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Comprehensive analysis of ferroptosis-related  
genes indicates that TRIM46 is a novel biomarker  
and promotes the progression of ovarian cancer via 
modulating ferroptosis and Wnt signaling pathway
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Abstract: Ovarian cancer (OC) is a common gynecological malignant tumor with poor prognosis. One form of con-
trolled cell death that requires iron is ferroptosis. This study utilized TCGA data analysis to identify differentially ex-
pressed genes (DEGs) related to ferroptosis in OC, revealing 2,333 up-regulated and 4,073 down-regulated genes. 
Venn diagrams identified 64 up-regulated and 120 down-regulated ferroptosis-related DEGs (FR-DEGs), with 15 
showing a significant correlation with overall patient survival. Further analyses explored the expression, mutations, 
and copy number variations of these 15 FR-DEGs across various cancer types, constructing interaction networks. 
Molecular subtypes in OC were classified using these 15 FR-DEGs, revealing two subtypes (C1 and C2). Survival 
analysis identified a risk model for the C1 group based on these genes. Experimental validation highlighted TRIM46 
as a key gene, with knockdown inhibiting OC cell proliferation and migration. TRIM46 was also associated with 
changes in ferroptosis-related markers and demonstrated a close connection with the Wnt signaling pathway, vali-
dated through Western blot experiments. Overall, the study provided a comprehensive understanding of the role 
of DEGs related to ferroptosis in OC, offering valuable insights into disease mechanisms and potential therapeutic 
targets.
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Introduction

Ovarian cancer (OC) is a prevalent gynecologi-
cal tumor, accounting for about 4% of all new 
cancer cases in women [1]. It predominantly 
affects postmenopausal women, particularly 
those over 50, though it can also occur in 
younger women due to genetic factors [2, 3]. 
The incidence of OC varies significantly by 
region and ethnicity. It is relatively high in west-
ern countries like Europe and North America 
and lower in Asian regions [4, 5]. These differ-
ences may result from genetic, environmental, 
and lifestyle factors. Compared to other gyne-
cological cancers, the high mortality rate of OC 

is largely due to the absence of definite early 
symptoms and effective diagnosis methods. 
Traditional treatments, including debulking sur-
gery and platinum-based chemotherapy, result 
in a five-year survival rate of only 47% due  
to chemotherapy resistance and recurrence. 
Hence, we urgently need to identify better bio-
markers and further investigate the underlying 
causes of OC progression.

Ferroptosis is a unique form of cell death char-
acterized by excessive free iron accumulation, 
leading to oxidative stress and lipid peroxida-
tion, ultimately resulting in cell death [6-9]. The 
occurrence of ferroptosis is associated with 
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factors such as increased cellular iron uptake, 
disrupted iron storage, and dysregulation of 
iron homeostasis. A close correlation exists 
with lipid peroxidation, and ferroptosis is also 
linked to the disruption or imbalance of the 
antioxidant defense system [10]. Ferroptosis 
has attracted widespread attention in the field 
of cancer biology. Some studies suggest that 
ferroptosis may play a role in inhibiting tumor 
growth and development [11, 12]. Due to the 
increased demands for iron in cancer cells, 
excessive iron can lead to oxidative stress, trig-
gering ferroptosis. Consequently, regulating the 
intracellular balance of iron may have a certain 
impact on controlling of tumor growth [13, 14]. 
Although the relationship between ferroptosis 
and OC is not fully understood, some studies 
suggest that OC cells may have an increased 
dependency on iron, indicating that modulating 
of intracellular iron balance could be significant 
in OC treatment [15-17]. To date, the potential 
expression and function of ferroptosis-related 
genes (FRGs) in OC remain unknown to a great 
extent.

The purpose of this study is to identify ferrop- 
tosis-related differentially expressed genes 
(FR-DEGs) in OC by using TCGA data. We found 
that 15 FR-DEGs were significantly associated 
with overall survival in OC patients. Further 
analysis showed these genes were highly ex- 
pressed in various cancers and involved in 
immune response, metabolism, and signaling 
pathways. In this study, we focused on TRIM46, 
demonstrating its elevated expression in OC 
and its crucial role in cell proliferation, migra-
tion, and ferroptosis regulation. Additionally, 
molecular subtypes related to the TRIM family 
were constructed, highlighting their potential 
significance in OC biology.

Materials and methods

Cell lines and cell transfection

Human OC cell lines SKOV3, A2780 and HEY 
were obtained from the China Center for Type 
Culture Collection (Wuhan, Hubei Province, 
China). OVCAR-3, CAOV3, SNU-8, and a control 
cell line IOSE80 were obtained from Wuhan 
Procell Corporation (Wuhan, Hubei Province, 
China). The cells were cultured under the follow-
ing conditions: RPMI-1640 medium (Gibco, CA, 
USA) with 20% FBS (Gibco, CA, USA) and 1% 
penicillin-streptomycin solution (Excell, Taicang, 

Jiangsu Province, China). All cells were grown  
in a humidified atmosphere containing 5% CO2 
at 37°C. Moreover, the shRNAs targeting 
TRIM46 (shRNA-1 and shRNA-2) and the con-
trol shRNA (negative control, NC) were all syn-
thesized and obtained from GenePharma 
(Suzhou, Jiangsu Province, China). Following 
the instructions provided by Invitrogen, we 
transfected shRNAs using Lipofectamine  
3,000 reagent kits (Carlsbad, CA, USA). To  
sum up, 100 μL of Opti-MEM (Invitrogen, 
Carlsbad, CA, USA) was used to dilute the shR-
NAs at a concentration of 5 nmol/L, and 5 μL  
of Lipofectamine 3,000 reagent was added to 
mix them. Before adding the mixture to the cell 
culture medium, they were incubated at room 
temperature for 20 minutes. After 48-72 hours, 
the cells were either collected or utilized for fur-
ther investigations.

Cell proliferation detection

Cell Counting Kit-8 (CCK-8) and 5-ethynyl-2’-de-
oxyuridine (EdU) incorporation assays were 
used to quantify the cell proliferation. To sum 
up, OC cells treated with TRIM46 shRNAs were 
seeded into a 96-well plate at a density of 
2,000 cells per well for the CCK-8 experiment. 
Beyotime, Nantong, Jiangsu Province, China 
provided the CCK-8 reagents kits that were 
used to quantify cell proliferation after 24 
hours of culture. For this purpose, 10 µL of the 
CCK-8 solution was added, and the optical  
density value at 450 nm (OD 450 nm) was 
determined by using a microplate reader. For 
EdU incorporation assays, when the cells were 
attached, the Click-iT EDU Alexa Fluor 488 
Imaging kits (ThermoFisher, Pudong, Shanghai, 
China) were used for detection. In brief, the OC 
cancer cells were incubated with EdU (10 μM) 
and fixed with 4% paraformaldehyde (PFA; 
Sigma, Pudong, Shanghai, China), followed by 
treatment with Triton X-100 solution. And then, 
the cells were treated with 1× Apollo reaction 
cocktail, and the nuclei of cells were stained 
with DAPI solution. Finally, the fluorescence 
images of the cells were taken with an Olympus 
fluorescence microscope (Tokyo, Japan).

Transwell migration detection

The Transwell chambers (Corning, NY, USA) 
were used in the Transwell experiment to detect 
cell movement. To sum up, 600 μL of medium 
containing 10% FBS was added to a 12-well 
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plate, and 1,000 cells in 200 μL of serum-free 
media were placed in the upper chamber for 
cell migration test after 48 hours of shRNAs 
transfection. Cells that migrated to the lower 
surface of the membrane were fixed with 4% 
formaldehyde and stained with 0.1% crystal 
violet (Beyotime, Nantong, Jiangsu Province, 
China). Cells that did not migrate were removed 
from the top surface of the membrane by using 
cotton swabs after incubation for 24 hours at 
37°C. The photos of stained cells were taken 
and they were quantified by using an Olympus 
fluorescent microscope (Tokyo, Japan) after 
they were washed for three times with PBS.

Real-time PCR detection

The total mRNA of OC cells after TRIM46 shR-
NAs treatment was purified by using RNeasy 
mini kits (Qiagen, Pudong, Shanghai, China) 
with digestion using DNase I (Thermo Scienti- 
fic, Pudong, Shanghai, China). The PrimeScript® 
RT Reagent kits (Takara, Dalian, Liaoning Pro- 
vince, China) were utilized to synthesize cDNA 
by using 0.2 µg of RNA. For the real-time PCR 
experiment, the following conditions were us- 
ed: PerfectStart Green qRT-PCR SuperMix Kits 
(TransGen Biotech, Beijing, China) 15 minutes 
at 95°C followed by 44 cycles of 20 seconds at 
95°C, 30 seconds at 60°C, and 30 seconds at 
72°C. BioRad’s CFX96 Real-time PCR Detec- 
tion system was used for real-time PCR. The 
relative expression of TRIM46 was calculated 
with 2-ΔΔCt methods. GAPDH was measured as 
an internal control. The primers were purchas- 
ed from Shenggong Biotechnology (Pudong, 
Shanghai, China), and the primer sequences 
were as follows: TRIM46: 5’-CGCCTGGTATG- 
TCAACTC-3’ (sense) and 5’-CTCCTGCTGGCAT- 
TCTTC-3’ (antisense); GAPDH: 5’-CCACATCGCT- 
CAGACACCAT-3’ (sense), and 5’-ACCAGGCG- 
CCCAATACG-3’ (antisense).

Tumor growth assay in nude mice

Twelve male BALB/c nude mice (at the age of  
5 weeks) were bought from Shanghai SLAC 
(Pudong, Shanghai, China) and randomly divid-
ed into three groups. And then, lentiviruses sh-
RNA and sh-NC were introduced into SKOV3 
cells, respectively. And then, the cells that had 
been treated were injected subcutaneously 
into the right flanks of the mice at a concentra-
tion of 1×107 cells/mouse. The tumors were 
given four weeks to grow before the mice were 

killed. At an interval of 4 days, Vernier calipers 
were used to record tumor volumes. Tumor vol-
umes were calculated by using the formula: 
Volumes (mm3) = length × width2 ×0.5. Ani- 
mal studies were approved by the Ethics Com- 
mittee of Women and Children’s Hospital of 
Chongqing Medical University.

Protein collection and western blot analysis

Following treatment with TRIM46 shRNAs, 
SKOV3 and OVCAR-3 cells were lysed in newly 
made RIPA buffer that contained 1× M PMSF 
(Sigma, Pudong, Shanghai, China) and 1× pro-
tease inhibitor cocktail (Roche, Pudong, Shang- 
hai, China). It was centrifugated at 12,000 rpm 
for 10 minutes at 4°C to clean the protein ly- 
sates. We used BCA assay kits (Thermo Scien- 
tific, Pudong, Shanghai, China) to measure the 
protein concentration after collection of the 
supernatants. Subsequently, 8-12% SDS-PAGE 
was applied to the same protein samples. 
Millipore PVDF membranes (Darmstadt, Ger- 
many) were used for electro-transferring the 
isolated proteins. After the membranes were 
soaked in TBST with 5% BSA for 1 hour at room 
temperature, non-specific binding could no lon-
ger occur. After that, the membranes were 
treated with the corresponding primary anti-
bodies against TRIM46, cyclin D1, c-Myc, and 
GAPDH. The incubation process was imple-
mented overnight at 4°C. The antibodies were 
purchased from ProteinTech, Wuhan, Hubei 
Province, China, and Abcam, Pudong, Shang- 
hai, China, respectively. The membranes were 
treated with the appropriate secondary anti-
bodies the following day after three times of 
TBST washing. The immuno-reactive proteins 
were observed by using an enhanced chemilu-
minescence (ECL) reagent kit from Thermo 
Scientific in Pudong, Shanghai, China.

Measurement of malondialdehyde (MDA) lev-
els

To assess the relative concentration of MDA, 
lipid peroxidation kits (#ab118970; Abcam, 
Pudong, Shanghai, China) were utilized. Briefly, 
TRIM46 shRNAs were transfected into SKOV3 
or OVCAR-3 cells in 6-well plates. After 48 
hours, cells were rinsed with PBS, and 300 μL 
of MDA lysis buffer was added, followed by  
centrifugation (12,000× g, 5-10 min). The 
resulting supernatants were collected, and a 
mixture of 20 μL of supernatants and 60 μL of 
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thiobarbituric acid (TBA) solution was prepared 
in a 96-well plate. Such mixture was then incu-
bated at 95°C for 50 minutes. Subsequently, 
the absorbance at a wavelength of 532 nm was 
measured by using a BioTek microplate reader 
(Winooski, VT, USA).

Examination of ferrous iron (Fe2+) levels

The ferrous iron (Fe2+) levels in each experimen-
tal group were determined by using Abcam iron 
assay kits (#ab83366; Pudong, Shanghai, 
China). In brief, SKOV3 or OVCAR-3 cells after 
shRNA transfection were harvested and rinsed 
with icy PBS. Subsequently, 5× volumes of iron 
assay buffer were added to the cells, followed 
by centrifugation (12,000× g, 5-10 min), and 
the resulting supernatants were collected. The 
next step was to add the iron reducer to the 
supernatants. And then, let the mixture stand 
at room temperature for half an hour. After this, 
10 μL of iron probe was added to every sample 
and left to incubate at room temperature for an 
additional half an hour. Then, a BioTek micro-
plate reader (Winooski, VT, USA) was used to 
measure the absorbance at a wavelength of 
593 nm.

Detection of glutathione (GSH) and glutathione 
disulfide (GSSG)

For the assessment of the relative concentra-
tion of GSH in each experimental group, glu- 
tathione (GSH) assay kits (CS0260; Sigma, 
Pudong, Shanghai, China) were used, while kits 
from Cayman (#703002; Ann Arbor, Michigan, 
USA) were used to determining the relative  
concentration of GSSG. In brief, SKOV3 or 
OVCAR-3 cells were collected and washed with 
icy PBS following TRIM46 shRNA transfection. 
Subsequently, lysis buffer (Beyotime, Haimen, 
Jiangsu Province, China) supplemented with a 
protease inhibitor cocktail (Roche, Pudong, 
Shanghai, China) was used for cell lysis. 
Following centrifugation (12,000× g, 5-10 min), 
the resulting supernatants were collected.

The GSH detection involved the addition of 50 
µL of the GSH assay mixture from the kits into 
each sample, followed by incubation for 50 
minutes at room temperature. The absorban- 
ce at a wavelength of 412 nm was then mea-
sured by using a BioTek microplate reader 
(Winooski, VT, USA). Similarly, for GSSG detec-
tion, the procedures were implemented with 

the GSSG assay kits. Initially, the supernatants 
were treated with 2-vinylpyridine (#13229-2; 
Sigma, Pudong, Shanghai, China) to eliminate 
GSH. Subsequently, the suspensions were in- 
cubated for 50 minutes to block the thiol gro- 
up of the pre-existing GSH. The reduction of 
GSSG was achieved by adding 95 μL of NADPH 
(2 mg/ml) and 5 μL of glutathione reductase (2 
units/ml). The resulting samples (50 μL) were 
then added to a 96-well plate, along with the 
addition of 150 μL of the GSSG assay cocktail 
mixture. Following incubation in the dark for 30 
minutes, the absorbance at 412 nm was mea-
sured by using a BioTek microplate reader 
(Winooski, VT, USA).

Data collection and identification of differen-
tially expressed genes (DEGs)

The Cancer Genome Atlas (TCGA) database 
(https://portal.gdc.cancer.gov/) was used to 
obtain gene expression data and clinical infor-
mation from both tumor and normal tissues  
in OC. 564 ferroptosis-related genes (FRGs) 
were obtained from the FerrDb database 
(http://www.zhounan.org/ferrdb/current/). The 
Kaplan-Meier plotter database (http://kmplot.
com/analysis/index.php?p=background) provi- 
ded genes significantly associated with overall 
survival in OC based on TCGA data. Additionally, 
mRNA expression matrix of the cell line of 
tumors was obtained from the CCLE datas- 
et (https://portals.broadinstitute.org/ccle). The 
differentially expressed genes (DEGs) in OC 
were identified by using TCGA data through the 
“limma” package in R software. The threshold 
was set as P value < 0.05 and |log2(FC)| > 1. 
The Venny2.1 tool (https://bioinfogp.cnb.csic.
es/tools/venny/) was used to identify overlap-
ping DEGs among TCGA-DEGs and FRGs. The 
heatmap and volcano map in this study were 
generated by using the R package “ggplot”.

Prognostic signature model construction, iden-
tification of molecular subtypes and gene func-
tion analysis

In addition, the prognostic signature models 
were built by using the “survival” and “glmnet” 
packages in R software, which combined two 
methods: “Step” analysis and multivariate cox 
regression analysis. The three-stage “Step” 
procedure began with data analysis by using 
multi-factor cox regression, continued with iter-
ation by using the step function, and concluded 
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with the selection of the best model. We used 
the “ConsensusClusterPlus” package of R  
software to make an unsupervised consensus 
clustering analysis on 376 OC samples derived 
from TCGA datasets to identify molecular sub-
groups. The gene function study was done by 
using the R software package “clusterProfiler”. 
The analysis included Gene Ontology (GO) and 
the Kyoto Encyclopedia of Genes and Genom- 
es (KEGG). The TCGA database was used to get 
the gene expression data in OC, so that we 
could evaluate the association among genes or 
several genes. The heatmap depicting gene 
correlations was produced by using R package 
“ggstatsplot”.

Immune-related analysis

To investigate the relationship between TRIM46 
expression and diverse immune cell infiltra-
tions across pan-cancer types, we utilized the 
TIMER 2.0 database (http://timer.cistrome.
org/). Various immune score algorithms, in- 
cluding TIMER, EPIC, CIBERSORT, and XCELL, 
were used for this analysis. R software pack- 
age “immuneeconv” was used to examine the 
immune networks associated with individual 
genes or multiple genes and their interactions 
with different types of immune cells. Addi- 
tionally, we used the R software package 
“immuneeconv” to assess immune checkpo- 
ints and immune scores of distinct molecular 
subtypes of OC. The R software package “gg- 
statsplot” was used to analyze tumor mutation 
burden (TMB) and microsatellite instability 
(MSI) across pan-cancers, ensuring a compre-
hensive exploration of the immune landscape 
in our study. The web platform of Tumor Im- 
mune Dysfunction and Exclusion (TIDE) (http://
tide.dfci.harvard.edu) was used to assess the 
response to immune checkpoint blockade (ICB) 
in both subtypes of cervical cancer.

Online bioinformatics analysis platforms

The gene expression, survival data (including 
OS and PFS), SNV, CNV, and methylation across 
pan-cancer types were explored by using TCGA 
data through the GSCA database (http://bioin-
fo.life.hust.edu.cn/GSCA/#/). Additionally, the 
GEPIA database (http://gepia.cancer-pku.cn/) 
was used separately for the analysis of gene 
expression and survival analysis. The assess-
ment of TRIM46 expression in pan-cancers 
involved the use of both the TIMER 2.0 data-

base (http://timer.cistrome.org/) and the Hu- 
man Protein Atlas (HPA, https://www.proteinat-
las.org/). To construct protein-protein interac-
tion (PPI) networks for DEGs, TRIM46 and 
TRIM46 family members, the STRING database 
(https://cn.string-db.org/) was used. Besides, 
the identification of potential interacting pro-
teins associated with 15 FR-DEGs involved the 
construction of functional protein networks  
by using the GeneMANIA database (http:// 
genemania.org/search/homo-sapiens/). Fur- 
thermore, the Kaplan-Meier Plotter website 
(http://kmplot.com/analysis/index.php?p=ser- 
vice) based on TCGA data was used to gene- 
rate overall survival data for genes. Additionally, 
we used TISIDB database (http://cis.hku.hk/
TISIDB/index.php) to assess the expression of 
TRIM46 and tumor infiltrating lymphocytes 
(TILs).

Statistical analysis

Statistical analysis was made by using Gra- 
phPad Prism 7.0 and SPSS Version 16.0 soft-
ware (SPSS Inc., Chicago, IL, USA). Bioinfor- 
matics data was processed by using R software 
(Version 3.6.1, https://www.r-project.org/). All 
data are expressed as mean ± SEM. For com-
parisons between the two groups, the Stu- 
dent’s t-test was used to assess statistical sig-
nificance. For comparisons involving more than 
two groups, one-way ANOVA was used, followed 
by post-hoc tests (e.g., Tukey’s or Bonferroni) to 
identify specific group differences. In case of 
multiple comparisons, the Bonferroni correc-
tion was used to adjust the significance thresh-
old to consider Type I errors. Correlation analy-
sis was made by using Pearson or Spearman 
correlation coefficients, depending on the dis-
tribution of the data. For survival analysis, the 
Kaplan-Meier method was used to estimate 
survival curves, and differences between gro- 
ups were assessed by using the log-rank test. 
The difference was statistically significant wh- 
en P < 0.05. All tests were two-tailed, and the 
exact p values were provided where app- 
licable.

Results

Obtaining of differentially expressed genes 
(DEGs)

To identify ferroptosis-related DEGs (FR-DEGs) 
in OC, we analyzed differentially expressed 
genes in OC tissues by using TCGA data. We 
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found 2,333 up-regulated genes and 4,073 
down-regulated genes in OC compared to nor-
mal tissues. Volcano plots and heatmaps of 
these DEGs are shown in Figure 1A and 1B. 
KEGG pathway analysis of these genes is pre-
sented in Figure 1C. By using Venn diagrams, 
we identified 64 up-regulated FR-DEGs and 
120 down-regulated FR-DEGs in OC (Figure 
1D). KEGG analysis of these FR-DEGs is shown 
in Figure 1E and 1F. Kaplan-Meier survival 
analysis revealed 15 FR-DEGs were significant-
ly correlated with overall survival in OC (Figure 
1G).

The expression and genetic changes analysis 
of 15 FR-DEGs in pan-cancers

Next, we tried to analyze the expression of  
the 15 FR-DEGs in numerous types of cancer, 
and the data suggested that many of them 
were highly expressed in most types of cancer, 
including TRIM46, CDC25A, CDKN2A, AURKA, 
CDCA3, and KIF20A (Figure 2A). Moreover, the 
overall survival (OS) of different cancers was 
also analyzed by using GSCA database, and the 
result indicated that most of these 15 FR-DEGs 
were significantly related with OS in LGG, KIRC, 
ACC, KICK and KIRP (Figure 2B). Afterwards, 
the mutation profiles of the 15 FR-DEGs were 
evaluated by using GSCA database, and the 
result indicated that the top 10 mutated gen- 
es in cancers were CDKN2A, NRAS, TRIM46, 
MMP13, KIF20A, CCDC6, CDC25A, GPT2, 
PRDX6, and CAPG (Figure 2C). The copy num-
ber variation (CNV) of the 15 FR-DEGs across 
cancer types was then also investigated. The 
data using CNV pie distribution revealed that 
CEBPG, CDCA3, PRDX6, TRIM46, and AURKA 
were heterozygous copy number amplifications 
in most cancers (Figure 2D). In addition, the 
correlation analysis demonstrated that the 
mRNA expression levels of the most 15 
FR-DEGs were positively correlated with their 
copy number levels in most cancers, especially 
in KIRC, READ, LIHC, GBM, TGCT, LGG, UCEC, 
STAD, PAAD, COAD, SARC, LUAD, UCS, SKCM, 
BRCA, BLCA, LUSC, ESCA, OC, CESC, and HNSC 
(Figure 2E).

The methylation, gene-pathway and gene-inter-
action networks analysis of 15 FR-DEGs

We investigated the methylation of the 15 
FR-DEGs across various cancers. MMP13, 
CEBPG, CDCA3, and NQO1 had low methylation 
in several types of cancer, including BLCA, 
PAAD, UCEC, LUSC, LIHC, BRCA, HNSC, LUAD, 

and ESCA (Figure 3A). Methylation levels of 
these FR-DEGs were generally negatively corre-
lated with their mRNA expression in most can-
cers (Figure 3B). Survival analysis indicated 
that methylation differences of the 15 FR-DEGs 
did not significantly affect survival in most can-
cers, except LGG and KIRC (Figure 3C). We also 
explored the interactions of the 15 FR-DEGs 
with key pathways, as shown in Figure 3D, and 
constructed a protein-protein interaction net-
work for these genes by using the STRING data-
base (Figure 4A) and individual networks by 
using GeneMANIA (Figure 4B-P).

Identification of 15 FR-DEGs-related molecular 
subtypes in OC

Tumor heterogeneity is very important in tumor-
igenesis, metastasis, development and pro-
gression. Therefore, next, our purpose is to 
identify the molecular subtypes in OC by using 
15 FR-DEGs identified above. To achieve this 
objective, we made an unsupervised consen-
sus clustering analysis of 376 OC samples 
based on TCGA datasets by using the R soft-
ware “ConsensusClusterPlus” package. After 
analysis, the consensus cumulative distribu-
tion function (CDF) plot (Figure 5A), the delta 
area (Figure 5B), and the consensus matrix 
were obtained (Figure 5C). The data suggested 
that 376 OC samples could be divided into two 
molecular subtypes including Group C1 (Group 
1; 221 HCC samples) and Group C2 (Group 2; 
155 HCC samples). The differentially expressed 
genes of the two groups (Group 1 vs. Group 2) 
were further identified, and the volcano plot 
was shown in Figure 5D. In addition, the overall 
survival (OS) and progression-free survival 
(PFS) of the OC patients in the two molecular 
subtypes were analyzed though there was no 
significant difference in both groups (Figure 5E 
and 5F). Besides, the DEGs of the two groups 
were further used for the GO and KEGG path-
way analysis. The GO analysis revealed that 
these DEGs were related with regulation of 
chromosome separation, regulation of mitotic 
metaphase/anaphase transition, regulation of 
mitotic nuclear division, regulation of mitotic 
sister chromatid segregation, and spindle orga-
nization (Figure 5G). The KEGG analysis sug-
gested that the DEGs were related with Oocyte 
meiosis, platinum drug resistance, progester-
one-mediated oocyte maturation, pyrimidine 
metabolism, ubiquitin-mediated proteolysis, vi- 
ral carcinogenesis, and p53 signaling pathway 
(Figure 5H).
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Figure 1. Differential expression analysis of OC tissues based on TCGA data. A. Volcano plot illustrating 2333 up-
regulated genes (red dots) and 4,073 down-regulated genes (blue dots) in OC tissues compared to normal tissues. 
B. Heatmap representation of the differentially expressed genes (DEGs) in OC tissues. C. KEGG pathway analysis of 
both up- and down-regulated genes in OC. D. Venn diagrams depicting the identification of ferroptosis-related DEGs 
(FR-DEGs) in OC, revealing 64 up-regulated FR-DEGs and 120 down-regulated FR-DEGs. E. KEGG pathway analysis 
specifically for the 64 up-regulated FR-DEGs. F. KEGG pathway analysis dedicated to the 120 down-regulated FR-
DEGs. G. Kaplan-Meier plotter analysis of the overall survival (OS) for the 64 up-regulated FR-DEGs, highlighting 15 
genes (15 FR-DEGs) significantly correlated with OS in OC based on TCGA data.
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Figure 2. Expression and genetic changes analyses of 15 FR-DEGs across pan-cancers. A. Expression analysis of 15 
FR-DEGs in various cancer types. B. Overall survival (OS) analysis of 15 FR-DEGs in different cancers. C. Mutation 
profiles of 15 FR-DEGs in cancers. D. Copy number variation (CNV) of 15 FR-DEGs across cancer types. E. Correla-
tion analysis between mRNA expression and copy number levels of 15 FR-DEGs.
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Figure 3. Methylation, gene-pathway, and gene-interaction networks analyses of 15 ferroptosis-related differentially 
expressed genes (FR-DEGs). A. Methylation analysis of 15 FR-DEGs in pan-cancers. B. Correlation between methyla-
tion and mRNA expression of 15 FR-DEGs. C. Overall survival difference based on methylation levels of 15 FR-DEGs 
across cancers. D. Gene-pathway and gene-interaction networks.
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Figure 4. Protein-protein interaction networks of 15 FR-DEGs. A. Protein-protein interaction network of all 15 FR-
DEGs. B-P. Individual protein-protein interaction networks for each FR-DEG. Separate construction of protein-protein 
interaction networks for each of the 15 FR-DEGs using the GeneMANIA database.

Construction of the prognostic model of 15 FR-
DEGs of the two molecular subtypes in OC

Our above analysis indicated that the 15 
FR-DEGs were closely relevant with OC, and 
had divided the OC samples into two molecular 
subtypes. Therefore, we next sought to utilize 
two methods including “Step” analysis and mu- 
ltivariate cox regression analysis to respective-
ly predict prognostic models for the two molec-
ular subtypes in OC. The three-stage “Step” pro- 
cedure began with data analysis using multi-
factor cox regression, continued with iteration 
using the step function, and concluded with  

the selection of the best model. The “Step” 
method was used for predicting the prognostic 
models for the two molecular subtypes (includ-
ing group 1 and group 2), respectively. The 
results suggested that there was no appropri-
ate prognostic model of group 2 (including 150 
OC samples), while the optimal model was pre-
dicted in group 1 (including 221 OC samples), 
and the formula used for risk score computa-
tion was as follows: riskscore = (0.1927) *  
CAPG + (-0.1277) * CDKN2A + (-0.3328) * PRD- 
X6 + (-0.2315) * GPT2 + (0.3808) * CEBPG + 
(0.2743) * CDCA3. Based on the median 
threshold obtained by the risk score model, 
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Figure 5. Identification of molecular subtypes and analysis of differentially expressed genes (DEGs) in OC based 
on 15 ferroptosis-related differentially expressed genes (FR-DEGs). A. Consensus cumulative distribution function 
(CDF) Plot. Results of the unsupervised consensus clustering analysis depicting the consensus CDF plot. B. Delta 
area plot showing the relative change in area under the CDF curve. C. Visualization of the consensus matrix display-
ing the degree of agreement among OC samples in the identified molecular subtypes (C1 and C2 groups). D. Volcano 
plot of differentially expressed genes (DEGs). E. Kaplan-Meier plot illustrating the overall survival analysis for OC 
patients in the identified molecular subtypes. F. Kaplan-Meier plot displaying the progression-free survival analysis 
for OC patients in the identified molecular subtypes. G. Gene ontology (GO) analysis. H. Kyoto encyclopedia of genes 
and genomes (KEGG) pathway analysis.

221 OC patients were divided into low-risk and 
high-risk subgroups. Additionally, a heatmap of 
the 6 genes related to OC was constructed 
(Figure S1A). Figure S1B shows the results of 
the Kaplan-Meier analysis, which also demon-

strated that the low-risk group had a substan-
tially better OS than the high-risk group. In addi-
tion, using 221 OC samples and time-depen-
dent receiver operating characteristic (ROC) 
analysis, we assessed the prognostic model’s 
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effectiveness. For 1-, 3-, and 5-year OS, the 
area under the ROC curve (AUC) was 0.497, 
0.63, and 0.663, respectively, as shown in 
Figure S1C. Similarly, multivariate cox regres-
sion (COX method) analysis was used to con-
struct prognostic models using the the 15 
FR-DEGs for the two molecular subtypes in  
OC. The results suggested that there was no 
appropriate prognostic model of group 1 
(including 221 OC samples), while the optimal 
model was predicted in group 2 (including 155 
OC samples), and the formula used for risk 
score computation was as follows: riskscore = 
(-0.1492) * KIF20A + (0.1909) * CAPG + 
(-0.0179) * CDKN2A + (-0.0874) * NRAS + 
(-0.0518) * PRDX6 + (-0.1469) * GPT2 + 
(0.0435) * TRIM46 + (-0.0174) * CCDC6 + 
(-0.0794) * CEBPG + (0.0666) * NQO1 + 
(0.0949) * AURKA + (0.0191) * CDC25A + 
(-0.0244) * CD82 + (-0.0729) * CDCA3 + 
(-0.0134) * MMP13. The heatmap of the 15 
FR-DEGs in 155 OC samples was shown in 
Figure S1D. Beyond that, the Kaplan-Meier 
analysis showed that low-risk individuals had a 
far better OS than high-risk patients (Figure 
S1E). Finally, the AUC for 1-, 3-, and 5-year OS 
was 0.622, 0.557, and 0.705, respectively 
(Figure S1F).

Gene correlation analysis in the two OC mo-
lecular subtypes

Next, we sought to uncover the gene correla-
tion in the two OC molecular subtypes. First, we 
analyzed the expressing correlation of the 15 
FR-DEGs in group 1 and group 2, respectively, 
and the data suggested that most of the 15 
FR-DEGs were positively correlated with each 
other in both OC molecular subtypes (Figure 
S2A and S2B). In addition, the ferroptosis-relat-
ed genes expression in both OC molecular sub-
types (group 1 and group 2) was analyzed and 
presented using heatmap. The data indicated 
that most of the ferroptosis-related genes 
expressed significantly differentially in group 1 
and group 2 (Figure S2C). Then, the ferroptosis-
related gene correlation in group 1 and group 2 
was analyzed (Figure S2D and S2E). Similarly, 
the m6A-related genes expression and correla-
tion were also analyzed in both OC molecular 
subtypes (Figure S2F-H).

The immune-related analyses in the two mo-
lecular subtypes of OC

We evaluated immune scores, including Ma- 
crophage, Tregs, B cells, NK cells, CD4+ T cells, 

CD8+ T cells, and Neutrophils, in the two OC 
molecular subtypes using the CIBERSORT 
method. Significant differences were observed 
in Monocyte, Macrophage M1, and Neutrophil 
scores between the two groups (Figure S3A). 
Additionally, the expression of immune check-
points CD274, HAVCR2, and PDCD1LG2 vari- 
ed significantly between the subtypes (Figure 
S3B). Although the immune checkpoint block-
ade (ICB) response did not differ significantly 
between the groups (Figure S3C), immune 
interaction networks involving 15 FR-DEGs and 
various immune cells were constructed for 
each subtype (Figure S3D and S3E).

The expression and survival analyses of 
TRIM46 in pan-cancers

Based on our analysis indicating potential rele-
vance of the 15 FR-DEGs in OC, we focused on 
TRIM46, a candidate regulator of tumorigene-
sis, for further investigation. We first examined 
TRIM46 expression in OC samples using TCGA 
data and found it significantly higher compared 
to normal tissues (Figure S4A). We also ana-
lyzed TRIM46 expression across different OC 
stages and grades (Figure S4B and S4C), and 
assessed overall survival of patients with high 
and low TRIM46 expression using the Kaplan-
Meier plotter database (Figure S4D). Addi- 
tionally, TRIM46 expression was evaluated 
across various cancer types using the TIMER 
database (Figure S4E) and within different OC 
tissue cells using the TISCH2 database, reveal-
ing high expression in OC cells and fibroblasts 
(Figure S4F). Finally, we explored TRIM46’s 
impact on overall survival in pan-cancers using 
TISCH2 (Figure S4G).

The immune related analyses of TRIM46 in 
pan-cancers

To explore the relationship between TRIM46 
and cancer immunity, we first analyzed TRIM46 
expression in various immune cells using the 
Human Protein Atlas, finding it was notably 
higher in Memory CD4 T-cells (Th17, Th2, and 
Th1/Th17) compared to other immune cells 
(Figure S5A). We then assessed TRIM46 ex- 
pression and tumor-infiltrating lymphocytes 
(TILs) using the TISIDB database, revealing a 
positive correlation in half of the TCGA cancer 
types (Figure S5B). We also investigated TRI- 
M46’s correlation with chemokines, receptors, 
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and immunomodulators across pan-cancers 
(Figure S5C and S5D).

Further analysis showed that TRIM46 was posi-
tively correlated with immune checkpoint-relat-
ed genes in most cancers (Figure S6A). Using 
the XCELL algorithm, we found TRIM46 was 
strongly correlated with several immune cells  
in OC samples, including naive B cells, eosino-
phils, mast cells, and various T cell subsets 
(Figure S6B). Additionally, we examined the cor-
relation between TRIM46 and tumor mutation 
burden (TMB) and microsatellite instability 
(MSI) across cancers, finding significant corre-
lations in over half of the TCGA cancer types 
(Figure S6C and S6D).

The immune analyses in TRIM46 high and low 
groups

To investigate the role of TRIM46 in cancer 
immunity, we categorized OC samples into 
TRIM46 high and low groups and compared 
their immune profiles. Analysis using the 
CIBERSORT algorithm revealed significant dif-
ferences in several immune cell types between 
the groups, including T cell CD4+ central mem-
ory, Mast cells, T cell CD4+ Th1, Th2, CD8+ 
naive, and others (Figure S7A). The distribution 
of 22 immune cell types in each group is shown 
in Figure S7B, highlighting immune cell hetero-
geneity. We also assessed immune checkpoint 
expression, noting a significant difference in 
TIGIT between the groups (Figure S7C). The 
immune checkpoint blockade (ICB) response 
was significantly different between TRIM46 
high and low groups (Figure S7D). Lastly, im- 
mune interaction networks for TRIM46 and var-
ious immune cells were constructed for both 
groups (Figure S7E and S7F).

Differentially expressed genes, GO and KEGG 
analyses in TRIM46 high and TRIM46 low 
group

Next, we further obtained the differentially ex- 
pressed genes (DEGs) in TRIM46 low and 
TRIM46 high group, and there were 25 up-regu-
lated genes (TRIM46 low group vs. TRIM46 
high group) and 316 down-regulated genes. 
The volcano plot and heatmap were respective-
ly presented in Figure S8A and S8B. After that, 
the gene ontology (GO) related GSEA analysis 
using R software package “clusterProfiler”  
and “enrichplot”, including the biological pro-

cess (BP), cellular component (CC) and mole- 
cular function (MF) categories, were also car-
ried out and displayed in Figure S8C-E, respec-
tively. Moreover, the KEGG analysis revealed 
that these DEGs were correlated with Human 
papillomavirus infection, Wnt signaling path-
way, Axon guidance, Focal adhesion, ECM-re- 
ceptor interaction and Hippo signaling pathway 
(Figure S8F). In addition, we extracted the top 
20 signaling pathways from the above KEGG 
analysis, and the data suggested that these 
DEGs were closely correlated with PI3K-Akt sig-
naling pathway, Wnt signaling pathway, Hippo 
signaling pathway, MAPK signaling pathway, 
Rap1 signaling pathway and Ras signaling path-
way (Figure S8G).

The correlation of TRIM46 and metabolism 
pathways

Since the emerging reports had revealed that 
the metabolism was a crucial factor to modu-
late tumor development and progression, we 
thus sought to investigate the correlation bet- 
ween the TRIM46 and several metabolism pa- 
thways. According to the data, TRIM46 was sig-
nificantly positively correlated with Inositol_
phosphate_metabolism (Figure S9A), Valine_
leucine_and_isoleucine_biosynthesis (Figure 
S9B), TGFB (Figure S9C), Neomycin_kana- 
mycin_and_gentamicin_biosynthesis (Figure 
S9D), and Lysine_degradation (Figure S9E). 
Besides, TRIM46 was markedly negatively cor-
related with Pyruvate_metabolism (Figure S9F), 
Lipoic_acid_metabolism (Figure S9G), DNA_
repair (Figure S9H), and Apoptosis (Figure S9I).

The expression, survival, molecular subtype 
classification and PPI network of TRIM family 
in pan-cancers

The TRIM family comprises roughly 70 proteins 
characterized by a coiled-coil domain, an N-ter- 
minal RING finger, and one or two B-boxes. 
Previous studies have linked TRIM proteins to 
tumor development. We investigated the expre- 
ssion of TRIM family members in pan-cancers 
and found that nearly half, including TRIM32, 
TRIM38, TRIM46, and others, were highly ex- 
pressed in various cancer types, while others 
showed low or absent expression (Figure S10A). 
Survival analysis revealed significant correla-
tions between most TRIM members and overall 
survival across different cancers (Figure S10B). 
We used unsupervised consensus clustering of 
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376 OC samples to identify molecular sub-
types, revealing three distinct subtypes (Figure 
S10C). Additionally, we constructed a PPI net-
work for TRIM family members using the 
STRING database (Figure S10D).

TRIM46 knockdown inhibited the proliferation 
and migration of OC cells

To investigate TRIM46’s role in OC, we analyzed 
its expression in various cancer cell lines using 
the CCLE database, finding high levels in OC 
cell lines like Caov-4 and OVCAR-3 (Figure 6A 
and 6B). We confirmed high TRIM46 expression 
in SKOV3 and OVCAR-3 via qRT-PCR and west-
ern blot (Figure 6C) and used these lines for 
further experiments. We synthesized shRNAs 
targeting TRIM46, achieving over 70% knock-
down efficiency (Figure 7A and 7B). CCK-8 as- 
says showed that TRIM46 knockdown signifi-
cantly reduced cell proliferation in SKOV3 and 
OVCAR-3 (Figure 7C and 7D). EdU assays fur-
ther confirmed reduced cell growth (Figure 7E 
and 7F), while transwell assays indicated de- 
creased cell migration (Figure 7G). In vivo, TRI- 
M46 knockdown resulted in significantly small-
er tumors compared to controls (Figure 7H).

The suppression of TRIM46 induces ferropto-
sis of OC cells and affects Wnt signaling

To evaluate TRIM46’s impact on ferroptosis, we 
first analyzed its correlation with ferroptosis 
driver genes using TCGA data, finding a signifi-
cant positive correlation (Figure 8A). We then 
assessed ferroptosis-related indices in OC  
cells after TRIM46 knockdown. Results show- 
ed increased malondialdehyde (MDA) and Fe2+ 
levels, alongside decreased GSH and increased 
GSSG (Figure 8B-E), indicating enhanced fer-
roptosis. Additionally, western blot analysis re- 
vealed reduced β-Catenin, cyclin D1, and c-Myc 
levels in SKOV3 and OVCAR-3 cells, suggesting 
that TRIM46 depletion affects Wnt signaling 
(Figure 9A and 9B).

Discussion

The clinical prognosis of OC is relatively com-
plex, primarily due to the lack of typical symp-
toms in the early stages, leading to most 
patients being diagnosed at advanced stages 
[18, 19]. Late-stage OC has a poorer prognosis 
due to its tendency to spread to other regions 
of the pelvic and abdominal cavities. Early 

detection is critical for improving the survival 
rates of OC patients. However, the lack of spe-
cific symptoms and effective screening tools 
makes early-stage diagnosis particularly chal-
lenging [20, 21]. In the screening, diagnosis, 
and prognosis assessment of ovarian cancer 
(OC), commonly used tumor markers include 
CA-125, HE4, CA19-9, and CEA. While CA-125 
is sensitive in detecting late-stage OC and 
recurrence, its lack of specificity and the pos-
sibility of normal levels in early-stage patients 
limit its effectiveness for early detection [22-
24]. HE4 exhibits higher sensitivity and specific-
ity in detecting early-stage ovarian cancer (OC), 
though its levels may be affected by other gyne-
cological conditions. CA19-9 shows some sen-
sitivity in late-stage OC but lacks specificity, 
while CEA, a general tumor marker, has limited 
specificity, particularly in early OC diagnosis. In 
summary, although these tumor markers con-
tribute to the clinical management of OC, their 
individual use remains constrained by signifi-
cant limitations.

Ferroptosis is a specific form of iron-dependent 
cell death distinguished from other cell death 
pathways such as apoptosis and necrosis [25]. 
A key feature of ferroptosis is the accumulation 
of lipid peroxides, which causes damage to the 
cell membrane. In OC, studies indicate that fer-
roptosis may play a role in both the disease’s 
pathogenesis and its response to treatment 
[26-28]. On the one hand, ferroptosis in OC 
cells might be involved in the tumor’s antioxi-
dant defense. Certain OC cells may manipulate 
iron metabolism pathways to increase iron 
accumulation, thereby promoting cell survival 
and proliferation. The regulation of ferroptosis 
could play a crucial role in OC cells, influencing 
their ability to cope with oxidative stress [29, 
30]. On the other hand, ferroptosis could offer 
new therapeutic strategies for OC treatment. 
Some research indicates that by modulating 
ferroptotic pathways, it is possible to induce 
the death of OC cells, thereby enhancing treat-
ment effectiveness [31, 32]. Drugs targeting 
iron metabolism and ferroptosis present prom-
ising therapeutic avenues for OC treatment. 
This study identified ferroptosis-related differ-
entially expressed genes (FR-DEGs) in OC 
through an analysis of TCGA data, with fifteen 
FR-DEGs found to be significantly associated 
with overall survival. Pan-cancer analyses re- 
vealed elevated expression of key FR-DEGs 
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Figure 6. The expression pattern of TRIM46 in various cancer cell lines. A. Exploration of TRIM46 expression in dif-
ferent cancer cell lines across various cancer types using the CCLE database. B. Estimation of TRIM46 expression in 
OC cell lines using the CCLE database, highlighting high expression in multiple OC cell lines. C. Quantitative RT-PCR 
and western blot validation of TRIM46 expression in selected OC cell lines (SKOV3, OVCAR-3, CAOV3, SNU-8, A2780, 
HEY) and a control cell line KOV3 and OVCAR-3 exhibit the highest TRIM46 expression.

across multiple cancer types. Genetic and epi-
genetic analyses further highlighted the roles 
of specific FR-DEGs, such as TRIM46 and 
CDKN2A. The study also uncovered two molec-
ular subtypes in OC and developed prognostic 
models based on FR-DEGs, offering valuable 
insights for personalized treatment strategies. 

These findings enhance our understanding of 
ferroptosis-related gene expression and its 
clinical significance in OC.

Then, we delved into gene correlations, m6A-
related gene expression, and immune-related 
analyses in two molecular subtypes of OC. In 
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Figure 7. TRIM46 knockdown inhibits OC cell proliferation. A, B. Assessment of TRIM46 knockdown efficiency using 
qRT-PCR and western blot assays after transfection with TRIM46-targeting shRNAs in SKOV3 and OVCAR-3 cells. C, 
D. CCK-8 assays revealing the inhibitory effect of TRIM46 knockdown on the proliferation of SKOV3 and OVCAR-3 
cells. E, F. EdU incorporation assays showing the reduction in proliferating cells following TRIM46 knockdown in 
SKOV3 and OVCAR-3 cells. Scale bars: 20 µm. G. Transwell migration assays demonstrating the inhibitory effect of 
TRIM46 knockdown on the migration of both SKOV3 and OVCAR-3 cells. Scale bars: 100 µm. H. The image of xeno-
grafts isolated from mice one month and the tumor weights.
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both subtypes, the 15 FR-DEGs exhibited posi-
tive correlations, and their expressions varied 
significantly. Additionally, m6A-related genes 
displayed distinct expression patterns in these 
subtypes. Immune scores revealed significant 
differences in Monocyte, Macrophage M1, and 
Neutrophil populations between the two gro- 
ups. Expression variations in immune check-
points, such as CD274, HAVCR2, and PDCD- 
1LG2, were observed. Although no significant 
differences were found in immune checkpoint 
blockade response, the study constructed im- 
mune interaction networks involving 15 FR- 
DEGs and immune cells in each subtype. The 
significance of these findings lies in unraveling 
intricate molecular interactions within OC sub-
types. Understanding gene correlations, m6A 
modifications, and immune landscapes pro-
vides crucial insights into the disease’s com-
plexity. Such knowledge can inform the devel-
opment of targeted therapies and personaliz- 
ed treatment approaches for distinct molecular 
subtypes, fostering advancements in OC ma- 
nagement.

Among the 15 FR-DEGs were potentially corre-
lated with OC, our attention focused on TRIM46. 
TRIM46 (Tripartite Motif-Containing Protein 46) 

is a member of the TRIM family of proteins, 
which constitutes a large family of E3 ubiqui- 
tin ligases that play crucial roles in various bio-
logical processes within the cell [33, 34]. 
TRIM46 contains three key structural domains: 
the RING, B-box, and coiled-coil domains. The 
RING domain endows TRIM46 with ubiquitin 
ligase activity, enabling its participation in the 
ubiquitination process, which plays a crucial 
role in regulating protein stability and function 
[35, 36]. The B-box domain plays a pivotal role 
in modulating protein-protein interactions and 
signal transduction. The shared coiled-coil do- 
main, common among other TRIM proteins, is 
likely associated with subcellular localization 
and interactions with other proteins [37, 38]. 
TRIM46 is overexpressed in various cancers 
and is thought to play a crucial role in regulating 
cell proliferation, migration, and key signaling 
pathways [39-41]. However, the expression and 
function of TRIM46 in OC were rarely reported. 
In this study, we found that TRIM46 may be a 
potential regulator in OC progression. Its elevat-
ed expression in OC tissues, correlation with 
diverse stages, and grades of OC, along with its 
association with poorer overall survival, under-
score its significance as a potential prognostic 
marker. Beyond OC, TRIM46 exhibited wide-

Figure 8. The suppression of TRIM46 induces ferroptosis of OC cells. A. Bioinformatic analysis depicting the signifi-
cant positive correlation between TRIM46 and various ferroptosis driver genes in OC samples based on TCGA datas-
et. B. Assessment of malondialdehyde (MDA) levels in OC cells after TRIM46 depletion, indicating a notable increase 
in relative MDA levels. C. Determination of relative Fe2+ levels in OC cells upon TRIM46 depletion, revealing a marked 
elevation. D. Evaluation of relative GSH levels in OC cells following TRIM46 depletion, demonstrating a significant 
decrease. E. Assessment of relative GSSG levels in OC cells after TRIM46 depletion, showing a substantial increase. 
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Figure 9. Impact of TRIM46 depletion on Wnt signaling proteins. Western 
blot assays revealing the protein levels of key Wnt signaling factors, includ-
ing β-Catenin, cyclin D1, and c-Myc, in (A) SKOV3 and (B) OVCAR-3 cells after 
TRIM46 depletion.

spread overexpression across various cancer 
types, implicating its broader role in tumorigen-
esis. The distinct immune landscapes, immune 
checkpoint expressions, and responses to 
immune checkpoint blockade in TRIM46 high 
and low groups provide valuable insights into 
its immunomodulatory role. Differentially ex- 
pressed genes associated with TRIM46 shed 
light on potential therapeutic targets and  
biological processes influenced by TRIM46. 
Moreover, the significant correlations between 
TRIM46 and metabolism pathways highlight its 
potential role in modulating cellular metabolic 
processes. The exploration of the TRIM family 
in pan-cancers revealed their collective signifi-
cance in cancer, influencing overall survival and 
contributing to molecular subtype classifica-
tions in OC. This comprehensive analysis en- 
hances our understanding of TRIM46’s multi-
faceted role and emphasizes its potential impli-
cations for personalized treatment strategies. 
More importantly, we performed functional ex- 
periments and confirmed that TRIM46 was 
highly expressed in OC cells and its knockdown 
distinctly suppressed the proliferation and 
migration of OC cells. These observations un- 
derscore TRIM46 as a potential therapeutic tar-
get in OC, suggesting that interventions aimed 
at modulating TRIM46 expression could influ-
ence the progression and metastatic potential 
of OC cells.

Previously, according to Zhang et al., a regula-
tory system involving TRIM46 and GPX4 regu-
lates the death of human retinal capillary endo-
thelial cells caused by HG. Cells can protect 
themselves from high glucose toxicity by block-

ing this pathway or maintain-
ing GPX4 expression [42]. This 
research finding has signifi-
cant biological and clinical 
implications. First, the iden- 
tification of a regulatory path-
way involving TRIM46 and 
GPX4 highlights their critical 
role in modulating iron-depen-
dent cell death in human reti-
nal capillary endothelial cells 
under high glucose (HG) con-
ditions. This underscores TRI- 
M46’s importance in the fer-
roptosis pathway, particularly 
in protecting cells from HG- 
induced damage. Additionally, 

this discovery offers valuable insights into  
similar iron-dependent cell death mechanisms 
that may be involved in other diseases. If the 
TRIM46-GPX4 pathway proves to be significant 
in other conditions, targeting this pathway co- 
uld have broad therapeutic potential across 
multiple disease areas. This suggests new stra- 
tegies for treating diseases associated with 
iron-dependent cell death, such as diabetic re- 
tinopathy, offering promise for advancing clini-
cal interventions and improving patient out-
comes. In this study, we also explored the rela-
tionship between TRIM46 and ferroptosis in OC 
cells. Bioinformatic analysis using TCGA data 
revealed a significant positive correlation 
between TRIM46 and various ferroptosis driver 
genes in OC samples. Silencing TRIM46 led  
to increased malondialdehyde (MDA) levels, 
elevated Fe2+ levels, and altered glutathione 
(GSH) metabolism, indicating a potential role  
of TRIM46 in regulating ferroptosis in OC cells. 
Additionally, the study demonstrated a link 
between TRIM46 and the Wnt signaling path-
way, as TRIM46 depletion resulted in decreased 
levels of key Wnt signaling factors, including 
β-Catenin, cyclin D1, and c-Myc in OC cancer 
cells. These findings highlight TRIM46’s involve-
ment in ferroptosis regulation and its impact on 
Wnt signaling in OC cells.

Given the critical role of TRIM46 in OC, develop-
ing TRIM46 inhibitors or using RNA interferen- 
ce techniques to disrupt its expression could  
be an effective therapeutic strategy. Inhibiting 
TRIM46 expression may slow tumor prolifera-
tion and migration, suppress abnormal activa-
tion of the Wnt signaling pathway, and influence 
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ferroptosis mechanisms. This strategy could 
not only directly inhibit tumor growth but also 
enhance anticancer effects by inducing ferrop-
tosis. The Wnt signaling pathway is abnormally 
activated in many cancer types, including OC. 
In our study, the association between TRIM46 
and the Wnt signaling pathway suggests that 
simultaneously targeting TRIM46 and the Wnt 
pathway could produce synergistic effects. This 
combined therapeutic strategy might block 
tumor cell proliferation and survival through 
multiple pathways, thereby improving patient 
outcomes. Further research could explore the 
potential of TRIM46 as a prognostic marker for 
ovarian cancer patients and evaluate the thera-
peutic effects of targeting TRIM46 and the Wnt 
signaling pathway. In clinical applications, per-
sonalized treatment plans based on TRIM46 
expression levels may enhance efficacy and re- 
duce side effects. Additionally, combining th- 
is approach with other therapies, such as che-
motherapy or immunotherapy, could offer more 
comprehensive treatment options for ovarian 
cancer patients.

Conclusion

This study, by analyzing the expression and 
function of TRIM46 in OC, revealed that TRIM46 
is highly expressed in OC cells, and its silencing 
inhibits cell proliferation and migration. Further 
functional experiments demonstrated that the 
depletion of TRIM46 induces ferroptosis in OC 
cells and affects the Wnt signaling pathway. 
Bioinformatics analysis indicated a significant 
positive correlation between TRIM46 and vari-
ous ferroptosis driver genes in OC. Additionally, 
TRIM46 silencing led to increased malondial- 
dehyde (MDA) levels, elevated Fe2+ levels, and 
altered glutathione (GSH) metabolism in OC 
cells. Western blot assays showed that TRIM46 
suppression significantly decreased the levels 
of key proteins involved in the Wnt signaling 
pathway, including β-Catenin, cyclin D1, and 
c-Myc, in OC cells. Overall, these findings high-
light the critical role of TRIM46 in the develop-
ment of OC, particularly in regulating ferropto-
sis and the Wnt signaling pathway. The study 
provides valuable insights into the underlying 
mechanisms of OC and lays the foundation for 
potential therapeutic strategies and biomarker 
discovery.
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Figure S1. Construction and evaluation of prognostic models for OV molecular subtypes based on 15 ferroptosis-
related differentially expressed genes (FR-DEGs). A. Risk score model for molecular subtype group 1 (C1). Utiliza-
tion of the “Step” method to predict the optimal prognostic model for group 1 (221 OV samples). B. Kaplan-Meier 
analysis for group 1 prognostic model. C. Time-dependent receiver operating characteristic (ROC) analysis for group 
1 prognostic model. D. Risk score model for molecular subtype group 2 (C2). application of the “Step” method to 
predict the optimal prognostic model for group 2 (155 OV samples). E. Kaplan-Meier analysis for group 2 prognostic 
model. F. Time-dependent ROC analysis for group 2 prognostic model.
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Figure S2. Gene correlation analysis in two OV molecular subtypes. A. Gene correlation analysis in group 1. B. Gene 
correlation analysis in group 2. C. Heatmap of ferroptosis-related gene expression in both subtypes. D. Ferroptosis-
related gene correlation in group 1. E. Ferroptosis-related gene correlation in group 2. F. m6A-related gene expres-
sion in both subtypes. G. m6A-related gene correlation in group 1. H. Correlation analysis of m6A-related genes in 
group 2.
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Figure S3. Immune-related analyses in two molecular subtypes of OV. A. Immune scores evaluation using CIBER-
SORT. B. Analysis of immune checkpoint expression, including CD274, HAVCR2, and PDCD1LG2, in group 1 and 
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Figure S4. Expression and survival analyses of TRIM46 in pan-cancers. A. Investigation of TRIM46 expression in 
OV samples compared to normal tissues, based on data from the GEPIA database. B. TRIM46 expression in differ-
ent stages of OV. C. TRIM46 expression in different grades of OV. D. Kaplan-Meier plot demonstrating the overall 
survival of OV patients with high and low TRIM46 expression levels, based on the Kaplan-Meier plotter database. E. 
TRIM46 expression in various cancer types. F. TRIM46 expression in different cells of OV tissues. G. Kaplan-Meier 
analysis illustrating the overall survival of patients with high and low TRIM46 expression in pan-cancers, based on 
the TISCH2 database.

group 2 molecular subtypes of OV. C. Estimation of the immune checkpoint blockade (ICB) response in group 1 and 
group 2 molecular subtypes. D. Construction of the immune interacting network involving 15 FR-DEGs and immune 
cells (B cell, T cell CD4+, T cell CD8+, Endothelial cell, Macrophage, NK cell) in group 1 molecular subtype of OV. E. 
Immune interacting network in group 2.
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Figure S5. Immune-related analyses of TRIM46 in pan-cancers. A. Analysis of TRIM46 expression in various immune 
cells from healthy donors, revealing higher expression in memory CD4 T-cell Th17, memory CD4 T-cell Th2, and 
memory CD4 T-cell Th1/Th17, based on the human protein atlas data from Monaco dataset. B. Correlation between 
TRIM46 expression and tumor infiltrating lymphocytes (TILs). C. Correlation between TRIM46 expression and che-
mokines/receptors. D. Correlation between TRIM46 expression and immunomodulators.
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Figure S6. Further immune-related analyses of TRIM46 in pan-cancers. A. Heatmap showing the correlation be-
tween TRIM46 expression and immune checkpoint-related genes in various cancer types. B. Correlation between 
TRIM46 and immune cells in OV. C. Investigation of the correlation between TRIM46 expression and tumor mutation 
burden (TMB) in pan-cancers, indicating significant correlations in more than half of the TCGA cancer types. D. Cor-
relation between TRIM46 and microsatellite instability (MSI).
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Figure S7. Immune analyses in TRIM46 high and low groups of OV. A. Comparison of immune cell composition dif-
ferences between TRIM46 high and low groups in OV samples, using the CIBERSORT algorithm. B. Distribution of 
22 types of immune cells in TRIM46 high and low groups. C. Expression of immune checkpoints in TRIM46 high and 
low groups. D. Immune checkpoint blockade (ICB) response in TRIM46 high and low groups. E. Construction of the 
immune interacting network involving TRIM46 and immune cells (B cell, T cell CD4+, T cell CD8+, Endothelial cell, 
Macrophage, NK cell) in TRIM46 low group of OV. F. Immune interacting network in TRIM46 high group.
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Figure S8. A, B. DEGs analysis in TRIM46 low and high groups. C-E. GO analysis of DEGs. F. KEGG pathway analy sis 
of DEGs. G. Top 20 signaling pathways from KEGG analysis.
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Figure S9. Correlation of TRIM46 with metabolism pathways, including (A) Inositol Phosphate Metabolism, Valine, 
(B) Leucine, and Isoleucine Biosynthesis, (C) TGFB (Transforming Growth Factor Beta) Pathway, (D) Neomycin, Kana-
mycin, and Gentamicin Biosynthesis, (E) Lysine Degradation, (F) Pyruvate Metabolism, (G) Lipoic Acid Metabolism, 
(H) DNA Repair Pathway and (I) Apoptosis Pathway.
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Figure S10. The expression, survival, molecular subtype classification and PPI network of TRIM family in pan-can-
cers. A. Expression analysis of TRIM family members in pan-cancers. B. Overall survival analysis of TRIM family 
members in pan-cancers. C. Identification of molecular subtypes in OV using TRIM family members. D. Construction 
of the protein-protein interaction (PPI) network of TRIM family members using the STRING database.


