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China (NCCR) in 2016, the incidence rate of bladder can-
cer ranks sixth among malignant tumors in males [3].

Currently, there are continuous improvements in the 
medical diagnostic methods and surgical approaches for 
bladder tumors. To enhance the treatment of bladder 
cancer, ongoing research is focused on developing more 
accurate diagnostic methods and classifying bladder can-
cer based on molecular genetic levels [4–6]. However, 
despite advancements in existing diagnostic and treat-
ment technologies, there has been limited improvement 
in the recurrence and progression of bladder tumors. The 
insufficient understanding of the pathological and physi-
ological characteristics, as well as the biological mecha-
nisms underlying the recurrence and progression of this 
disease, remains a significant challenge [7, 8].

Therefore, a comprehensive investigation into the 
biological mechanisms of the occurrence, recurrence, 
and progression of bladder tumors holds paramount 

Introduction
Cancer has consistently been a significant factor affect-
ing public health worldwide. Despite long-term and 
relentless efforts, the number of deaths caused by cancer 
is decreasing year by year. However, malignant tumors 
remain the second leading cause of human mortality 
globally. Among them, bladder cancer ranks as the fourth 
most common malignancy in men [1, 2]. According to 
the report from the National Central Cancer Registry of 
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Abstract
Bladder cancer stands as one of the most prevalent cancers worldwide. While our previous research confirmed 
the significant role of stearoyl-CoA desaturase (SCD) in bladder cancer, the underlying reasons for its abnormal 
overexpression remain largely unknown. Moreover, the distinct response to SCD inhibitors between cancer stem 
cells (CSCs) and adherent cultured cell lines lacks clear elucidation. Therefore, in this experiment, we aim to 
conduct an analysis and screening of the SCD transcription start site, further seeking critical transcription factors 
involved. Simultaneously, through experimental validation, we aim to explore the pivotal role of endoplasmic 
reticulum stress/unfolded protein response in drug sensitivity among cancer stem cells. Additionally, our RNA-seq 
and lipid metabolism analysis revealed the significant impact of nervonic acid on altering the proliferative capacity 
of bladder cancer cell lines.
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importance for the diagnosis, treatment, and improve-
ment of prognosis for this disease.

Stearoyl-CoA desaturase (SCD), a transmembrane pro-
tein located in the endoplasmic reticulum, plays a crucial 
role in lipid metabolism. Initially associated with meta-
bolic syndromes such as obesity, fatty liver, dyslipidemia, 
and insulin resistance, SCD has been implicated in vari-
ous processes related to cancer. With the development of 
lipid omics and genomics, the significance of SCD and its 
product monounsaturated fatty acids (MUFA) in tumors 
has gradually become understood. The ratio of monoun-
saturated fatty acids to saturated fatty acids (SFA) in the 
serum and tissues of cancer patients can be used to assess 
cancer risk, and the conversion between SFA and MUFA 
is closely associated with tumor prognosis [9].

Oleic acid (OA) is a crucial substrate for SCD. When 
SCD expression is upregulated, stearic acid can be con-
verted to OA under the action of SCD. Conversely, when 
SCD is downregulated, OA gradually converts to stearic 
acid. In recent years, as lipid metabolism in tumors is 
under investigation, attention has increasingly turned to 
OA, a common monounsaturated fatty acid in the human 
body. Several studies indicate that OA can promote pro-
liferation and invasion in breast cancer, cervical cancer, 
colon cancer, and other tumors by activating pathways 
such as Erk, Akt, MAPK, etc [10–12].

The sustained activation of SCD in cancer cells pro-
vides a continuous supply of MUFA substrates, promot-
ing lipid biosynthesis, and participates in the signaling 
pathways for cancer cell proliferation and survival, accel-
erating cell growth, increasing invasion, and enhancing 
survival capabilities. Early research found that the secre-
tion and transport of Wnt3a protein depend on the pal-
mitoylation of specific sites [13]. Wnt signal activation 
leads to decreased phosphorylation of GSK3β, causing 
β-catenin to accumulate in the nucleus and promoting 
tumor occurrence and metastasis. Blocking the synthe-
sis of monounsaturated fatty acids using SCD inhibitors 
such as CAY-10,566 and A939572 inhibits the paracrine 
and autocrine secretion of Wnt proteins, thereby sup-
pressing downstream Wnt signaling activation [14]. 
Unsaturated fatty acids can also directly inhibit the degra-
dation of β-catenin, promoting tumor growth. Fas-asso-
ciated factor 1 (FAF1) binds to β-catenin and promotes 
its degradation. Unsaturated fatty acids, by binding to 
the UAS domain of this protein, hinder the ubiquitina-
tion and degradation of β-catenin [15]. Moreover, recent 
research has discovered that SCD in tumors can support 
continuous proliferation of cancer cells through bypass 
pathways, ensuring their growth and survival even when 
other pathways are inhibited to varying degrees [16].

We have elaborated for the first time on the relation-
ship between SCD gene activity and bladder cancer [17]. 
Importantly, we induced bladder cancer stem cells (CSCs) 

from human bladder cancer cell lines through suspen-
sion culture and conducted a microarray assay to further 
identify DEGs. By integrating clinical data, we ultimately 
identified SCD as the most crucial target. Subsequent in 
vitro experiments demonstrated that SCD significantly 
promotes the proliferation and invasion of cancer cells. 
Finally, we tested whether SCD inhibitors could enhance 
chemotherapy sensitivity, but we did not obtain positive 
results. Thus, we conclude that high levels of SCD expres-
sion in patients with urothelial bladder cancer indicate a 
poor prognosis. Furthermore, inhibiting SCD gene activ-
ity significantly suppresses the proliferation and invasion 
of bladder cancer cells. Unlike many other cancer types, 
inhibiting SCD may not improve the efficacy of conven-
tional chemotherapy for bladder cancer. However, SCD 
inhibitors may specifically target CSCs, inhibiting their 
proliferation and inducing apoptosis in CSCs of patients 
with bladder cancer. To explore the reasons behind the 
abnormally high expression of SCD and the unique drug 
response in CSCs, we attempted mechanistic analysis 
through this study.

Materials and methods
Cell culture
Bladder cancer cell lines T24 and UMUC3 were propa-
gated in RPMI-1640 medium, whereas RT4 cells utilized 
McCoy’s 5  A medium. Both types of media contained 
10% fetal bovine serum. All cell lines were sourced from 
the Type Culture Collection at the Chinese Academy of 
Sciences in Shanghai and kept under conditions of 37 °C 
and 5% CO2 in a humidified environment. When cell cul-
tures exceeded 80% confluence, they were rinsed with 
1× PBS and subsequently subjected to trypsinization at 
37 °C for passaging.

Isolation and propagation of BCSCs
Bladder cancer cell line UMUC3 were first dissociated 
using a 0.25% trypsin/EDTA solution, then plated into 
ultralow attachment flasks (Corning) at a concentration 
of 10,000 cells per milliliter. The cells were cultured in a 
serum-free medium composed of a 1:1 ratio of DMEM 
and F12, enhanced with B27 supplement (Invitrogen), 
along with 20 ng/mL of recombinant epidermal growth 
factor (EGF) and 10 ng/mL of recombinant basic fibro-
blast growth factor (bFGF), both supplied by Invitrogen. 
Cancer stem cells (CSCs) were cultured for a period of 
7 to 10 days for each generation. Sphere cells were then 
harvested, passaged using trypsin, and re-suspended in 
the same serum-free medium. Cells from the third-gen-
eration spheres were selected for further experimental 
use.
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CCK-8-3D assay for detecting the proliferation activity of 
cancer stem cells
Add 100  μl of cell suspension containing 5000 cells per 
well. Simultaneously, set up wells with cell-free culture 
medium as negative controls and follow the 3D cell cul-
ture protocol. Perform drug treatment according to the 
specific experimental design. Subsequently, add 10 μl of 
CCK-3D solution per well. Include wells with cell culture 
medium, drug, and CCK-3D solution without cells as 
blank controls if concerned about potential interference 
from the drug. Then, incubate the 96-well plate in the cell 
culture incubator for 2 h. After incubation, gently tap the 
plate to mix the orange-yellow formazan in each well and 
measure the absorbance at 450 nm wavelength.

Gene expression analysis by quantitative RT-PCR
RNA was isolated from both whole bladder cancer tis-
sues and cultured bladder cancer cells using TRIzol 
reagent, followed by DNase I treatment to eliminate any 
contaminating DNA. The purified RNA was then used 
to synthesize cDNA with the PrimeScript RT Master 
Mix. For quantitative RT-PCR, SYBR Premix Ex Taq was 
employed on a LightCycler system. The expression lev-
els were normalized against glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH), which served as the internal 
control gene.

Western blot
Whole-protein lysates were obtained using a radioim-
munoprecipitation assay (RIPA) buffer, which included 
protease and phosphatase inhibitors to prevent protein 
degradation. Proteins were separated via 10% SDS-PAGE, 
applying a voltage of 140  V. Subsequently, the proteins 
were transferred onto 0.2 μm PVDF membranes using a 
Bio-Rad mini-transblot apparatus at a current of 350 mA. 
The membranes were blocked for 2 h at room tempera-
ture with 5% non-fat milk to prevent non-specific bind-
ing. This was followed by an overnight incubation at 4 °C 
with primary antibodies, and then a 45-minute incuba-
tion with corresponding secondary antibodies. Detection 
of the proteins was performed using the Luminata sub-
strate, and quantitative analysis of the immunoblot bands 
was carried out using ImageJ software.

Chromatin immunoprecipitation (ChIP)
Perform the ChIP assay using the SimpleChIP® Enzy-
matic Chromatin IP kit (9002S, Cell Signaling Tech-
nology) following the manufacturer’s instructions. For 
optimal ChIP results, a minimum of 10^7 cells is required 
to include positive and negative controls. Cells were 
cross-linked with 1% formaldehyde for 10 minutes, and 
the reaction was halted by adding glycine. Scraped cells 
were suspended in cold buffer (ice-cold PBS + protease 
inhibitor cocktail) for immediate nuclei preparation and 

chromatin digestion using micrococcal nuclease. Subse-
quently, cancer cell nuclei were fully lysed after three sets 
of 20-second pulses using a sonicator at setting 6 with a 
1/8-inch probe. DNA fragments should be digested to 
approximately 150–900 bp. Chromatin was immunopre-
cipitated using negative control IgG (2729, Cell Signaling 
Technology, 1 μl) or positive control Histone H3 (4620, 
Cell Signaling Technology, 10 μl) or TFAP2A (sc-12726 
X, Santa Cruz, 10 μl) primary antibodies. Following elu-
tion of chromatin from antibody/protein G agarose beads 
and reversal of cross-linking, the eluted DNAs were 
quantified using rt-qPCR. The primer sequences are 
listed below: ChIP-qPCR primers for RPL30 as a positive 
control were purchased from Cell Signaling Technology 
(7014, Cell Signaling Technology). SCD primer 1, forward 
5′-​C​A​A​A​A​C​A​T​C​C​C​G​C​A​C​G​C​A​T​C − 3′, reverse 5′-​G​C​T​
G​G​T​G​T​G​T​G​T​G​T​G​C​C​T-3′; SCD primer 2, forward 5′-​G​
C​T​G​G​T​G​T​G​T​G​T​G​T​G​C​C​T-3′, reverse 5′-​G​T​A​C​G​C​C​T​
G​C​G​A​A​C​A​A​T​G​G-3′; SCD primer 3, forward 5′-​A​A​G​C​
T​C​C​A​G​A​T​C​C​T​G​G​G​G​T​G-3′, reverse 5′-​A​A​A​C​A​G​T​G​G​
T​G​A​A​C​C​C​T​C​G​G-3′; SCD primer 4, forward 5′-​C​C​G​A​
G​G​G​T​T​C​A​C​C​A​C​T​G​T​T​T-3′, reverse 5′-​T​C​G​G​G​A​G​C​T​
T​T​C​T​C​T​C​T​G​G​A-3′; SCD primer 5, forward 5′-​C​T​G​A​G​
A​A​G​G​A​G​A​A​A​C​A​G​A​G​G​G​G-3′, reverse 5′-​C​T​G​T​A​A​A​
C​T​C​C​G​G​C​T​C​G​T​C​A​T-3′; SCD primer 6, forward 5′-​T​C​
A​T​T​A​G​C​A​T​T​T​C​C​C​C​A​G​A​G​G​C-3′, reverse 5′-​G​G​T​C​C​
C​G​C​G​T​G​G​A​G​G​T​A​A​G-3′; SCD primer 7, forward 5′-​C​
T​T​A​C​C​T​C​C​A​C​G​C​G​G​G​A​C​C-3′, reverse 5′-​C​C​C​G​A​G​C​
C​G​G​G​A​A​T​T​T​A​A​A​G​G-3′; SCD primer 8, forward 5′-​G​
C​C​T​T​T​A​A​A​T​T​C​C​C​G​G​C​T​C​G-3′, reverse 5′-​C​C​G​G​A​G​
G​A​C​T​G​C​G​G​T​T​T​C-3′; SCD primer 9, forward 5′-​G​C​T​
T​C​G​A​A​A​C​C​G​C​A​G​T​C​C​T​C-3′, reverse 5′-​G​G​C​T​G​G​G​A​
A​A​C​T​C​A​C​A​T​C​G​T-3′; SCD primer 10, forward 5′-​T​T​G​
C​T​G​C​A​G​G​A​C​G​A​T​G​T​G​A​G-3′, reverse 5′-​G​G​A​A​G​G​C​
A​G​C​A​C​A​A​C​T​C​G​A​A-3′; SCD primer 11, forward 5′-​G​C​
C​T​T​C​C​G​T​G​A​G​T​T​G​G​G​A​A​T-3′, reverse 5′-​C​T​C​A​C​A​T​
C​C​C​C​A​C​G​A​A​G​A​C​A​A-3′; SCD primer 12, forward 5′-​C​
T​T​C​G​T​G​G​G​G​A​T​G​T​G​A​G​T​G​C-3′, reverse 5′-​G​G​T​A​G​G​
G​T​G​T​A​T​C​C​G​A​G​A​C​G-3′; SCD primer 13, forward 5′-​T​
A​C​C​C​T​C​A​G​T​G​A​A​C​T​A​C​G​G​C-3′, reverse 5′-​A​G​A​T​C​T​
G​G​A​A​G​G​G​G​G​A​G​G​A​A-3’; SCD primer 14, forward 5′- ​
A​C​G​A​T​G​C​C​C​C​T​C​T​A​C​T​T​G​G​A-3′, reverse 5′- ​G​G​C​T​C​
C​C​A​A​G​T​G​T​A​G​C​A​G​A​G-3′; SCD primer 15, forward 5′- ​
T​C​T​G​G​A​G​A​A​A​C​A​T​C​A​T​C​C​T​T​A​T​G​T​C-3′, reverse 5′- ​
G​A​G​C​A​G​T​G​A​G​T​A​C​C​T​G​G​A​G​G​A-3′; SCD primer 16, 
forward 5′- ​G​T​A​A​G​C​A​G​C​C​T​C​C​C​T​G​T​C​C​T-3′, reverse 
5′- ​C​A​C​T​A​G​G​C​C​T​G​A​A​G​C​A​A​C​C​A​A-3’.

Dual luciferase reporter assay
293T cells were seeded and cultured in 24-well plates. 
Subsequently, co-transfection was performed using Lipo-
fectamine 3000 reagent with 1  μg of promoter reporter 
vectors and 10 ng of Renilla luciferase expression vec-
tor (pRL-CMV), along with either the empty vector or 
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TFAP2A-wildtype or TFAP2A-mutant type expression 
vector. After 48 h post-transfection, cells were lysed, and 
the promoter activities were measured using the Dual-
Luciferase Reporter Assay System Kit (E1910; Promega).

5-ethynyl-2’-deoxyuridine assay
Flow cytometry analysis was performed using a FACS-
Calibur Flow Cytometer with a 488 nm excitation laser. 
UMUC3 cells, following specific pre-treatments, were 
exposed to 50 μmol/L of 5-ethynyl-2’-deoxyuridine 
(EdU) (provided by the Cell-Light™ EdU Apollo®488 In 
Vitro Flow Cytometry Kit, Guangzhou RiboBio, China) 
for 24  h, followed by an additional 4-hour incubation. 
The staining process was initiated by removing the EdU 
medium and fixing the cells with 4% paraformaldehyde 
for 15 min at room temperature. Cells were then washed 
with a 2  mg/mL glycine solution for 5  min, permeabi-
lized using 0.5% Triton X-100 for 10  min, and washed 
twice with PBS. To facilitate the click reaction, a mixture 
containing Tris-HCl (pH 8.5, 100 mmol/L), CuSO4 (1 
mmol/L), Apollo 488 azide (100 μmol/L), and ascorbic 
acid (100 mmol/L) was added for 10 min under light-pro-
tected conditions. After two additional washes with 0.5% 
Triton X-100, cells were resuspended in 150 μL PBS. Data 
acquisition and analysis were conducted using BD Cell-
Quest Pro software.

Real-time cell analysis (RTCA) for cell proliferation
To initiate the experiment, 50  μl of culture medium is 
added to the device, left at room temperature for 1 min, 
and placed on the testing platform to establish a base-
line. For optimal experimental conditions, maintain 
cell density between 70% and 80% in the laboratory and 
preferably within the logarithmic growth phase. When 
conducting the experiment, retrieve the cells from the 
incubator, wash once with PBS, digest with 0.25% tryp-
sin solution, terminate digestion with culture medium, 
centrifuge the cells with medium, remove the superna-
tant, resuspend the cells in fresh medium, and perform 
cell counting under an inverted microscope. Calculate 
cell density using the formula: Cell number/ml of origi-
nal suspension = (total cell count in 4 large squares / 4) 
* 10,000 * dilution factor. Prepare cell suspensions at the 
desired concentrations. Seed the appropriately prepared 
cell suspension into the pre-baselined device at 100ul per 
well, let it sit at room temperature for 30 min, then place 
it into the CO2 incubator on the testing platform to com-
mence detection. Subsequently, propagate the remain-
ing cells at an appropriate density for further passages in 
culture flasks within the CO2 incubator for future use. 
Finally, administer the drug treatment the following day 
and observe the results after 72 h.

Metabolites extraction
Samples were extracted using 1000 μL of a solvent mix-
ture composed of isopropanol and hexane in a 2:3 ratio. 
An internal standard, 5 μL of Trans C17 at a concentra-
tion of 2 mg/L, was added, followed by vortex mixing for 
5 min. The mixture was homogenized using a ball mill for 
30  s, repeated three times, and then subjected to ultra-
sound treatment for 5 min while being kept in ice water. 
Afterward, samples were centrifuged at 12,000  rpm for 
2  min at 4  °C, and 400 μL of the supernatant was col-
lected. The collected supernatant was completely dried 
using a vacuum concentrator without heating. Subse-
quently, 200 μL of methanol was added to dissolve the 
residue for derivatization, followed by drying under a 
nitrogen stream. To the dried sample, 80 μL of methanol 
was added to re-dissolve it. Finally, all prepared samples 
were analyzed using gas chromatography-mass spec-
trometry (GC-MS).

Library construction and sequencing
Following the extraction of total RNA, eukaryotic mRNA 
was isolated using Oligo(dT) beads, while prokaryotic 
mRNA enrichment involved the depletion of rRNA 
using the Ribo-Zero™ Magnetic Kit (Epicentre). The iso-
lated mRNA was then fragmented into smaller pieces 
using a fragmentation buffer. These fragments were con-
verted into cDNA through reverse transcription utiliz-
ing random primers. The synthesis of the second cDNA 
strand involved DNA polymerase I, RNase H, dNTPs, 
and an appropriate reaction buffer. The resulting cDNA 
was purified using the QiaQuick PCR extraction kit, 
subjected to end repair, polyadenylation, and ligated to 
Illumina sequencing adapters. Subsequently, the ligated 
products were size selected via agarose gel electrophore-
sis, amplified by PCR, and sequenced using the Illumina 
HiSeq™ 2500 platform, provided by Gene Denovo Bio-
technology Co. (Guangzhou, China).

Differentially expressed genes (DEGs) analysis
The edgeR package (http://www.rproject.org/) was 
employed to identify differentially expressed genes 
(DEGs) across various sample groups. Genes exhibiting 
a fold change of 2 or greater and a false discovery rate 
(FDR) below 0.05 were classified as significant DEGs. 
These identified DEGs were subsequently analyzed for 
enrichment in Gene Ontology (GO) functions and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathways 
to determine their biological significance.

GO enrichment analysis and pathway enrichment analysis
The Gene Ontology (GO) framework is a globally rec-
ognized system for classifying gene functions, utiliz-
ing a continually updated controlled vocabulary to 
provide detailed descriptions of gene properties and 

http://www.rproject.org/
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their associated products across different organisms. 
GO categorizes these functions into three main ontolo-
gies: molecular function, cellular component, and bio-
logical process. Each specific function within GO is 
represented as a GO term, which is categorized under 
one of these ontologies. GO enrichment analysis iden-
tifies GO terms that are significantly overrepresented 
among differentially expressed genes (DEGs) when com-
pared to a genomic background, thereby highlighting 
DEGs involved in specific biological roles. Initially, DEGs 
are mapped to GO terms using the Gene Ontology data-
base (http://www.geneontology.org/), and the frequency 
of each term is calculated. GO terms showing significant 
enrichment among DEGs relative to the genome back-
ground are identified using a hypergeometric test.

Genes often interact in complex networks to carry 
out specific biological functions, which can be better 
understood through pathway-based analyses. The Kyoto 
Encyclopedia of Genes and Genomes (KEGG) serves as 
a primary resource for pathway information [6]. Path-
way enrichment analysis is used to pinpoint pathways, 
such as metabolic or signal transduction pathways, that 
are significantly overrepresented in DEGs compared to 
the overall genome, providing deeper insights into gene 
function and interaction.

Apoptosis detection by flow cytometry
To evaluate apoptosis, the FITC Annexin V Apopto-
sis Detection Kit from BD Pharmingen was utilized. 
After the treatment, cells were trypsinized gently and 
rinsed with a medium containing serum. The cells were 
then harvested via centrifugation, washed with PBS, 
and resuspended in 1X Binding Buffer. They were sub-
sequently stained with annexin V-FITC and propidium 
iodide (PI) for 5  min at room temperature, protected 
from light, as per the manufacturer’s guidelines. Finally, 
the stained cells were analyzed using the FACS Calibur 
Flow Cytometer.

Subcutaneous xenograft mouse model and dosing 
regimen
The UMUC3 cells were subcutaneously injected into the 
back of Balb/c nude mice (6-week-old, female, 20 gram) 
at a cell count of 5*106. Observations were made every 
3–5 days. When the tumor size reached approximately 
50mm3, the mice were randomly assigned to different 
treatment groups within each genotype. Three treatment 
groups were established: a vehicle-treated group (n = 5) as 
control group, an A939572-treated group (n = 5) and an 
A939572-treated + nervonic acid-treated (n = 5). The vehi-
cle used consisted of a solution containing 10% DMSO, 
40% PEG300, 5% Tween-80, and 45% Saline. A939572 
(MedChem Express, HY-50709) and nervonic acid (Med-
Chem Express, HY-N2526) were administered orally at a 

dose of 30 mg/kg twice daily for 3 weeks. The mice were 
euthanized, and tumor weights were measured to com-
pare tumor sizes. Balb/c nude mice were purchased from 
Vital River. The immune status of Balb/c nude mice is 
characterized by the lack of effective T-cell development 
due to thymic abnormalities. They are genetically modi-
fied as mutants (hairless mutation) with a genotype of 
Foxn1 < nu>.

The animal experiments adhered to the guidelines out-
lined in the 8th edition of the Guide for the Care and Use 
of Laboratory Animals by the US National Institutes of 
Health (published by the National Academies Press in 
2011). Approval for all procedures was obtained from the 
Ethics Committee for Animal Experimentation of China 
Medical University. All animals were treated with care 
and respect, and every effort was made to minimize both 
the number of animals used and any associated suffer-
ing. We maintained the animals’ housing environment as 
stable and consistent as possible throughout the experi-
ment. This included controlling factors such as room 
temperature, humidity, and lighting to ensure that the 
animals lived in similar environmental conditions. Dur-
ing the experiment, if the size of the subcutaneous tumor 
exceeds 2  cm or if signs of distress appear, the experi-
ment will be immediately terminated.

Statistical analysis
Results are expressed as either individual data points or 
as mean ± standard deviation (SD) unless noted other-
wise. Statistical analyses were performed using GraphPad 
Prism 9 (GraphPad Software). For comparisons between 
two groups, statistical significance was evaluated using a 
two-tailed Student’s t-test for normally distributed data 
and the Mann-Whitney U test for non-normally distrib-
uted data. In the case of multiple group comparisons, 
one-way ANOVA followed by Dunnett’s post hoc test 
was applied to data with a normal distribution. For data 
not following a normal distribution, the Kruskal-Wallis 
test was used, followed by Dunn’s post hoc test to assess 
differences between groups and controls. Correlations 
were assessed using Spearman’s rank correlation coeffi-
cient, a nonparametric method.

Results
TFAP2A plays a significant role in the transcriptional 
regulation of SCD in bladder cancer
In previous studies, we observed highly active transcrip-
tional activity of SCD in induced bladder cancer stem 
cells. To explore the reasons for SCD transcriptional 
activation, we conducted various experiments. First, we 
examined the methylation levels of the SCD gene pro-
moter region in bladder cancer and normal bladder 
mucosal tissues using the UALCAN database. The results 
showed that the SCD promoter region in both bladder 

http://www.geneontology.org/
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Fig. 1 (See legend on next page.)
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cancer and normal bladder mucosa exhibited low meth-
ylation levels (beta-value < 0.25, indicating low meth-
ylation), with no significant difference between them, 
suggesting that SCD transcriptional activation is not sig-
nificantly inhibited by DNA methylation (Fig. 1A) [18].

Next, we performed RT-PCR and WB experiments to 
detect the mRNA and protein expression of SCD in 10 
bladder cancer tissue specimens and common bladder 
cancer cell lines (RT4, 5637, T24, UMUC3). Correlation 
statistical analysis of mRNA and protein levels revealed 
a positive correlation, with p < 0.05 and R2 = 0.3496 
(Fig. 1B). Subsequently, we conducted a joint analysis of 
H3K27ac-enriched regions in bladder cancer cell lines 
(T24, 5637, J82, RT112) using Cistrome and WashU 
websites (ChIP-seq database), along with observing the 
conservation of the SCD promoter region in the UCSC 
database. The results indicated that the core promoter 
region of SCD in bladder cancer cell lines was located at 
chr10:100346278–100,348,546 (Fig. 1C, D).

Based on these findings, we constructed a luciferase 
reporter gene plasmid, pGL3-P (-955 ∼ + 1314), contain-
ing the SCD promoter region. After transfection into RT4 
and T24 bladder cancer cell lines, fluorescence intensity 
was measured using a luminometer. The results demon-
strated strong transcriptional activity in this SCD pro-
moter region, with RT4 cells showing higher fluorescence 
intensity than T24 cells, consistent with the difference in 
SCD mRNA levels between RT4 and T24 (Fig. 1E).

We then conducted a transcription factor binding site 
analysis for the core SCD promoter region (-955 ∼ + 1314) 
using databases such as HOCOMOCOv11, JASPAR, 
TRANSFAC, Cistrome, Chipbase, PROMO, htftarget, 
etc. The analysis identified 11 candidate transcription 
factors (Fig.  1F). Subsequently, we analyzed the expres-
sion levels of these 11 factors in cancer/normal tissues 
using the TCGA database (Fig.  1G) and explored their 
correlation with SCD expression in tissues and cell lines 
using the TCGA and CCLE databases (Fig.  1H, I). We 
concluded that TFAP2A might be a potential key tran-
scription factor.

Further examination using the HPA database revealed 
significant staining of TFAP2A protein in bladder cancer 
(Fig. 1J). TCGA database analysis of TFAP2A expression 
and its impact on the survival of bladder cancer patients 

indicated that patients with high TFAP2A expression had 
poorer survival outcomes (Fig.  1K). Subsequently, using 
RNAi technology to knock down TFAP2A in UMUC3 
cells, we observed a significant downregulation of both 
SCD mRNA and protein expression (Fig. 1L, M).

To identify the exact binding sites of TFAP2A on the 
SCD promoter region, we designed a total of 16 PCR 
primers and performed a ChIP assay using the UMUC3 
cell line. The ChIP results revealed that among the 16 
possible binding regions, the region targeted by primer 
13 was the optimal TFAP2A-DNA binding site. Infer-
ence using Jaspar (https://jaspar.genereg.net/) indicated 
that the 5’-​G​C​C​T​C​C​A​C​G-3’ (1739 ∼ 1747) site in the 
primer 13 region is a common sequence for TFAP2A to 
bind DNA (Fig. 1N). To further validate these experimen-
tal results, we constructed SCD-p13-promoter-wildtype 
and SCD-p13-promoter-mutated plasmids (Fig.  1O) 
and tested whether the mutation at this site affects the 
binding of TFAP2A to DNA in 293T cells using a dual-
luciferase reporter assay. The results showed a significant 
decrease in the binding ability of TFAP2A to DNA after 
mutation at this site. In summary, our findings suggest 
that TFAP2A directly regulates the transcription of SCD 
in bladder cancer.

SCD inhibitors induce significant apoptosis in bladder 
cancer stem cells
In our previous studies, we observed that SCD inhibition 
did not induce notable apoptosis in bladder cancer cell 
lines that had not been induced into cancer stem cells. 
However, in cancer stem cells induced from these blad-
der cancer cell lines, the addition of SCD inhibitors led 
to a significant induction of apoptosis. As depicted in the 
figures, treatment with SCD inhibitor A939572 (0.1μM) 
on adherent cultured bladder cancer cell line UMUC3 
and low-adhesion spheroid-induced UMUC3-cancer 
stem cell (UMUC3-CSC) revealed pronounced apoptosis 
in UMUC3-CSC, while the same dosage of inhibitor on 
UMUC3 cells did not induce any apoptosis (Fig. 2A, Fig-
ure S1 A and B).

Subsequently, we treated UMUC3 and UMUC3-
CSC cells with A939572 (0.1μM) and extracted mRNA 
to detect changes in apoptosis-related factors such as 
GRP78, CHOP, and sXBP1 using qRT-PCR. The results 

(See figure on previous page.)
Fig. 1  TFAP2A significantly contributes to the transcriptional control of SCD in bladder scancer. (A) Assessment of the methylation level of the SCD pro-
moter region. (https://ualcan.path.uab.edu/ ); (B) the mRNA and protein expression of SCD in 10 bladder cancer tissue specimens and common bladder 
cancer cell lines (p value = 0.026); (C) and (D) the conservation of the SCD promoter and the core promoter region of SCD in bladder cancer cell lines; (E) 
Construct luciferase reporter gene plasmids based on the core promoter region and verify its transcriptional activity through transfection; (F) Predictive 
analysis of the core promoter region for binding transcription factors through multiple database integration; (G) The expression profiles of the 11 tran-
scription factors selected through analysis using TCGA database; (H) and (I) The correlation analysis between the expression levels of SCD and the alterna-
tive 11 transcription factors (TCGA and CCLE databases); (J) Check the immunohistochemistry of TFAP2A in the bladder mucosa and bladder cancer on 
the Human Protein Atlas; (K) The impact of high and low expression levels of TFAP2A (median) on the survival of bladder cancer patients analyzed using 
TCGA database (Log rank p = 0.016); (L) and (M) After knocking down TFAP2A, the protein expression levels of both TFAP2A and SCD; (N) and (O) Valida-
tion of the direct binding between TFAP2A and SCD was performed using ChIP assay and dual-luciferase reporter assay to determine the binding site

https://jaspar.genereg.net/
https://ualcan.path.uab.edu/
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Fig. 2  Inhibitors of SCD trigger substantial apoptosis in CSCs found in bladder cancer. (A) SCD inhibitors induced apoptosis in bladder cancer stem cells, 
sparing non-stem cells (the dosage of SCD inhibitor A939572 is 0.1μM); (B) and (C) UMUC3-CSC showed notable upregulation of apoptosis-related fac-
tors post A939572 treatment; (D) In UMUC3-CSC cells, ER stress inhibitors partially restored SCD inhibitor-induced apoptosis; (E) Exogenous stearic acid 
replicated SCD inhibition effects in both groups; (F) Treating cells with varied A939572 doses showed OA partly reversed apoptosis. (*: p < 0.05, **: p < 0.01, 
***: p < 0.005)
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indicated a significant upregulation of the three factors in 
samples extracted after UMUC3-CSC treatment, whereas 
no such results were observed in UMUC3 cells (Fig. 2B). 
Similar protein expression changes of three apoptosis-
related factors including GRP78, CHOP, cleaved caspase3 
were observed in samples extracted after treatment with 
similar doses of A939572 (0.1μM and 0.2μM), corre-
sponding to the earlier mRNA level changes (Fig. 2C).

Reports suggest that inhibiting SCD increases the 
accumulation of intracellular saturated fatty acids, trig-
gering endoplasmic reticulum stress/unfolded protein 
response-mediated cell death [19]. To investigate this, 
we used endoplasmic reticulum stress/unfolded protein 
response-related inhibitors (4-PBA, azoramide, salu-
brinal) on UMUC3 and UMUC3-CSC cells to observe 
whether their addition could partially restore the apop-
totic effects of A939572 [20–22]. The results showed that 
in the UMUC3-CSC group, the addition of these three 
inhibitors indeed partially restored the apoptotic effect 
induced by SCD inhibition, suggesting that the induction 
of apoptosis by SCD inhibitors in UMUC3-CSC likely 
occurs via the endoplasmic reticulum stress/unfolded 
protein response pathway. As expected, there were no 
significant changes in the UMUC3 group (Fig. 2D).

In addition to the above evidence, the addition of exog-
enous saturated fatty acid - stearic acid (SA) in both 
cell groups showed effects like SCD inhibition (Fig. 2E). 
Furthermore, treating both cell groups with different 
concentrations of A939572 (0.1μM, 1μM, 10μM) and 
simultaneously adding unsaturated fatty acid - oleic acid 
(OA) to restore the ratio of unsaturated fatty acids/satu-
rated fatty acids, revealed that the exogenous addition 
of OA partially restored the apoptotic effect induced by 
SCD inhibition (Fig. 2F).

Considering the comprehensive analysis of the above 
results, we found that SCD inhibitors notably induce 
apoptosis in UMUC3-CSC, likely by disrupting the bal-
ance between unsaturated and saturated fatty acids, lead-
ing to the accumulation of abundant saturated fatty acids, 
subsequently causing endoplasmic reticulum stress/
unfolded protein response, ultimately inducing cell death 
[23]. In contrast, the UMUC3 cell group did not exhibit a 
similar phenomenon.

SCD inhibitors significantly enhance sensitivity of bladder 
cancer stem cells to cisplatin treatment
Cisplatin is commonly used in chemotherapy for bladder 
cancer treatment. In our previous studies, we found that 
SCD inhibition did not significantly increase drug sensi-
tivity in bladder cancer cell lines cultured in 2D environ-
ments. However, comparative experiments revealed that 
while treatment with different concentrations of A939572 
(0.1μM, 0.25μM, 0.5μM) alongside a fixed concentration 
of cisplatin did not augment cisplatin’s cytotoxic effect in 

the UMUC3 cell group, SCD inhibition notably enhanced 
cisplatin-induced cytotoxicity in the UMUC3-CSC group 
(Fig. 3A).

Studies suggest that SCD inhibition markedly reduces 
the expression of DNA double-strand repair protein 
RAD51. We evaluated changes in RAD51 and gamma-
H2A.X expression levels in UMUC3 and UMUC3-CSC 
cells upon A939572 treatment using Western blot. The 
results showed that while SCD inhibition in UMUC3 
cells did not markedly alter the expression of these two 
proteins, in contrast, in the UMUC3-CSC group, there 
were notable changes in the expression levels of RAD51 
and gamma-H2A.X, indicating a significant decrease in 
RAD51 expression concurrent with increased SCD inhi-
bition in UMUC3-CSC. This implies that in cancer stem 
cells, the addition of A939572 partially inhibits DNA 
damage repair (Fig. 3B).

Subsequently, in the sphere formation assay, the com-
bined treatment of A939572 and cisplatin significantly 
decreased the number and size of tumor spheres cultured 
in suspension (Fig.  3C). Building on these findings, we 
selected RAD51 agonist RS-1 and inhibitor RI-1 (RAD51 
inhibitor 1) for validation in synergy and recovery experi-
ments [24, 25]. As depicted in Fig.  3D, in the UMUC3 
cell group, under the same concentration of cisplatin, 
increasing RI-1 concentrations (5μM, 10μM) did not 
notably increase cell death. Conversely, in the UMUC3-
CSC group, RI-1 alone, akin to previous A939572 treat-
ment, induced cell death effectively. Furthermore, under 
fixed cisplatin concentrations, the addition of RI-1 sig-
nificantly promoted cell death, indicating that RI-1’s inhi-
bition of RAD51 has a similar cytotoxic effect on cancer 
stem cells as A939572 (Fig. 3D).

Next, within the same grouped cells, we added gradi-
ent concentrations of RAD51 agonist RS-1, aiming to 
validate whether RS-1 addition could partially counteract 
the increased sensitivity of bladder cancer stem cells to 
cisplatin induced by A939572. The results revealed that 
RS-1 addition partially counteracted the combined cyto-
toxic effect, and this phenomenon was dose-dependent, 
indicating that using RAD51 agonists can obstruct the 
heightened cisplatin treatment sensitivity caused by SCD 
inhibitor (Fig. 3E).

In summary, these experimental results suggest that 
SCD inhibitors notably augment bladder cancer stem 
cells’ sensitivity to cisplatin treatment, primarily by inhib-
iting the expression of DNA double-strand repair protein 
RAD51. The absence of this phenomenon in the UMUC3 
cell group is due to the lack of significant expression dif-
ferences in RAD51 protein.
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SCD inhibition in adherent cultured bladder cancer cells 
leads to cell cycle arrest rather than apoptosis
In contrast to UMUC3-CSC, adherent-cultured UMUC3 
exhibited inconsistent responses to the SCD inhibitor 
A939572 [17]. This divergence might stem from altered 
cellular biological functions and lipid metabolic charac-
teristics induced by the conventional suppression of SCD. 
To observe the impact of SCD inhibition on adherent-
cultured UMUC3, we conducted transcriptome sequenc-
ing, functional enrichment analysis, and lipid metabolism 
sequencing. UMUC3 cells were treated with A939572 
for 24  h, while the control group received synchronous 
treatment with 0.1% DMSO. Each set of samples for tran-
scriptome sequencing comprised 3 biological replicates, 
and for lipid metabolism sequencing, 4 biological repli-
cates were prepared.

The PCA analysis of transcriptome sequencing is 
depicted in Fig. 4A. In the GO analysis, significant gene 
expression changes were observed in biological processes 
like cellular process, metabolic process, and single-
organism process, and in molecular functions related to 
binding and catalytic activity (Fig.  4B). Pathway analy-
sis of differentially expressed genes revealed significant 
alterations in cell cycle, DNA replication, cytokine-cyto-
kine receptor interaction pathways post A939572 treat-
ment (Figure S2), along with a considerable number of 
changes in genes highly associated with bladder cancer 
pathways (Fig.  4C and D). The pathway analysis in the 
transcriptome sequencing employed the KEGG database 
annotation, as shown in Fig. 4E. Notably, in the most sig-
nificantly altered pathway, cell cycle, numerous cell cycle-
related factors like CDK2, CDK1, MCM, E2F1, PLK1, 
PCNA, and CycA were inhibited.

Fig. 3  SCD inhibitors markedly increase cisplatin sensitivity in bladder cancer stem cells. (A) Treatment with A939572 and cisplatin didn’t boost UMUC3 
cytotoxicity, but enhanced UMUC3-CSCs cytotoxicity; (B) SCD inhibition reduces RAD51, affecting significantly DNA repair in UMUC3-CSC; (C) The joint 
use of A939572 and cisplatin reduced tumor sphere count and size; (D) RAD51 inhibitor RI-1 induces notable cell death in UMUC3-CSC, by enhancing 
cisplatin effect; (E) RS-1 partially reversed A939572’s enhanced cisplatin sensitivity in cancer stem cells. (*: p < 0.05, **: p < 0.01, ***: p < 0.005)
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The results from lipid metabolism sequencing (Fig. 4F) 
indicated higher average levels of stearic acid and oleic 
acid among the detected key lipid metabolites. While 
the absolute content of oleic acid decreased in cells 
treated with A939572, there was no significant difference 
observed in the 18:1/18:0 ratio based on stearic acid con-
tent (p = 0.47). Among other lipid content variations, only 
Nervonic acid showed a significant difference, markedly 
downregulated by A939572 (It’s important to note that 
the conversion of saturated to unsaturated fatty acids 
typically occurs through a chain reaction. As substrates 
for enzymes involved in fatty acid metabolism, the ratio 

of product content is often used to indicate the impact 
of enzyme inhibition on product levels). This suggests 
that, contrary to the commonly perceived direct sub-
strate effect of SCD on stearic acid/oleic acid, in adher-
ent bladder cancer cell lines, alterations in Nervonic acid 
content might more sensitively and accurately reflect the 
effect of SCD inhibition. Overall, these findings suggest 
that SCD inhibition’s impact on adherent-cultured blad-
der cancer cells predominantly manifests in cell cycle 
arrest, DNA replication, and functions highly correlated 
with cell proliferation. This phenomenon may arise due 

Fig. 4  In adherent bladder cancer cells, SCD inhibition prompts cell cycle arrest over apoptosis. (A) The PCA analysis of transcriptome sequencing; (B) 
GO analysis revealed altered gene expression in cellular and metabolic processes, binding, and catalysis; (C) and (D) A939572 treatment induced changes 
in cell cycle, DNA replication, and cytokine pathways; (E) KEGG analysis indicated cell cycle suppression with downregulation of key factors; (F) Lipid 
sequencing revealed varied oleic and stearic acid levels; Nervonic acid notably changed
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to the decrease in nervonic acid content rather than the 
perceived increase in stearic acid/oleic acid ratio.

Supplementing nervonic acid significantly reverses the 
altered proliferative capacity of adherent-cultured bladder 
cancer cells induced by SCD inhibition
Based on our preceding experimental findings, we rec-
ognized that nervonic acid might be the factor influenc-
ing the proliferative capacity of UMUC3 cells. Therefore, 
we initially conducted real-time cell proliferation assays 
and observed that the A939572 treatment significantly 
reduced the proliferative ability of UMUC3 cells, whereas 
co-treatment with A939572 and nervonic acid notice-
ably restored the cell proliferation capacity (Fig.  5A). 
Furthermore, our EdU assay corroborated these effects, 
indicating that under A939572 (0.25μM) treatment, the 
proportion of proliferating cells decreased from approxi-
mately 20% to around 7%, yet supplementation with ner-
vonic acid significantly counteracted this inhibitory effect 
on proliferation (Fig. 5B, Figure S1 C). Clone formation 

assays revealed analogous outcomes, with nervonic acid 
supplementation not only significantly increasing the 
number of cell clones but also effectively counteracting 
the inhibitory effect of A939572 (Fig. 5C).

Apart from the in vitro evidence, to ascertain the in 
vivo effects, we established a subcutaneous xenograft 
model in nude mice. The groups were categorized as 
solvent control, A939572 (A939), A939572 + nervonic 
acid (NA), and both A939572 and nervonic acid were 
prepared as suspensions for oral gavage twice daily for 
28 days. The results indicate that compared to the vehi-
cle group, the overall tumor size in the A939572 group 
has begun to decrease, but there is no significant statis-
tical difference at the time of euthanasia. Notably, the 
A939572 + nervonic acid group exhibited a significant 
increase in tumor weight compared to the sole A939572 
group, and during the treatment, one mouse in the 
A939572 + nervonic acid group died (Fig.  5D and E). In 
the A939572 group, two model animals developed soft 

Fig. 5  Adding Nervonic Acid (NA) Reverses SCD Inhibition’s Impact on Bladder Cancer Cell Proliferation. (A) Nervonic acid restoration counteracts UMUC3 
cell proliferation reduction caused by A939572 treatment; (B) A939572 treatment reduced cell proliferation and nervonic acid supplementation coun-
teracted this effect; (C) Nervonic acid supplementation counters A939572’s inhibitory effect, enhancing cell clone formation; (D) and (E) In the xenograft 
model, A939572 reduced tumor size; adding nervonic acid increased tumor weight and also increased the risk of death as depicted in the A939572 + NA 
group; (F) In the A939572-treated group, two model animals exhibited soft lumps in the armpit area, confirmed as adipose tissue upon dissection. (In the 
A939572 + NA treatment group, one mouse died during the mid-course of the experiment and was excluded from the statistical analysis)
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lumps in the axillary region, which upon dissection were 
identified as fat granules (Fig. 5F).

These combined in vivo and in vitro results unequivo-
cally demonstrate that the addition of nervonic acid sig-
nificantly counteracts the reduced proliferative capacity 
induced by SCD inhibition in bladder cancer cells. Addi-
tionally, our animal experiments unexpectedly revealed 
that the use of A939572 might lead to abnormal fat gran-
ule formation.

Discussion
This study serves as a follow-up investigation to the 
prior research concerning the biological mechanisms 
of SCD in bladder cancer. In our earlier study, we com-
prehensively elucidated the biological functions of SCD 
in bladder cancer and its impact on bladder cancer 
patients. Employing serum-free induction methods, we 
suspended bladder cancer cell lines to induce their trans-
formation into tumor stem cells. These tumor stem cells, 
subjected to microarray assays, led to the identification 
of differentially expressed genes (DEGs). Subsequently, 
through joint analysis involving Oncomine and TCGA 
databases, we highlighted the crucial role of SCD within 
bladder cancer stem cells [17]. However, three issues 
gradually emerged during the study. Firstly, the underly-
ing cause of the abnormally high expression of SCD in 
bladder cancer. Secondly, we noted a significant decline 
in the proliferative capacity of bladder cancer cells under 
the influence of SCD inhibitors in a 2D adherent culture 
environment; however, cellular survival remained unaf-
fected, and apoptotic phenomena did not occur under 
SCD inhibition. Interestingly, significant apoptosis was 
observed in suspended culture cancer stem cells. Lastly, 
the SCD inhibitors failed to enhance the chemotherapeu-
tic drug sensitivity in adherent bladder cancer cells, yet 
significantly increased chemotherapeutic drug sensitivity 
in cancer stem cells under SCD inhibition. Considering 
these experimental findings, we conducted this present 
study.

This study can be broadly divided into two parts. The 
first part aims to address the abnormally high expression 
of SCD in bladder cancer. In evaluating the methylation 
levels of the SCD promoter region, subsequent detec-
tion across various types of bladder cancer samples (cell 
lines and tissues) revealed a positive correlation between 
SCD mRNA/protein levels and confirmed their low 
methylation levels in the SCD promoter region. Further 
joint analysis using different databases identified multiple 
transcription factors, among which TFAP2A played the 
most significant role. Through ChIP experiments and 
luciferase reporter gene assays, we further confirmed the 
direct binding ability of this transcription factor to the 
SCD promoter region and identified the binding sites.

In the second part, we first clarified the differing 
responses of cancer stem cells and adherent tumor cells 
to drugs. Through literature review and experiments, 
we demonstrated that SCD inhibitors could increase 
the accumulation of intracellular saturated fatty acids, 
thereby inducing endoplasmic reticulum stress/unfolded 
protein response and leading to cell death. This effect 
could be reversed by the addition of monounsaturated 
fatty acids. Compared to cancer stem cells, adherent 
cells exhibited significantly weaker responses and did not 
manifest notable apoptotic effects under effective SCD 
concentrations. Additionally, through RNA-seq com-
bined with fatty acid metabolism profiling, we found that 
SCD inhibition in adherent cells primarily led to path-
way alterations associated with cell proliferation/cell 
cycle/DNA replication. This effect aligned with our prior 
experimental results and suggested that, compared to the 
conventional assumption of an increase in OA/SFA ratio 
[26], the more likely cause was the significant decrease 
in nervonic acid levels, which might be more sensitive to 
SCD activity changes.

Currently, most research on SCD in tumors primarily 
focuses on the impact of lipid metabolism on tumors [27]. 
Studies related to drug sensitivity are limited, and from 
the current data, most reports suggest that SCD inhibi-
tion can enhance tumor drug sensitivity [28]. However, 
studies investigating the differential responses of dif-
ferent types of tumor cells to drugs are relatively scarce. 
Cancer cells exhibit heterogeneity, and one of the reasons 
behind this heterogeneity may be associated with cancer 
stem cells (CSCs). The experimental evidence for CSCs 
was first described in hematology [29, 30]. According to 
the consensus definition of CSCs [31], these cells possess 
the ability for self-renewal and can generate various types 
of cancer cells that comprise the tumor. Cells possessing 
CSC-like characteristics generally exhibit increased resis-
tance to drugs [32]. However, our study found that select-
ing appropriate targets might distinguish tumor cells 
with CSC-like features, making them more susceptible to 
drug-induced damage.

Nevertheless, our research has several limitations. 
Firstly, although we identified the crucial transcription 
factor TFAP2A associated with SCD overexpression in 
bladder cancer, transcriptional regulatory mechanisms 
for a single factor are often complex and variable [33]. 
Due to limitations, we could not formulate a clear tran-
scriptional regulatory network and couldn’t fully dis-
tinguish the transcription factors and auxiliary factors 
involved in SCD overexpression. Secondly, although we 
experimentally demonstrated that inhibiting SCD led 
to increased apoptosis in CSCs, and this effect could be 
attributed to endoplasmic reticulum stress/unfolded pro-
tein response, adherent cells did not exhibit this phenom-
enon under the influence of SCD inhibitors. We speculate 
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that this phenomenon might be due to a mechanism 
present in adherent cells that counteracts endoplas-
mic reticulum stress/unfolded protein response, but the 
specific reasons need further exploration. Finally, there 
are limited reports on the relevance of nervonic acid in 
tumor diseases, primarily concentrated in nutrition and 
metabolism fields [34, 35]. The significant decrease in 
nervonic acid due to SCD inhibition in bladder cancer 
is the first reported observation in our previous studies. 
It is particularly noteworthy that in animal experiments, 
while the average tumor mass in the group treated with 
A939572 alone showed a reduction compared to the con-
trol group, this difference did not reach statistical sig-
nificance. This observation suggests that our treatment 
regimen may require refinement, such as employing a 
more potent SCD inhibitor or prolonging the duration 
of drug administration. Regrettably, the experiment was 
prematurely terminated due to observed mortality in the 
group receiving additional nervonic acid, preventing fur-
ther extension of the treatment period. Therefore, further 
in-depth research is required to elucidate the relevant 
functions of nervonic acid in bladder cancer and other 
cancer types.

In conclusion, our study indicates that the high expres-
sion of SCD in bladder cancer might be highly correlated 
with the activation of TFAP2A at its transcriptional level. 
Within CSCs, the effects demonstrated by SCD inhibi-
tors might possibly be attributed to endoplasmic reticu-
lum stress.
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