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Acyl-CoA thioesterase (ACOT) plays a considerable role in lipid metabolism, which is closely related to the occurrence and
development of cancer, nevertheless, its role has not been fully elucidated in acute myeloid leukemia (AML). To explore the role of
ACOT2 in AML and to provide a potential therapeutic target for AML, the expression pattern of ACOTwas investigated based on
the TNMplot, Gene Expression Pro�ling Interactive Analysis (GEPIA), and Cancer Cell Line Encyclopedia (CCLE) database, and
diagnostic value, prognostic value, and clinical phenotype of ACOTwere explored based on data from�e Cancer Genome Atlas
(TCGA). Functional annotation and enrichment analysis of the common targets between ACOT2 coexpressed and AML-related
genes were further performed by Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), and Gene Set
Enrichment Analysis (GSEA) analyses. �e protein-protein interaction (PPI) network of ACOT2 coexpressed genes and
functional ACOT2-related metabolites association network were constructed based on GeneMANIA and Human Metabolome
Database. Among ACOTs, ACOT2 was highly expressed in AML compared to normal control subjects according to TNMplot,
GEPIA, and CCLE database, which was signi�cantly associated with poor overall survival (OS) in AML (P � 0.003). Moreover,
ACOT2 exhibited excellent diagnostic e�ciency for AML (AUC: 1.000) and related to French-American-British (FAB) clas-
si�cation and cytogenetics. GO, KEGG, and GSEA analyses of 71 common targets between ACOT2 coexpressed and AML-related
genes revealed that ACOT2 is closely related to ACOT1, ACOT4, enoyl-acyl carrier protein reductase, mitochondrial (MECR),
puromycin-sensitive aminopeptidase (NPEPPS), SWI/SNF-related matrix-associated actin-dependent regulator of chromatin
subfamily Bmember 1 (SMARCB1), and long-chain fatty acid-CoA ligase 1 (ACSL1) in PPI network, and plays a signi�cant role in
lipid metabolism, that is, involved in fatty acid elongation and biosynthesis of unsaturated fatty acids. Collectively, the increase of
ACOT2 may be an important characteristic of worse OS and abnormal lipid metabolism, suggesting that ACOT2 may become a
potential therapeutic target for AML.
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1. Introduction

Acute myeloid leukemia (AML) is a neoplastic disease
originating from myeloid progenitor cells characterized by
malignant proliferation and differentiation, which is often
accompanied by proliferative diseases such as severe leu-
kocytosis [1–3]. Although various new treatments such as
allogeneic hematopoietic stem cell transplantation (AHSCT)
and chimeric antigen receptor (CAR)-T cells have recently
been recommended, the low cure rate of AML is still a
serious problem. Metabolic abnormalities are the main signs
of cancer. Oncogenic signaling pathway can mediate the
expression of metabolic genes and improve the activity of
metabolic enzymes, and abnormal cancer metabolism plays
a significant role in tumorigenesis, metastasis, cancer stem
cells, and drug resistance [4]. In recent years, an increasing
number of researchers are interested in the study of tumor
cell metabolism. Studies have shown that hematological
malignancies can reshape the pathway of glucose and lipid
metabolism into aerobic glycolysis so as to support and
promote tumor formation [5, 6]. Xu et al. [7] found that
vitamin D (1,25VD3)-induced overexpression of fructose-
1,6-bisphosphatase 1 (FBP1) regulates different metabolic
processes in AML, which may serve as an attractive ap-
proach to block energy production in AML. 1us, targeted
intervention in cancer metabolism has emerged as a po-
tential strategy to ameliorate treatment in AML [8].

Hunt et al. [9, 10] identified acyl-CoA thioesterases
(ACOTs) for the first time in 1950. ACOTs are a superfamily
of enzymes that catalyze the hydrolysis of fatty acyl-CoA to
form free fatty acids (FFA) and coenzyme A (CoA). 1ese
enzymes play a vital role in lipid metabolism by maintaining
the appropriate levels of FFA, fatty acyl-CoA, and CoA in
cells [11]. 1ese acyl-CoA thioesterases were revised and
classified in 2005, and the enzymes in humans were des-
ignated as ACOTs represented by uppercase letters, while
those in mice and rats were represented by lowercase letters
as ACOTs [12]. So far, 12 kinds of human ACOTs (ACOT1,
2, 4, 6, 7–9, 11–15) [13, 14] and 15 kinds of mouse ACOTs
(Acot115) [15] have been identified, and the acyl-CoA
thioesterases family was divided into two different sub-
groups according to the diversity in sequence and structure,
type I acyl-CoA thioesterases (ACOT1, 2, 4, 6; Acot1–6) and
type II acyl-CoA thioesterases (ACOT7–9, 11–15; Acot7–15)
[16]. 1e expression level of ACOT8 was significantly
upregulated in clinical samples of hepatocellular carcinoma
(HCC), resulting in lower cumulative survival. 1us, si-
lencing the expression of ACOT8 can inhibit the growth of
HCC cells in vitro [11]. Also, ACOT7 was identified as a
biomarker that influences the prognosis in AML patients,
and AHSCT could not overcome the unfavorable effect of
ACOT7 in AML patients [17]. ACOTs represent a relatively
understudied lipid metabolism family in leukemia, and
comprehensive analyses remain insufficient. To improve the
understanding of ACOTs, in this study, we analyzed the
expression, prognostic value, and diagnostic value of ACOT
in AML, and mined the clinical significance and function of
ACOT2 whose high expression is predictive of a poor
prognosis. In addition, Gene Ontology (GO) biological

process enrichment analysis, Kyoto Encyclopedia of Genes
and Genomes (KEGG), and Gene Set Enrichment Analysis
(GSEA) of ACOT2 were also performed, moreover, the
significance of ACOT2 and lipid metabolism was further
analyzed by constructing protein-protein interaction (PPI)
network and ACOT2-metabolite network. Our study may
provide us with potential treatment targets to guide and
support clinical strategy.

2. Materials and Methods

2.1. TNMplot Datebase. 1e expression level of the type I
ACOT family including ACOT1, ACOT2, ACOT4, and
ACOT6 were evaluated using the TNMplot platform
(https://tnmplot.com/) [18], which is a web tool for the
comparison of gene expression in normal, tumor, and
metastatic tissues. It can supply data generated by either
gene arrays or RNA-seq. Gene array data were manually
selected from NCBI-GEO. RNA sequencing data were
downloaded from 1e Cancer Genome Atlas (TCGA),
1erapeutically Applicable Research to Generate Effective
Treatments (TARGET), and Genotype-Tissue Expression
(GTEx) repositories. TCGA and TARGET contain pre-
dominantly tumor and metastatic samples from adult and
pediatric patients, while GTEx samples are from healthy
tissues. Statistical significance was computed using Man-
n–Whitney or Kruskall–Wallis tests.

2.2. GEPIA Dataset. Gene expression profiling interactive
analysis (GEPIA, https://gepia.cancer-pku.cn/) [19] is a
newly developed interactive web server for analyzing the
RNA sequencing expression data from the TCGA and GTEx
projects based on a standard processing pipeline. GEPIA
provides customizable functions such as tumor or normal
differential expression analysis, profiling according to cancer
types or pathological stages, patient survival analysis, similar
gene detection, correlation analysis, and dimensionality
reduction analysis.

2.3. CCLE Dataset. 1e expression of ACOT1, ACOT2,
ACOT4, and ACOT6 originated from type I ACOTfamily in
AML cell lines was verified by the Cancer Cell Line Ency-
clopedia (CCLE, https://www.broadinstitute.org/ccle) [20],
which gathers extensive mRNA expression and mutation
information from human cancer cell lines [21]. 1e CCLE
project is a collaboration between the Broad Institute and the
Novartis Institutes for Biomedical Research and its Geno-
mics Institute of the Novartis Research Foundation to
conduct a detailed genetic and pharmacologic character-
ization of a large panel of human cancer models, to develop
integrated computational analyses that link distinct phar-
macologic vulnerabilities to genomic patterns, and to
translate cell line integrative genomics into cancer patient
stratification. 1e CCLE database provides public access to
genomic data, analysis, and visualization for about 1,000 cell
lines.
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2.4. Diagnosis and Prognosis Value of ACOT Family in AML.
1e diagnostic and prognostic values of ACOT1, ACOT2,
ACOT4, and ACOT6 expression were evaluated in patients
with AML based on bone marrow RNA-seq dataset data
acquired from TCGA and GTEx databases. 1e samples
were divided into high and low expression groups according
to the median expression, and the effects of high and low
expression on AML prognosis were analyzed. 1e overall
survival (OS) curve was drawn by a Kaplan–Meier method.
1e “survival” package (version 3.2-10) was applied for
statistical analysis of survival data, and “survminer” package
(version 0.4.9) was used for visualization. 1e log-rank test
was applied to evaluate the statistical significance of dif-
ferences in survival duration (P< 0.05). 1e receiver oper-
ating characteristic (ROC) curves were generated to evaluate
the diagnostic value. 1e area under the ROC curve (AUC)
was used to summarize diagnostic accuracy, with 1.0 rep-
resenting perfect discrimination and 0.5 representing chance
discrimination.

2.5. Correlation between ACOT2 Expression and Clinical
Characteristics of AML. To further evaluate the clinical
significance of ACOT2 in AML, the association between
ACOT2 expression and clinical parameters including pa-
tients’ gender, age, bone marrow (BM) blasts, peripheral
blood (PB) blasts, white blood cell (WBC) counts, cytoge-
netic risks, French-American-British (FAB) classifications,
cytogenetics, FLT3 mutation, IDH1 R132 mutation, IDH1
R140 mutation, IDH1 R172 mutation, RAS mutation, and
NPM1 mutation was analyzed based on logistic regression
models. 1is analysis was conducted by taking ACOT2 as
independent variables, and relevant clinical characteristics
were set as dependent variables.

2.6. LinkedOmics Dataset. LinkedOmics (https://www.
linkedomics.orglogin.php) [22] is a new and unique tool
in the software ecosystem for disseminating data from large-
scale cancer omics projects. It uses preprocessed and nor-
malized data from the Broad TCGA Firehose and Clinical
Proteomic Tumor Analysis (CPTAC) data portal to reduce
redundant efforts, and focuses on the discovery and inter-
pretation of attribute associations, and thus complements
existing cancer data portals. 1e function module of
LinkedOmics database was applied to explore the coex-
pressed genes of ACOT2. 1e Comparative Toxicogenomics
Database (CTD, https://ctdbase.org/) [23] was used to obtain
AML-related disease targets with “AML” as the search term.
1e coexpressed genes of ACOT2 dataset and the AML-
related genes dataset were intersected to obtain the common
targets between ACOT2 coexpressed and AML-related
genes by using Venny 2.1 (https://bioinfogp.cnb.csic.es/
tools/venny/index.html).

2.7. GO Annotation, KEGG Pathway Enrichment and GSEA
Analysis. 1e GO resource provides a platform for func-
tional annotation and enrichment analysis of genes. KEGG is
a comprehensive database of biological information

designed to assist in the interpretation of large-scale mo-
lecular datasets. In the present study, the top 30 core targets
of functional protein association network were screened, and
GO biological function enrichment analysis and KEGG
metabolic process analysis were performed based on g:
Profiler (https://biit.cs.ut.ee/gprofiler/gost) [24]. P< 0.05
was considered statistically significant for GO annotation
enrichment analysis and KEGG pathway enrichment
analysis.

In order to further understand the functional implica-
tions of ACOT2, the gene expression files of the 151 cases
downloaded from TCGA were separated into high-express
groups and low-express groups based on “DESeq2” package
(version 1.26.0). In accordance with the differential analysis
of high and low expression groups, we sorted the differ-
entially expressed genes (DEG) according to log fold change,
then constructed the ordered gene set and enriched it with
GSEA based on “clusterProfiler” package (version 3.14.3).
P< 0.05 was considered to be significantly enriched. 1e
Hallmark list from the h.all.v7.2.symbols.GMT was used as
the gene set reference.

2.8. Protein–Protein Interaction Network Construction.
GeneMANIA (https://genemania.org) [25] is a flexible user-
friendly website for generating hypotheses about gene
function, analyzing gene lists, and prioritizing genes for
functional assays. 1e PPI of common targets between
ACOT2 coexpressed and AML-related genes were predicted
based on GeneMANIA. 1e Cytoscape software (version
3.8.1) was employed for visualization.

2.9. Metabolite Interaction Network Construction. 1e Hu-
manMetabolomeDatabase (https://hmdb.ca/) [26] was used
to obtain ACOT2-related metabolites with “ACOT2” as the
search term. 1e ACOT2-related metabolites interaction
network was predicted based on Cytoscape software (https://
www.cytoscape.org) (version 3.8.1). ACOT2-related me-
tabolites were input into Cytoscape software to construct a
functional ACOT2-related metabolites association network.

3. Results

3.1. Comparison of the Expression of Type I ACOT Family.
1e elevated expression of the type I ACOT (i.e., ACOT1,
ACOT2, ACOT4, and ACOT6) in AML subjects was ob-
served in the TNMplot database (all P< 0.05). 1e approach
directly compared AML and normal samples by grouping all
specimens of the same category, and the results were vi-
sualized by violin plots. 1e normal AML comparison was
shown in Figures 1(a), 1(e), 1(i), and 1(m). We have also
implemented a graphical representation of sensitivity and
specificity. 1e diagram provided the percentage of AML
samples that showed higher expression of the selected gene
than that of the normal samples at each major cutoff value
(Figures 1(b), 1(f ), 1(j), and 1(n)). In GEPIA, ACOT2 was
significantly higher upregulated in AML compared with that
of normal samples (Figures 1(g) and 1(h)), yet there was no
significant difference in ACOT1 (Figures 1(c) and 1(d)),
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Figure 1: Continued.
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ACOT4 (Figures 1(k) and 1(l)), and ACOT6 (Figures 1(o)
and 1(p)) between AML and normal samples. 1e expres-
sions of the type I ACOT (ACOT1, ACOT2, ACOT4, and
ACOT6) family in 26 AML cell lines were obtained from the
CCLE database. Moreover, the results also showed that
ACOT2 was highly expressed in most 26 AML cell lines,
especially in HNT-34, MOLM-16, BDCM, and THP-1 cell
lines, whereas ACOT1 and ACOT4 were not expressed in
almost any of the AML cell lines, and the expression of
ACOT6 in 26 AML cell lines was not available (Figure 1(q)).
However, the ACOT1, ACOT2, and ACOT4 were well
expressed in THP-1 cells, and the high expression of ACOT2
was more significant.

3.2. Prognostic andDiagnostic Values of Type IACOTinAML.
We investigated the prognostic values of type I ACOT
(ACOT1, ACOT2, ACOT4, and ACOT6) in AML. One
hundred and fifty-one AML samples and corresponding
RNA-seq dataset were obtained from TCGA database,
however, the information on survival time for 11 samples
was missing. Consequently, 140 samples were included in
the analysis. 1e cutoff value of median ACOT1, ACOT2,
ACOT4, and ACOT6 expressions were 0.885577317,
2.972574801, 1.491169926, and 0.558179678, respectively.
Patients were split into high- and low-expression groups.
Results indicated that high expression of ACOT2 was

correlated with a significantly poorer prognosis compared
with those exhibiting low ACOT2 expression (hazard ratio
(HR)� 1.90; P � 0.003) (Figure 2(b)), whereas ACOT1
(hazard ratio (HR)� 1.45; P � 0.091) (Figure 2(a)), ACOT4
(hazard ratio (HR)� 1.32; P � 0.193) (Figure 2(c)), and
ACOT6 (hazard ratio (HR)� 1.13; P � 0.567) (Figure 2(d))
was not significantly associated with poor OS in AML.
Moreover, receiver conducting feature curve analysis indi-
cated that ACOT1 (AUC: 0.968) (Figure 2(e)), ACOT2
(AUC: 1.000) (Figure 2(f)), and ACOT4 (AUC: 0.999)
(Figure 2(g)) exhibited excellent diagnostic efficiency for
AML, and the diagnostic efficiency of ACOT6 (AUC: 0.786)
(Figure 2(h)) on AML was general. Hence, high expressed
ACOT2 is a valuable prognostic factor for AML.

3.3. Correlation between ACOT2 Expression and Clinical
Characteristics of AML. 1e correlation between ACOT2
expression levels and clinical characteristics, including age,
gender, patients’ race, WBC counts, BM blasts, PB blasts,
cytogenetic risks, and FAB classification were analyzed, and
the results suggested that ACOT2 did not differ significantly
with most of these clinical characteristics in AML except for
FAB classification and cytogenetics (Table 1). Compared to
the favorable cytogenetic risk group, ACOT2 was higher
expressed in intermediate and poor cytogenetic risk groups
(Figure 3(a)). Also, ACOT2 expression was relatively low in
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Figure 1:1e expression level of type I ACOTfamily (i.e., ACOT1, ACOT2, ACOT4, and ACOT6) in normal, and AML gene array data. (a,
e, i, m) the violin plots by TNMplot. (b, f, j, n) the bar charts by TNMplot. 1e bars represent the proportions of AML samples that showed
high expression of the selected gene compared to normal samples at each of the quantile cutoff values (minimum, 1st quartile, median, 3rd
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M3 compared to that of M0, M1, M2, and M5 (Figure 3(b)).
Additionally, we examined the association between ACOT2
expression and mutated genes in AML with FLT3, IDH1
R132, IDH1 R140, IDH1 R172, RAS, and NPM1 (Table 2),
and there were no signi�cant correlations between them.

3.4. Common Targets between ACOT2 Coexpressed and AML
Related Genes. Next, the function module of LinkedOmics
database was applied to explore the coexpressed genes of
ACOT2 in AML. �e top 50 signi�cant genes either posi-
tively or negatively correlated with ACOT2 were screened
out in the heatmap (Figures 4(a) and 4(b)). As shown in the
heatmap, DENN domain-containing protein 10 (FAM45A),
DENN domain-containing protein 10 B (FAM45B), mito-
gen-activated protein kinase 1 (MAP3K1), presenilin-1
(PSEN1), son of sevenless homolog 2 (SOS2) were identi�ed
to be closely negatively correlated with ACOT2, and ACOT1,
high mobility group protein HMG-I/HMG-Y (HMGA1),
platelet-activating factor acetylhydrolase IB subunit alpha1
(PAFAH1B3), valine-tRNA ligase (VARS), mitochondrial
coenzyme a diphosphatase NUDT8 (NUDT8) were iden-
ti�ed to be closely positively correlated with ACOT2. �is
result indicated a widespread e§ect of ACOT2 on the
transcriptome of AML. We retrieved 13299 AML-related
genes from CTD, which have been listed in Supplement

Table 1. In addition, there were 71 common genes between
ACOT2 coexpressed related genes and AML-related genes
(Figure 4(c)).

Functional enrichment analysis using Gene Ontology
(GO) biological process enrichment analysis of 71 common
targets between ACOT2 coexpressed and AML-related
genes indicated that the processes were involved in the
catalytic activity, myristoyl-CoA hydrolase activity, car-
boxylic ester hydrolase activity, palmitoyl-CoA hydrolase
activity, acyl-CoA hydrolase activity, and CoA hydrolase
activity at the MF levels, cytoplasm at the CC levels, and very
long-chain fatty acid metabolic process, organonitrogen
compound metabolic process, cellular amide metabolic
process at the BP levels in AML (Figure 5(a)). �e KEGG
pathway enrichment analysis of 71 common targets screened
by the Venn diagram (Figure 4(c)) showed that the most
enriched pathways involved in fatty acid elongation and
biosynthesis of unsaturated fatty acids (Figure 5(a)). To gain
further biological insights into the underlying mechanisms
of ACOT2 overexpression in AML, GSEA analysis revealed
that the gene sets were signi�cantly enriched in estrogen
response early (NES� 1.479, P � 0.046) (Figure 5(b)), heme
metabolism (NES� 1.994, P � 0.046) (Figure 5(c)), inter-
feron alpha response (NES� 1.567, P � 0.039) (Figure 5(d)),
myogenesis (NES� 1.504, P � 0.046) (Figure 5(e)). �ese
�ndings revealed that high ACOT2 expression was related to

75 100

Time (months)

Su
rv

iv
al

 p
ro

ba
bi

lit
y

5025

Overall Survival
HR = 1.45 (0.94-2.21)
P = 0.091

0

70Low

High

24 11 2 0

70 14 5 1 0

0.0

0.2

0.4

0.6

0.8

1.0

ACOT1

Low

High

(a)

75 100

Time (months)

Su
rv

iv
al

 p
ro

ba
bi

lit
y

5025

Overall Survival
HR = 1.90 (1.24-2.92)
P = 0.003

0

70Low

High

26 11 2 0

70 12 5 1 0

0.0

0.2

0.4

0.6

0.8

1.0

ACOT2

Low

High

(b)

75 100

Time (months)

Su
rv

iv
al

 p
ro

ba
bi

lit
y

5025

Overall Survival
HR = 1.32 (0.87-2.02)
P = 0.193

0

69Low

High

24 7 1 0

71 14 9 2 0

0.0

0.2

0.4

0.6

0.8

1.0

ACOT4

Low

High

(c)

75 100

Time (months)

Su
rv

iv
al

 p
ro

ba
bi

lit
y

5025

Overall Survival
HR = 1.13 (0.74-1.73)
P = 0.567

0

68Low

High

20 9 1 0

72 18 7 2 0

0.0

0.2

0.4

0.6

0.8

1.0

ACOT6

Low

High

(d)

1.0

ACOT1
AUC: 0.968

CI: 0.947-0.990

0.80.60.4

1 - specificity (FPR)

Se
ns

iti
vi

ty
 (T

PR
)

0.20.0
0.0

0.2

0.4

0.6

0.8

1.0

(e)

ACOT2
AUC: 1.000

CI: 0.999-1.000

1.00.80.60.4

1 - specificity (FPR)

Se
ns

iti
vi

ty
 (T

PR
)

0.20.0
0.0

0.2

0.4

0.6

0.8

1.0

(f )

ACOT4
AUC: 0.999

CI: 0.999-1.000

1.00.80.60.4

1 - specificity (FPR)

Se
ns

iti
vi

ty
 (T

PR
)

0.20.0
0.0

0.2

0.4

0.6

0.8

1.0

(g)

ACOT6
AUC: 0.786

CI: 0.744-0.828

1.00.80.60.4

1 - specificity (FPR)

Se
ns

iti
vi

ty
 (T

PR
)

0.20.0
0.0

0.2

0.4

0.6

0.8

1.0

(h)

Figure 2:�e e§ect of type I ACOTfamily (i.e., ACOT1, ACOT2, ACOT4, and ACOT6) on overall survival and ROC curve analysis in AML.
(a, b, c, d) GEPIA analysis of ACOT1, ACOT2, ACOT4, and ACOT6; (e, f, g, h) ROC curve analysis of ACOT1, ACOT2, ACOT4, and
ACOT6.
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Table 1: Correlation between ACOT2 expression levels in AML and clinical characteristics.

Characteristic Low expression of ACOT2 High expression of ACOT2 P

n 75 76
Gender, n (%) 0.122
Female 39 (25.8%) 29 (19.2%)
Male 36 (23.8%) 47 (31.1%)

Race, n (%) 1.000
Asian 1 (0.7%) 0 (0%)
Black or African American 6 (4%) 7 (4.7%)
White 67 (45%) 68 (45.6%)

Age, n (%) 0.554
≤60 46 (30.5%) 42 (27.8%)
>60 29 (19.2%) 34 (22.5%)

WBC count (10̂9/L), n (%) 1.000
≤20 38 (25.3%) 39 (26%)
>20 36 (24%) 37 (24.7%)

BM blasts (%), n (%) 0.058
≤20 36 (23.8%) 24 (15.9%)
>20 39 (25.8%) 52 (34.4%)

PB blasts (%), n (%) 0.932
≤70 35 (23.2%) 37 (24.5%)
>70 40 (26.5%) 39 (25.8%)

Cytogenetic risk, n (%) 0.036
Favorable 20 (13.4%) 11 (7.4%)
Intermediate 42 (28.2%) 40 (26.8%)
Poor 12 (8.1%) 24 (16.1%)

FAB classi�cations, n (%) <0.001
M0 4 (2.7%) 11 (7.3%)
M1 14 (9.3%) 21 (14%)
M2 18 (12%) 20 (13.3%)
M3 15 (10%) 0 (0%)
M4 18 (12%) 11 (7.3%)
M5 6 (4%) 9 (6%)
M6 0 (0%) 2 (1.3%)
M7 0 (0%) 1 (0.7%)
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Figure 3: �e expression level of ACOT2 in FAB classi�cation and cytogenetic risk groups. (a) �e expression level of ACOT2 in di§erent
cytogenetic risks. (b) �e expression level of ACOT2 in di§erent FAB classi�cations. Ns, P≥ 0.05; ∗P< 0.05; ∗∗P< 0.01; ∗∗∗P< 0.001.
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Table 2: Correlation between ACOT2 expression levels in AML and mutated genes.

Characteristics Low expression of ACOT2 High expression of ACOT2 P

FLT3 mutation, n (%) 0.259
Negative 47 (32%) 55 (37.4%)
Positive 26 (17.7%) 19 (12.9%)

IDH1 R132 mutation, n (%) 0.077
Negative 64 (43%) 72 (48.3%)
Positive 10 (6.7%) 3 (2%)

IDH1 R140 mutation, n (%) 0.782
Negative 68 (45.6%) 69 (46.3%)
Positive 7 (4.7%) 5 (3.4%)

IDH1 R172 mutation, n (%) 0.497
Negative 73 (49%) 74 (49.7%)
Positive 2 (1.3%) 0 (0%)

RAS mutation, n (%) 0.276
Negative 69 (46%) 73 (48.7%)
Positive 6 (4%) 2 (1.3%)

NPM1 mutation, n (%) 0.115
Negative 54 (36%) 63 (42%)
Positive 21 (14%) 12 (8%)
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Figure 4: 1e top 50 significant genes positively or negatively correlated with ACOT2 and common targets between ACOT2 coexpressed
and AML-related genes. (a) 1e top 50 significant genes were negatively correlated with ACOT2. (b) 1e top 50 significant genes were
positively correlated with ACOT2. (c) Common genes between ACOT2 and AML expressed related genes. GO, KEGG, and GSEA en-
richment analysis.
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the deterioration of OS in patients with AML, which is
mainly related to abnormal lipidmetabolism, suggesting that
ACOT2 may be a potential target for the treatment of AML.

3.5. PPI Network. 1e 71 common targets between ACOT2
coexpressed and AML-related genes were uploaded to the
GeneMANIA for the protein-protein interactions of com-
mon genes analysis (Figure 6). Among them, coexpression
accounted for 75.36%, physical interactions accounted for
14.91%, shared protein domains accounted for 6.00%,
colocalization accounted for 2.86%, and genetic interactions
accounted for 0.86%. 1e results showed that ACOT2,
ACOT1, ACOT4, enoyl-acyl carrier protein reductase, mi-
tochondrial (MECR), puromycin-sensitive aminopeptidase
(NPEPPS), SWI/SNF-related matrix-associated actin-de-
pendent regulator of chromatin subfamily B member 1
(SMARCB1), and long-chain fatty acid-CoA ligase 1
(ACSL1) played a considerable role in the PPI network,

which were related to lipid metabolism. Among them,
NPEPPS was intersection of the catalytic activity, organo-
nitrogen compound metabolic process, and cellular amide
metabolic process, MECR was intersection of the catalytic
activity, cytoplasm, and fatty acid elongation, SMARCB1
was intersection of organonitrogen compound metabolic
process, ACSL1 was intersection of the catalytic activity, very
long-chain fatty acid metabolic process, organonitrogen
compound metabolic process, and cellular amide metabolic
process, and ACOT2, ACOT1, and ACOT4 were involved in
all cellular component, biological process, molecular func-
tion, and pathways.

3.6. ACOT2 and Its Metabolites Interaction Network. In the
present study, we obtained 53 ACOT2-related metabolites
based on Human Metabolome Database (Supplement Ta-
ble 2). Acyl-CoA thioesterases are a group of enzymes that
catalyze the hydrolysis of acyl-CoAs to the free fatty acid and

0

Biosynthesis of unsaturated fatty acids

Fatty acid elongation

cellular amide metabolic process

organonitrogen compound metabolic process

CoA hydrolase activity

acyl-CoA hydrolase activity

palmitoyl-CoA hydrolase activity

carboxylic ester hydrolase activity

myristoyl-CoA hydrolase activity

catalytic activity

cytoplasm

very long-chain fatty acid metabolic process

2 4
-log10 (Pvalue)

6
KE

G
G

G
O

Count
20
40

60

(a)

0.4

0.3

0.2

0.1

0.0

0.0
2.5

-2.5
-5.0

5000 10000

HALLMARK_ESTROGEN_RESPONSE_EARLY

Rank in Ordered Dataset
15000 20000

En
ric

hm
en

t S
co

re
Ra

nk
ed

 li
st 

m
et

ric

(b)

0.0

0.2

0.4

0.6
HALLMARK_HEME_METABOLISM

5000 10000
Rank in Ordered Dataset

15000 20000

En
ric

hm
en

t S
co

re

0.0
2.5

-2.5
-5.0

Ra
nk

ed
 li

st 
m

et
ric

(c)
HALLMARK_INTERFERON_ALPHA_RESPONSE

5000 10000
Rank in Ordered Dataset

15000 20000

0.4

0.5

0.3

0.2

0.1

0.0

0.0
2.5

-2.5
-5.0

En
ric

hm
en

t S
co

re
Ra

nk
ed

 li
st 

m
et

ric

(d)

HALLMARK_MYOGENESIS

5000 10000
Rank in Ordered Dataset

15000 20000

0.4

0.3

0.2

0.1

0.0

-0.1

En
ric

hm
en

t S
co

re

0.0
2.5

-2.5
-5.0

Ra
nk

ed
 li

st 
m

et
ric

(e)

Figure 5: GO, KEGG, and GSEA enrichment analyses of common targets between ACOT2 coexpressed and AML-related genes. (a) GO and
KEGG enrichment analysis and (b) GSEA enrichment analysis.
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coenzyme A (CoASH), providing the potential to regulate
intracellular levels of acyl-CoAs, free fatty acids, and
CoASH. 1e results also revealed high levels of activity on
medium and long-chain acyl CoAs. 1e general function of
ACOT2 was involved in thiol ester hydrolase activity. 1e 53
ACOT2-related metabolites were input into the Cytoscape
software for the protein-metabolite interaction network
analysis (Figure 7). Among them, ACOT2-related metab-
olites were related to metabolites such as oleic acid, palmitic
acid, linoleic acid, stearic acid, and arachidonic acid, and also
were closely related to coenzyme A such as linoleoyl-CoA,
octanoyl-CoA, butyryl-CoA, isovaleryl-CoA, stearoyl-CoA,
acetyl-CoA, isobutyryl-CoA, propionyl-CoA, glutaconyl-
CoA, and oleoyl-CoA.1ese metabolites were closely related
to lipid metabolism, suggesting that ACOT2 plays a sig-
nificant role in lipid metabolism, such as fatty acid elon-
gation and biosynthesis of unsaturated fatty acids.

4. Discussion

AML is acute leukemia characterized by rapid proliferation
and loss of differentiation of myeloid stem or progenitor
cells, which is highly genetically heterogeneous and is most
common in adults, accounting for about 25∼35% of all
leukemia [27–31]. 1e harm of AML to patients is devas-
tating, and the latest progress in treatment is still limited.
Identifying the genomic heterogeneity of AML and

highlighting the preprocessing characteristics of diagnosed
AML are particularly pivotal for selecting the appropriate
targeted and combined treatment methods to achieve amore
satisfactory curative effect [32]. Metabolic reprogramming
can accommodate the biosynthetic needs of tumor cells for
rapid proliferation [33]. Tumor-related metabolic reprog-
ramming can promote changes in intracellular and extra-
cellular metabolites, thereby affecting the expression of
related genes, the level of cell differentiation, and tumor
microenvironment, so as to maintain the growth state of
tumor [34]. Hanahan et al. [33–35] found that tumor cells
can maximize the efficiency of metabolic enzyme activity by
changing their metabolic pathway to adapt to poor angio-
genesis in the tumor microenvironment, thereby main-
taining the ability of tumor cells to proliferate indefinitely.

Acetyl-CoA is the product of various metabolic reactions
in the metabolic process. It is also a lipid biosynthetic
precursor that supports cell growth and proliferation, and
thus regulates various cellular processes including epige-
netics [36–40]. 1e level of lipid biosynthesis is significantly
increased in many types of cancers such as prostate cancer,
lung cancer, and gastric cancer [41, 42]. Oxidative phos-
phorylation (OXPHOS) inhibitors can further inhibit cell
metabolism by inhibiting the fatty acid synthesis and other
metabolic pathways to exert their anticancer roles, so,
inhibiting these metabolic pathways can synergistically in-
hibit cancer growth [43–45]. Abnormal lipid metabolism is
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Physical Interactions
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Shared protein domains
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Co-localization
2.86%
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Figure 6: 1e PPI annotation of coexpressed genes related to ACOT2 in AML analyzed by GeneMANIA.
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closely associated with tumor cell proliferation, which has
prognostic significance in cancer progression. As a regulator
of lipid metabolism, TPD52 can regulate the formation of
lipid droplets and fatty acid storage. Abnormal sphingolipid
metabolism and fatty acid oxidation in AML indicated that
TPD52 may be a potential tumor marker with prognostic
value in AML [46, 47]. 1e occurrence of metabolic
reprogramming in the clonal evolution of AML can promote
cell survival and drug resistance. Recent studies have shown
that lipid metabolism and other metabolic abnormalities
occur in AML mice, and the expression of endothelial lipase
(LIPG) was increased in leukemia cells of AML mice, LIPG
might be a potential target for the abnormal lipid meta-
bolism in AML [48].

Humans contain abundant ACOT enzymes
[12, 16, 49–51], and ACOTs are also known as acyl-CoA
thioesterase, acyl-CoA thiolase, and deacylase [13]. A series
of enzymes composed of ACOTs can exhibit a significant

function in lipid metabolism bymaintaining cell level and an
appropriate proportion of free and activated fatty acids and
CoASH [52, 53]. β-Oxidation is a process in which fatty
acids are degraded in mitochondria and peroxisomes to
provide energy for the physiological activities of the cells.
ACOTs are one of the pivotal enzymes of the β-oxidation
system, which can scavenge short-chain products that are
detrimental to the organism from β-oxidation. In addition,
Adams et al. [54] showed that ACOTs may also act as ligands
for some transcription factors and participate in cellular
systems and functions related to signal transduction, in-
tracellular transport, vesicle budding, and endocytosis. 1e
activity of ACOTs mainly comes from a broader class of
thioester hydrolases [9]. 1ioester hydrolases can cleave
thioester bonds between sulfur atoms and carbonyl groups,
while most ACOTs act exclusively on molecular substrates
containing CoA [55]. 1ere are two different subgroups of
type I ACOTand type II ACOT in the ACOTfamily. Among

Figure 7: Construction of ACOT2-related metabolites interaction network by Cytoscape software.
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them, type I ACOTs in humans include ACOT1, ACOT2,
ACOT4, and ACOT6. Both ACOT1 and ACOT2 can ef-
fectively hydrolyze a variety of 2-APA-CoA substrates.
ACOT1 can hydrolyze 2-APA-CoA esters outputted from
mitochondria and peroxisomes, thereby suppressing cyclo-
oxygenase (COX) -1 and -2 in the endoplasmic reticulum,
while ACOT2 can regulate 2-APA toxicity and mitochon-
drial free CoA levels [56]. St Clair et al. [57] found that
ACOT, as a rheostat controlling activated fatty acid, has a
regulatory effect on the replication of dengue virus serotype
2 (DENV2) and the release of infectious particles. 1e single
knockout of ACOT2 significantly reduced DENV2 genome
replication, protein translation, and infectious virus release.
In the process of biosynthesis of the unsaturated fatty acid
signaling pathway, ACOT2 can hydrolyze LACoA into free
fatty acids and CoA, and elevated SCD1 can cause the ex-
cessive synthesis of fatty acids. Excess fatty acids and the
inhibition of ACOT2 aggravate the accumulation of LACoA,
which leads to the accumulation of metabolic wastes
[58–60]. 1e level of miR-27b in nonalcoholic fatty liver
disease (NAFLD) is significantly increased, and increased
miR-27b-3p can promote adipocyte differentiation by in-
ducing ACOT2 expression, and knockdown of ACOT2
expression can suppress lipid accumulation and adipocyte
differentiation [61].

So far, metabolic abnormalities have been observed in
many tumor diseases, including AML. Nevertheless, there
are few cases of specific metabolic enzyme-related gene
changes that have been investigated, and the expression
and clinical significance of ACOT2 in AML have not been
revealed. Here, our research reported that the upregulated
expression of ACOT2 and abnormal lipid metabolism were
closely related to the clinical prognosis of AML, suggesting
that ACOT2-dependent abnormal lipid metabolism may
become a prospective target to evaluate the clinical sig-
nificance of AML diseases. According to the data of
TNMplot and GEPIA database, type I ACOT (i.e., ACOT1,
ACOT2, ACOT4, and ACOT6) was highly expressed in
AML (all P< 0.05). Our further research showed that the
expression of ACOT2 was significantly upregulated in most
26 AML cell lines, especially in HNT-34, MOLM-16,
BDCM, and THP-1 cell lines. However, there was no sig-
nificant increase in ACOT1 and ACOT4 in almost any of
the AML cell lines, and the expression of ACOT6 in 26
AML cell lines was not available. Survival analysis indicated
that the increased level of ACOT2 (P � 0.003) was sig-
nificantly associated with poor OS in AML, whereas
ACOT1 (P � 0.091), ACOT4 (P � 0.193), and ACOT6
(P � 0.567) were not significantly correlated. Moreover, the
receiver conducting feature curve analysis indicated that
ACOT2 (AUC: 1.000) was a prediction of AML and
exhibited excellent diagnostic efficiency for AML. Hence,
highly expressed ACOT2 is a valuable prognostic factor for
AML, indicating that inhibiting the expression of ACOT2
may be a potential approach to prevent the development of
AML.

1en, we further studied the correlation between
ACOT2 expression and clinical characteristics of AML, and
the results suggested that ACOT2 did not differ significantly
with most of these clinical characteristics in AML, except for
FAB classification and cytogenetics. Compared to the fa-
vorable cytogenetic risk group, ACOT2was highly expressed
in intermediate and poor cytogenetic risk groups. Addi-
tionally, we examined the association between ACOT2
expression and mutated genes in AML with FLT3, IDH1
R132, IDH1 R140, IDH1 R172, RAS, and NPM1, but no
significant correlations were found.

Next, the function module of LinkedOmics database was
applied to explore the coexpressed genes of ACOT2 in AML,
and the top 50 significant genes positively or negatively
correlated with ACOT2 were screened out. GO, KEGG, and
GSEA analysis of 71 common targets between ACOT2
coexpressed and AML-related genes revealed that the in-
volved processes were the catalytic activity, palmitoyl-CoA
hydrolase activity, acyl-CoA hydrolase activity, and CoA
hydrolase activity, and very long-chain fatty acid metabolic
process, organonitrogen compound metabolic process,
cellular amide metabolic process, the most enriched path-
ways included fatty acid elongation and biosynthesis of
unsaturated fatty acids, and the gene sets were significantly
enriched in estrogen response early, heme metabolism,
interferon alpha response, myogenesis. 1e PPI network
results showed that ACOT2, ACOT1, ACOT4, MECR,
NPEPPS, SMARCB1, and ACSL1 played a considerable role
in the PPI network, which is related to lipid metabolism.
Besides, the ACOT2 and its metabolites interaction network
indicated that these metabolites are closely related to lipid
metabolism, suggesting that ACOT2 plays significant roles
in lipid metabolism involved in fatty acid elongation and
biosynthesis of unsaturated fatty acids. Although the me-
tabolites interaction network has greatly expanded the in-
teraction relationships of multiple metabolites, there are still
many members whose functions are relatively unexplored
and deserve further study.

5. Conclusions

In this study, we explored the mechanism by which high
expression of ACOT2 predicts decreased overall survival and
abnormal lipid metabolism during AML disease progres-
sion. 1e expression of ACOT2 was significantly upregu-
lated in AML cell lines, which had good diagnostic
performance and was significantly associated with poor OS
in AML. Besides, ACOT2 plays a significant role in lipid
metabolism such as fatty acid elongation and biosynthesis of
unsaturated fatty acids. In conclusion, the high expression of
ACOT2 may be an important characteristic of decreased
overall survival and abnormal lipid metabolism in AML, and
the increase of ACOT2 in AML can be used as a potential
biomarker for auxiliary diagnosis and prognosis, and tar-
geted ACOT2 may be a promising approach to inhibit AML
progression.
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