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Abstract
Background: Solute carrier family 3 member 2 (SLC3A2) is highly expressed in various types of cancers, including bladder can-

cer (BLCA). However, the role and mechanism of SLC3A2 in the onset and progression of BLCA are still unclear. Methods: The
interfering plasmid for SLC3A2 was constructed and transfected into BLCA cells. Cell proliferation, invasion, and migration abil-

ities were assessed to evaluate the impact of SLC3A2 silencing on BLCA cell growth. M1 and M2 macrophage polarization mark-

ers were detected to evaluate macrophage polarization. The levels of reactive oxygen species (ROS), lipid peroxidation, and Fe2+,

as well as the expression of ferroptosis-related proteins, were measured to assess the occurrence of ferroptosis. Ferroptosis

inhibitors were used to verify the mechanism. Results: The experimental results showed that SLC3A2 was highly expressed

in BLCA cell lines. The proliferation, invasion, and migration of BLCA cells were reduced after interfering with SLC3A2.

Interference with SLC3A2 led to increase the expression of M1 macrophage markers and decreased the expression of M2 mac-

rophage markers in M0 macrophages co-cultured with tumor cells. Additionally, interference with SLC3A2 led to increased levels

of ROS, lipid peroxidation, and Fe2+, downregulated the expression of solute carrier family 7 member11 (SLC7A11) and gluta-

thione peroxidase 4 (GPX4), while upregulated the expression of acyl-coA synthetase long chain family member 4 (ACSL4) and

transferrin receptor 1 (TFR1) in BLCA cells. However, the impact of SLC3A2 interference on cell proliferation and macrophage

polarization was impeded by ferroptosis inhibitors. Conclusion: Interference with SLC3A2 inhibited the growth of BLCA cells

and the polarization of tumor-associated macrophages by promoting ferroptosis in BLCA cells.
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Introduction
Bladder cancer (BLCA) is among the prevalent tumors affecting
the urinary system, ranking as the 7th most common cancer
globally.1 BLCA, being a malignant tumor, is characterized by
its aggressive invasiveness and tendency for recurrence.2
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Reports indicate approximately 549,000 new cases of BLCA
annually, resulting in 200,000 deaths.3 The prevalent form of
BLCA is the invasive type, which extends to the muscle layer,
with only 50% of such cases being surgically curable. The
remaining patients are deemed incurable due to the disease’s
highly invasive nature.4,5

The tumor microenvironment (TME) encompasses noncan-
cerous cells within a tumor along with the factors they generate
and release.6 Interactions between tumor cells and the TME
critically influence tumorigenesis, progression, metastasis, and
therapy response.7 Macrophages constitute a significant compo-
nent of the TME. Within the TME, macrophages can polarized
into M1 or M2 types,8 exhibiting opposite roles. Inhibiting M2
macrophage polarization effectively hinders tumor growth and
metastasis.9 Ferroptosis, an iron-dependent, nonapoptotic cell
death mechanism, is noteworthy in cancer due to the higher
iron demand for tumor cell proliferation, making them more
susceptible to iron-catalyzed necrosis.10 Therefore, ferroptosis
has garnered considerable attention as a potential therapeutic
approach for cancer treatment. Numerous ferroptosis-proteins
have been identified in BLCA specimens,11 indicating its
important role in BLCA development. In addition, studies dem-
onstrate crosstalk between ferroptosis and TME, with macro-
phage polarization disrupting the TME and inducing
ferroptosis in cancer cells.12 Furthermore, ferroptosis activation
induces M1 polarization and inhibits M2 polarization within
TME, consequently retarding cancer progression.13 Hence,
the interplay between ferroptosis and macrophages has been
employed in researching diverse cancer treatments.14

Solute carrier family 3 member 2 (SLC3A2), the prototypi-
cal member of the solute carriers (SLC) family, exhibits high
expression levels in numerous malignant tumor cells.15

Knockdown of SLC3A2 in lung adenocarcinoma cells inhibits
M2 polarization in macrophages.16 In colorectal cancer, sup-
pressing SLC3A2 expression hampers cancer cell proliferation,
migration, and invasion via ferroptosis induction.17 Reports
indicate that SLC3A2 is highly expressed in tumor tissues of
patients with BLCA, correlating with poor prognosis.18

However, the precise role of SLC3A2 in BLCA development
remains nebulous.

Therefore, based on existing reports, this study delved into
the expression of SLC3A2 in BLCA cells and the underlying
mechanisms in cancer progression. The results showed that
the expression of SLC3A2 in BLCA cells was elevated, and
SLC3A2 silencing inhibited BLCA cell proliferation, invasion,
and migration, along with reduced M2 macrophage polariza-
tion. The observed effects were linked to the promotion of fer-
roptosis following SLC3A2 silencing in BLCA cells.

Materials and Methods

Ethical Approval
This research has been reviewed by the Ethics Committees of
Beijing Luhe Hospital, Capital Medical University. It does
not involve human tissue/samples or animal experiments.

Therefore, this research does not require approval from the
Ethics Committee.

Prediction of SLC3A2 Expression and Prognostic
Correlation
Assessment of SLC3A2 expression in BLCA was conducted
through the UALCAN website (https://ualcan.path.uab.edu/
analysis.html). Initial examination of SLC3A2 gene with
prognosis in BLCA was analyzed through the UALCAN
website and Kaplan-Meier Plotter websites (https://kmplot.
com/analysis/).

Cell Culture
The human normal bladder epithelial cell line SV-HUC-1 and
the human monocytic leukemia (THP-1) cell line were pur-
chased from the Type Culture Collection of the Chinese
Academy of Sciences. The human BLCA cell lines 5637 and
J82 were purchased from Sunncell, and T24 and UM-UC-3
were purchased from the National Platform of Experimental
Cell Resources for Sci-Tech, Cell Resource Center. The
SV-HUC-1, UM-UC-3, and J82 cell lines were cultured in
DMEMmedium (Gibco). THP-1, 5637, and T24 cells were cul-
tured in RPMI-1640 medium (Gibco). The culture media were
supplemented with 10% fetal bovine serum (FBS), Thermo
Fisher Scientific) and 1% penicillin-streptomycin. Cells were
cultured under culture conditions of 37 °C with 5% CO2

incubator.

Cell Transfection
GenePharma designed and synthesized the shRNA targeting
SLC3A2 (shRNA-SLC3A2-1/2) and the corresponding
shRNA-negative control (shRNA-NC). When cells had grown
to 60% to 80% confluence, cells underwent transfection using
the Lipofectamine 2000 reagent (Invitrogen) following the rec-
ommended protocol. Subsequently, cell harvesting for further
analysis occurred 48 h after transfection.

Cell Counting Kit-8 (CCK8) Assay
The inoculation of cells (5× 103 cells/mL) into 96-well plates
was initially conducted, after which was the cultivation for
24, 48, and 72 h. Afterwards, 10 μL of WST-8 (Beyotime)
was put into each well to further cultivate the plates for
2 h. With the help of a microplate reader, the absorbance was
resolved at 450 nm. All experiments were replicated 5 times.

5-Ethynyl-2-Deoxyuridine Staining
Cell proliferation was detected utilizing the 5-ethynyl-2-
deoxyuridine (EDU) kit (RiboBio). EDU and 4’,6-diamidino-
2-phenylindole (DAPI) working solutions were proportionally
diluted with complete cell medium according to the manufac-
turer’s instructions. Briefly, the transfected cells were incubated
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in the medium containing EDU working solution for 6 h, then
washed with phosphate buffer saline (PBS), fixed, permeabi-
lized and washed again, and incubated with DAPI solution
for 10 min in the absence of light. Image acquisition was per-
formed using a fluorescence microscope (Nikon). All experi-
ments were replicated 3 times.

Colony Formation Assay
For clone formation, transfected BLCA cells were digested using
trypsin (C0201, Beyotime), re-suspended, and counted. An equal
number of BLCA cells was subsequently plated into a 3.5 cmwell.
Following 14 days of culture in complete medium, crystal violet
was used to stain visible colonies. Finally, stained colonies were
photographed, counted, and compared among different groups.
All experiments were replicated 3 times.

Wound Healing
Transfected cells were inoculated into 6-well plates, and upon con-
fluence, the cell layer was gently scraped with a sterile plastic
pipette. Subsequently, cells were cultured in FBS-deficient
medium, and electron microscopy images were captured at 0 and
24 h. Cell migratory capacity was assessed by measuring the
change in the size of the wounded area. All experiments were
replicated 5 times.

Transwell
Transfected cells were cultured in serum-free medium in the
upper chamber of Transwell filter membranes precoated with
Matrigel, while the lower chamber contained medium supple-
mented with 10% FBS. After 24 h of incubation at 37 °C in a
cell culture incubator containing 5% CO2, cells in the upper
chamber were removed. Subsequently, cells were fixed in meth-
anol for 15 min, stained with crystal violet for 20 min, photo-
graphed in 5 random fields of view under a microscope
(×200), and counted. All experiments were replicated 5 times.

Macrophage Polarization Induction and Co-Culture
THP-1 was treated with 100 ng/mL (12-O-tetradecanoylphor-
bol-13-acetate (PMA), Sigma Aldrich) for 24 h to differentiate
into M0 macrophages. After differentiation into M0 macro-
phages, (lipopolysaccharide (LPS), 10 pg/mL) and (inter-
feron-γ (INF-γ), 20 ng/mL) were added to stimulate the cells
for 24 h to induce M1-type macrophage polarization. IL-4
(20 ng/mL) and IL-13 (20 ng/mL) were added to stimulate
the cells to induce M2-type macrophage polarization.
Collect T24 cell culture medium from different experimental
groups as conditioned medium (CM). M0 macrophages were
stimulated using CM for 48 h, then M0 macrophages were har-
vested to detect the effect of BLCA cells on M0 macrophage
polarization.19

Immunofluorescent Staining
Double CD68/iNOS and CD68/CD206 immunofluorescence
staining was used to identify M1 and M2 macrophages,
respectively. M0 macrophages were cultured on slides and
then fixed with 4% paraformaldehyde (PFA) at room temper-
ature. The cells were then permeabilized with 0.05% Triton
X-100 and blocked with 5% (bovine serum albumin
(BSA), Solarbio) for 1 h. Then, the cells were incubated
with primary antibodies: CD68 (ab955, Abcam, 1:200 dilu-
tion), (inducible nitric oxide synthase (iNOS), ab15323,
Abcam, 1:100 dilution), CD206 (ab64693, Abcam, 1:100
dilution) overnight at 4 °C. DAPI was used for nuclear stain-
ing. Fluorescence microscopy was used to visualize immuno-
fluorescence. All experiments were replicated 3 times.

Ferroptosis Detection
In accordance with the manufacturer’s instructions, we utilized
BODIPY 581/591 C11 (Thermo Fisher) staining to identify
reactive oxygen species (ROS) within the cells. Fluorescence
imaging was performed using Texas red (590 nm) and fluores-
cein isothiocyanate (FITC) (510 nm) emission filters. Lipid per-
oxidation levels in cells were determined using the
thiobarbituric acid reactive substance (TBARS) assay kit
(Biyun Tian), and detected the results colorimetrically at 532
nm. Cellular Fe2+ levels were assessed through the Phen
Green SK (PGSK) fluorescent probe assay (Chemstan,
China). Ferrostatin-1 (Fer-1, 10 μM), an ferroptosis inhibitor,
was pretreated for mechanism validation. All experiments
were replicated 5 times.

Western Blot Assay
Cells were lysed with radio-immunoprecipitation assay
(RIPA) buffer (PC101, Epizyme) containing protease inhib-
itors to extract total proteins, and bicinchoninic acid (BCA)
protein assay kit (ZJ102, Epizyme) was used for protein
quantification. Equivalent amounts of proteins (20 μg) from
each group were loaded onto 10% sodium dodecyl sulfate -
polyacrylamide gel electrophoresis (SDS-PAGE) gels
(G2003-50 T, Servicebio) and then transferred to polyvinyli-
dene fluoride (PVDF) membranes. Membranes were incu-
bated overnight at 4 °C with primary antibodies, including
GAPDH antibody (AF7021, Affinity, 1:1000 dilution),
SLC3A2 antibody (A19880, Abclonal, 1:800 dilution),
SLC7A11 antibody (DF12509, Affinity, 1:1100 dilution),
GPX4 antibody (DF6701, Affinity, 1:1000 dilution),
ACSL4 antibody (ab155282 Abcam, 1:1500 dilution), and
TFR1 antibody (A5865, Abclonal, 1:1000 dilution). After
washing with tris buffered saline with Tween-20 (TBST),
the membranes were incubated with a secondary antibody
Goat Anti-Rabbit IgG (S0001, Affinity, 1:5000 dilution)
for 2 h at 37 °C. Signals were detected using a chemilumines-
cence system (Millipore) and ImageJ software was utilized
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for the quantification of immunoblotting signals. All experi-
ments were replicated 3 times.

RNA Extraction and Quantitative Real-Time PCR
Cellular RNA extraction was extraction was carried out utiliz-
ing TRIzol (Invitrogen). Reverse transcription of complemen-
tary DNA (cDNA) was performed using the PrimeScriptTM
RT Kit (Toyobo). Subsequently, the cDNA samples under-
went real-time quantitative polymerase chain reaction using
a real-time PCR reaction system (Biorad). GAPDH was used
as an internal reference, and relative messenger RNA
(mRNA) expression levels were determined by the 2−ΔΔCT

method. Primer sequences were obtained from PrimerBank
and were listed in Table 1. All experiments were replicated
3 times.

Statistical Analysis
Experimental data were expressed as mean± standard deviation
and analyzed with GraphPad Prism 8 (GraphPad Software Inc.).
One-way analysis of variance was used to compare the
difference between multiple groups. P < .05 was defined as
statistically significant.

Results

SLC3A2 Expression is Significantly Higher in BLCA
Tissues and Cells
Online database analysis results indicated that the SLC3A2 in
BLCA tissues (n= 408) was significantly higher than that in
the control group (n= 19) (Figure 1A). Additionally, the
results showed a significant correlation between SLC3A2 over-
expression and a poorer prognosis in patients with BLCA
(Figure 1BC). Subsequently, we examined the expression of
SLC3A2 in BLCA cell lines. Our findings indicated a substantial

increase in both mRNA level (Figure 1D, P< .001) and protein
expression (Figure 1E, P< .01) of SLC3A2 in BLCA cell lines
compared to normal bladder epithelial cells. Among them, T24
BLCA cells exhibited the highest expression of SLC3A2.
Consequently, T24 cells were chosen for further investigations.

Interference With SLC3A2 Inhibits BLCA Cell
Proliferation, Invasive, and Migration
Next, an interference plasmid targeting SLC3A2 was constructed
and its efficacy evaluated. Results indicated superior interference
efficiency with sh-SLC3A2-1 was compared to sh-SLC3A2-2
(Figure 2A and B, P< .001). Consequently, T24 cells were trans-
fected with sh-SLC3A2-1. The proliferation assay showed a sig-
nificant decrease in cell OD value (Figure 2C, P< .001),
attenuation in EDU fluorescence intensity (Figure 2D), and a
reduction in cell colony formation (Figure 2E, P< .001) in the
sh-SLC3A2 group compared to the control and shRNA-normal
control (sh-NC). Additionally, wound healing and Transwell
assays revealed a decrease in cell migration (Figure 2F, P<
.001) and invasive ability (Figure 2G, P< .001) in the
sh-SLC3A2 group.

Interference With SLC3A2 Inhibits M2-Type Polarization
of Tumor-Associated Macrophages
M0 macrophages underwent polarization upon exposure to
diverse inducers, and the expression of M1 and M2 markers
was subsequently assessed. The results showed a significant
increase in the levels of M1-type markers CCL2, CCL4, and
IL-23A after LPS and INF-γ induction (Figure 3A, P< .05),
accompanied by enhanced fluorescence intensity of M1-type
macrophage markers CD68/iNOS (Figure 3B). Following
IL-4 and IL-13 induction, a significant elevation in the levels
of M2-type markers IL-10, VEGFA, and Arg-1 was observed
(Figure 3A), accompanied by enhanced fluorescence intensity
of the M2-type macrophage marker CD68/CD204 (Figure 3C).

Next, M0 macrophages were stimulated with CM from T24
cells, revealing a significant increase in M1-type marker mRNA
levels and a significant decrease in M2-type marker mRNA
levels in the sh-SLC3A2 group (Figure 3D, P< .001). In addi-
tion, the sh-SLC3A2 group exhibited increased fluorescence
intensity of the M1-type macrophage marker CD68/iNOS
(Figure 3E) and decreased fluorescence intensity of the
M2-type macrophage marker CD68/CD204 (Figure 3F) com-
pared to the control and sh-NC groups.

Interference With SLC3A2 Promotes Ferroptosis in BLCA
Cells
The BODIPY 581/591 C11 fluorescent probe showed a pro-
gressive elevation in lipid ROS levels in T24 cells of the
sh-SLC3A2 group (Figure 4A). In addition, the production of
TBARS (Figure 4B, P< .001) and the cellular Fe2+ concentra-
tion (Figure 4C) were significantly increased in macrophages in
the sh-SLC3A2 group compared to the control and sh-NC

Table 1. Primer Sequences.

Gene Primer Sequences (5′-3′)

GAPDH Forward GGAGCGAGATCCCTCCAAAAT
Reverse GGCTGTTGTCATACTTCTCATGG

SLC3A2 Forward CTGGTGCCGTGGTCATAATC
Reverse GCTCAGGTAATCGAGACGCC

CCL2 Forward CAGCCAGATGCAATCAATGCC
Reverse TGGAATCCTGAACCCACTTCT

CCL4 Forward CTGTGCTGATCCCAGTGAATC
Reverse TCAGTTCAGTTCCAGGTCATACA

IL-23A Forward CTCAGGGACAACAGTCAGTTC
Reverse ACAGGGCTATCAGGGAGCA

IL-10 Forward TCAAGGCGCATGTGAACTCC
Reverse GATGTCAAACTCACTCATGGCT

VEGFA Forward AGGGCAGAATCATCACGAAGT
Reverse AGGGTCTCGATTGGATGGCA

Arg-1 Forward TGGACAGACTAGGAATTGGCA
Reverse CCAGTCCGTCAACATCAAAACT
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groups. Western blot (WB) analysis indicated a reduction in the
protein expression of LC7A11 and GPX4 in the sh-SLC3A2
group, accompanied by an elevation in the protein expression
of ACSL4 and TFR1 (Figure 4D, P< .001).

Interference With SLC3A2 Inhibits BLCA Cell
Proliferation, Invasive, and Migration by Promoting
Ferroptosis
Next, we performed mechanistic validation utilizing the ferrop-
tosis inhibitor Fer-1. The results demonstrated the ferroptosis
inducer mitigated the inhibitory effect of SLC3A2 silencing
on cellular proliferative capacity, as evidenced by elevated
optical density (OD) (Figure 5A, P< .001), enhanced EDU
fluorescence (Figure 5B), and increased cell colony formation
(Figure 5C, P< .01) in the Fer-1+ sh-SLC3A2 group in com-
parison to the sh-SLC3A2 group. Meanwhile, wound healing
and Transwell assays revealed that the application of Fer-1 aug-
mented cell migration (Figure 5D, P< .001) and invasion ability
(Figure 5E, P< .001) compared to the sh-SLC3A2 group.

Interference With SLC3A2 Inhibits M2-Type Polarization
of Tumor-Associated Macrophages by Promoting
Ferroptosis
Finally, we reassessed the polarization of M0 macrophages fol-
lowing ferroptosis inhibitor application. The results showed a
significant reduction in the levels of M1-type markers CCL2
(P< .001), CCL4 (P< .001), and IL-23A (P< .01), alongside
a significant increase in the levels of M2-type markers IL-10
(P < .001), vascular endothelial growth factor A (VEGFA)
(P < .01), and Arg-1 (P < .01) in the Fer-1+ sh-SLC3A2
group compared to the sh-SLC3A2 group (Figure 6A).
Immunofluorescence results demonstrated a decrease in the
fluorescence intensity of the M1-type macrophage marker
CD68/iNOS (Figure 6B), along with an increase in the fluo-
rescence intensity of the M2-type macrophage marker
CD68/CD204 (Figure 6E) in the Fer-1+ sh-SLC3A2 group.

Discussion
BLCA is the most prevalent malignancy affecting the urinary
system. Utilizing an online database, this study aimed to

Figure 1. The expression of SLC3A2 is significantly higher in BLCA tissues and cells. The expression of SLC3A2 in BLCA tissues (n= 408)
and normal tissue (n= 19) (A). The correlation between SLC3A2 and the prognosis of patients with BLCA by UALCAN database (B). The
correlation between SLC3A2 and the prognosis of patients with BLCA by Kaplan-Meier Plotter website (C). mRNA expression levels of
SLC3A2 in different BLCA cell lines (D, n= 3). Protein expression levels of SLC3A2 in different BLCA cell lines (E, n= 3). **P< .01,
***P< .001 versus SV-HUC-1. Abbreviations: BLCA, bladder cancer; mRNA, messenger RNA.
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predict and analyze the expression of SLC3A2 in T24 BLCA
cells. Furthermore, experimental investigations, were con-
ducted to explore the potential role of SLC3A2 in the

development of BLCA. Research findings reveal a significant
upregulation of SLC3A2 in both BLCA tissues and cells, corre-
lating with an unfavorable prognosis. Interfering with the

Figure 2. Interference with SLC3A2 inhibits BLCA cell proliferation, invasive, and migration. qRT-PCR assay for plasmid interference effects
assay (A, n= 3). WB assay for plasmid interference effects assay (B, n= 3). Cell proliferation detection by CCK8 assay (C, n= 5). Cell
proliferation detection by EDU staining (D, n= 3). Cell proliferation detection by Colony formation assay (E, n= 3). Cell migration detection by
wound healing assay (F, n= 5). Cell invasion detection by Transwell assay (G, n= 5). ***P < .001 versus control; ###P< .001 versus sh-NC.
Abbreviations: BLCA, bladder cancer; EDU, 5-ethynyl-2-deoxyuridine; qRT-PCR, quantitative real-time PCR; WB, western blot.
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Figure 3. Interference with SLC3A2 inhibits M2-type polarization of tumor-associated macrophages. M1 and M2 type markers in macrophages
detection, *P< .05, **P < .01, ***P< .001 versus M0 (A, n= 3). Double immunofluorescence staining of M1 macrophage markers (B, n= 3).
Double immunofluorescence staining of M2 macrophage markers (C, n= 3). M1 and M2 type markers expression in macrophages after CM
stimulation, ***P< .001 versus control; ###P < .001 versus sh-NC (D, n= 3). Double immunofluorescence staining of M1 macrophage markers
after CM stimulation (E, n= 3). Double immunofluorescence staining of M2 macrophage markers after CM stimulation (F, n= 3). Abbreviation:
CM, conditioned medium.
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expression of SLC3A2 induces ferroptosis, thereby impeding
the proliferation of BLCA cells and preventing M2 polarization
in tumor-associated macrophages.

The upregulation of SLC3A2 has been reported to be docu-
mented across various malignant tumors. Xiao et al18 identified
elevated expression of SLC3A2 in tumor tissues of patients
with BLCA by bioinformatics analysis, correlating it with an
unfavorable prognosis. These findings align with the results
obtained from our online database analysis. Additionally, a
recent study reported the involvement of SLC3A2 in nonpri-
mary BLCA. The study found that knocking out SLC3A2 sig-
nificantly inhibited the proliferation, migration, and invasion of
MC SV-HUC T2 cells.20 This study experimentally

investigated the role of SLC3A2 BLCA cells for the first
time. However, primary BLCA is more common compared
to nonprimary BLCA.21 T24 cells are a type of human
bladder transitional cell carcinoma cells, which make up
over 90% of BLCA.22 Therefore, investigating the role of
SLC3A2 in primary BLCA, particularly in transitional cell
carcinoma, is highly valuable for understanding the involve-
ment of SLC3A2 in BLCA. This study revealed that inhibit-
ing the expression of SLC3A2 in T24 cells suppressed the
proliferation, invasion, and migration of cancer cells. This
suggests that SLC3A2 functions as an oncogene in both
primary and nonprimary BLCA. Furthermore, this study
delved deeper into the mechanism of how interfering with

Figure 4. Interference with SLC3A2 promotes ferroptosis in BLCA cells. BODIPY 581/591 C11 staining (A, n= 5). Determination of TBARS
production rate (B, n= 5). PGSK fluorescent probe (C, n= 3).WB assay for detecting the expression of ferroptosis-related proteins in cells (D, n= 3).
***P< .001 versus control; ###P< .001 versus sh-NC. Abbreviations: BLCA, bladder cancer; PGSK, Phen Green SK; TBARS, thiobarbituric acid
reactive substance; WB, western blot.
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SLC3A2 regulates the proliferation, invasion, and migration
of T24 BLCA cells.

Macrophages constitute a crucial component of the TME.
M1-type macrophages predominantly inhabit chronic inflam-
matory sites where tumors initiate and develop, exerting

an inhibitory role tumor growth.23 In contrast, M2-type macro-
phages promote malignant tumor progression by inducing
immunosuppression and microenvironmental remodeling.24

The correlation and role of SLC3A2 in various tumors have
been extensively researched, including its reported influence

Figure 5. Interference with SLC3A2 inhibits BLCA cell proliferation, invasive, and migration by promoting ferroptosis. Cell proliferation
detection by CCK8 assay (A, n= 5). Cell proliferation detection by EDU staining (B, n= 3). Cell proliferation detection by Colony formation
assay (C, n= 3). Cell migration detection by wound healing assay (D, n= 5). Cell invasion detection by Transwell assay (E, n= 5). ***P< .001
versus control; ###P< .001 versus sh-NC; &&&P< .001 versus Fer-1+ sh-SLC3A2. Abbreviations: BLCA, bladder cancer; EDU,
5-ethynyl-2-deoxyuridine.
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on cancer cell proliferation by regulating macrophage polariza-
tion. Li et al16 reported that SLC3A2 promotes the polarization
of tumor-associated macrophages in lung adenocarcinoma, and
its mechanism is related to regulating metabolic reprogramming
in lung cancer. Our study revealed a notable reduction in the
expression of M2-like differentiation markers in M0 macro-
phages following stimulation with CM from sh-SLC3A2
group T24 cells. This suggests that SLC3A2 plays a role in reg-
ulating the polarization of tumor-associated macrophages in
primary BLCA cells. In contrast to the findings of Li et al,
SLC3A2 regulates macrophage polarization through ferroptosis
mediation in T24 BLCA cells. This offers a new perspective for
fully understanding the mechanism of SLC3A2 in tumor-
associated macrophage polarization.

Currently, numerous studies have confirmed the relationship
between ferroptosis, tumor, and the TME.25,26 Ferroptosis,
identified as a form of regulated cell death, depends on iron
and ROS.27 SLC7A11 and FTH1 are common inhibitors of
ferroptosis, while ACSL4 and TFR1 act as positive regulators
of ferroptosis and promote ferroptosis.28,29 Interfering with
SLC3A2 expression in BLCA cells significantly increased
lipid ROS, lipid peroxidation, and Fe2 + levels, upregulating
the expression of pro-ferroptosis factor proteins and downre-
gulating the expression of antiferroptosis proteins in BLCA

cells. These results suggest that interfering with SLC3A2
promotes ferroptosis in BLCA cells, suggesting the involve-
ment of ferroptosis in BLCA progression. Additionally, the
inhibitory effects of SLC3A2 interference on BLCA cell
growth and M2-type macrophage polarization were signifi-
cantly attenuated by the addition of ferroptosis inhibitors.
These effects of SLC3A2 inhibition were mediated by
ferroptosis.

However, there are still some limitations in the current
research. Firstly, this study only focused on the T24 BLCA
cells. However, in preliminary experiments, it was found that
SLC3A2 was highly expressed in various BLCA cells. This
suggests that SLC3A2 may play a role in other BLCA cell
lines, indicating the need for a broader study involving different
types of cells. Secondly, the findings of this study are restricted
to the cellular level. It is important to note that cells may lose
some of their original biological characteristics during
passage culture, and the in vitro culture environment may not
fully represent the in vivo environment. Therefore, it is neces-
sary to further confirm the role of interfering with SLC3A2 in
BLCA growth in vivo by constructing a tumor-bearing mouse
model. Additionally, in the experiment on macrophage differ-
entiation, it was found that interfering with SLC3A2 promotes
ferroptosis and inhibits M2 polarization. However, the specific

Figure 6. Interference with SLC3A2 inhibits M2-type polarization of tumor-associated macrophages by promoting ferroptosis. M1 and M2 type
markers expression in macrophages after CM stimulation (A, n= 3). Double immunofluorescence staining of M1 macrophage markers after CM
stimulation (B, n= 3). Double immunofluorescence staining of M2 macrophage markers after CM stimulation (C, n= 3). ***P< .001 versus
control; ###P< .001 versus sh-NC; &&P< .01; &&&P< .001 versus Fer-1+ sh-SLC3A2. Abbreviation: CM, conditioned medium.
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mechanism by which interfering with SLC3A2 affects macro-
phage polarization in BLCA is complex. It is still unclear
which substance in the CM causes the change in macrophage
polarization, and further in-depth research is needed to
explore both the substance and the underlying mechanism.
For instance, Li et al16 discovered that SLC3A2 facilitates the
polarization of macrophages in lung adenocarcinoma by regu-
lating arachidonic acid. This finding may offer valuable insights
for future research. Lastly, ferroptosis involves complex molec-
ular mechanisms. For instance, SLC3A2 regulates ferroptosis in
laryngeal cancer through the mammalian target of rapamycin
(mTOR) pathway.30 Therefore, further exploration is needed
to understand the mechanisms by which interfering with
SLC3A2 promotes ferroptosis and exerts its effects.

In conclusion, this investigation revealed the role of
SLC3A2 in the T24 cells of primary BLCA. SLC3A2 functions
as an oncogene in BLCA. Interference with SLC3A2 impedes
the growth of T24 BLCA cells and the M2-type polarization
of tumor-associated macrophages by promoting ferroptosis.
This study offers a theoretical reference for comprehending
the role of SLC3A2 in BLCA and the mechanism for regulating
macrophage differentiation.
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