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Abstract: Objective: Acyl-CoA thioesterase 13 (ACOT13) is involved in lipid biosynthesis, gene transcription, and 
signal transduction. We explored the potential of ACOT13 to predict ovarian cancer (OC) prognosis and patient im-
munotherapy responses. Methods: The Cancer Genome Atlas and Gene Expression Omnibus databases were used 
to extract raw data. To investigate the potential of ACOT13 as a prognostic and immunotherapeutic marker for OC, 
bioinformatic analyses were performed using the TIMER website, LinkedOmics database, and R software. We also 
explored the effects on the invasive ability of OC cells in vitro using a ACOT13 knockdown. Results: The expression 
of ACOT13 in OC was high and associated with a better prognosis. The expression of ACOT13 was also linked to im-
mune cell invasion immunity-related gene expression. Additionally, immunotherapy was more effective in patients 
with high ACOT13 expression levels. Multiple critical signaling pathways were found to be involved in the role of 
ACOT13 in energy metabolism and cell mobility based on Gene Ontology and Kyoto Encyclopedia of Genes and 
Genomes analyses. OC cells invaded and migrated significantly more when ACOT13 was knocked down. Conclusion: 
High ACOT13 expression in OC is associated to a better OC outcome.
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Introduction

Ovarian cancer (OC) is among the deadliest 
malignancies in gynecology, with a five-year 
survival rate of < 45% [1] and is the eighth 
cause of cancer-related death in women 
according to the World Health Organization [2]. 
Current diagnosis of OC relies on the Inter- 
national Federation of Gynecology and Ob- 
stetrics (FIGO) stage system and serum bio-
markers [3, 4]. It has been found that these 
markers are not ideal for precisely predicting a 
patient’s prognosis and curative effects [5-7]. 
Most patients with OC are diagnosed at an 
advanced stage [8]. To determine the optimal 
treatment for OC, it is imperative to identify 
novel gene signatures and biomarkers to help 
early diagnosis.

Acyl-CoA thioesterase 13 (ACOT13) is a mem-
ber of the ACOT group of enzymes, which are 
associated with the regulation of lipid and glu-
cose metabolism [9]. ACOT13 is abundantly 
expressed in the liver and oxidative tissues and 
colocalizes with mitochondria and acyl-CoA 

substrates of long-chain fatty acids [10, 11]. 
The ACOT13 protein binds to lipids within cells, 
maintaining fatty acyl-CoA balance and control-
ling complex lipid synthesis [12]. This demon-
strates that ACOT13 plays an essential role in 
energy metabolism and may be involved in the 
regulation of tumor growth. However, the role of 
ACOT13 in OC has not been explored.

The tumor microenvironment is influenced by 
tissue-infiltrating immune cells (TIIC), which are 
closely related to tumor progression and out-
come [13]. In malignant tumors, there is an 
increase in cytotoxic T cells and T helper cells 
[14]. High levels of B and T cells, along with 
cytotoxic T cells, infiltrate thymomas with better 
outcomes [15]. Immune monitoring has been 
reinstated in recent years by activating the 
immune response through various powerful 
chemotherapy and radiotherapy treatments 
[16]. Consequently, immunotherapy has be- 
come increasingly popular in cancer treatment 
[17, 18]. The identification of biomarkers that 
can predict immunotherapy response requires 
tremendous effort.

http://www.ajtr.org
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In this study, we first assessed the differential 
expression of ACOT13 in OC and normal tis-
sues. We used various bioinformatics tools to 
investigate the associations between ACOT13 
expression, OC prognosis, and clinicopatholo-
gy. Additionally, we investigated the relation-
ship between ACOT13 and tumor immunity, 
including TIIC, immune-related genes, immune 
checkpoints, and tumor microenvironment. 
Furthermore, ACOT13 protein-protein interac-
tions (PPI) were identified, and gene enrich-
ment analysis was conducted to investigate 
their potential functions. Assays were conduct-
ed to assess cell invasion and migration in 
ACOT13 knocked down OC cells using colony 
formation, scratch wound healing, and Trans- 
well assays. This study offers novel targets for 
the diagnosis, treatment, and prediction of OC, 
and sheds light on the function of ACOT13.

Materials and methods

Data acquisition

The Cancer Genome Atlas (TCGA) and Gene 
Expression Omnibus (GEO) public databases 
provide complete annotations of ACOT13 gene 
expression datasets. TCGA database (https://
cancergenome.nih.gov/) was used to obtain 
the gene sequence data and clinical informa-
tion of the patients. GSE18520, GSE91061, 
and GSE78220 datasets were downloaded 
from GEO (https://www.ncbi.nlm.nih.gov/geo/). 
The GSE18520 dataset included ten normal 
ovarian tissues and 53 OC tissues. Programm- 
ed cell death 1 ligand 1 (PD-L1) was adminis-
tered to patients with melanoma or non-small 
cell lung cancer in GSE91061 and GSE78220.

Identification of differentially expressed genes

Based on TCGA database, the expression lev-
els of ACOT13 were compared with the FIGO 
stage, histologic grade, lymphatic invasion, 
tumor residuals, and tumor status. Additionally, 
the GSE18520 dataset was used to verify the 
differential expression of ACOT13 and a boxplot 
was created using the R package “ggplot2” 
(version 4.0.3) [19].

Prognosis analysis of ACOT13 expression in 
ovarian cancer

The predictive value of ACOT13 in patients with 
OC was evaluated using Kaplan-Meier (KM) sur-

vival and receiver operating characteristic 
(ROC) curves. Using TCGA database, we ana-
lyzed the overall survival (OS), progression-free 
survival (PFS), and disease-specific survival 
(DSS) data to clarify the relationship between 
survival rates of patients with ACOT13 and OC. 
KM and log-rank tests were used for survival 
analysis, with survival curves plotted using the 
R packages “survivor” and “survminer”. We 
used the survival package to conduct Cox  
analysis and the ggpubr and limma packages 
to determine the clinicopathological correla-
tions [20]. A multivariate Cox regression analy-
sis was performed to determine the items  
that should be plotted as columns. In R soft-
ware, the “forestplot” package was used to dis-
play p-values, 95% confidence intervals, and 
hazard ratios [21]. A comprehensive analysis  
of ACOT13 and its association with prognostic 
and clinical factors, including age, residual 
tumor, and primary therapy outcomes, was  
conducted in this study. Based on the results  
of multivariate Cox proportional hazards analy-
sis, nomograms were developed using R soft-
ware and the “rms” package.

Gene set enrichment analysis (GSEA)

In GSEA, gene distributions in a predefined 
gene set were analyzed in phenotype tables 
ordered by gene distribution to determine their 
role in the definition of phenotypes. As part of 
our study, we used the R package cluster profile 
for GSEA [22]. The mRNA levels of ACOT13 
were compared between the high- and low-
expression groups to determine whether there 
were significant differences in their functions 
and pathways. The reference gene set used  
in this study was H.all.v7.2. symbols [23]; the 
gene matrix files belong to the Hallmarks gene 
sets from the human Molecular Signatures 
Database. Statistical significance was defined 
as a normalized enrichment score (NES) > 1, 
p-adjusted, and a false discovery rate < 0.2.

Gene ontology and pathway enrichment analy-
sis

LinkedOmics (http://www.linkedomics.org/log- 
in.php) is a publicly accessible database of 
recombinant clinical data from 32 TCGA cancer 
types, including data from clinical proteomic 
analyses of tumors. Using LinkedOmics, we 
predicted the biological functions of ACOT13 in 
OC [24]. The GSEA method was used to com-
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plete Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment analysis 
and biological process Gene Ontology (GO) 
analysis. Further analysis using LinkedOmics 
was performed on the genes significantly asso-
ciated with ACOT13.

Analysis of the correlation between ACOT13 
and immune cell infiltration

The GSVA package in R was used to conduct 
single-sample GSEA (ssGSEA). To determine 
whether immune cells had infiltrated, enrich-
ment scores were calculated using specific 
gene markers for each type of immune cell 
[25]. The correlation between ACOT13 mRNA 
expression and immune cell infiltration was 
evaluated using Spearman’s and Pearson’s cor-
relation analyses.

The stromal and immune scores were calculat-
ed using ESTIMATE using the R packages 
“limma” and “estimate” [26]. The CIBERSORT 
analytical tool was used to determine the cell 
composition of OC tissues based on their gene 
expression profiles and ACOT13 expression 
data. To analyze the relationship between 
ACOT13 and tumor microenvironment or imm- 
une cell infiltration, the R packages “ggplot2”, 
“ggpubr”, and “ggExtra” were used [27].

Analysis of the correlation between ACOT13 
and immunotherapy

Researchers at Genentech created a cohort of 
patients with urothelial carcinoma treated with 
PD-L1 (http://research-pub.gene.com/IMvigor- 
210CoreBiologies) as part of IMvigor 210 [28, 
29]. This dataset contains complete survival 
and follow-up data as well as immunotherapy 
effect information. The Deseq2 R package was 
used to normalize the raw count data.

Our analysis also included the expression data 
of chemokines, chemokine receptors, and 
major histocompatibility complexes, as well  
as the expression data of immunoinhibitory 
and immunostimulatory genes. The R pack- 
ages ggplot2, immuneeconv, heatmap, limma, 
RColorBrewer, and reshape2 were used to 
assess co-expression of ACOT13 with these 
genes. The tumor immune dysfunction and 
exclusion (TIDE) algorithm was used to deter-
mine how the patient responded to immune 
checkpoint inhibitor treatment.

Correlation between ACOT13 and drug sensi-
tivity

Correlation between ACOT13 and drug sensitiv-
ity was performed as previously described [31]. 
We gathered survival, clinicopathological, and 
RNA sequences associated with ACOT13 data 
and retained TGCA-recorded clinical sample 
information. The Pharmacogenomic Genomics 
Cancer Drug Sensitivity database was used to 
predict the ACOT13 OS-related chemotherapy 
responses in cancer samples (https://www.
cancerrxgene.org/). The 50% maximal inhibito-
ry concentration (IC50) of the samples was  
predicted using Ridge regression, and the  
accuracy of the prediction was assessed using 
the “Prophetic” R package [31]. We removed 
the “battle” among all solid tumors, as well as 
the batch effects of tissue type, and averaged 
out repeated gene expression [31].

Cell culture

OC cells were purchased from the Wuhan 
University Cell Storage Center (Wuhan, China). 
The cells were cultured in RPMI-1640 medium 
(Gibco) containing 10% fetal bovine serum 
(Gibco) and 100 U/mL penicillin and streptomy-
cin (Gibco). The cells were then incubated at 
37°C in a 5% CO2 atmosphere.

Short hairpin RNA (shRNA) and transfection

shRNA targeting ACOT13 (shACOT13; target- 
ing sequence: 5’-CGATATGAACATAACGTACAT-3’) 
and a negative control construct were pur-
chased from Sigma-Aldrich. Lipofectamine 
2000 (Thermo Fisher Scientific) was used to 
transfect cells with shRNA plasmids. During 
transfection, puromycin was added to the medi-
um containing the transfected cells.

Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR)

Total RNA was extracted from the cells using 
TRIzol (Thermo Fisher Scientific) according to 
the manufacturer’s instructions. Following the 
manufacturer’s instructions, we reverse tran-
scribed the RNA to cDNA using the Prime- 
Script RT Reagent Kit (YEASEN). For gene quan-
tification, SYBR Green Master Mix (YEASEN) 
was used in a LightCycler 480 (Roche). β-actin 
was used as an internal control for gene 
quantification.
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Colony formation assay

To determine the proliferative ability of the  
OC cells, colony formation assays were per-
formed after shACOT13 transfection. After 15 
days of culture, a drop of crystal violet solution 
(Servicebio) was used to stain cells at a density 
of 500 cells/well. Colonies (diameter ≥ 100 μm) 
were counted microscopically.

Scratch-wound healing assay

Cells were seeded in 6-well plates. Once they 
reached confluence, a 1-mL pipette tip was 
used to make an indentation at the center of 
the wells. At 0, 24, and 48 h, scratch widths 
were examined and photographed under a light 
microscope.

Transwell cell invasion assay

Transwell plates pre-coated with Matrigel (BD 
Biosciences) were seeded with OC cells and 
incubated for 48 h. A microscopic image of the 
cells on the lower side of the filter was obtained 
after fixing with 4% paraformaldehyde for 30 
min, staining with 0.1% crystal violet solution, 
and fixing with 4% paraformaldehyde for 30 
min.

Statistics

Statistical analyses were performed as previ-
ously described [21]. The Wilcoxon test was 
used to analyze differences between groups. 
Kruskal-Wallis and one-way analysis of vari-
ance tests were used to analyze the differenc-
es between groups. Correlation tests were  
conducted using Spearman’s analysis, and sur-
vival curves were created using log-rank and 
Kaplan-Meier tests. The “maftools” R package 
was used to examine mutations between vari-
ous groups. To calculate the hazard ratios and 
their 95% confidence intervals (CIs), a univari-
ate Cox regression model was used, and the 
comparison groups were considered statisti-
cally significant when P < 0.05. The R software 
(version 3.6.1) was used for data analysis.

Results

Differential expression of ACOT13 in normal 
and ovarian cancer tissues

By comparing data from TCGA (including 88 
normal ovarian tissues and 427 OC tissues), 
GSE18520 (including ten normal ovarian tis-
sues and 53 OC tissues), and TIMER online 
tool, ACOT13 was found to be significantly 

upregulated in OC tissues (Figure 1A-C, P < 
0.001). Grade IV FIGO was associated with the 
lowest ACOT13 expression levels, whereas 
grade II FIGO was associated with the highest 
expression levels (Figure 1D). In addition, 
ACOT13 expression was negatively correlated 
with the histological grade, lymphatic invasion, 
residual tumor, and tumor status (Figure 1E-H, 
P < 0.05). The ROC curve results were reported 
as the area under the ROC curve (AUC) scores 
(Figure 1I).

Relationship of ACOT13 expression with OS, 
PFS, DSS, and DFS

We explored the potential of ACOT13 as a prog-
nostic marker for OC by correlating its expres-
sion with OS, PFS, and DSS. High ACOT13 
expression in patients with OC was associated 
with longer OS according to KM survival curves 
(Figure 2A, P = 0.000366). Furthermore, the 
PFS of patients with high ACOT13 expression 
was significantly longer than that of patients 
with low ACOT13 expression (Figure 2B, P = 
0.0213). In addition, ACOT13-expressing OC 
patients had longer DSS (Figure 2C, P = 
0.000109). In general, patients with OC and 
low ACOT13 expression have poor prognosis.

Correlation of ACOT13 expression with ovarian 
cancer on patient prognosis

According to the results of univariate Cox 
regression analysis, ACOT13 expression, age, 
residual tumor, and primary therapy outcomes 
were associated with OC prognosis (Figure 3A). 
Multivariate Cox regression analysis demon-
strated that ACOT13 expression (P = 0.024), 
residual tumor (P = 0.003), and primary therapy 
outcomes (P < 0.001) were independent prog-
nostic factors for OC (Figure 3B). A nomogram 
was constructed to provide quantitative guide-
lines for predicting the one- and three-year OS 
in patients with OC (Figure 3C). Furthermore, 
the nomogram accurately estimated the one-, 
three-, and five-year OS rates according to  
the calibration curves (Figure 3D-F). Time-
dependent ROC analysis showed AUC values of 
0.871, 0.664, and 0.704 at one, three, and five 
years, respectively, indicating a high predictive 
power (Figure 3G-I). Therefore, ACOT13 could 
be used as a diagnostic marker for OC.

Functional enrichment analysis of high and 
low ACOT13-expressing samples

OC samples were divided into two groups based 
on ACOT13 expression to examine the potential 
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mechanism by which ACOT13 suppresses 
tumor development. There were 348 differen-
tially expressed genes (DEGs) that were highly 
expressed, whereas 124 DEGs were expressed 
at low levels (Figure 4A; selected threshold was 
|log2 (fold change)| > 1 and adjusted P < 0.05). 
Heatmaps were created to illustrate the corre-
lation between ACOT13 expression trends and 
the top ten ACOT13 co-expression genes 
(Figure 4B). Additionally, we performed GSEA to 
identify ACOT13-related critical pathways. The 

most significant pathways were E2F targets 
(Figure 4C), G2M checkpoint (Figure 4D), MYC 
targets (Figure 4E), KRAS signaling DN (Figure 
4F), spermatogenesis (Figure 4G), and pancre-
atic beta cells (Figure 4H).

PPI network, GO functional annotation, and 
KEGG pathway enrichment analysis of ACOT13

As shown in Figure 5, GeneMANIA and STRING 
databases were used to predict the interaction 

Figure 1. Differential expression of Acyl-CoA thioesterase 13 (ACOT13) in normal and ovarian cancer (OC) tissues. 
(A) ACOT13 expression in 33 types of cancers in TIMER website. (B) ACOT13 expression in normal and OC tissue in 
the GSE18520 datasets. (C) ACOT13 expression in normal and OC tissue in TCGA datasets. (D) Correlation between 
ACOT13 expression and the International Federation of Gynecology and Obstetrics (FIGO) stage of in OC. Associa-
tion between ACOT13 expression and OC histologic grade (E), lymphatic invasion (F), tumor residual (G), and tumor 
status (H). (I) Receiver operating characteristic (ROC) curves analysis of ACOT13 in OC samples. *P < 0.05; **P < 
0.01; ***P < 0.001.
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of the PPI network with ACOT13. Proteins inter-
acting with ACOT13, identified using Gene- 
MANIA, included THEM5, THEM7, THEM4, PCTP, 
ACOT7, ACOT12, and ACOT11 (Figure 5A). 

Proteins predicted to interact with ACOT13 
using STRING included MCAT, ACOT9, ACOT1, 
ACOT12, PCTP, TDP2, ACOT11, and ACOT7 
(Figure 5B).

Figure 2. Relationship of ACOT13 expression with overall survival (OS), progression free survival (PFS), and disease 
specific survival (DSS). A. High ACOT13 expression groups had a longer OS. B. High ACOT13 expression groups had 
a longer PFS. C. High ACOT13 expression groups had a longer DSS. The upper and lower dashed lines are 95% 
confidence intervals.

Figure 3. The predictive value of ACOT13 in OC. (A, B) Univariate and multivariate Cox regression was visualized in 
the forest plot. Nomogram (C) and calibration plots (D-F) Predict the 1-year, 3-year, and 5-year OS of OC patients. 
(G-I) The predictive ability for 1-, 3-, and 5-year prognosis with ACOT13 expression by time-dependent ROC curve 
analysis.
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Next, the potential function of ACOT13 in OC 
was analyzed using LinkedOmics. GO analysis 
of the biological processes (Figure 5C) indicat-
ed that ACOT13 was positively correlated with 
mitochondrial gene expression, mitochondrial 
respiratory chain complex assembly, NADH 
dehydrogenase complex assembly, tRNA meta-
bolic processes, nucleoside triphosphate met-

abolic processes, protein transmembrane 
transport, ncRNA processing, and nucleoside 
monophosphate metabolic processes. In addi-
tion, ACOT13 was negatively correlated with 
neuronal projection guidance, epithelial cell 
development, vasculogenesis, and neuronal 
ensheathment. Moreover, GO analysis of cellu-
lar components indicated that the genes cor-

Figure 4. Functional enrichment analysis of ACOT13 in OC. (A) The volcano plot of differentially expressed genes 
(DEGs) was screened according to the expression level of ACOT13. (B) Heatmap of co-expression with ACOT13. Gene 
Set Enrichment Analysis (GSEA) was used to identify enriched gene classes associated with E2F targets (C), G2M 
checkpoint (D), MYC targets (E), KRAS signalling DN (F), spermatogenesis (G), and pancreas beta cells (H). ***P < 
0.001.
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related with ACOT13 were mainly located in  
the mitochondrial protein complex, mitochon-
drial inner membrane, ribosome, mitochondrial 
membrane, and respiratory chain (Figure 5D). 
GO analysis of molecular function (Figure 5E) 
revealed that ACOT13 may function through the 
structural constituents of ribosomes, threo-
nine-type peptidase activity, electron transfer 

activity, and rRNA binding. KEGG pathway anal-
ysis (Figure 5F) also indicated that ACOT13  
was positively correlated with the processes  
of oxidative phosphorylation, ribosome, spli-
ceosome, proteasome, DNA replication, drug 
metabolism, and RNA transport, and was nega-
tively associated with the processes of cell 
mobility, epithelial cell development, GnRH, 

Figure 5. Protein-protein interaction (PPI) network, Gene ontology (GO) and Kyoto Encyclopedia of Genes and Ge-
nomes (KEGG) pathway enrichment analysis of ACOT13 in OC. PPI network of ACOT13 constructed from GeneMANIA 
databases (A) and STRING databases (B). GO analysis of the biological process (C), component (D), and molecular 
function (E) of ACOT13. (F) KEGG pathway analysis of ACOT13.
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MAPK, JAK-STAT, Hippo, and thyroid hormone 
signaling pathways.

Landscape of mutation profiles in ovarian can-
cer samples

To analyze and visualize the landscape of muta-
tion profiles among OC patients, mutation data 
were downloaded from the TCGA database and 
the “maftools” R package was implemented. 
Waterfall plots displayed different mutation 
types for each sample, with various colors  
representing different mutations (Figure 6A). 
Most tumor-related mutations are missense. 
Moreover, the tumor mutation burden (TMB) 
and microsatellite instability (MSI) play impor-
tant roles in tumor immunity. ACOT13 expres-
sion was positively correlated with the TMB 
score (Figure 6B, P = 0.005) and unrelated to 
the MSI score (Figure 6C, P = 0.474). In addi-
tion, ACOT13 expression positively correlated 

with the stemness index based on the mRNA 
expression score (Figure 6D, P = 0.038).

Correlation of ACOT13 expression with ovarian 
cancer immune cell infiltrates

To better understand how ACOT13 expression 
affects immune cell infiltration, we divided the 
ACOT13 high and low expression groups using 
the ESTIMATE algorithm scoring system. A sig-
nificant negative correlation was observed 
between ACOT13 expression and the stromal, 
immune, and ESTIMATE scores (Figure 7A-C). 
To better understand the role of ACOT13 in  
OC, ssGSEA was used to examine the relation-
ship between ACOT13 mRNA expression and 
immune cell infiltration. The correlation be- 
tween infiltration of the 24 immune cells and 
ACOT13 expression is shown in Figure 7D. 
Further assessment of the cellular composition 
of TIIC in OC was performed using CIBERSORT. 
This suggested a statistically significant differ-

Figure 6. Landscape of mutation profiles in OC samples. (A) Mutation information of each gene in each sample was 
shown in the waterfall plot, with various color annotations to distinguish different mutation types. The barplot above 
the legend exhibited the mutation burden, and the other barplot on the right showed the distribution of mutation 
types among the top 15 genes. The correlation between ACOT13 expression and tumor mutation burden (TMB) 
(B) score and microsatellite instability (MSI) (C) score. (D) The correlation between ACOT13 expression and mRNA 
expression (mRNAsi) score.
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ence between ACOT13 and Th2, T helper, cyto-
toxic, and mast cells (P < 0.05) (Figure 7E-L). 
According to these results, ACOT13 was critical 
for regulating TIIC infiltration into OC cells.

Relationship between the ACOT13 expression 
and the effect of immunotherapy

Immunotherapy for OC relies heavily on the 
anti-PD1/PD-L1 therapy. To demonstrate the 
connection between the expression of ACOT13 
and immunotherapy effectiveness, we exam-
ined a treatment group (IMvigor210) that re- 
ceived anti-PD1/PD-L1 antibodies with exten-
sive clinical information and a significant num-
ber of participants. Next, the IMvigor210 par-
ticipants were categorized into groups based 
on their ACOT13 expression levels. The outlook 
of the groups varied slightly (Figure 8A, P = 
0.063); however, individuals with high ACOT13 
expression exhibited a more favorable com-
plete response (CR)/partial response (PR) rate 
and a reduced SD/PD rate (Figure 8B, 8C, P < 
0.05). Next, we validated the immunotherapy 

efficacy prediction of ACOT13 expression using 
GSE91061 and GSE78220 datasets. The 
results indicated that high ACOT13 expression 
was associated with a better prognosis and a 
more effective response to immunotherapy 
(Figure 8D-G).

In addition, OC samples obtained from TCGA 
repository were categorized into ACOT13-low 
and ACOT13-high groups based on the expres-
sion of ACOT13. The immune checkpoint gene, 
SIGLEC15, was overexpressed in patients with 
high ACOT13 expressing patients with OC 
(Supplementary Figure 1, P < 0.001). Further- 
more, we assessed the association between 
ACOT13 expression and immunotherapy re- 
sponse in patients with OC. ACOT13 expression 
was positively associated with lower TIDE 
scores in patients with high ACOT13 expres-
sion; however, this association was not statisti-
cally significant (Supplementary Figure 1). The 
relationship between ACOT13 and drugs com-
monly used in OC was also evaluated. The 
results showed that the expression of ACOT13 

Figure 7. Correlations of ACOT13 expression with TIIC infiltration level in OC. Correlation of ACOT13 with stromal 
score (A), immune score (B) and ESTIMATE score (C) in OC. (D) Correlation between immune cell infiltration and 
ACOT13 expression utilized single-sample GSEA (ssGSEA). ACOT13 expression correlated with the immune infiltra-
tion of Th2 cells (E), T helper cells (F), cytotoxic cells (G), mast cells (H), plasmacytoid dendritic cells (I), CD8 T cells 
(J), natural killer cells (K), and macrophages (L).
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correlated with the efficacy of sorafenib (Figure 
8H, P < 0.001) and cisplatin (Figure 8I, P = 
0.004). Based on these findings, it is possible 
to predict the efficacy of immunotherapy using 
ACOT13 expression.

Co-expression of ACOT13 with immune-related 
genes in OC

Subsequently, ACOT13 gene expression corre-
lated with immune-related genes. OCs express 

Figure 8. The role of ACOT13 expression in immunotherapy. (A) Kaplan-Meier plot of overall survival by ACOT13 ex-
pression groups for patients in the IMvigor210 cohort. (B) Proportions of immunotherapy response in high and low 
ACOT13 expression groups in the IMvigor210 cohort. (C) ACOT13 expression in different immunotherapy responses 
in the IMvigor210 cohort. (D) Kaplan-Meier plot of overall survival by ACOT13 expression groups for patients in 
the GSE91061 dataset. (E) Proportions of immunotherapy response in high and low ACOT13 expression groups in 
the GSE91061 dataset. (F) Kaplan-Meier plot of overall survival by ACOT13 expression groups for patients in the 
GSE78220 dataset. (G) Proportions of immunotherapy response in high and low ACOT13 expression groups in the 
GSE78220 dataset. Correlations ACOT13 with the IC50 of chemotherapy drugs, including Sorafenib (H) and Cispla-
tin (I). PR, Partial Response; PD, Progressive Disease; SD, Stable Disease; CR, Complete Response.
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ACOT13 along with chemokines, receptors, 
major histocompatibility complex genes, and 
immunoinhibitory and immunostimulatory ge- 
nes. ACOT13 is also highly correlated with 
immune-related genes in many other cancers, 
including thymoma, liver hepatocellular carci-
noma, lung adenocarcinoma, lung squamous 
cell carcinoma, colon adenocarcinoma, and 
thyroid carcinoma, suggesting that ACOT13 
may affect the immune microenvironment 
(Figure 9).

Knockdown of ACOT13 promoted cell prolifera-
tion and migration

OVCAR3 is a well-established OC cell line [30]. 
We knocked down the expression of ACOT13  
in OVCAR3 cells. RT-qPCR results showed that 
ACOT13 expression was downregulated in siA-
COT13-transfected cells compared to that in si-
control cells (Figure 10A, P < 0.05). The scratch 
wound healing assay demonstrated that the 
ACOT13 knockdown promoted the migration of 

Figure 9. Pan-cancer analysis of the correlation between ACOT13 expression and immune-related genes. *P < 0.05.
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OVCAR3 cells at 24 and 48 h (Figure 10B, 10C, 
P < 0.05). Furthermore, significantly more colo-
nies were formed by siACOT13-transfected 
OVCAR3 cells compared than by controls 
(Figure 10D, 10E, P < 0.05). The percentage of 
migrating ACOT13 knockdown cells was higher 
than that of migrating si-control cells (Figure 
10F, 10G, P < 0.01). These results suggested 
that ACOT13 knockdown significantly increased 
the invasion and migration of OC cells.

Discussion

ACOT are key enzymes that affect the β- 
oxidation of fatty acids, with multiple effects  
on cellular processes such as lipid metabolism 
[9, 31, 32]. Imbalances in lipid metabolism  
also have a significant impact on tumor devel-
opment. High ACOT1 expression has been 
observed in gastric cancer tissues, and the OS 
rate of patients with high ACOT1 expression  
is greatly reduced [33]. ACOT11 and ACOT13 
are highly expressed in lung adenocarcinomas 
and are associated with poor prognosis [34]. In 
hepatocellular carcinomas, the expression of 
ACOT8 mRNA and the number of copies of  
the gene increase, and the growth of cancer 
cells is inhibited when ACOT8 is knocked down 
[35]. Correspondingly, ACOT12 expression is 
decreased in hepatocellular carcinoma, and 
downregulation of ACOT12 promotes the meta- 
stasis of hepatocellular carcinoma through epi-
genetic induction of TWIST2 expression [36]. To 
the best of our knowledge, no studies have 
explored the immunotherapeutic efficacy of 
ACOT13 in OC, and no studies have confirmed 
the role of ACOT13 in ovarian tumor cells using 
in vitro experiments. This study found that OC 
expressed ACOT13 at a higher level than in nor-
mal ovarian tissues. Therefore, we explored the 
diagnostic value of ACOT13 in OC and its effect 
on tumor immune infiltration.

Analysis of TCGA database revealed that 
ACOT13 expression was negatively correlated 
with FIGO grade, histological grade, lymphatic 
invasion, residual tumor, and tumor status. In 
addition, patients with OC and high ACOT13 
expression had longer OS, PFS, and DSS. There 
was a significant independent protective effect 
of ACOT13 on OC in both univariate and multi-
variate Cox regression analyses. Based on the 
fact that ACOT13 expression is an important 
predictive factor, we developed a nomogram 

combining ACOT13 expression with clinical 
data. It was highly accurate in predicting the 
one-, three-, and five-year OS of patients, based 
on powerful ROC curves. Metastasis is one of 
the most important factors in the prognosis of 
patients affected by tumors and involves multi-
ple steps, including the dissemination and 
introgression of primary tumor cells, survival  
of circulating tumor cells, formation of new 
micrometastatic colonies, and subsequent  
proliferation of these colonies to the point 
where they are clinically detectable [37]. 
Metastasis depends on the regulation of a 
complex network of intracellular and intercellu-
lar signaling cascades and remains the least 
understood component of cancer pathogene-
sis [38]. Metabolic reprogramming is a widely 
accepted process by which cancer cells adapt 
to the biosynthetic demands of metastasis 
[39]. ACOT13 is mainly localized in the mito-
chondrial matrix and is closely associated with 
cellular energy metabolism [40]. We believe 
that the expression of ACOT13 is associated 
with a better prognosis in patients with OC, 
most likely due to the role of ACOT13 in coordi-
nating the energy metabolism of tumor cells.

Increased concentrations of long-chain fatty 
acyl CoA and decreased concentrations of free 
fatty acids were detected in the livers of 
ACOT13 knockout mice, which were resistant  
to increased glucose production in the livers of 
mice fed a high-fat diet [9]. Further studies 
have shown that ACOT13 regulates tissue  
concentrations of short-chain fatty acids, 
branched-chain amino acids, and PPP metabo-
lites, each of which may play a role in regulating 
glucose homeostasis [41]. Our in vitro experi-
ments showed that OC cells with ACOT13 
knockdown were more capable of proliferation 
and invasion. We analyzed GO functional anno-
tation and KEGG pathways to investigate the 
potential mechanism by which ACOT13 inhibits 
tumor development. According to the GO analy-
sis, ACOT13 is mainly located in the mitochon-
drial protein complex and is closely related to 
several energy metabolism processes. KEGG 
pathway analysis also indicated that ACOT13 
might inhibit epithelial cell development and 
mobility via various signaling pathways, includ-
ing the GnRH, MAPK, and JAK-STAT signaling 
pathways. These findings suggest that ACOT13 
plays a central role in controlling cellular energy 
metabolism and influences ovarian tumor cell 
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activity through multiple pathways. In future 
studies, the mechanism of action of ACOT13 in 
tumors should be further explored using the 
corresponding pathway inhibitors.

The next step in our research was to examine 
the role of ACOT13 in tumor immunity in detail. 
TIIC plays a dual role as a tumor microenviron-
ment component that stimulates or suppresses 
the immune system and promotes or inhibits 
tumor growth [42]. Tumor prognosis is also 
influenced by TIIC infiltration into the tumor 
microenvironment [43]. Our findings suggest 
that ACOT13 is closely correlated with TIIC in 
OC and is closely associated with the infiltra-
tion of T helper, cytotoxic, and mast cells. 
Paclitaxel and platinum-based chemothera-
peutic agents are crucial for the treatment of 
ovarian cancer [44]. We found that cisplatin 
IC50 scores were higher in patients with low 
ACOT13 expression, which may be one of the 
reasons for the poor prognosis and needs to be 
considered in our treatment. TMB is associated 
with the production of neoantigens that trigger 
antitumor immunity, and can be used to select 
patients who benefit from immune checkpoint 
inhibitor therapy [45]. In this study, we observed 
a positive correlation between ACOT13 and 
TMB. Therefore, immune checkpoint inhibition 
may be less effective in patients with low 
ACOT13 expression levels. To the best of our 
knowledge, no study has yet explored the effect 
of ACOT13 on the tumor immune microenviron-
ment, and the mechanism by which ACOT13 
regulates TIIC is complex and requires further 
research.

Immune therapies have had limited efficacy in 
OC, as cellular targets and mechanisms remain 
unclear. Therefore, a better understanding of 
immunotherapy response in OC is required.  
As a novel immune therapy, anti-PD1/PD-L1 
therapy has improved the prognosis of patients 
with refractory solid tumors [46-50]. In this 
study, we investigated the correlation between 
ACOT13 expression and anti-PD1/PD-L1 thera-
py. High ACOT13 expression appears to be 
associated with a better CR/PR rate and a 

lower SD/PD rate, suggesting that high ACOT13 
expression levels is associated with a better 
prognosis and a more effective immunotherapy 
response.

This study has some limitations. First, we only 
explored the effect of ACOT13 knockdown on 
the proliferation and migration of OVCAR3 cells 
in vitro, and additional studies are needed to 
elucidate the mechanism of ACOT13 in ovarian 
carcinogenesis. Second, the collection of clini-
cal OC tumor tissue samples to detect ACOT13 
expression and the collection of patient diagno-
sis and treatment information to assess the 
effect of immunotherapy would strengthen our 
conclusions. Finally, the prediction of tumor 
prognosis is difficult and often requires the use 
of multiple biomarkers; however, this does not 
detract from the value of ACOT13 in ovarian 
cancer prognosis.

Conclusions

High levels of ACOT13 expression were found in 
OC samples, which correlated with the FIGO 
classification. High ACOT13 expression nega-
tively correlated with the degree of tumor malig-
nancy and predicted a better prognosis. 
Immunotherapy resulted in better response 
rates in patients with high ACOT13 expression. 
Furthermore, ACOT13 is linked to numerous 
critical signaling pathways, including the regu-
lation of energy metabolism and cell mobility. 
ACOT13 knockdown significantly increased 
invasion and migration of OVCAR3 cells. In 
summary, ACOT13 has excellent potential as a 
prognostic and immunotherapeutic biomarker 
of OC.
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Supplementary Figure 1. Correlation between ACOT13 and immune checkpoints. A. Heatmap of immune check-
point expression in OC with high and low ACOT13 expression. B. Different TIDE scores in OC with high and low 
expression of ACOT13.


