory effect of erianin
on T24/GR cell invasion. The si-MYLK group
exhibited significantly decreased invasion and
migration compared with the control group.
Erianin treatment for 24 h after successful si-
MYLK transfection did not significantly alter cell
migration or invasion compared with erianin
treatment alone (Figure 4A and 4B). E-cadherin
and N-cadherin expression was then assessed
by immunofluorescence (Figure 5A and 5B)
and western blotting (Figure 6A and 6B).
E-cadherin and N-cadherin were expressed in
both the cytoplasm and nucleus, and erianin
upregulated E-cadherin and downregulated
N-cadherin by inhibiting MYLK expression.

Erianin inhibits EGFR signaling and EMT
through downregulation of MYLK

After confirming that erianin can inhibit the pro-

liferation, invasion, migration, and EMT process
of T24/GR cells, further investigation focused
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Figure 3. Erianin inhibits T24/GR cell viability by regulating MYLK protein expression. A. Cell Counting Kit-8 (CCK8)
assay to detect the changes in cell viability after T24 and T24/GR cells were treated with different concentrations of
gefitinib for 48 h. B. CCK8 assay to detect the changes in cell viability after T24/GR cells were treated with different
concentrations of erianin for 48 h. C. Western blot assay to detect the changes in cell viability after treating T24 and
T24/GR cells with gefitinib (100 nmol/L) for 48 h to detect MYLK, EGFR, and p-EGFR protein expression. D. Quanti-
tative polymerase chain reaction (qPCR) assay to detect the MYLK mRNA expression level after transfecting T24/GR
cells with MYLK overexpression plasmids and siRNA for 48 h. E. Western blotting to detect the MYLK protein expres-
sion level. F. CCK8 assay to detect changes in cell viability. When comparing the two groups, *P < 0.05, **P < 0.01,
***P < (0.001, and ****P < 0.0001 indicate significance, while “ns” with P > 0.05 represents no significance.

on its potential targets and underlying mecha- exhibited downregulated EGFR and p-EGFR pro-
nisms of action. Compared to those in the con- tein expression compared with that of the con-
trol group, the MYLK, EGFR, and p-EGFR pro- trol group. Transfection of si-MYLK in T24/GR
tein expression levels were significantly de- cells for 48 h, followed by the addition of eri-
creased in T24/GR cells after 48 h of treatment anin for 48 h, showed that the inhibitory effect
with erianin, and MYLK overexpression coun- of EGFR and p-EGFR was not significantly down-
teracted erianin-induced EGFR and p-EGFR pro- regulated compared to the erianin-treated
tein downregulation. The si-MYLK group also group (Figure 6A and 6B). The results of co-

3385 Am J Cancer Res 2026;16(8):3377-3393



Erianin targets MYLK to overcome gefitinib resistance

Vector Erianin + MYLK

wound healing (%)

Erianin + Si-MYLK 100- *

wound healing (%)

B *
T24/GR © 2004 *
Vector Erianin MYLK Erianin + MYLK g — !
N g ; . 5 150
[0}
-g 100
=}
Z 504
0-
SRR S
& IR\
&
W& Qxé
QO
Q/{\é‘
T24/GR 200+
Si-NC Erianin Si-MYLK Erianin + Si-MYLK " *okk
D 150  Deorxx 1
8 —
k]
5 100 *%k
Q
£
=3
=z

Figure 4. Erianin inhibits T24/GR cell invasion and migration by regulating MYLK protein expression. A. Changes in
cell migration ability were detected via cell scratch assay 48 h after transfection of T24/GR cells with MYLK overex-
pression plasmid and siRNA (magnification 4 x 10, scale bar: 500 ym). B. Changes in cell invasion ability detected
using a Transwell assay (magnification 20 x 10, scale bar: 50 yum). When comparing the two groups, *P < 0.05, **P
< 0.01, ***P < 0.001, and ****P < 0.0001 indicate significance.

immunoprecipitation showed that EGFR was firming the interaction between the two (Figure
present in the protein complex of MYLK, con- S3).
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Figure 5. Erianin upregulates E-cadherin and downregulates N-cadherin expression levels by regulating MYLK pro-
tein expression. A. E- and N-cadherin protein expression using an immunofluorescence assay after transfecting
T24/GR cells with a MYLK overexpression plasmid (magnification 20 x 10, scale bar: 50 ym). B. E- and N-cadherin
protein expression detected by immunofluorescence assay after transfecting T24/GR cells with MYLK siRNA for 48
h (magnification 20 x 10, scale bar: 50 um). When comparing the two groups, *P < 0.05, ***P < 0.001, and ****P

< 0.0001 indicate significance.

To further verify the functional relationship
between MYLK and EGFR in T24/GR cells, we
employed erlotinib, a specific EGFR tyrosine
Kinase inhibitor, as a positive control. As shown
in Figure 6C, erlotinib treatment alone signifi-
cantly downregulated EGFR and p-EGFR protein
expression levels compared to the vector con-
trol group. Notably, MYLK overexpression alone
markedly increased the expression of MYLK,

3387

EGFR, p-EGFR, and N-Cadherin, while decreas-
ing E-Cadherin expression. However, when
MYLK overexpression was combined with erlo-
tinib treatment, the upregulation of EGFR and
p-EGFR induced by MYLK overexpression was
substantially attenuated, although the inhibito-
ry effect was slightly less potent than that of
erlotinib alone. Similarly, the erlotinib-induced
downregulation of N-Cadherin and upregulation
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Figure 6. Erianin regulates epidermal growth factor receptor (EGFR) and epithelial-mesenchymal transition-related
protein expression. A. Western blot assay used to detect MYLK, EGFR, p-EGFR, E-cadherin, and N-cadherin protein
expression after transfecting T24/GR cells with a MYLK overexpression plasmid. B. Western blot assay to detect
MYLK, EGFR, p-EGFR, E-cadherin, and N-cadherin protein expression 48 h after transfecting T24/GR cells with
MYLK siRNA. C. Western blot assay to detect MYLK, EGFR, p-EGFR, E-cadherin, and N-cadherin protein expression in
T24/GR cells transfected with MYLK overexpression plasmid, with or without erlotinib treatment. When comparing
the two groups, *P < 0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001 indicate significance.

of E-Cadherin were partially reversed by MYLK that MYLK functions upstream of EGFR in the
overexpression. These results demonstrate regulatory pathway, and that the MYLK-EGFR
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Figure 7. Erianin enhances gefitinib sensitivity in T24/GR xenograft mouse model. A. Representative images of dis-
sected tumors from each group at the end of the experiment. B. Tumor growth curves showing changes in tumor
volume over time in different treatment groups. C. Comparison of tumor weights among all groups at the endpoint.
D. Comparison of final tumor volumes among all groups at the endpoint. E. Western blot analysis of MYLK, p-EGFR,
EGFR, E-Cadherin, and N-Cadherin protein expression levels in tumor tissues from each group, with GAPDH or
B-actin used as the loading control. When comparing the two groups, *P < 0.05, **P < 0.01, ***P < 0.001, and
**%x*%P < (0.0001 indicate significance.

axis plays a critical role in mediating EMT pro-
gression in T24/GR cells.

Erianin enhances gefitinib sensitivity in T24/
GR xenograft mouse model

To further validate the therapeutic potential of
erianin in restoring gefitinib sensitivity in vivo, a
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T24/GR xenograft nude mouse model was
established. As shown in Figure 7A, tumors in
the control group exhibited the largest volume,
while combination treatment resulted in the
smallest tumor size. Tumor growth curves dem-
onstrated that both erianin and gefitinib mono-
therapy inhibited tumor growth to varying
degrees; however, the combination of gefitinib
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and erianin produced the most pronounced
anti-tumor effect, with tumor volume being
significantly smaller than that in the gefitinib
alone group (Figure 7B). At the end of the exper-
iment, tumor weight and final tumor volume
measurements consistently showed that the
combination group achieved the greatest thera-
peutic efficacy (Figure 7C and 7D). Western
blot analysis of tumor tissues revealed that eri-
anin significantly downregulated MYLK, p-EGFR,
and N-Cadherin expression, while upregulating
E-Cadherin expression. Notably, gefitinib alone
did not significantly affect MYLK expression,
whereas the combination treatment resulted in
the most substantial downregulation of MYLK
and p-EGFR, accompanied by the strongest
reversal of EMT markers (Figure 7E). These in
vivo results further confirm that erianin restores
gefitinib sensitivity by targeting the MYLK-EGFR
axis, providing a promising therapeutic strategy
for overcoming EGFR inhibitor resistance in
bladder cancer.

Discussion

Currently, no EGFR inhibitor has been officially
approved for the clinical treatment of bladder
cancer, and most EGFR-targeted drugs remain
in clinical trials. Gefitinib, erlotinib, cetuximab,
and dacomitinib have been extensively studied,
although they are not approved for this indica-
tion [3-6]. Gefitinib was selected as the EGFR
inhibitor in this study because EGFR is fre-
quently highly expressed in bladder cancer and
is associated with invasiveness and poor prog-
nosis [35]. Gefitinib inhibits EGFR tyrosine
kinase activity and blocks downstream EGFR-
mediated signaling pathways, including ERK
and Akt phosphorylation, thereby suppressing
bladder cancer cell proliferation [36]. Several
preclinical studies have demonstrated the
potential value of gefitinib, including in combi-
nation with phenformin and glutamine blockers
[10-12].

Erianin has anticancer activity in several can-
cers, although its role and mechanism in blad-
der cancer remain unclear [37, 38]. Gefitinib
has specific activity as an EGFR-TKI in bladder
cancer [39], whereas gefitinib resistance limits
its anticancer effects [40]. We analyzed the
intersection of target genes from three online
databases and identified MYLK and AURKA as
the final candidate genes. AURKA expression
did not significantly affect prognosis in patients
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with bladder cancer, whereas patients with
high MYLK expression had worse prognosis
than those with low MYLK expression. MYLK is
a pro-carcinogenic gene that induces cancer
cell angiogenesis, invasion, and metastasis
[41, 42], which may contribute to the poor prog-
nosis of patients with high MYLK-expressing
bladder cancer. In this study, MYLK was highly
expressed in T24/GR cells, and erianin treat-
ment inhibited their invasion and migration.
MYLK overexpression attenuated the effects
of erianin on T24/GR cells, whereas si-MYLK
downregulation produced a stronger inhibitory
effect on T24/GR cells. Subsequently, MYLK
expression was positively correlated with of
EGFR expression, and erianin reduced both
EGFR and MYLK expression in T24/GR cells.
MYLK4 activates EGFR in osteosarcoma to
induce invasion and metastasis [43], whereas
inhibition of MYLK expression can prevent
invasion and metastasis in prostate [37] and
breast cancers [38], consistent with the pres-
ent findings. Erianin may affect EGFR expres-
sion by regulating MYLK, thereby restoring the
sensitivity of bladder cancer cells to gefitinib.
Co-immunoprecipitation further verified the
interaction between MYLK and EGFR. MYLK4,
a member of the MYLK family, is positively
correlated with EGFR expression in osteosar-
coma, and EGFR has been detected in the
MYLK4 protein complex, suggesting an interac-
tion between them [43]. This finding is consis-
tent with the present results.

Bladder cancer invasion and migration are key
factors associated with poor prognosis. EMT
participates in malignant transformation and
tumor cell migration, thereby promoting tumor
progression and metastasis. E-cadherin ex-
pression is correlated with survival in patients
treated with EGFR-TKIs [44], and both E- and
N-cadherins are involved in gefitinib resistance
[45]. In the present study, erianin inhibited EMT
in T24/GR cells by regulating MYLK expression,
resulting in increased E-cadherin expression
and decreased N-cadherin expression. EMT
inhibition reverses gefitinib resistance in lung
adenocarcinoma [46], consistent with the pres-
ent findings.

This study clarifies a mechanism by which eri-
anin restores gefitinib sensitivity by targeting
MYLK to regulate the EGFR/EMT pathway. This
mechanism may be relevant to other EGFR-
dependent tumor types with similar drug resis-
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tance mechanisms, such as non-small cell lung
cancer, and should be evaluated in relevant
models.

Although these findings are promising, this
study has some limitations. First, the relation-
ship between MYLK and EGFR requires further
investigation. EMT in cancer cells is a relatively
complex process, and the present findings do
not fully explain the specific mechanistic role of
erianin in EMT. In addition, gefitinib resistance
may involve multiple proliferation- and survival-
related mechanisms, including the PISK/AKT
pathway [47, 48]. Because resistance mecha-
nisms involving this pathway have been widely
studied, this study focused on the EGFR and
EMT pathways. Experimental evidence indi-
cates that the EGFR-EMT axis has a central
regulatory role in specific drug-resistance mod-
els. By identifying an MYLK-mediated regulato-
ry mechanism, this study further clarifies the
biological significance of this pathway. Finally,
no combination index (Cl) analysis was per-
formed in this study. Cl analysis would provide
more rigorous quantification of the synergistic
effect between erianin and gefitinib, and this
should be addressed in future studies.

Conclusion

This study screened potential erianin targets
for bladder cancer treatment and confirmed
that erianin regulates MYLK to inhibit EGFR
expression, thereby restoring gefitinib sensitiv-
ity. These findings identify potential therapeutic
strategies and target genes for gefitinib-resis-
tant bladder cancer, providing a theoretical
basis for further studies.
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Figure S1. Analysis of the correlation between MYLK expression profiles and clinical staging. A. Box plot showing
MYLK expression in normal (blue) and tumor (red) tissues. B. Violin plot illustrating the distribution density and ex-

pression trends of MYLK across different clinical stages (Stage Il, lll, and 1V) of bladder cancer.
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Figure S2. Erianin inhibits the proliferation of bladder cancer cells. The CCK8 assay was used to detect the changes
in cell viability after treating T24, 5637, J82, TCCSUP, and SV-HUC-1 cells with different concentrations of Erianin
(25, 50, 100, 200, 400 nmol/L) for 48 h. The IC50 of Erianin on bladder cancer cells was calculated using Graph-
Pad Prism 9.5.0.
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Figure S3. MYLK and EGFR can interact with each other. Detect whether there is an interaction between MYLK and
EGFR in T24/GR cells through co-immunoprecipitation experiments.



