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Purpose: Urinary tract infections (UTI) are a common complication in patients with bladder cancer (BLCA). This study investigated
the role of stearoyl-CoA desaturase-1 (SCD1) in BLCA progression and assessed its potential as a biomarker for predicting UTI risk in
BLCA patients.

Patients and Methods: SCD1 expression profiles were evaluated in BLCA patients with concurrent UTI. Receiver operating
characteristic curve analysis was used to assess the diagnostic value of SCD1 for predicting UTI risk. In vitro assays were conducted to
explore the functional role of SCDI in lipopolysaccharide (LPS)-associated BLCA progression.

Results: SCD1 expression was significantly higher in the UTI group compared with the non-UTI group (p = 0.000 and 0.011,
respectively). The combination of SCD1, immune-inflammation index, and C-reactive protein demonstrated strong predictive value for
UTI risk in BLCA patients (non-muscle invasive BLCA patients: area under the curve (AUC) = 0.887; 95% CI: 0.821-0.935; muscle-
invasive BLCA patients: AUC = 0.861; 95% CI: 0.767-0.927). Functional experiments revealed that lipopolysaccharide (LPS)-
induced SCD1 expression promoted autophagy and enhanced malignant phenotypes, whereas SCD1 inhibition or treatment with an
autophagosome inhibitor reversed these effects.

Conclusion: SCDI promotes LPS-associated BLCA progression by regulating autophagy and may serve as a valuable biomarker for
predicting UTI risk in BLCA patients.
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Introduction

Bladder cancer (BLCA) is the tenth most prevalent malignancy worldwide and the second most common urological
cancer.' In 2022, more than 610,000 new cases and over 220,000 deaths were reported globally.”? BLCA arises primarily
from the epithelial tissue of the urinary tract. At diagnosis, urothelial carcinoma is classified as non-muscle invasive
bladder cancer (NMIBC), including stages Ta and T1, which account for approximately 80% of all BLCA cases.
Standard NMIBC treatment involves transurethral resection of bladder tumor (TURBT), followed by intravesical
treatment with agents such as mitomycin C or Bacille Calmette-Guérin, to reduce recurrence risk. Muscle-invasive
bladder cancer (MIBC), including stages T2, T3, and T4, represents approximately 20% of BLCA cases and is generally
treated through radical cystectomy plus platinum-based neoadjuvant chemotherapy.®> Approximately 12.5% of patients
initially diagnosed as NMIBC may eventually progress to MIBC, a transition associated with significantly higher
mortality risk.* BLCA patients are particularly susceptible to urinary tract infections (UTI) due to surgical trauma,
urethral mucosa injury, retrograde manipulation during procedures, and irritation caused by chemotherapy drugs.
Postoperative UTI can undermine treatment effectiveness and worsen prognosis by increasing metastasis and recurrence

rates.” Therefore, identifying factors influencing UTI risk during BLCA treatment is essential for early infection
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Graphical Abstract
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prevention and better patient outcomes. There is an urgent need for novel UTI biomarkers and intervention strategies to
address infection-related complications in BLCA.

Inflammation is a host defense response to pathogens such as bacteria and viruses, but it also plays a pivotal
regulatory role in tumor biology, including immunosuppression, angiogenesis, and tumor cell proliferation and metas-
tasis. Inflammation serves as a critical driver in various cancers.’ The inflammatory microenvironment can also promote
angiogenesis and disease progression in BLCA.” Lipopolysaccharide (LPS), a major component of gram-negative
bacterial cell membranes, is a potent inflammatory mediator. It can trigger a cascade of protein interactions during
cancer development, thereby stimulating pro-inflammatory cytokine and interferon production.® LPS can upregulate
NLRP3 expression, which participates in inflammatory responses and is implicated in the progression of multiple cancers
such as colorectal cancer, breast cancer, and gastric cancer.” '' LPS can also induce autophagy by activating Toll-like
receptor 4 (TLR4) and TLR3, facilitating cell migration and invasion in lung cancer.'? Autophagy, a cellular degradation
pathway, is involved in diverse physiological functions, including intracellular bacterial clearance,'® inflammatory
cytokine secretion,'* inflammatory response regulation, antigen presentation,'> and lymphocyte development. Its role
in cancer is complex and context-dependent, regulating both disease initiation and progression. This role varies according
to tumor stage, biological characteristics, and microenvironment.'® This dual role of autophagy has been elucidated from
tumor cell biology to clinical trials, impaired autophagy can exacerbate inflammation and increase malignancy risk.
However, the role of autophagy in LPS-associated BLCA remains inadequately elucidated, and its underlying mechan-

isms require further investigation.
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As it regulates cellular homeostasis, autophagy sustains cell survival under nutrient deprivation or hypoxia by
degrading lipid droplets to release reserve substances such as free fatty acids.!” Being closely associated with lipid
metabolism, autophagy serves as a critical node linking energy metabolism and cellular fate. Stearoyl-CoA desaturase 1
(SCD1) is a key enzyme in lipid metabolism that exerts delta-9 desaturase activity, thus converting saturated fatty acids
(SFAs) into monounsaturated fatty acids (MUFAs). SCD1 regulates autophagy initiation through a unique dual-pathway
mechanism, namely by altering membrane phospholipid composition to enhance endoplasmic reticulum (ER) membrane
fluidity, thus facilitating autophagosome nucleation and producing unsaturated fatty acids such as oleic acid, which
induce membrane curvature changes through steric effects.'® Notably, dysfunctional SCD1 impairs autophagosome
maturation and triggers abnormal ER stress, mitochondrial dysfunction, and apoptosis. Although SCD1’s positive role
in autophagy has been established using multiple models, its regulatory functions in the tumor microenvironment exhibit
tissue-specific heterogeneity, particularly in inflammation-associated BLCA progression, where its mechanism remains
unexplored.

The biological significance of SCD1 manifests in two dimensions: clinically, its expression is significantly correlated
with tumor aggressiveness and poor prognosis. Mechanistically, it is a central link between lipid metabolism, autophagy,
and inflammation. However, @ the dynamic regulatory mechanisms of SCD1-mediated autophagy in the inflammatory
BLCA microenvironment are not fully understood, and (2) a validated biomarker system for predicting UTI risk in BLCA
patients is lacking. This study addresses these gaps by 1) elucidating the regulatory mechanisms of the SCD1-autophagy
axis in LPS-associated BLCA progression and 2) identifying inflammation-related molecular biomarkers for UTI risk
assessment in BLCA patients. These findings offer a theoretical foundation for developing novel BLCA prognostic
evaluation strategies based on metabolic autophagy regulation.

Materials and Methods

Patients and Samples

During January 2018-2021, preoperative serum specimens and postoperative tumor tissues were collected from 215
patients treated at the Hongqi Hospital affiliated to Mudanjiang Medical University (Mudanjiang, China). This cohort
included 133 NMIBC patients and 82 MIBC patients; the former underwent transurethral resection of bladder tumor
(TURBT) followed by intravesical chemotherapy, and the latter were managed with radical cystectomy. All specimens
were clinically and histologically confirmed by the Hongqi Hospital. The NMIBC patients were stratified into two groups
based on their UTI status: non-UTI (n = 73; 42 males, 31 females, age: 38—84 [64.33 £11.53] years) and UTI (n = 60;34
males, 26 females, age: 40-86 [63.72 +10.14] years). Similarly, the MIBC patients were assigned to the following
groups: non-UTI (n = 46;29 males, 17 females, age: 39-81 [62.77 £9.82] years) and UTI (n = 36; 22 males, 14 females,
age: 40—84 [63.59 +£11.24] years). The subject inclusion criteria were as follows: (i) age >18 years, (ii)) BLCA as the first
primary tumor, (iii) no prior treatment with chemotherapy, radiotherapy, biologic therapy, or hormonal therapy, (iv)
availability of comprehensive clinicopathological data, demographic details, and follow-up records. The exclusion
criteria were as follow: (i) patients exposed to clinical therapy before serum collection, (ii) those with concurrent
other types of malignant tumors, (iii) those with confirmed distant metastasis before treatment, (iv) those with other renal
or urological disorders, (v) active severe infection in other systems, (vi) antibiotic treatment within 3 weeks before the
enrollment, (vii) hematological or immunologic diseases. All participants provided written informed consent before
enrollment, and the study protocol received approval from the Ethics Committee of the Hongqi Hospital Affiliated to
Mudanjiang Medical University.

Diagnostic Criteria for UTI

Symptomatic cases: UTI-associated symptoms (such as dysuria, urinary frequency/urgency, fever, chills, or bactere-
mia) along with a midstream clean-catch urine culture with >10° CFU/mL for bacilli or >10* CFU/mL for cocci.
Asymptomatic cases included two consecutive midstream urine cultures (clean-catch) with >10° CFU/mL of the same
bacterial strain, irrespective of the symptoms.'”
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Data Collection

The following data were collected: age, gender, tumor diameter, tumor number, histological type, tumor stage (T: Tumor
size; N: lymph Nodes; M: Metastasis), The American Joint Committee on Cancer (AJCC) stage, myometrial invasion,
and initial treatment methods (such as surgery, chemotherapy, or radiotherapy). The test records were gathered, including
urinalysis, biochemical routine, urine bacterial culture, and cystoscopy reports. Clinical laboratory parameters included
the absolute neutrophil count, absolute lymphocyte count, platelet count, and C-reactive protein (CRP). Systemic
immune-inflammation index (SII) was derived using the following formula: platelet count (x10°/L) x neutrophil count
(x10°/L)/lymphocyte count (x10°/L).

Follow-up and Clinical Outcomes Assessment

Overall survival (OS) was defined as the duration from surgery until the last follow-up or death, whereas progression-free
survival (PFS) was defined as the time between the initiation of treatment until disease progression (indicated by tumor
recurrence/progression or spread) or death from any cause. Among the 215 patients, 139 underwent bladder-sparing
surgery. For the 108 patients who received cystoscopy every 3 months for the first 2 years, every 6 months for 2—4 years,
and then annually thereafter. The remaining 76 patients, who underwent radical cystectomy, undertook abdominal and
pelvic CT every 3 months for the first 2 years, every 6 months for 2—4 years, and then annually thereafter. The recurrence
was considered as histopathological evidence of abnormal bladder mucosa or BLCA tissue post-surgery. For the 133
patients with NMIBC who received intravesical chemotherapy, the chemotherapy failure was considered indicative of
BLCA recurrence or progression.

Grouping

The concentrations of serum SCD1 were quantified using commercial enzyme-linked immunosorbent assay kits
(Xuanzekang, Shanghai) in accordance with the manufacturer’s protocol. Based on the receiver operating characteristic
(ROC) curve analysis, NMIBC patients were stratified into high (>5.46 ng/mL) or low (<5.46 ng/mL) SCD1-expression
groups, and the MIBC patients were stratified into high (>4.33 ng/mL) and low (<4.33 ng/mL) SCD1-expression groups
based on the optimal cut-off value.

Bioinformatics Analysis
The expression profiles of SCD1 in BLCA were obtained from The Cancer Genome Atlas (TCGA) (http://portal.gdc.
cancer.gov) and the Gene Expression Profiling Interactive Analysis (GEPIA) platform (http://gepia.cancer-pku.cn/). The

OS and PFS of BLCA patients were evaluated by using the Kaplan—Meier plotter (http://kmplot.com/analysis).

Cell Culture and Treatments

Human BLCA cell lines UMUC3 were purchased from the Shanghai Institutes of Biological Sciences (Shanghai,
China). The cells were maintained in Dulbecco’s modified Eagle’s medium (DMEM; Life Technologies, Carlsbad,
CA, USA) supplemented with 10% fetal bovine serum (FBS; Life Technologies) and a combination of 100 IU/mL
penicillin and 100 IU/mL streptomycin (Invitrogen, Carlsbad, CA, USA). The cells were incubated at 37°C in
a humidified incubator with 5% CO,. All experimental procedures were conducted using early-passage cells, specifically
those at passages 3—10. The cells were confirmed to be free of mycoplasma contamination and subjected to annual short-
tandem repeat (STR) profiling, population doubling-time assessment, and morphological evaluation to ensure genetic
integrity.

Plasmid Construction and Transfection

DNA fragments encoding SCD/ (Genes ID: 101801349) were cloned into a pcDNA3.1 mammalian expression vector
(Invitrogen). The primer sequences used for constructing the pcDNA3.1-SCD1 (pc-SCD1) plasmid were as follows:
SCD1-sense, 5’-CTT GAC ACA GGT GCC ATC-3’; SCD1-antisense, 5’- GGG GGC TAATGT TCT TGT CA —3'. The
reconstituted pc-SCD1 and empty (pc-NC) plasmids were transfected into UMUC3 cells. Briefly, pc-SCD1 or pe-NC
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plasmids were combined with lipofectamine 2000 (Invitrogen). The cells were incubated for 6 h, and following
transfection, cultured in DMEM supplemented with 20% FBS for another 48 h. A plasmid concentration of 2.5 pg/mL
was used for subsequent cellular viability, migration, and invasion assays.

Quantitative Reverse Transcription-Polymerase Chain Reaction (RT-qPCR)

Total RNA was isolated from BLCA tissues using Trizol (Invitrogen). The purity and concentration of the RNA samples
were assessed using the Nanodrop 2000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). Reverse
transcription of the RNA was performed with M-MLV reverse transcriptase (Promega, Fitchburg, WI, USA) as per the
manufacturer’s protocol. The RT-qPCR detection was performed with the SYBP Green Master mixture (Bio-Rad,
Hercules, CA, USA) on the ABI 7500 system (Applied Biosystems, Waltham, MA, USA). The relative expression of
SCD1 was normalized to the B-actin expression by using the 2" method.?® The specific primer sequences used were
as follows: SCD1 forward, 5’-TTC CTA CCT GCA AGT TCT ACA CC-3’, and reverse, 5’-CCG AGC TTT GTA AGA
GCG GT-3’; and p-actin-forward, 5°-TGA CTT CAA CAG CGA CAC CCA-3’, and reverse, 5’-CAC CCT GTT GCT
GTA GCC AAA-3. The PCR amplification conditions were as follows: initial denaturation at 95°C for 3 min, followed
by 30 cycles of 95°C for 1 min, 60°C for 1 min, and 72°C for 1 min.

Western Blotting

Total proteins were extracted from UMUC3 cells using RIPA buffer containing 1 mM phenylmethanesulfonyl fluoride
(PMSF; Beyotime, Shanghai, China). The extracted proteins were separated by 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and then transferred onto a polyvinyl difluoride
membrane (Millipore, Billerica, MA, USA). The membrane was probed with primary antibodies specific to SCD1 (1:
1000, Cat. #ab236868; Abcam, Cambridge, MA, USA), LC3 (1: 2000, Cat. #ab192890, Abcam), and ATGS5 (1: 1000,
Cat. #ab108327, Abcam). Following incubation with the primary antibodies at 4°C overnight, the membranes were
treated with appropriate secondary antibodies. Subsequently, the protein bands were visualized by using an enhanced
chemiluminescence (ECL) Western blotting detection system (Cell Signaling Technology, Danvers, MA, USA).

Immunofluorescence Analysis

UMUCS3 cells were initially fixed with 4% paraformaldehyde, followed by permeabilization and then blocking with
a solution containing 0.1% Triton X-100 in 5% bovine serum albumin (BSA) for 30 min. The samples were then
incubated with a primary antibody targeting LC3B (1:1000, Cat. #192890, Abcam) and subsequently with a fluorescein
isothiocyanate (FITC)-conjugated secondary antibody. Nuclei were stained with 100 puL of 4’-6-diamidino-2-phenylin-
dole (DAPI; 1 pg/mL, Beyotime) as a counterstain. Finally, the cells were imaged under a confocal laser scanning
microscope (Olympus, Tokyo, Japan).

Cell Viability Assay
Cell viability was assessed by using a cell counting kit-8 (CCK-8; Dojindo, Kyushu Island, Japan) assay. Briefly, 5000

cells were plated into a 96-well plate and cultured for 48 h. Following this, 100 pL of culture medium containing 10 pL.
of the CCK-8 solution was added to each well, and the plates were incubated for an additional 2 h. The absorbance at 450
nm was then measured using the BioTek Synergy H1 Microplate Reader (BioTek Instrument Inc., Winooski, VT, USA).

Cell Invasion Assay

Cell invasion was evaluated using Transwell chambers (8-um pore; Corning Inc., Tewksbury, MA, USA) pre-coated with
Matrigel (BD Biosciences, Franklin Lakes, NJ, USA). Serum-starved cells were seeded into the upper chamber, whereas
the lower chamber was filled with 500 pL. of DMEM supplemented with 20% FBS. Following 48 h of incubation, the
invasive cells were fixed and stained with 0.1% crystal violet. The number of invasive cells was quantified by using
a microscope (Olympus) at 200x magnification.
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Cell Migration Assay

The migratory ability of UMUC3 cells was evaluated using a wound-healing assay. The cells were grown to 80-90%
confluence, and a straight scratch was made on the monolayer of cells (designated as time point 0). Following 48 h of
incubation, the wound closure was imaged and measured by using an inverted optical microscope (%200 magnification,
Olympus).

Immunohistochemistry (IHC)

Tissue samples were fixed in formalin, embedded in paraffin, and excised into 4-um slices. The slices were then
incubated with primary monoclonal antibodies against SCD1 (1: 2000, Cat. #ab236868; Abcam), followed by probing
with HRP-labelled secondary antibodies. The cells were stained with 3,3’-diaminobenzidine, and the cell nuclei were
counterstained with hematoxylin for histochemical analyses. The expression of SCD1 was determined by multiplying the
staining intensity score (3 for strong, 2 for moderate, and 1 for weak staining) by the percentage of positive cells (4 for
>75%, 3 for 51-75%, 2 for 25-50%, and 1 for <25%). The final IHC score ranged from 1 to 12.

Enzyme-Linked Immunosorbent Assay (ELISA)

The concentrations of pro-inflammatory cytokines (ie, TNF-a, IL-2, and IL-1B) and anti-inflammatory factors (ie,
IL-10, IL-4, and TGF-B) in the cell culture supernatant were determined using ELISA kits (R&D Systems,
Minneapolis, MN, USA) as per the manufacturer’s instructions. Validation procedures for reagent kits: @ ELISA
kit validation, including standard curve validation: assessment of linear range, sensitivity (limit of detection
[LOD]), and precision (intra-/inter-assay coefficient of variation [CV]); recovery test: spiking with known analyte
concentrations to calculate the recovery rates (acceptable range: 80—-120%); cross-reactivity testing: evaluation of
interference from structurally similar substances. @ Antibody validation: specificity verification: confirmed by
Western blotting (detection of a single target band) or immunohistochemistry (expected localization); titer deter-
mination: serial dilution to determine the optimal working concentration; batch consistency: parallel testing of
different antibody batches with the same sample. 3 General validation: positive/negative controls: ensures the
detection system's discriminative capability; stability testing: evaluates performance under different storage
conditions.

Statistical Analysis

Statistical analyses were performed using SPSS software version 20.0 (Chicago, IL, USA). Quantitative data were
presented as the mean + standard deviation. Comparison between two groups was conducted using the unpaired
Student’s ¢-test, whereas comparisons among more than two groups were analyzed by one-way analysis of variance
(ANOVA). The diagnostic value of SII, CRP, and serum SCDI for predicting the risk of UTI in BLCA patients
was evaluated using ROC curves. OS and PFS of BLCA patients were assessed by using Kaplan—Meier plotter.
Univariate and multivariate Cox proportional hazards regression analyses were performed to identify independent
risk factors associated with postoperative OS in BLCA patients. The Bonferroni correction method was applied to
adjust for multiple comparisons. The correlation among SII, CRP, and serum SCDI levels was evaluated using
Pearson’s correlation analysis. A two-sided p < 0.05 was considered to indicate statistical significance.

Results

Characteristics of SCDI in BLCA Tissues

Using the GEPIA2 database, box plot analysis showed that SCD1 expression was significantly higher in BLCA tissues (T, 404
cases) than in normal bladder tissues (N, 28 cases, Figure 1A). Stage plot analysis indicated that SCD1 expression in stage IV
tumors was slightly higher than that in stage II and III tumors, although the difference was not statistically significant ([Pr(>F)
= 0.287; Figure 1B]. Kaplan—Meier survival analysis of BLCA patients (n = 402) revealed that high SCD! expression was
associated with significantly shorter OS than low expression (Log-rank Pi = 0.031; Figure 1C). Additionally, the Kaplan-
Meier plots exhibited a hazard ratio (HR) of 1.4 for SCD/ (HR > 1 indicating a risk factor), supporting its role as a significant
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Figure | Characteristics of SCD/ in BLCA tissues. (A) SCD/ expression was visualized using a box plot, comparing 404 BLCA tissue samples (T) and 28 normal tissue (N)
samples. Data derived from the Genotype-Tissue Expression (GTEx) project are represented as the mean * quartile values. *p < 0.05 by the unpaired t-test. (B) The
association between SCD/ expression and tumor pathological stage is illustrated in the pathological stage plot. (C) The relationship between SCD/ expression and OS in
patients with BLCA (402 cases) was evaluated using the Kaplan—-Meier plot. (D) The expression of SCD| protein in tumor tissues from BLCA patients with UTI and non-UTI
was assessed by IHC staining, with brown color representing positive staining (Scale bars, 50 um). **p = 0.000 vs tumor tissues of non-UTI patients. (E) The mRNA level of
SCD| was measured using the RT-qPCR assay. **p = 0.007 vs tumor tissues of non-UTI patients.

prognostic marker in BLCA progression. IHC and RT-qPCR results further demonstrated that SCD1 expression was markedly
higher in BLCA tissues from patients with UTI than in those from patients without UTI (Figure 1D and E).

SCDI as a Biomarker for Predicting UTI Risk in BLCA Patients

To evaluate the potential of serum SCD1 as a biomarker for predicting UTI risk in NMIBC and MIBC patients, serum
SCD1 levels were first compared between the non-UTI and UTI groups. Patients with UTI had significantly higher serum
SCD1 levels than those without UTI (Figure 2A). As shown in Table 1, chi-square analysis revealed that elevated SCD1
expression was correlated with tumor grade (G2—-G3), distant metastasis, lymph node metastasis, TNM stage T1, and
UTI. Table 2 shows that increased SCD1 expression correlated with papillary tumor morphology, positive pelvic lymph
nodes, pathological stage T3-T4, and UTI. Additionally, univariate and multivariate COX proportional hazards regres-
sion analyses indicated that distant metastases (odds ratio (OR): 2.180; 95% CI: 1.085-4.377; p = 0.029), lymph node
metastases (OR: 3.093; 95% CI: 1.511-6.332; p = 0.002), TNM stage (OR: 2.533; 95% CI: 1.235-5.195; p = 0.011), UTI
(OR: 2.171; 95% CI-1.071-4.401; p = 0.031), and SCD1 (OR: 2.461; 95% CI: 1.192-5.082; p = 0.015) were
independent risk factors for postoperative OS in NMIBC patients (Table 3). Furthermore, pelvic lymph node positivity
(OR: 4.426; 95% CI: 1.734-11.300; p = 0.002), pathological T stage (OR: 3.850; 95% CI: 1.520-9.750; p = 0.004), UTI
(OR: 2.587; 95% CI: 1.045-6.405; p = 0.040), and SCD1 (OR: 3.215; 95% CI: 1.280-8.078; p = 0.013) were
independent risk factors for postoperative OS in MIBC patients (Table 4).

Subsequently, correlation analysis revealed that serum SCDI1 levels were positively associated with both SII and CRP
(r=0.472 and 0.451, respectively; both p < 0.001; Figure 2B). Survival analysis showed that patients with lower serum
SCDI levels had higher 3-year PFS rates (Figure 2C). Finally, ROC curve analysis (Figure 2D; Tables 5 and 6) indicated
that a three-biomarker panel (SII, CRP, and serum SCD1) showed diagnostic performance for UTI risk in NMIBC and
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Figure 2 The value of SCD| in evaluating UTI risk in BLCA patients. (A) The serum SCD levels were measured by ELISA in BLCA patients (NMIBC, n = 133; MIBC, n = 82).
p =0.000 and 0.01 | versus the non-UTI group, respectively. (B) Correlation between SCD | expression and inflammatory biomarkers (Sl and CRP). (C) The Kaplan—Meier plot
was employed to evaluate the association between SCD | expression and PFS in BLCA patients. (D) ROC curve analysis of SCD, Sll, and CRP for distinguishing BLCA patients
with UTI from those without UTI.

MIBC patients. Using the Youden index, we determined the optimal cutoff value, specificity, and sensitivity for UTI risk
prediction. For NMIBC patients, the AUC was 0.887; 95% CI: 0.821-0.935; p < 0.001; specificity was 76.67%, and
sensitivity was 94.52%. For MIBC patients, the AUC was 0.861; 95% CI: 0.767-0.927; p < 0.001; specificity was
77.78%, and sensitivity was 89.13%. The DeLong test results showed no statistically significant difference between the
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Table | Analysis of SCDI and Pathological Characteristics in NMIBC Patients

Item n =133 | Low Level | High Level | 2 p
<5.46 > 5.46

Gender 0.203 0.652
Male 76 37 (55.2) 39 (59.1)
Female 57 30 (44.8) 27 (40.9)

Age 1.730 0.188
<60 years 60 34 (50.7) 26 (39.4)
>60 years 73 33 (49.3) 40 (60.6)

Tumor diameter 0.199 0.655
<3 cm 74 36 (53.7) 38 (57.6)
>3 cm 59 31 (46.3) 28 (42.4)

Tumor number 2.167 0.141
Single 69 39 (58.2) 30 (45.5)
Multiple 64 28 (41.8) 36 (54.5)

Tumor grade 7.309 | 0.007*
Gl 76 46 (68.7) 30 (45.5)
G2~G3 57 21 (31.3) 36 (54.5)

Distant metastasis 22.297 | 0.000*
No 83 55 (82.1) 28 (42.4)
Yes 50 12 (17.9) 38 (57.6)

Lymph node metastases 4.799 0.028°
No 79 46 (68.7) 33 (50.0)
Yes 54 21 (31.3) 33 (50.0)

TNM 3.976 | 0.046*
Ta 72 42 (62.7) 30 (45.5)
TI 6l 25 (37.3) 36 (54.5)

uUTl 8219 | 0.004*
No 73 45 (67.2) 28 (42.4)
Yes 60 22 (32.8) 38 (57.6)

Note: *p < 0.05.

Table 2 Analysis of SCD1 and Pathological Characteristics in MIBC Patients

Item n =82 | Low Level | High Level | 2 p
<433 > 4.33
Gender 0.215 | 0.643
Male 51 29 (64.4) 22 (59.5)
Female 31 16 (35.6) 15 (40.5)
Age 0.088 | 0.767
<60 years 34 18 (40.0) 16 (43.2)
>60 years 48 27 (60.0) 21 (56.8)
Tumor diameter 0.114 | 0.735
<3 cm 46 26 (57.8) 20 (54.1)
>3 cm 36 19 (42.2) 17 (45.9)
Tumor number 0.032 | 0.858
Single 43 24 (53.3) 19 (51.4)
Multiple 39 21 (46.7) 18 (48.6)
Tumor morphology 4.898 | 0.027°
Papillary 49 22 (48.9) 27 (73.0)
Nodular 33 23 (51.1) 10 (27.0)
(Continued)

Research and Reports in Urology 2025:17 hetps: 391



Di et al

Table 2 (Continued).

Item n =82 | Low Level | High Level | »2 p
<433 >4.33

Histological type 1.832 | 0.176
Urothelial carcinoma 63 32 (71.1) 31 (83.8)
Non-urothelial carcinoma | 19 13 (28.9) 6 (16.2)

Pelvic lymph nodes 7.167 | 0.007°
Negative 66 41 9L.1) 25 (67.6)
Positive 16 4(8.9) 12 (32.4)

Pathological T-stage 4.832 | 0.028%
T2 42 28 (62.2) 14 (37.8)
T3~T4 40 17 (37.8) 23 (62.2)

UTI 6.626 | 0.010"
No 46 31 (68.9) 15 (40.5)
Yes 36 14 (31.1) 22 (59.5)

Note: *p < 0.05.

Table 3 Univariate and Multivariate COX Regression Analysis of Factors Affecting
Postoperative OS in NMIBC Patients

Variable Univariate Analysis Multivariate Analysis
OR 95% CI p OR 95% CI P
Gender 1.275 | 0.633~2.569 | 0.497 - - -
Age 1.482 | 0.740~2.966 | 0.267 - - -
Tumor diameter 1.629 | 0.816~3.250 | 0.167 - - -
Tumor number 1.432 | 0.677~3.029 | 0.347 - - -
Tumor grade 2.397 | 1.151~4.995 | 0.020 | 1.047 | 0.522~2.099 | 0.898
Distant metastases 2919 | 1.389~6.136 | 0.005 | 2.180 | 1.085~4.377 | 0.029
Lymph node metastases | 2.901 | 1.404~5.995 | 0.004 | 3.093 | I.511~6.332 | 0.002
TNM 3.066 | 1.483~6.340 | 0.003 | 2.533 | 1.235~5.195 | 0.011
UTI 2,621 | 1.296~5298 | 0.007 | 2.171 | 1.071~4.401 | 0.031
SCDI 2.746 | 1.330~5.672 | 0.006 | 2.461 | 1.192~5.082 | 0.015

Abbreviations: OR, odds ratio; Cl, confidence interval.

Table 4 Univariate and Multivariate COX Regression Analysis of Factors
Affecting Postoperative OS in MIBC Patients

Variable Univariate Analysis Multivariate Analysis
OR 95% CI P OR 95% CI P
Gender 0.786 | 0.327~1.894 | 0.592 - - -
Age 1.527 | 0.634~3.681 | 0.345 - - -
Tumor diameter 0917 | 0.383~2.194 | 0.845 - - -
Tumor number 0.880 | 0.364~2.123 | 0.775 - - -
Tumor morphology | 3.230 | 1.286~8.108 | 0.013 | 1.148 | 0.467~2.824 | 0.763
Histological type 1.010 | 0.413~2.470 | 0.982 -
Pelvic lymph nodes | 4.452 | 1.741~11.389 | 0.002 | 4.426 | 1.734~11.300 | 0.002
Pathological 3.167 | 1.252~8.010 | 0.015 | 3.850 | 1.520~9.750 | 0.004
T-stage
uTl 3.018 | 1.220~7.468 | 0.017 | 2.587 | 1.045~6.405 | 0.040
SCDI 3.248 | 1.307~8.072 | 0.011 | 3.215 | 1.280~8.078 | 0.013

Abbreviations: OR, odds ratio; Cl, confidence interval.
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Table 5 The Value of Sll, CRP and Serum SCDI in Evaluating UTI Risk of NMIBC Patients

Variable | AUC | Cut-Off value 95% CI Youden Index | Sensitivity (%) | Specificity (%)
NI 0.647 532 0.559~0.728 0.3564 61.67 73.97
CRP 0.639 9.15 0.552~0.721 0.2927 56.67 72.60
SCDI 0.711 5.46 0.626~0.787 0.4208 51.67 90.41
Joint 0.887 0.821~0.935 0.7119 76.67 94.52

Abbreviations: AUC,

area under the curve; Cl, confidence interval.

Table 6 The Value of Sll, CRP and Serum SCDI in Evaluating UTI Risk of MIBC Patients

Variable | AUC | Cut-Off value 95% CI Youden Index | Sensitivity (%) | Specificity (%)
Sl 0.699 425 0.588~0.795 0.4336 69.44 7391
CRP 0.659 9.65 0.546~0.760 0.3720 6l.11 76.09
SCDI 0.659 4.33 0.546~0.761 0.4771 69.44 78.26
Joint 0.861 0.767~0.927 0.6691 7778 89.13

Abbreviations: AUC, area under the curve; Cl, confidence interval.

AUC of SCDI alone and that of CRP or SII (p = 0.2062, 0.1485, 0.9884, and 0.5131). However, the three-biomarker
panel significantly outperformed any single biomarker (SCD1, CRP, or SII) (p = 0.000, 0.000, 0.0032, 0.0090, 0.0374,
and 0.0103, Supplementary Figures 1 and 2).

Effect of Autophagy on LPS-Induced Biological Changes in UMUC3 Cells

To investigate whether autophagy contributes to inflammation-induced BLCA progression, we examined the effect of
LPS on the expression of autophagy-associated LC3 protein in UMUC3 cells. LC3-II protein expression was signifi-
cantly higher in the LPS 48 h group than in the mock group (p = 0.029; Figure 3A). FITC-labeled LC3 protein was
mainly localized in the cytoplasm of UMUCS3 cells after 48 h of LPS exposure, but was minimal after 24 h of LPS
exposure (Figure 3B). Compared with the LPS group, UMUC3 cell viability was significantly decreased in the LPS +
3-MA group, whereas significantly increased in the LPS + Rapa group (Figure 3C). Scratch and Transwell assays
revealed that, compared with the LPS treatment, the LPS + 3-MA treatment significantly decreased migration and
invasion, whereas the LPS + Rapa treatment significantly enhanced them (all p < 0.05; Figure 3D and E).

Effect of Autophagy on SCDI-Induced Malignant Phenotypes in UMUC3 Cells

To assess whether autophagy is associated with SCD1-induced malignant UMUC3 cell phenotypes, we first evaluated the
effect of SCD1 on autophagy-related protein expression. Western blotting unveiled that SCD1 overexpression signifi-
cantly upregulated ATGS5 expression, whereas SCD1 inhibition markedly downregulated ATGS expression compared to
the mock group (Figure 4A). Immunofluorescence confirmed that pc-SCDI1 treatment significantly improved the
fluorescence intensity of the FITC-labeled LC3 protein compared to the mock group, whereas SCD1 inhibitor treatment
markedly diminished it (Figure 4B). Scratch and Transwell assays revealed that, compared to the mock group, pc-SCD1
treatment significantly increased migration and invasion, whereas co-treatment with the autophagy inhibitor 3-MA
significantly abolished these effects (all p < 0.05; Figure 4C and D). These findings indicate that SCDI promotes
malignant phenotypes in UMUC3 cells through an autophagy-dependent mechanism.

The Role of the SCDI in Inflammation-Induced BLCA Progression

To investigate the role of SCD! in inflammation-mediated BLCA progression, we first examined the effect of LPS on
SCD1 protein expression in UMUC3 cells. SCDI1 levels were markedly elevated after 24 h of LPS treatment compared
with the mock group and increased significantly further after 48 h (Figure 5A). LPS exposure also markedly enhanced
cell viability, whereas co-treatment with 3-MA or the SCDI inhibitor significantly reduced cell viability compared with
LPS alone (Figure 5B). Scratch and Transwell assays revealed that LPS promoted cell migration and invasion relative to

Research and Reports in Urology 2025:17 hetps: 393


https://www.dovepress.com/article/supplementary_file/545001/545001%20Revised%20Supplementary%20Figures%201-2.pdf
https://www.dovepress.com/article/supplementary_file/545001/545001%20Revised%20Supplementary%20Figures%201-2.pdf

Di et al

A: B:
24h 48 h
LPS - + + %
-LC3- | s}
=W elical E c:
g K
-Actin = gymocl
& 8 OLPS24h A1 00 =115
= 2 X W[ PS48h 2 g *  CILPS+3-MA
- TSSZ S 52 T > m [PS+Rapa
o h S S% = 60
W PS48h @ = g B .
- = E 2 40
5 S 20
< 4
? o]
[
o
-
LPS+3-MA LPS+Rapa

r"#‘

o
(=]
o

aLPs
* OLPS+3-MA
M LPS+Rapa

N W oA
o O O
o O O

[=]S)
OLPS+3-MA
* W | PS+Rapa

Number of migrated cells
<)
o

o

Migrated rate (%)

Figure 3 Effect of autophagy on LPS-induced biological characteristics of UMUC3 cells. UMUC3 cells were treated with LPS (0. ug/mL) for 24 h and 48 h. (A) The
autophagy-associated LC3 protein level was determined by Western blotting. The relative expression of proteins was standardized against actin. n = 3, *p = 0.029 vs mock
group. (B) FITC-labelled LC3 protein (green) was imaged by laser confocal microscopy, and the nuclei were counterstained with DAPI (blue). Scale bars, 10 um. n = 3, *p =
0.021 vs mock group. UMUCS3 cells were pretreated with 3-MA (5 mM) or Rapa (100 nM) for | h before LPS (0.1 pg/mL) treatment for 48 h. (C) The viability of UMUC3
cells was measured using the CCK-8 assay. n = 3, *p = 0.015 and 0.048 vs LPS treatment, respectively. (D) The migratory ability of UMUCS3 cells was evaluated using the
wound-healing assay. Scale bars, 100 um. n = 3, *p = 0.016 and 0.046 vs LPS treatment, respectively. (E) The invasion of UMUCS3 cells was measured by the transwell assay.
Scale bars, 10 um. n = 3, *p = 0.005 and 0.027 vs LPS treatment, respectively.

the mock group, while co-treatment of LPS with 3-MA or the SCDI1 inhibitor suppressed both processes compared with
LPS treatment alone (Figure 5C and D). Cytokines play a crucial role in mediating inflammatory responses during BLCA
progression. LPS treatment markedly elevated TNF-a, IL-2, and IL-1B levels while reducing IL-10, IL-4, and TGF-$3
levels compared with the mock group (all p < 0.05). However, co-treatment of LPS with 3-MA or the SCDI1 inhibitor
decreased TNF-a, IL-2, and IL-1p levels while increasing IL-10, IL-4, and TGF- levels compared with LPS treatment
alone (Figure 5E). These findings suggest that SCDI promotes LPS-driven BLCA progression in an autophagy-
dependent manner.

Discussion

This study confirmed that SCD1 expression is significantly higher in BLCA tissues than in adjacent normal tissues. In
NMIBC patients, high SCD1 expression was significantly associated with higher tumor grade (G2-G3), distant and
lymph node metastases, TNM stage T1, and UTI. In MIBC patients, high SCD1 expression correlated with papillary
morphology, pelvic lymph node metastasis, pathological stage T3—T4, and UTI, implicating SCD1 in both initiation and
progression of BLCA. BLCA patients with high SCD1 expression had a significantly greater risk of postoperative UTI.
Mechanistically, as a key lipid metabolism enzyme, SCD1 may reshape the tumor microenvironment by increasing the
release of pro-inflammatory cytokines (TNF-a, IL-2, and IL-1p) and suppressing anti-inflammatory mediators (IL-10, IL-
4, and TGF-B), thereby worsening urothelial damage and infection susceptibility. UTI are a common postoperative
complication that can promote postoperative tumor recurrence and metastasis, representing a critical risk factor for poor
prognosis in BLCA patients. For the first time, this study identifies SCD1 as a potential serological biomarker for
predicting postoperative infection risk, offering clinical value for early identification of high-risk populations, timely
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Figure 4 Effect of autophagy on SCDI-induced biological characteristics of UMUC3 cells. UMUC3 cells were treated with pc-SCDI (2.5 pg/mL) and SCDI inhibitor
(CAY10566, 10 nM) for the indicated time. (A) The level of autophagy-associated ATGS5 protein was measured by Western blotting. The relative protein expression was
standardized with actin as an internal control. n = 3, *p = 0.001 and 0.021 vs mock group, respectively. (B) FITC-labelled LC3 protein (green) was visualized by laser confocal
microscopy, and the nuclei were stained with DAPI (blue). Scale bars, 10 um. n = 3, *p = 0.000 and 0.008 vs mock group, respectively. (C) The migratory potential of
UMUCS3 cells was analyzed by the wound-healing assay. Scale bars, 100 um. n = 3, *» = 0.013 vs mock group; #p = 0.006 vs pc-SCD| group. (D) The invasion of UMUC3
cells was evaluated using the transwell assay. Scale bars, 10 um. n = 3, *p =0.017 vs mock group; *p = 0.004 vs pc-SCD| group.

intervention, and ultimately improving patient outcomes. To model the inflammatory tumor microenvironment, we
treated UMUCS3 cells with LPS, a gram-negative bacterial outer membrane component widely used to mimic inflamma-
tion. LPS has been extensively utilized to establish experimental fever models*' or mimic various inflammatory
conditions.”? LPS significantly elevated inflammatory cytokine levels (including TNF-a, IL-2, and IL-1B) while con-
currently enhancing UMUC3 cell viability, migration, and invasion, indicating that infection-associated inflammation
may exacerbate malignant behaviors in BLCA. Importantly, LPS also activated autophagy and upregulated the expres-
sion of LC3, an autophagy-related protein.

Autophagy is an evolutionarily conserved catabolic process that maintains cellular homeostasis by recycling compo-
nents under stress conditions such as nutrient deprivation,” organelle damage,”* and exposure to radiotherapy or
chemotherapy,” thereby meeting cellular demands and enhancing survival capacity. Its role in cancer is context-
dependent and dualistic: in early tumorigenesis, it primarily suppresses tumor growth by maintaining genomic stability
and inhibiting proliferation and inflammation, but in established cancers, it resists cellular stress in harsh
microenvironments.”® LPS has been shown to promote tumor progression and metastasis by upregulating NF-
«B-dependent autophagy-related genes.”’ Similarly, ATG7 is significantly overexpressed in invasive BLCA, and its
knockout markedly inhibits cancer cell invasion, indicating ATG7’s critical role in regulating BLCA progression. Our
findings reveal that LPS promotes BLCA cell proliferation, invasion, and migration through an autophagy-dependent
mechanism. Autophagy regulates lipid metabolism, with dysregulated lipid metabolism being a hallmark of cancer.
Tumor cells reprogram lipid metabolism to fuel proliferation, survival, invasion, metastasis, and adaptation to the tumor
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Figure 5 Effect of SCD| on LPS-induced biological characteristics of UMUCS3 cells. UMUCS3 cells were treated with LPS (0.1 pug/mL) for 24 h and 48 h. (A) The expression of SCD |
protein was analyzed by Western blotting. The relative protein expression was quantified by normalizing to actin. n = 3, *p = 0.037 vs 0 h; “p = 0.023 vs 24 h. UMUCS3 cells were
pretreated with 3-MA (5 mM) or SCD inhibitor (10 nM) for 3 h before LPS (0.1 pug/mL) treatment for 48 h. (B) The viability of UMUC3 cells was determined using the CCK-8 assay.
n=3,% =0.019 vs mock; “p = 0.003 and 0.003 vs LPS treatment, respectively. (C) The migratory capacity of UMUC3 cells was assessed using the wound-healing assay. Scale bars,
100 um. n = 3, *p = 0.044 vs mock; *p = 0.048 and 0.040 vs LPS treatment, respectively. (D) The invasion of UMUCS3 cells was analyzed using the transwell assay. Scale bars, 10 um.
n=3,%p =0.003 vs mock; 4p =0.004 and 0.003 vs LPS, respectively. (E) The level of pro-inflammatory cytokines (ie, TNF-a, IL-2, and IL- | B) and anti-inflammatory factors (ie, IL-10,
IL-4, and TGF-B) in the cell culture supernatant was determined using ELISA. n = 3, *p < 0.05 vs mock; #p < 0.05 vs LPS, respectively.

microenvironment. In hepatocellular carcinoma, inhibiting Unc-51-like autophagy activating kinase 1 (ULK1), a key
kinase in autophagy initiation, reduces the SCD1 transcriptional level under lipotoxic conditions, thereby increasing the
SFA-to-MUFA ratio, and inducing lipotoxic cell death.?® Given the connection between lipid metabolism and autophagy,
and SCD1’s central role in lipid homeostasis, its interaction with autophagy may be critical in BLCA biology.

The SCD1-autophagy connection was first identified in Drosophila, where silencing Desatl, the Drosophila homolog
of SCD, inhibited autophagy, indicating that SCD1 participates in autophagic responses by disrupting lipid biosynthesis
and/or signal transduction.?® Specifically, reduced SCDI activity impairs autophagosome—lysosome fusion and autop-
hagy function, triggers ER stress, causes mitochondrial dysfunction, and activates intrinsic apoptotic pathways.’® SCD1
is embedded via four transmembrane domains in the ER membrane and is crucial for lipid metabolism. It also promotes
cancer cell proliferation, tumor growth, and metastasis.>’ Across multiple cancer types, high SCD1 expression is
significantly correlated with increased tumor aggressiveness, poor prognosis, and cancer stem cell traits (such as
chemoresistance and self-renewal capacity).>? In gastric cancer research, co-overexpression of the RNA-editing enzyme
ADARI and SCDI, or elevated SCD1 editing/ADAR] mRNA signature scores, both indicate worse prognosis.®> Our
findings show that LPS significantly upregulates SCD1 expression and that SCD1-mediated autophagy promotes BLCA
cell invasion, migration, and pro-inflammatory cytokine production. Applying the autophagy inhibitor 3-MA or the
SCD1 inhibitor effectively reverses these LPS-induced effects; these findings are consistent with those of previous
studies.

Currently, the diagnosis and prognostic evaluation of BLCA primarily rely on cystoscopy and urine cytology. While
cystoscopy is invasive and costly, urine cytology—despite its high specificity and minimal invasiveness—has limited
sensitivity for detecting low-grade tumors. This limitation has fueled interest in developing detection methods that combine
high specificity, high sensitivity, and minimal invasiveness. Inflammation-related genes have shown potential as biomarkers
for lymph node metastasis and prognostic management in BLCA, but their efficacy in assessing UTI risk remains
suboptimal.” Analysis of the GEPIA2 database unveiled significantly elevated SCDI expression in BLCA tissues, with
higher expressions associated with markedly shorter OS, underscoring its role as a risk factor for disease progression. Studies
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have identified SCD1 as both a prognostic biomarker and therapeutic target in KRAS/STK11/KEAP1 co-mutated lung
adenocarcinoma,*® a finding that has shaped mechanistic research and guided novel therapeutic strategies for lung cancer.
Our Cox regression analysis demonstrated that both UTI and SCD1 expression are independent risk factors affecting
postoperative OS in patients with NMIBC and MIBC BLCA. ROC curve analysis further showed that combining SCD1
with CRP and SII markers achieved superior diagnostic performance compared with any individual marker alone. For
NMIBC patients, the combined model yielded an AUC of 0.887 (95% CI: 0.821-0.935) with 76.67% specificity and 94.52%
sensitivity; for MIBC patients, the AUC was 0.861 (95% CI: 0.767-0.927) with 77.78% specificity and 89.13% sensitivity.

Conclusion

This study highlights the dual role of SCD1 in BLCA progression (simultaneously promoting both tumor
advancement and infection). These findings offer preclinical and observational evidence supporting the develop-
ment of novel molecular biomarkers to predict and prevent postoperative UTI in BLCA patients, with potential
translational application from bench to bedside. However, three major limitations should be noted: @ single-center
design, which may be influenced by regional variations in clinical practice; 2 the absence of an external
validation cohort, which limits the generalizability of the findings; 3 the use of a monotypic cellular model
(exclusive use of UMUC3 cells), which may not capture the full diversity of BLCA molecular subtypes.
Therefore, future research should focus on multicenter, prospective external validation studies (target sample
size > 500 cases to (a) systematically evaluate the prognostic value of SCD/ across diverse populations, and (b)
establish clinically applicable quantitative standards to facilitate translational implementation). Furthermore,
functional studies using multiple cell lines and in vivo models are required to clarify the molecular mechanisms
underlying SCD1-mediated BLCA progression and to assess its potential as a therapeutic target.
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