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Background: Colorectal cancer (CRC) remains one of the most prevalent malignancies worldwide. Ferroptosis, a form of regu-
lated cell death driven by lipid peroxidation, has emerged as a critical determinant of tumor progression, particularly through
its interplay with dysregulated cholesterol metabolism. However, the role of the immune checkpoint molecule B7-H3 (CD276) in
regulating ferroptosis in CRC remains poorly defined. This study aimed to characterize the expression profile of B7-H3 in CRC
and elucidate its role and underlying mechanisms in ferroptosis regulation, with a focus on cholesterol metabolic signaling.
Methods: B7-H3 expression was assessed in normal colonic epithelial cells and CRC cell lines byWestern blotting. Stable CD276
knockdown and overexpressionmodels were established using lentiviral transduction. Ferroptosis sensitivity was evaluated using
Cell Counting Kit-8 (CCK-8) assays following RSL3 treatment, along with measurements of malondialdehyde (MDA), intracel-
lular Fe2+ levels, and ferroptosis-related gene expression. Cholesterol metabolism was assessed by quantifying total cholesterol
(TC) and low-density lipoprotein cholesterol (LDL-C) levels. Activation of the AKT–SREBP2 signaling axis was examined using
Western blotting. Mechanistic validation was performed using the SREBP2 inhibitor betulin and the AKT inhibitor perifosine.
An in vivo xenograft model under a high-cholesterol diet was further employed to evaluate the role of B7-H3 in tumor growth
and regulation of ferroptosis.
Results: B7-H3 expression was significantly elevated in CRC cell lines (RKO, HCT116, SW480) compared with normal NCM460
cells (p < 0.001), with the highest expression observed in HCT116 cells. Stable CD276 knockdown and overexpression models
were successfully established (p < 0.001). CD276 silencing markedly reduced cell viability, enhanced ferroptosis sensitivity, and
increased levels of MDA, Fe2+, TC, and LDL-C (p < 0.05), accompanied by upregulation of PTGS2, FTL, and FTH mRNA
(p < 0.001) and downregulation of glutathione peroxidase 4 (GPX4) (p < 0.05). In contrast, CD276 overexpression produced
the opposite phenotype and significantly protected cells from RSL3-induced viability loss (p < 0.001). Mechanistically, CD276
knockdown increased nuclear SREBP2 (n-SREBP2) levels while reducing the p-AKT/AKT ratio (p < 0.001), whereas CD276
overexpression showed the opposite effect (p< 0.01). Betulin significantly reversed the elevation in TC, LDL-C, MDA, and Fe2+

induced by CD276 knockdown (p < 0.001), while perifosine restored n-SREBP2 expression that had been suppressed by CD276
overexpression (p < 0.01). In vivo, under a high-cholesterol diet, CD276 knockdown significantly reduced tumor volume and
weight (p< 0.01), while increasing SREBP2 and COX-2 staining intensity, as well as MDA and Fe2+ levels in tumor tissues (p<
0.001).
Conclusions: B7-H3 is upregulated in CRC and promotes tumor progression by suppressing ferroptosis through modulation of
the AKT–SREBP2 axis and cholesterol metabolism. Targeting B7-H3 may represent a promising therapeutic strategy to induce
SREBP2-dependent ferroptosis in colorectal cancer.
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Introduction

Colorectal cancer (CRC) is a highly prevalent malig-
nant tumor with substantial mortality worldwide, account-
ing for approximately 1.9 million new cases and 935,000
deaths globally in 2020 [1]. In China, there were an es-
timated 517,000 new cases of CRC and 240,000 related
deaths in 2022 [2], with incidence rising annually, driven
by the adoption of westernized lifestyles and population ag-
ing. While multimodal management strategies, including
endoscopic screening, surgical resection, chemoradiother-
apy, and targeted therapy, are widely implemented in clin-
ical practice, the prognosis of patients with advanced CRC
remains dismal, with a 5-year overall survival rate of only
~13% among those with distant metastasis [3]. Conven-
tional chemotherapy is hampered by high systemic toxicity,
limited efficacy, and frequent acquisition of drug resistance
[3,4]. Targeted agents, such as anti-EGFR and anti-VEGF
therapies, also face persistent challenges of acquired resis-
tance and disease recurrence, highlighting an urgent need
to identify novel therapeutic targets and cell death mecha-
nisms to overcome current therapeutic bottlenecks in CRC.

Ferroptosis is a form of regulated cell death driven by
iron-dependent peroxidation of polyunsaturated fatty acids
in cellular membranes [5,6]. Induction of ferroptosis in
tumor cells has emerged as a promising strategy to effec-
tively suppress tumor growth and overcome resistance to
chemotherapy and targeted therapies [7]. While lipid per-
oxidation and iron metabolism constitute the core regula-
tory axes of ferroptosis [5], emerging evidence has revealed
that cholesterol metabolism can modulate ferroptosis sus-
ceptibility by tuning the abundance of endogenous antiox-
idant molecules, including coenzyme Q10 (CoQ10) and
squalene [8]. However, the upstream regulatory molecules
and mechanistic networks governing ferroptosis in CRC re-
main incompletely characterized, and targeting ferroptosis
represents an emerging, high-potential direction for CRC
treatment.

B7-H3 (also designated CD276) is a type I transmem-
brane immunoregulatory protein of the B7 family, which
is frequently overexpressed in a broad spectrum of hu-
man malignancies but exhibits restricted, low-level expres-
sion in normal tissues [9]. Its aberrant upregulation is
tightly associated with malignant progression, enhanced tu-
mor cell proliferation and invasive capacity, and inferior
clinical outcomes across multiple cancer types [10]. In
CRC, specifically, high B7-H3 expression is similarly cor-
related with augmented proliferative and invasive pheno-
types of tumor cells, as well as significantly reduced patient
survival [11]. However, existing studies on B7-H3 in CRC
have predominantly focused on its immunoregulatory and
pro-proliferative functions. Whether B7-H3 participates in
ferroptosis regulation and whether it engages in crosstalk
with cholesterol metabolism to modulate ferroptosis sus-
ceptibility has not been reported to date.

The AKT signaling cascade is a canonical pro-
oncogenic axis that transduces extracellular stimuli to
promote tumor cell proliferation, migration, and apopto-
sis resistance, as well as to orchestrate cellular energy
metabolism [12]. Its downstream transcription factor, sterol
regulatory element-binding protein 2 (SREBP2), is themas-
ter regulator of cholesterol biosynthesis, driving cholesterol
synthesis and uptake via transcriptional upregulation of key
effectors, including 3-hydroxy-3-methylglutaryl-coenzyme
A (HMG-CoA) reductase and low-density lipoprotein
(LDL) receptor [13]. Dysregulated cholesterol metabolism
is not only causally implicated in tumor initiation and pro-
gression, but also directly modulates cellular susceptibil-
ity to ferroptosis: reduced cholesterol levels alter the in-
tracellular accumulation of antioxidant species, such as
CoQ10 and squalene, thereby increasing cellular vulnera-
bility to ferroptosis [8]. However, whether B7-H3 mod-
ulates cholesterol metabolism through the AKT/SREBP2
axis, and thereby shapes ferroptosis tolerance in CRC cells,
remains a critical unresolved scientific question.

Here, we aimed to delineate the functional role and
underlying mechanistic basis of B7-H3 (CD276) in regulat-
ing ferroptosis in CRC cells. In vitro, we employed RNA
interference-mediated knockdown or enforced overexpres-
sion of CD276 to examine its effects on ferroptosis mark-
ers, cholesterol metabolism profiles, and AKT/SREBP2
signaling axis activity. Mechanistically, we validated
whether B7-H3 (CD276) governs cholesterol metabolism
via AKT activation-mediated suppression of SREBP2 ac-
tivity. In vivo, we used a high-cholesterol diet-fed nude
mouse xenograft model to verify the impact of CD276 tar-
geting on CRC tumor growth and ferroptosis susceptibility.
Collectively, our study fills a critical gap in understanding
the functional link between B7-H3 (CD276), ferroptosis,
and cholesterol metabolism, and identifies a novel molecu-
lar target and potential therapeutic strategy for CRC.

Materials and Methods

Cell Lines and Culture Conditions
The human normal colonic epithelial cell line

NCM460 (INCELL, San Antonio, TX, USA; Cat. No.
NCM460D), colorectal cancer cell lines RKO (TCHu116),
HCT116 (TCHu99), and SW480 (TCHu172) were obtained
from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). All cell lines were authenticated by
short tandem repeat (STR) profiling (≥98% match) and
tested negative for mycoplasma contamination by PCR (de-
tection limit <102 CFU/mL). NCM460 cells were cultured
in DMEM/F12 medium (Gibco, 11330-032) supplemented
with 10% fetal bovine serum (FBS; Gibco, 10099-141)
and penicillin–streptomycin (Gibco, 15140-122). RKO,
HCT116, and SW480 cells were maintained in RPMI 1640
medium (Gibco, 11875-093) with the same supplements as
described above. All cells were incubated at 37 °C in a
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humidified atmosphere containing 5% CO2 and passaged
every 2–3 days using 0.25% trypsin–EDTA (Gibco, 25200-
056). Cells in the logarithmic growth phase were used for
all experiments.

Generation of Stable Cell Lines
Short hairpin RNA (shRNA) targeting CD276 (5′-

GTGCTGGAGAAAGATCAAA-3′) and a non-targeting
control (5′-GTTCTCCGAACGTGTCACGT-3′) were syn-
thesized by GenePharma (Suzhou, China) and cloned into
the pLKO.1-puro vector (Addgene #8453; AgeI/EcoRI
sites). The coding sequence (CDS) of human CD276
(NM_001024735.3) was amplified by PCR and inserted
into the pCDH-CMV-MCS-EF1-copGFP vector (System
Biosciences, CD511B-1; XbaI/BamHI sites) to generate
the overexpression construct (OE-CD276), with the empty
vector serving as a control (OE-NC). All constructs were
verified by Sanger sequencing. For lentivirus production,
recombinant plasmids were co-transfected with psPAX2
(Addgene #12260) and pMD2.G (Addgene #12259) into
HEK293T cells (ATCC, CRL-3216) at a ratio of 4:3:2
using Lipofectamine 3000 (Thermo Fisher Scientific,
L3000015). Viral supernatants were collected 48 h post-
transfection, filtered through a 0.45 µm membrane (Milli-
pore, SLGP033RB), and used to infect HCT116 and RKO
cells. Stable cell lines were selected with puromycin (2
µg/mL; Sigma-Aldrich, P8833) for 7 days. Knockdown and
overexpression efficiencies were validated byWestern blot-
ting and qPCR.

HEK293T cells are SV40 large T antigen–transformed
human embryonic kidney cells. STR profiling showed
a 99.5% match, and mycoplasma contamination was ex-
cluded by qPCR within one week prior to experimentation
(detection limit <102 CFU/mL).

Western Blot Analysis
Cells or tissues were lysed on ice for 30 min in

RIPA buffer (Beyotime, P0013B) supplemented with pro-
tease and phosphatase inhibitors (Roche, 04693159001 and
04906837001), followed by centrifugation at 12,000×g for
15 min at 4 °C. For nuclear protein extraction, cells were
harvested and resuspended in hypotonic buffer (Beyotime,
P0027), incubated on ice for 15 min, and lysed by adding
detergent solution with vigorous vortexing for 10 s. The
lysates were centrifuged at 12,000 ×g for 10 s at 4 °C to
pellet nuclei. The nuclear pellet was then resuspended in
nuclear extraction buffer (Beyotime, P0027), incubated on
ice for 30 min with occasional vortexing, and centrifuged
at 12,000 ×g for 10 min at 4 °C to obtain the supernatant
containing nuclear proteins. Protein concentrations were
determined using a BCA assay kit (Thermo Fisher Scien-
tific, 23227). Equal amounts of protein (30–50 µg) were
separated by 10% SDS-PAGE and transferred onto PVDF
membranes (Millipore, IPVH00010). Membranes were
blocked with 5% non-fat milk for 1 h at room tempera-

ture and incubated overnight at 4 °C with primary antibod-
ies against B7-H3 (Abcam, ab134161, 1:1000), SREBP2
(Abcam, ab30682, 1:1000), phospho-AKT (Cell Signaling
Technology, 4060, 1:1000), AKT (Cell Signaling Technol-
ogy, 4691, 1:1000), and GAPDH (Cell Signaling Technol-
ogy, 5174, 1:1000). After washing, membranes were incu-
bated with HRP-conjugated secondary antibody (Cell Sig-
naling Technology, 7074, 1:5000) for 1 h at room tempera-
ture. Protein bands were visualized using an ECL detection
kit (Thermo Fisher Scientific, 32106) and imaged with a
ChemiDoc XRS+ system (Bio-Rad). Band intensities were
quantified using ImageJ software (version 1.53c; National
Institutes of Health, Bethesda, MD, USA) and normalized
to GAPDH.

Quantitative Real-Time PCR (qPCR)
Total RNA was extracted using TRIzol reagent (Invit-

rogen, 15596026), and RNA concentration and purity were
assessed using a NanoDrop 2000 spectrophotometer. Com-
plementary DNA (cDNA) was synthesized from 1 µg RNA
using the PrimeScript RT reagent kit (Takara, RR037A).
Quantitative PCR was performed using TB Green Premix
Ex Taq II (Takara, RR820A) on an ABI 7500 Real-Time
PCR System. Each 20 µL reaction contained 10 µL 2×
SYBR Green Master Mix, 0.4 µL of forward and reverse
primers, 2 µL cDNA, and nuclease-free water. The ampli-
fication conditions were as follows: initial denaturation at
95 °C for 30 s, followed by 40 cycles of 95 °C for 5 s and 60
°C for 34 s. Relative mRNA expression levels of CD276,
PTGS2, FTL, FTH, and GPX4 were calculated using the
2−∆∆Ct method, with GAPDH as the internal control.

Primer sequences (5′→ 3′):
CD276-F: AGCTGTGAGGAGGAGAATGC
CD276-R: TGCTGTCAGAGTGTTTCAGAGG
PTGS2-F: CGGTGAAACTCTGGCTAGACAG
PTGS2-R: GCAAACCGTAGATGCTCAGGGA
FTL-F: CAGCCTGGTCAATTTGTACCT
FTL-R: GCCAATTCGCGGAAGAAGTG
FTH-F: AGTCGTCGGGGTTTCCT
FTH-R: GAGGGTGCGGTGAAGAG
GPX4-F: CAGTTCGGGAAGCAGGAG
GPX4-R: GCCCTTGGGTTGGATCTT

Observation of Mitochondrial Ultrastructure by
Transmission Electron Microscopy (TEM)

Cells from each group were harvested, digested with
trypsin, and centrifuged to collect cell pellets. Samples
were pre-fixed with 3% glutaraldehyde at 4 °C, followed
by post-fixation with 1% osmium tetroxide (Cat. No.
GP18456, Leica, Germany). After gradient dehydration
with acetone, the samples were infiltrated, embedded and
polymerized using an Epon 812 epoxy resin embedding
kit (Cat. No. GP18010, Beijing Zhongjingkeyi Technol-
ogy Co., Ltd., China). Ultrathin sections (50 nm thick)
were prepared with an EM UC7 ultramicrotome (Leica,
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Germany), then underwent double staining with uranyl ac-
etate (Cat. No. GS02624, Beijing Zhongjingkeyi Tech-
nology Co., Ltd., China) and lead citrate staining solution
(Cat. No. GZ02616, Beijing Zhongjingkeyi Technology
Co., Ltd., China). The mitochondrial ultrastructure was ob-
served and images were acquired using a JEM-1400PLUS
transmission electron microscope (JEOL Ltd., Japan).

Cell Viability Assay (CCK-8)
Cells were seeded into 96-well plates (Corning) at a

density of 5× 103 cells per well and cultured for 24 h prior
to treatment. Subsequently, 10 µL of CCK-8 reagent (Do-
jindo, CK04) was added to each well and incubated at 37
°C for 1–2 h. Absorbance was measured at 450 nm using
a BioTek Synergy H1 microplate reader. Cell viability was
calculated as:

viability (%) = (OD treated / OD control) × 100%.

Assessment of Ferroptosis-Related Indicators
Lipid peroxidation was quantified by measuring mal-

ondialdehyde (MDA) using a lipid peroxidation assay kit
(Beyotime, S0131S). Intracellular Fe2+ levels were deter-
mined using an iron assay kit (Abcam, ab83366), follow-
ing the manufacturer’s instructions. Absorbance was mea-
sured at 532 nm (MDA) and 562 nm (Fe2+). MDA levels
were normalized to total protein content, and Fe2+ concen-
trations were calculated based on standard curves. Results
are expressed as µmol per mg protein.

Measurement of Cholesterol Metabolism
Total cholesterol (TC; Applygen, E1015) and low-

density lipoprotein cholesterol (LDL-C; Applygen, E1018)
were quantified using colorimetric assay kits. Cell lysates
were centrifuged, and the supernatants were incubated with
the working reagents at 37 °C. Absorbance was measured
at 500 nm (TC) and 546 nm (LDL-C). Concentrations were
calculated from standard curves. Serum samples were ex-
pressed as mmol/L, whereas cellular or tissue samples were
normalized to protein content (mmol/mg protein).

Inhibitor Treatment Assays
Stable cell lines were seeded into 6-well plates (Corn-

ing) and treated at 60–70% confluence. shCD276 cells
were treatedwith the SREBP2 inhibitor betulin (MedChem-
Express, HY-N0083) at 10–20 µM for 24–48 h. OE-CD276
cells were treated with the AKT inhibitor perifosine (Med-
ChemExpress, HY-50909) at 5–10 µM for 24–48 h.

For ferroptosis rescue experiments, cells were pre-
treated with the ferroptosis inhibitor Ferrostatin-1 (Fer-1;
MedChemExpress, HY-100579) at 5 µM for 2 h, followed
by stimulation with the ferroptosis inducer RSL3 (Med-
ChemExpress, HY-100218A) at 2.5 µM for 24 h. Control
cells received an equal volume of DMSO (Sigma-Aldrich,
D2650). Cells were harvested for subsequent analyses.

Measurement of PI3K p85α Levels
PI3K p85α levels were determined using a Human PI

3 Kinase p85 alpha ELISA kit (Abcam, ab318932) accord-
ing to the manufacturer’s protocol. Cell lysates were added
to microplate wells and incubated at 37 °C, followed by se-
quential addition of detection antibodies and HRP conju-
gates. Absorbance was measured at 450 nm, and relative
protein levels were calculated based on standard curves.

Co-Immunoprecipitation (Co-IP)
Cells were lysed in IP lysis buffer (Pierce, Cat. No.

87787) supplemented with protease and phosphatase in-
hibitor cocktails. For immunoprecipitation, 1 mg of pre-
cleared cell lysate was incubated overnight at 4 °C with
gentle rotation with anti-FlagM2 antibody (Sigma-Aldrich,
Cat. No. F1804, 2–4 µg per sample) or anti-PI3K p85 an-
tibody (Cell Signaling Technology, Cat. No. 4292, 2–4 µg
per sample). Normal mouse IgG (Santa Cruz Biotechnol-
ogy, Cat. No. sc-2025) or normal rabbit IgG (Santa Cruz
Biotechnology, Cat. No. sc-2027) at the same concen-
tration served as negative controls. Subsequently, Protein
A/G magnetic beads (Thermo Fisher Scientific, Cat. No.
88803) were added and incubated for 2 h at 4 °C. The beads
were washed four times with IP lysis buffer, and bound pro-
teins were eluted with 2× Laemmli sample buffer for West-
ern blot analysis of B7-H3 (CD276) (1:1000), PI3K p85
(1:1000) and Flag tag (1:5000).

Xenograft Tumor Model
All animal experiments were conducted in accordance

with institutional guidelines and approved by the Insti-
tutional Animal Care and Use Committee of the Affili-
ated Hospital of Nantong University (Approval No. 2025-
L139). Male BALB/c nude mice (4–6 weeks old; Vi-
tal River, Beijing, China) were housed under specific
pathogen-free conditions and acclimated for 3 days.

To establish a high-cholesterol model, 12 mice were
randomly divided into two groups (n = 6 per group) and fed
either a standard diet or a high-cholesterol diet (1.25%; Re-
search Diets, D12108C) for 27 days. Serum and hepatic TC
levels, as well as serum LDL-C, were measured to confirm
model establishment.

For tumor xenografts, HCT116 cells stably express-
ing shNC or shCD276 (5 × 106 cells per mouse, n = 6)
were resuspended in pre-chilled serum-free PBS (Gibco,
10010023) and subcutaneously injected into the dorsal
flank. Mice were switched to a high-cholesterol diet 3 days
post-inoculation. Tumor volumes were measured every 3
days starting from day 7 using the formula:

V = 0.5× L×W2.

Mice were euthanized on day 27 by intraperitoneal
injection of 0.3% pentobarbital sodium (BSZH Scientific
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Inc., P3761) at a dose of 100 mg/kg, and tumors were
excised, weighed, and photographed. Portions of tumor
tissues were fixed in 4% paraformaldehyde (Servicebio,
G1101) for immunohistochemistry, while the remaining tis-
sues were snap-frozen in liquid nitrogen and stored at –80
°C.

Immunohistochemistry (IHC)
Tumor tissues were fixed in 4% paraformaldehyde

(Servicebio, G1101) for 24 h, embedded in paraffin, and
sectioned at 4 µm thickness. After deparaffinization and
rehydration, endogenous peroxidase activity was blocked
with 3% hydrogen peroxide (Servicebio, G0114) for 10 min
at room temperature. Antigen retrieval was performed us-
ing citrate buffer (pH 6.0; Servicebio, G1202).

Sections were blocked with 5% bovine serum albu-
min (BSA; Servicebio, G5001) for 30 min and incubated
overnight at 4 °C with primary antibodies against SREBP2
(Proteintech, 14508-1-AP, 1:200) and COX-2 (Cell Sig-
naling Technology, 12282, 1:200). After washing, sec-
tions were incubated with HRP-conjugated secondary an-
tibody (Servicebio, GB23303) for 30 min at room tem-
perature. Staining was visualized using a DAB kit (Ser-
vicebio, G1212), followed by hematoxylin counterstaining
(Servicebio, G1004). Slides were dehydrated, cleared, and
mounted with neutral resin (Solarbio, G8590), and images
were captured using an Olympus BX53 microscope.

The protein expression was semi-quantified by Im-
munoreactive Score (IRS). Two blinded pathologists inde-
pendently scored 5 random 400× high-power fields per sec-
tion. IRS was calculated as staining intensity (0–3: neg-
ative, weak, moderate, strong) multiplied by positive cell
percentage (0–4: <5%, 5%–25%, 26%–50%, 51%–75%,
>75%), with a total score of 0–12. The mean IRS per sec-
tion was used for statistical comparison between the shNC
and shCD276 groups.

Statistical Analysis
All in vitro experiments were independently repeated

at least three times. Data are presented as mean ± stan-
dard error of the mean (SEM). Statistical analyses were
performed using GraphPad Prism 9.0 (GraphPad Software,
San Diego, CA, USA). Comparisons between two groups
were conducted using unpaired Student’s t-tests, while
multiple-group comparisons were performed using one-
way ANOVA followed by Tukey’s post hoc test. Tumor
growth curves were analyzed using two-way ANOVA to
assess time effects, group effects, and their interaction. A
two-sided p< 0.05 was considered statistically significant.

Results

B7-H3 Is Highly Expressed in CRC Cell Lines, and
Stable Knockdown Is Efficient

To investigate the role of B7-H3 in colorectal cancer
(CRC), we first examined its expression in normal colonic
epithelial cells and CRC cell lines. Western blot analysis re-
vealed that B7-H3 protein levels were markedly elevated in
RKO, HCT116, and SW480 cells compared with NCM460
cells (p < 0.001; Fig. 1A). Among these, HCT116 exhib-
ited the highest expression, followed by RKO and SW480
(RKO vs HCT116, p < 0.05; RKO vs SW480, p < 0.001;
HCT116 vs SW480, p < 0.001).

To define its functional role, we established stable
CD276 knockdown (shCD276) cell lines in HCT116 and
RKO cells, with shNC as a control. Both Western blot and
qPCR analyses confirmed efficient and sustained suppres-
sion of B7-H3 at the protein (p < 0.001; Fig. 1B,C) and
mRNA levels (p < 0.001; Fig. 1D), validating these mod-
els for subsequent functional studies.

CD276 Knockdown Enhances Ferroptosis Sensitivity
in Colorectal Cancer Cells

To determine whether B7-H3 regulates ferroptosis, we
first assessed cellular morphology and ultrastructure fol-
lowing treatment with the ferroptosis inducer RSL3. Com-
paredwith shNC cells, shCD276 cells displayed reduced vi-
ability and pronounced cell shrinkage. Transmission elec-
tronmicroscopy revealed characteristic ferroptotic features,
including mitochondrial shrinkage and increased mem-
brane density. These alterations were further exacerbated
upon RSL3 treatment (Fig. 2A,B). Consistently, CCK-8 as-
says showed that CD276 knockdown significantly reduced
cell viability in HCT116 cells (p < 0.001), with a further
decrease following RSL3 treatment (p< 0.001), indicating
increased ferroptosis sensitivity (Fig. 2C).

Given that ferroptosis is defined by lipid peroxidation
and iron accumulation, we next quantified these biochemi-
cal hallmarks. Compared with shNC cells, shCD276 cells
exhibited significantly elevated levels of malondialdehyde
(MDA) and intracellular Fe2+ (p < 0.05), which were fur-
ther increased upon RSL3 exposure (p < 0.01; Fig. 2D).
To elucidate the underlying molecular changes, we ana-
lyzed ferroptosis-related gene expression. In HCT116 cells,
CD276 knockdown significantly upregulated PTGS2, FTL,
and FTH mRNA (p < 0.001; Fig. 2E), while downregulat-
ing GPX4 (p < 0.001). A similar expression pattern was
observed in RKO cells, with increased PTGS2, FTL, and
FTH (p < 0.001; Fig. 2F) and decreased GPX4 expression
(p< 0.05). Together, these findings indicate thatCD276 si-
lencing promotes ferroptosis by enhancing lipid peroxida-
tion, iron accumulation, and suppressing GPX4-mediated
antioxidant defense.
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Fig. 1. B7-H3 is upregulated in colorectal cancer cell lines and validation of stable CD276 knockdown. (A) Western blot analysis
of B7-H3 protein expression in normal colonic epithelial NCM460 cells and colorectal cancer RKO, HCT116, and SW480 cells. (B,C)
Western blot validation of B7-H3 protein knockdown efficiency by shCD276 in HCT116 (B) and RKO (C) cells. (D) qPCR analysis of
CD276 mRNA levels in HCT116 (left) and RKO (right) cells following CD276 silencing. All in vitro experiments were performed in
three independent biological replicates (n = 3). *p < 0.05, ***p < 0.001.

CD276 Overexpression Suppresses Ferroptosis and
Modulates Cholesterol Metabolism

To further validate the role of B7-H3, we generated
CD276-overexpressing (OE-CD276) HCT116 and RKO
cell lines, with OE-NC as a control. Western blot and qPCR
analyses confirmed robust upregulation of B7-H3 at both
the protein (p < 0.001; Fig. 3A,B) and mRNA levels (p <

0.001; Fig. 3C).
Functionally, OE-CD276 cells significantly increased

viability compared with controls (p < 0.001; Fig. 3D).
Upon RSL3 treatment, cell viability declined (p < 0.001),
yet remained higher than in control cells, indicating en-
hanced resistance to ferroptosis. Biochemical analyses
showed that OE-CD276 cells significantly reduced MDA
and Fe2+ levels relative to OE-NC cells (p < 0.001;
Fig. 3E). Although RSL3 treatment increased these mark-
ers, their levels remained lower than in control conditions,
suggesting that CD276 overexpression attenuates lipid per-
oxidation and iron overload.

At the transcriptional level, OE-CD276 significantly
downregulated PTGS2, FTL, and FTH expression (p <

0.001; Fig. 3F), while upregulating GPX4 (p < 0.001), ex-
hibiting a pattern opposite to that observed upon CD276
knockdown. These findings further support a suppressive
role of B7-H3 in ferroptosis. Given the emerging link be-
tween cholesterol metabolism and ferroptosis, we nextmea-
sured total cholesterol (TC) and LDL-C levels. CD276
knockdown significantly increased TC and LDL-C levels
(p < 0.001; Fig. 3G), whereas CD276 overexpression re-
duced both parameters (p < 0.01), indicating that B7-H3
negatively regulates cholesterol metabolism in CRC cells.
This metabolic modulation may contribute to its role in fer-
roptosis regulation.

Ferrostatin-1 Reverses B7-H3–Mediated Ferroptotic
Phenotypes

To confirm that the observed cell death was
ferroptosis-dependent, we performed rescue experi-
ments using the ferroptosis inhibitor Ferrostatin-1 (Fer-1).
In CD276-knockdown HCT116 cells, Fer-1 pretreatment
significantly rescued RSL3-induced loss of cell viability,
restoring viability from 23.20% to 90.27% (p < 0.001;
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Fig. 2. CD276 depletion sensitizes colorectal cancer cells to ferroptosis. (A) Representative bright-field microscopy images showing
morphological alterations in HCT116 cells under shNC, shCD276, or shCD276 + RSL3 treatment (scale bar: 100 µm). (B) Transmis-
sion electron microscopy (TEM) analysis of mitochondrial ultrastructural damage, a hallmark of ferroptosis, in HCT116 cells (scale
bar: 500 nm). (C) CCK-8 assay for cell viability in HCT116 cells under the indicated treatments. (D) Colorimetric quantification
of intracellular malondialdehyde (MDA) (left, TBARS assay) and Fe2+ (right) levels. (E,F) qPCR analysis of mRNA expression of
ferroptosis-associated genes (PTGS2, FTL, FTH, GPX4) in HCT116 (E) and RKO (F) cells. All in vitro experiments were performed in
three independent biological replicates (n = 3). *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig. 3. CD276 overexpression suppresses ferroptosis and modulates cholesterol metabolism in colorectal cancer cells. (A,B) West-
ern blot validation of B7-H3 protein overexpression efficiency in HCT116 (A) and RKO (B) cells stably transduced with OE-CD276.
(C) qPCR analysis of CD276 mRNA levels in HCT116 and RKO cells following CD276 overexpression. (D) CCK-8 assay assessing
cell viability in HCT116 cells. (E) Colorimetric quantification of intracellular MDA (TBAR assay) and Fe2+ levels in HCT116 cells. (F)
qPCR analysis of mRNA expression of ferroptosis-associated genes (PTGS2, FTL, FTH,GPX4) in HCT116 cells. (G) Colorimetric mea-
surement of total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) levels in HCT116 cells under indicated treatments.
*p < 0.05, **p < 0.01, ***p < 0.001. All in vitro assays were performed in three independent biological replicates (n = 3).

Fig. 4A). Concurrently, Fer-1 markedly reduced elevated
MDA and Fe2+ levels induced by RSL3 (p < 0.001). In
CD276-overexpressing cells, Fer-1 further enhanced resis-
tance to ferroptosis, significantly reversing RSL3-induced
decreases in viability and increases in MDA and Fe2+ (p<
0.001; Fig. 4B). Collectively, these findings demonstrate
that B7-H3–mediated regulation of cell death in CRC is
ferroptosis-dependent and can be effectively reversed by
pharmacological inhibition of ferroptosis.

B7-H3 Engages PI3K p85 to Activate the
PI3K/AKT/SREBP2 Axis, Thereby Regulating
Cholesterol Metabolism and Ferroptosis in
Colorectal Cancer

To delineate the molecular mechanism by which
B7-H3 regulates cholesterol metabolism and ferroptosis,
we systematically interrogated its upstream signaling cas-
cade in HCT116 cells. Competitive ELISA revealed that
CD276 knockdown markedly reduced PI3K kinase ac-
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Fig. 4. Ferrostatin-1 rescues colorectal cancer cells from B7-H3-mediated ferroptosis resistance. (A) Cell viability, intracellular
MDAcontent, and Fe2+ levels in shNC and shCD276HCT116 cells treatedwith RSL3, with or without Ferrostatin-1 (Fer-1) pretreatment.
(B) Cell viability, intracellularMDA content, and Fe2+ levels in OE-NC andOE-CD276HCT116 cells treated with RSL3, with or without
Fer-1 pretreatment. All assays were performed in three independent biological replicates (n = 3). ***p < 0.001.

tivity, whereas CD276 overexpression significantly en-
hanced PI3K activity (both p < 0.001; Fig. 5A). Co-
immunoprecipitation (Co-IP) assays further demonstrated
a direct interaction between B7-H3 and the PI3K regula-
tory subunit p85. In Flag-tagged CD276–overexpressing
HCT116 cells, Flag immunoprecipitation specifically en-
riched B7-H3 and co-precipitated PI3K p85, while no spe-
cific bands were detected in the IgG control. Reciprocal IP
using a p85 antibody confirmed the presence of endogenous
B7-H3 in the precipitated complex (Fig. 5B), establishing
that B7-H3 physically associates with PI3K p85 to promote
its kinase activity.

We next focused on sterol regulatory element-binding
protein 2 (SREBP2), a key transcription factor governing
cholesterol biosynthesis, to delineate the downstream sig-
naling cascade. Western blot analysis showed that CD276
knockdown significantly decreased the p-AKT/AKT ra-
tio while increasing nuclear SREBP2 (n-SREBP2) levels,
whereas CD276 overexpression produced the opposite ef-
fects (p< 0.01; Fig. 5C,D). These findings indicate that B7-
H3 activates AKT signaling to suppress SREBP2 activa-
tion. Functional rescue experiments substantiated this reg-
ulatory axis. Treatment with the SREBP2 inhibitor betulin
effectively reversed the increases in TC and LDL-C induced
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Fig. 5. B7-H3 governs cholesterolmetabolism and ferroptosis via the AKT/SREBP2 axis in colorectal cancer cells. (A) Competitive
ELISA for PI3K kinase activity in shNC/shCD276 and OE-NC/OE-CD276HCT116 cells. (B) Co-immunoprecipitation (Co-IP) confirm-
ing the physical interaction between B7-H3 and the PI3K p85 regulatory subunit in Flag-tagged CD276-overexpressing HCT116 cells.
Forward IP was performed with anti-Flag antibody, reverse IP with anti-p85 antibody; isotype IgG served as a negative control. (C,D)
Western blot analysis of nuclear SREBP2 (n-SREBP2) and p-AKT protein levels in HCT116 cells following CD276 knockdown (C) or
overexpression (D). (E) Colorimetric quantification of TC and LDL-C levels inHCT116 cells under shNC, shCD276, or shCD276+betulin
treatment. (F) Intracellular MDA and Fe2+ levels measured by TBAR and colorimetric assays, respectively. (G) Western blot analysis of
n-SREBP2 protein levels in OE-NC, OE-CD276, and OE-CD276+perifosine-treated HCT116 cells. All assays were performed in three
independent biological replicates (n = 3). **p < 0.01, ***p < 0.001.

byCD276 knockdown, and concurrently reducedMDA and
Fe2+ levels (p < 0.001; Fig. 5E,F), confirming SREBP2
as a critical downstream effector mediating cholesterol
metabolism and ferroptosis. Conversely, the AKT inhibitor
perifosine significantly restored n-SREBP2 expression in
CD276-overexpressing cells (p< 0.01; Fig. 5G), further es-
tablishing AKT as an upstream regulator linking B7-H3 to
SREBP2. Collectively, these results define a B7-H3–PI3K
p85–AKT–SREBP2 signaling axis that integrates choles-
terol metabolism with ferroptosis regulation in CRC cells.

CD276 Knockdown Suppresses Tumor Growth
Under High-Cholesterol Conditions by Activating
the SREBP2–Ferroptosis Axis In Vivo

To validate these findings in vivo, we first estab-
lished a high-cholesterol diet mousemodel. Comparedwith

mice fed a standard diet, those receiving a high-cholesterol
diet exhibited significantly elevated serum total cholesterol
(TC), LDL-C levels, and hepatic TC content (all p< 0.001;
Fig. 6A), confirming successful induction of a hypercholes-
terolemic state that recapitulates a metabolically altered tu-
mor microenvironment. In xenograft experiments, tumors
derived from shCD276 HCT116 cells displayed markedly
reduced growth compared with shNC controls throughout
the observation period (days 0–27; Fig. 6B,C). Two-way
ANOVA demonstrated significant effects of time, group,
and their interaction (time × group: F = 33.87, p < 0.001;
time: F = 105.4, p < 0.001; group: F = 32.09, p < 0.01),
indicating that CD276 knockdown robustly suppresses tu-
mor progression under high-cholesterol conditions. At the
endpoint, tumor weights were also significantly lower in the
shCD276 group (p < 0.01; Fig. 6C).
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Fig. 6. CD276 depletion restrains colorectal cancer growth by activating the SREBP2/ferroptosis axis under a high-cholesterol
diet in vivo. (A) Serum TC, serum LDL-C, and hepatic TC levels in BALB/c nude mice fed a normal or high-cholesterol diet for 27 days
(n = 6 per group). (B) Tumor volume growth curves of shNC and shCD276 xenografts from day 0 to day 27. ***p < 0.001 vs shNC.
(C) Tumor weight and representative images of shNC and shCD276 xenografts at the experimental endpoint. (D) Immunohistochemical
(IHC) staining of SREBP2 and COX-2 in shNC and shCD276 tumor tissues (scale bar: 50 µm). (E) Intratumoral MDA and Fe2+ levels
measured by TBAR and colorimetric assays. **p < 0.01, ***p < 0.001.

Immunohistochemical analysis revealed significantly
increased staining intensity of SREBP2 and COX-2 in
shCD276 tumors compared with controls (Fig. 6D), sug-
gesting enhanced activation of cholesterol regulatory and
ferroptosis-associated pathways in vivo. Consistently, bio-
chemical analyses demonstrated that MDA levels and Fe2+
concentrations were markedly elevated in shCD276 tumors
(p< 0.001; Fig. 6E), indicating increased lipid peroxidation
and iron accumulation.

Together, these findings demonstrate that CD276
knockdown suppresses CRC tumor growth in vivo by acti-
vating the SREBP2-driven ferroptosis axis, particularly un-
der conditions of dysregulated cholesterol metabolism.

Discussion

This study focused on the non-immune functions of
B7-H3, systematically investigating its role in regulating
ferroptosis and cholesterol metabolism in CRC cells, and
elucidating the underlying molecular mechanisms. Using
in vivo experiments, we further validated its impact on tu-

mor growth, aiming to provide a mechanistic basis and
potential therapeutic target for CRC. We demonstrate that
B7-H3 is aberrantly overexpressed in CRC cells and sup-
presses cholesterol metabolism via the AKT/SREBP2 sig-
naling axis, thereby inhibiting ferroptosis and promoting
CRC proliferation both in vitro and in vivo. Under high-
cholesterol dietary conditions, CD276 knockdown signifi-
cantly restrains xenograft tumor growth through activation
of the SREBP2/ferroptosis axis, highlighting B7-H3 as a
central regulator at the intersection of CRCmetabolism and
cell death.

Consistent with prior studies, B7-H3 (CD276) is
highly expressed across multiple malignancies while re-
maining low in normal tissues [11]. In our experiments,
B7-H3 protein levels in RKO, HCT116, and SW480 CRC
cell lines were markedly elevated compared with normal
colonic epithelial NCM460 cells, displaying notable cell
line–specific heterogeneity: HCT116 cells exhibited the
highest expression, followed by RKO and then SW480.
This finding aligns with previous reports; for example,
Ma et al. [14] observed that B7-H3 expression in RKO,
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HCT116, HT29, and SW480 cells consistently exceeded
that in normal colonic cells. Clinical studies further indicate
that over half of CRC patient tumors exhibit high B7-H3
expression [15]. Beyond CRC, elevated B7-H3 has been
reported in malignancies such as non-small cell lung can-
cer (NSCLC), where it correlates with lymph node metas-
tasis and advanced disease stage [16], suggesting that its
aberrant expression may contribute to tumor invasiveness,
metastatic potential, and poor prognosis.

B7-H3, a member of the B7 family of immune co-
stimulatory/inhibitory molecules, has been shown to sup-
press T cell activation and facilitate tumor immune eva-
sion across multiple malignancies [17–19]. Consistent
with these immunological roles, our study confirmed high
B7-H3 expression in CRC cells; however, we primar-
ily focused on its non-immune functions. Emerging ev-
idence indicates that B7-H3 also contributes to tumor
metabolic reprogramming—for example, by promoting lac-
tate metabolism and HK2 expression [20]—underscoring
its functional versatility. Here, we systematically investi-
gated B7-H3’s regulation of both metabolism and cell death
in CRC, offering novel mechanistic insight into its non-
immune roles.

Ferroptosis is a distinct form of regulated cell death
characterized by iron-dependent lipid peroxidation, mech-
anistically and morphologically different from apoptosis or
necrosis [21]. Its execution relies on the loss of glutathione
peroxidase 4 (GPX4) activity, resulting in excessive per-
oxidation of polyunsaturated phospholipids and subsequent
cell death [21]. Hallmarks of ferroptosis include glu-
tathione depletion, elevated labile Fe2+, and accumulation
of lipid peroxides such as MDA, accompanied by upregu-
lation of PTGS2 (a ferroptosis marker) and FTL/FTH (iron
storage genes), and downregulation of GPX4 (a key ferrop-
tosis suppressor) [22,23]. In our study, CD276 knockdown
markedly decreased CRC cell viability, with concomitant
increases in intracellular MDA and Fe2+, indicating en-
hanced lipid peroxidation and iron accumulation. mRNA
levels of PTGS2, FTL, and FTH were significantly ele-
vated, whereas GPX4 expression was notably reduced in
HCT116 cells. These changes are consistent with canon-
ical ferroptosis mechanisms: PTGS2 upregulation and di-
minished GSH/GPX4 activity indicate activation of the fer-
roptotic program [21]. Interestingly, GPX4 levels in RKO
cells remained largely unchanged, reflecting inter-cell line
heterogeneity. Even within the ferroptosis pathway, differ-
ent CRC cell lines may partially compensate for GPX4 loss
through alternative antioxidant systems, thereby mitigating
its downregulation. Such variability in gene expression and
environmental adaptation has been reported in tumors and
may account for the differential phenotypic outcomes fol-
lowing gene perturbation.

Conversely, CD276 overexpression produced an op-
posite phenotype: enhanced cell viability, reduced MDA
and Fe2+, decreased PTGS2 and FTL/FTH expression, and

upregulated GPX4 (in HCT116). To confirm that these ef-
fects were specific to ferroptosis rather than general cyto-
toxicity, OE-CD276 cells were treated with RSL3, aGPX4-
specific inhibitor. Compared with OE-NC controls, OE-
CD276 cells displayed significantly reduced sensitivity to
RSL3-induced cell death, demonstrating that B7-H3 specif-
ically modulates the ferroptotic pathway. Because RSL3
directly inhibits GPX4 to induce ferroptosis [21], resis-
tance in OE-CD276 cells confirms that B7-H3’s effect is
ferroptosis-specific rather than attributable to apoptosis or
necrosis. B7-H3-mediated regulation of ferroptosis was
paralleled by substantial changes in cellular cholesterol lev-
els. CD276 knockdown increased total cholesterol (TC)
and LDL-C, whereas CD276 overexpression reduced these
levels. Notably, these alterations were directionally consis-
tent with ferroptotic phenotypes: ferroptosis was enhanced
when cholesterol was elevated (shCD276) and suppressed
when cholesterol was reduced (OE). Dysregulated choles-
terol metabolism is a recognized hallmark of CRC, and clin-
ical studies link hyperlipidemia (elevated TC and LDL-C)
to CRC development. Cholesterol is a major component
of cellular membranes, modulating membrane fluidity and
the assembly of signaling complexes [24]. High cholesterol
promotes CRC proliferation and invasion via PI3K/AKT
signaling [25,26] and can suppress lipid peroxidation by re-
ducing membrane fluidity [8,27]. Collectively, these ob-
servations suggest that B7-H3 may inhibit ferroptosis by
suppressing cholesterol biosynthesis, thereby limiting the
availability of membrane lipid substrates for peroxidation,
whereas CD276 knockdown increases cholesterol levels,
enhancing substrate availability and promoting ferroptosis.

The AKT pathway is a well-characterized pro-
oncogenic signaling axis that regulates diverse metabolic
and growth processes [28]. Reduced Akt activity impairs
the ER-to-Golgi transport of SREBP2, thereby inhibiting
its nuclear activity [29]. SREBP2 is themaster transcription
factor for cholesterol biosynthesis, and its activation upreg-
ulates key enzymes such as HMGCR, increasing TC and
LDL-C synthesis [30,31]. In this study, CD276 knockdown
decreased p-AKT/AKT ratios while enhancing nuclear (ac-
tive) SREBP2 levels. Conversely, CD276 overexpression
increased p-AKT/AKT and reduced nuclear SREBP2, es-
tablishing a “B7-H3→ AKT→ SREBP2” regulatory axis.
Pharmacological validation confirmed this chain: treatment
of CD276-knockdown cells with the SREBP2 inhibitor
betulin reduced TC and LDL-C, and simultaneously de-
creasedMDA and Fe2+ levels, demonstrating that SREBP2
inhibition reverses the metabolic dysregulation and ferrop-
totic enhancement induced by CD276 loss. Similarly, AKT
inhibition (perifosine) in CD276-overexpressing cells re-
stored nuclear SREBP2 levels, confirming AKT’s upstream
role in B7-H3–mediated suppression of SREBP2.

Collectively, these results define a coherent regula-
tory axis: B7-H3 promotes AKT phosphorylation, which
in turn suppresses SREBP2 nuclear localization and activ-
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ity. Reduced SREBP2 activity downregulates the expres-
sion of cholesterol biosynthetic genes, leading to decreased
intracellular TC and LDL-C levels. The resulting reduc-
tion in cholesterol substrates limits lipid peroxidation and
lowers the labile iron pool, thereby inhibiting ferroptosis,
as evidenced by decreased MDA and Fe2+, downregulated
PTGS2, and upregulated GPX4. This cascade ultimately
enhances CRC cell proliferation and survival. Conversely,
CD276 knockdown diminishes AKT activity, activates
SREBP2, and elevates cholesterol biosynthesis, increasing
lipid peroxidation substrates and iron load, thereby ampli-
fying ferroptosis and suppressing tumor growth. While pre-
vious research has primarily focused on AKT/SREBP2 reg-
ulation of tumor lipid metabolism and proliferation [31],
our findings introduce the immune checkpoint molecule
B7-H3 into this network, expanding the molecular map
of metabolism–cell death crosstalk in CRC and provid-
ing a framework for combinatorial metabolic and immune-
targeted therapies.

In a xenograft model established under a high-
cholesterol diet, tumors from CD276-knockdown mice sig-
nificantly reduced volume and weight compared with con-
trols, with intergroup differences widening over time (two-
way ANOVA, significant interaction). Immunohistochem-
istry of tumor tissues markedly increased SREBP2 and fer-
roptosis activation marker COX-2 in the shCD276 group,
accompanied by elevated tumor MDA and Fe2+ levels,
corroborating in vitro observations. These in vivo results
demonstrate that, under a high-cholesterol microenviron-
ment,CD276 knockdown suppresses tumor growth via acti-
vation of the SREBP2/ferroptosis axis, consistent with cell-
based experiments and reinforcing the robustness of our
conclusions.

This study has several limitations that warrant further
investigation. First, the cell line panel was limited to RKO,
HCT116, and SW480; primary CRC cells were not exam-
ined, which may constrain generalizability. Validation in
primary CRC cells is needed to strengthen the universal-
ity of B7-H3’s regulatory role. Second, mechanistic in-
sights were restricted to B7-H3-mediated AKT activation
and SREBP2 inhibition; upstream regulators of AKT acti-
vation by B7-H3, including its potential receptors and adap-
tor molecules, remain undefined. Third, the in vivo ex-
periments were conducted in immunodeficient nude mice,
precluding analysis of potential crosstalk between B7-H3-
mediated immune modulation and ferroptosis regulation.
Immunocompetent mouse models are required to clarify
B7-H3’s dual role in CRC immune evasion and metabolic
reprogramming. Fourth, clinical correlation remains unad-
dressed: we did not assess the relationship among B7-H3,
SREBP2, ferroptosis, and cholesterol metabolism in patient
CRC samples, nor their association with clinicopathologi-
cal features. Expanding the analyses to large clinical sam-
ples will be essential to evaluate the translational relevance
of our findings.

Conclusions

In summary, B7-H3 is aberrantly overexpressed in
CRC cells and suppresses cholesterol metabolism via
the AKT/SREBP2 axis, thereby inhibiting ferroptosis
and promoting CRC proliferation both in vitro and in
vivo. These effects can be reversed by SREBP2 or
AKT inhibitors. In high-cholesterol diet xenograft mod-
els, CD276 knockdown significantly inhibits tumor growth
while activating the SREBP2/ferroptosis axis. The B7-
H3/SREBP2/AKT pathway represents a potential therapeu-
tic target in CRC, providing a mechanistic rationale for
metabolic and ferroptosis-targeted interventions, although
further studies are required to validate its clinical utility.
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