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Abstract
Background: Death-associated protein 3 (DAP3) is a GTP-binding protein in the component of the small
subunit of the mitochondrial ribosome. Abnormal expression of DAP3 potentially correlates with
carcinogenesis. However, the speci�c functions of DAP3 in hepatocellular carcinoma (HCC) are still not
clari�ed.

Methods: The expression of DAP3 in different cancer types was analyzed using TIMER and Oncomine,
and DAP3 expression in HCC was detected using Oncomine, GEPIA and UALCAN. DAP3 promoter
methylation was shown via MEXPRESS. The effect of DAP3 on HCC prognosis was analyzed via Kaplan-
Meier plotter, GEPIA and UALCAN. Moreover, co-expressed genes with DAP3 and their regulators, kinases,
miRNA and transcription factor targets were identi�ed using LinkedOmics. Furthermore, cBioPortal was
used to detect the genetic alteration of DAP3. Finally, TIMER was utilized to evaluate the correlations
between DAP3 and immune cell in�ltration, while the correlation between DAP3 and three immune factors
was detected through TIDISB.

Results: DAP3 expression was signi�cantly high in several tumor tissues, including HCC. The promoter
methylation level of DAP3 in HCC tissues was remarkably lower compared with normal tissues.
Additionally, high DAP3 expression was related to overall survival (OS). Functional network analysis
indicated that DAP3 regulated the translational elongation, ribonucleoprotein complex biogenesis, tRNA
metabolic process and mitochondrial respiratory chain complex assembly. Moreover, DAP3 expression
represented strong correlations with the immune cell in�ltration and immune factors in HCC.

Conclusions: Our results indicated that DAP3 acted as a potential prognostic marker in HCC, laying a
groundwork for further study of DAP3 in HCC.

Introduction
Liver cancer is one of the most common malignant tumors and the fourth leading cause of cancer-related
deaths worldwide, threatening human health and life seriously [1, 2]. Hepatocellular carcinoma (HCC) is a
common type of liver cancer, accounting for almost 90% [3, 4]. The major risk factors, which develop HCC,
are excessive alcohol intake and virus infection, including hepatitis B or C. Although HCC patients for
early detection have an access to various treatments, such as surgery, liver transplantation and radiation,
the therapeutics for patients with advanced stages are not effective and the prognosis of advanced HCC
patients is signi�cantly poor, with a low 5-year survival rate under the level of 5%. Therefore, it is
important to develop better biomarkers for diagnosis and prognosis of HCC.

Apoptosis is a fundamental process that plays a critical role in development and various biological
functions [5]. Also, apoptosis is of great importance for the pathological conditions of many diseases,
including malignancy [6]. Since then, many genes have been found and identi�ed for their role in
programmed cell death. P53, B-cell lymphoma 2 (BCL2), Bcl-2-associated X protein (BAX), and those
encoding caspase 3, 6, 8 and 9 are included but not limited.
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The death-associated proteins (DAPs), a novel group of proteins, have been found and they confer
proapoptotic function with some common feature domains [7]. In humans, the DAPs family includes
DAP1, DAP2 (DAP kinase), DAP3 and DAP5 [8]. As a member of DAPs family, DAP3 is a highly conserved
protein, modulating apoptosis within the external pathway and via regulating the mitochondrial
fragmentation. A study showed that DAP3, a prognosis marker of gastric cancer, is down-regulated in
tumor tissue, correlated with migration and chemotherapy resistance [9]. In addition, Mokbel et al found
that DAP3 acts as a tumor suppressor in breast cancer indicating that knockdown of DAP3 promotes cell
invasiveness, growth, adhesion and migration and reduces the overall survival [10]. Moreover, aligned
with expression and function of DAP3 in gastric cancer and breast cancer, DAP3 has similar
characteristics. However, the biological function and molecular mechanisms of DAP3 in HCC are still
unclear.

In the present study, we use bioinformatics approaches to explore the DAP3 expression and mutation in
HCC in The Cancer Genome Atlas (TCGA) and other online databases. In addition, using multi-
dimensional methods, we evaluate genomic alterations, function networks, and prognostic value of DAP3
in HCC and also explore its role in tumor immunity. Thus, our results may provide novel understanding of
DAP3 in HCC, and reveal a new target for HCC diagnosis and treatment.

Materials And Methods
The analysis of DAP3 expression based on Oncomine

The mRNA and DNA copy number of DAP3 in different cancers, including HCC, were detected via
Oncomine database (www.oncomine.org) [11]. We focused on several datasets, such as Guichard liver,
Guichard liver 2, Roessler liver (43), Roessler liver (445) and Wurmbach liver. Differences associated with
p < 0.05 were considered signi�cant.
Survival Curve Analysis Of Dap3 Via Kaplan-meier Plotter

Kaplan-Meier Plotter (http://kmplot.com/analysis), an online survival analysis tool, was used to assess
the effects of genes on the survival rates in cancers, including 371 LIHC [12]. The correlation between
DAP3 expression and HCC patient overall survival (OS) was analyzed using Kaplan-Meier Plotter. Hazard
ratios (HR) with 95% con�dence intervals and log-rank P-value were calculated. P-value < 0.05 was
regarded statistically signi�cant.

The Methylation Status Of DAP3

MEXPRESS (https://mexpress.be/) is a web tool for integrating and visualizing the expression, DNA
methylation and clinical data, as well as the relationships between them [13]. In this study, MEXPRESS
stool was utilized for detecting the relationship between the DAP3 expression and methylation status in
HCC.

Gene Correlation Identi�cation In Gepia

http://www.oncomine.org/
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The Gene Expression Pro�ling Interactive Analysis (GEPIA) dataset (http://gepia.cancer-pku.cn/), an
interactive web server, was used to analyze RNA sequencing expression data of 9,736 tumors and 8,587
normal samples from the TCGA and GTEx projects [14]. GEPIA was used to detect the expression of
DAP3 and its effect on HCC patients OS.

Validation of the expression and prognosis of DAP3 in UALCAN

UALCAN (http://ualcan.path.uab.edu) is used to conduct in-depth analyses of gene expression data
through TCGA level 3 RNA-seq and clinical data from 31 cancer types [15]. UALCAN is used to examine
the relative expression and methylation of DAP3 across tumor and normal tissues, as well as in various
sub-groups base on cancer race, gender, age, disease stage, tumor grade and nodal metastasis.
Furthermore, UALCAN was utilized to analyze the correlation between DAP3 expression and HCC patient
overall survival (OS). P < 0.05 was regarded statistically signi�cant.

The Multi-dimensional Analysis Related To DAP3 In Linkedomics

The LinkedOmics database (http://www.linkedomics.org/ login.php) is a Web-based platform for
analyzing 32 TCGA cancer-associated multi-dimensional datasets [16]. The LinkFinder module of
LinkedOmics was used to analyze the differentially expressed genes in LIHC using Pearson’s correlation
coe�cient. And the statistical plots of individual genes were represented in volcano plots, heatmaps. The
LinkInterpreter, another module of LinkedOmics that recruited Web-based Gene Set AnaLysis Toolkit, was
used to analyze for GO (CC, BP and MF), KEGG pathways, kinase-target enrichment, miRNA-target
enrichment and transcription factor-target enrichment via gene set enrichment analysis (GSEA). The rank
criterion was a P < 0.05, and 500 stimulations were conducted.

Genomic Alterations Of DAP3 In Cbioportal

The cBio Cancer Genomics Portal (cBioPortal) (http://cbioportal.org) is an open-access resource for
exploring the multidimensional cancer genomics data sets [17]. The alterations of DAP3, including
mutation, copy number variation (CNV) and mRNA expression, in TCGA LIHC were analyzed using
cBioPortal. The tab OncoPrint shows an overview of genetic alterations per sample in DAP3.

Integration Of Protein-protein Interaction Network

The protein-protein interaction network of DAP3 was analyzed using String and GeneMANIA. String
(https://string-db.org/cgi/input.pl) is a dataset to predict PPI including physical and functional
associations, deriving from computational predictions, knowledge transfer between organisms, and
interactions aggregated from other (primary) databases [18]. String was used to perform a PPI network
between DAP3 and other important proteins. In addition, the protein-protein interaction (PPI) network to
predict the gene functions was constructed by GeneMANIA (http://www.genemania.org) [19]. his stool
was used to evaluate DAP3 function via the gene networks based on physical interactions, co-expression,
predictions, colocalization, and genetic interaction.
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The Immune Analysis Related To The DAP3 Expression

The TIMER dataset (www.cistrome.shinyapps.io/timer/) is a web server to explore the tumor-in�ltrating
immune cells (TILCs) based on gene expression pro�les across 32 cancer types [20]. The mRNA of DAP3
in different cancers, including HCC, was analyzed via TMIER database. The TIMER database was used to
detect the relation between DAP3 expression and the in�ltration of immune cells, including CD4+ T cells,
CD8+ T cells, B cells, neutrophils, macrophages, and dendritic cells. Furthermore, the “SCNA” module of
TIMER database was used to measure the correlation between the in�ltration levels of immune cells and
the mRNA level of DAP3. Furthermore, the correlation between DAP3 expression and immunomodulators
and chemokines was analyzed using TISIDB database (http://cis.hku.hk/TISIDB/index.php), which is a
web portal integrating genes of tumor and immune system interactions from seven public databases [21].

Results
The expression of DAP3 in HCC and various cancers

We used TIMER database to detect the mRNA expression of DAP3 in various cancers. The results showed
that DAP3 mRNA levels were signi�cantly higher in BLCA (Bladder urothelial carcinoma), BRCA (Breast 
invasive carcinoma), CHOL (Cholangiocarcinoma), COAD (Colon adenocarcinoma), ESCA (Esophageal 
carcinoma), HNSC (Head and Neck squamous cell carcinoma), KICH (Kidney Chromophobe), KIRC
(Kidney Chromophobe), LIHC (Liver hepatocellular carcinoma), LUAD (Lung adenocarcinoma), LUSC
(Lung adenocarcinoma), PRAD (Prostate adenocarcinoma), READ (Rectum adenocarcinoma), SKCM
(Skin Cutaneous Melanoma), STAD (Stomach adenocarcinoma), THCA (Thyroid carcinoma), UCEC
(Uterine Corpus Endometrial Carcinoma) (Fig. 1A). The analysis using Oncomine database also
demonstrated the abnormal mRNA level of DAP3 in various cancers (Fig. 1B). Results mentioned above
represented the dysregulation of DAP3 in various cancer tissues. 

We detected the expression of DAP3 in normal and tumor tissues of HCC from TCGA and GTEx
databases using GEPIA. The result showed that DAP3 mRNA expression in liver tissues was higher than
that in normal tissues (Fig. 2A). Moreover, we found that DAP3 expression in HCC tumor tissues was
higher than that in adjacent normal tissues by using Oncomine (Supplement Fig. 1). Aligned with the
results in GEPIA and Oncomine, data from UALCAN indicated that the mRNA expression of DAP3 in
cancer tissues was also obviously up-regulated compared to that in normal tissues. Furthermore, we
conducted a subgroup analysis of multiple clinic-pathological features in HCC samples from UALCAN
(Fig. 2B). The results of subgroup analysis based on race, gender, age, disease stage, tumor grade and
nodal metastasis indicated that the DAP3 mRNA levels were remarkably higher in HCC patients than
those in normal controls (Fig. 2C-H). Taken together, DAP3 may act as a potential biomarker to diagnose
HCC. 

To better understand the role of DAP3 in HCC, we detected its copy-number variation (CNV) and
methylation levels. We found that DNA copy number variation (CNV) of DAP3 were signi�cantly higher in

http://www.oncomine.org/
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HCC tissues than in normal tissues (p  0.01) (Fig. 3A). In addition, the result revealed that the
methylation level of DAP3 promoter regions was modi�ed (Fig. 3B). Interestingly, the DNA
methyltransferase (DNMT) expression was positively related with DAP3 in HCC (Fig. 3C). 
Prognostic Value Of DAP3 Expression In HCC Patients

To identify the prognostic signi�cance of DAP3 in HCC patients, we analyzed survival curves for DAP3
expression and survival using three public databases, including the Kaplan-Meier Plotter database, the
GEPIA database, and UALCAN database. Results from the databases revealed that patients with high
DAP3 expression had a shorter overall survival (OS) than those with low DAP3 expression, indicating that
high expression of DAP3 was associated with poor prognosis (Fig. 4). Thus, DAP3 expression may be
recognized as a potential prognostic indicator in HCC. 

GO and KEGG pathway analyses of co-expression genes correlated with DAP3 in HCC

The function module of LinkedOmics was used to explore the biological meaning of DAP3 correlated with
other genes in HCC. As shown in the volcano plot, the expression of 2130 genes (dark red dots) was
positively correlated with that of DAP3, whereas the expression of 4027 genes (dark green dots) was
negatively correlated (false discovery rate, FDR < 0.05) (Fig. 5A). The top 50 signi�cant genes positively
and negatively correlated with DAP3 were displayed in the heat map (Fig. 5B, C). These results implied
that DAP3 played a critical effect on the transcriptome (Supplementary Table 1). DAP3 expression
showed a strong positive association with expression of FLAD1 (r = 0.7095, p = 1.579E-56), C1orf43 (r = 
0.6883, p = 5.634E-51), and HAX1 (r = 0. 6773, p = 8.596E-50), and the results revealed the negative
correlation between DAP3 expression and DCUN1D3 (r = -0.4614, p = 1.963E-20), DPF3 (r = -0.442, p = 
1.072E-18), and GAB1 (r = -0.4235, p = 3.797E-17) (Fig. 6), re�ecting changes in adhesion, proliferation,
apoptosis, and cell cycle. In addition, the expression of top 3 positive genes also affected the overall
survival on GEPIA database (Supplement Fig. 2). Furthermore, GO term analysis of GSEA indicated that
genes differentially expressed correlated with DAP3 were located prominently in translational elongation,
ribonucleoprotein complex biogenesis, tRNA metabolic process and mitochondrial respiratory chain
complex assembly (Fig. 7A-C and Supplementary Table 2–4). Moreover, KEGG pathway results displayed
enrichment in ribosome, proteasome, aminoacyl-tRNA biosynthesis, spliceosome, etc (Fig. 7D and
Supplementary Table 5).

Regulators of kinases, miRNAs, transcription factors associated with DAP3 in HCC

In order to explore the targets of DAP3 in HCC, we analyzed the possible kinases, miRNAs, and
transcription factors of DAP3 using LinkedOmics. The top 5 kinases such as 3-phosphoinositide
dependent protein kinase 1 (PDPK1), mitogen-activated protein kinase 3 (MAPK3), ribosomal protein S6
kinase A1 (RPS6KA1), protein tyrosine kinase 6 (PTK6) and LYN proto-oncogene, Src family tyrosine
kinase (LYN1), were enriched by GSEA for DAP3 co-expressed genes (Table 1 and Supplementary
Table 6). And the top 5 enrichments of miRNA were associated with (TGTTTAC) MIR-30A-5P, MIR-30C,
MIR-30D, MIR-30B, MIR-30E-5P, (TACTTGA) MIR-26A, MIR-26B, (ACAACTT) MIR-382, (GCACTTT) MIR-17-
5P, MIR-20A, MIR-106A, MIR-106B, MIR-20B, MIR-519D, and (ATGTTTC) MIR-494 (Table 1 and
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Supplementary Table 7). Moreover, the top 5 correlated transcript factor-target networks were
GGAANCGGAANY_UNKNOWN, V$SOX5_01, V$P53_DECAMER_Q2, V$HNF3_Q6, and V$DBP_Q6 (Table 1
and Supplementary Table 8). One recent study showed that transcript factor OCT1 was associated with
the development and progression of HCC. Thus, DAP3 may play an important role in
hepatocarcinogenesis via these factors.

Table 1
The Kinase, miRNA and transcription factor-target networks of DAP3 in hepatocellular carcinoma

(LinkedOmics).
Enriched Category Geneset LeadingEdgeNum P-

value

Kinase Target Kinase_PDPK1 7 0.0077

Kinase_MAPK3 50 0

Kinase_RPS6KA1 17 0.0087

Kinase_PTK6 3 0.0037

Kinase_ LYN 24 0

MiRNA Target TGTTTAC,MIR-30A-5P,MIR-30C,MIR-30D,MIR-
30B,MIR-30E-5P

193 0

TACTTGA,MIR-26A,MIR-26B 110 0

ACAACTT,MIR-382 24 0

GCACTTT,MIR-17-5P,MIR-20A,MIR-106A,MIR-
106B,MIR-20B,MIR-519D

234 0

ATGTTTC,MIR-494 46 0

Transcription
Factor Target

GGAANCGGAANY_UNKNOWN 34 0

V$SOX5_01 109 0

V$P53_DECAMER_Q2 80 0

V$HNF3_Q6 82 0

V$DBP_Q6 92 0

 
Genomic Alterations Of DAP3 In HCC

cBioPortal was used to analyze the alternation of DAP3. DAP3 was altered in 151 of 348 (43%) HCC
patients and the parameters of DAP3 alternation contained mutation, copy-number variations, and mRNA
expression (Fig. 8A). As shown in Fig. 8B, the expression of DAP3 in gain or ampli�cation group was
higher than that in the diploid group. Furthermore, we examined the frequency distribution of DAP3 CNV



Page 9/28

patients in different grade and stage groups, and found that DAP3 CNV alteration was closely related with
the high occurrence and an early-event (Fig. 8C).

Networks Analysis Of DAP3 With Interacted Genes

A PPI network was conducted using the STRING to identify the interactions between DAP3 and 20 co-
expressed genes in HCC. The results showed that DAP3, interacting with mitochondrial ribosomal genes,
was mainly involved in mitochondrial ribosomal functions (Fig. 9A). In addition, the PPI network analysis
by GeneMANIA revealed that DAP3 was also associated with apoptosis, mitochondrial ribosomal
functions, assembly of the proteasome complex, as well as arachidonic acid pathway (Fig. 9B). 

DAP3 expression associated with the in�ltration of immune cell in HCC

There were growing studies showing that the immune system played an important role in the tumor
development and progression, and the survival times. Therefore, we performed a comprehensive analysis
to investigate the relationship between DAP3 and immune cells using TIMER database. We selected six
immune cells, which in�ltrates tumors frequently, including CD4 T cell, CD8 T cell, neutrophil,
macrophage, B cell and Dendritic cell. The results from TIMER database showed that DAP3 expression
was not correlated with tumor purity (Cor = 0.045, p = 4.02E-01) and CD8 T cell (Cor = 0.009, p = 8.70 E-01)
in HCC. In addition, DAP3 expression was positively correlated with the in�ltration of CD4 T cell (Cor = 
0.202, p = 1.57E-04), neutrophil (Cor = 0.198, p = 2.12E-04), macrophage (Cor = 0.223, p = 3.34E-05), B cell
(Cor = 0.158, p = 3.26E-03) and Dendritic cell (Cor = 0.126, p = 1.98E-02) (Fig. 10A). These results
represented that DAP3 expression signi�cantly correlated with the levels of the dominant immune cells
in�ltration. Furthermore, we examined relationship of the somatic copy number alterations (SCNA) in
DAP3 with tumor in�ltration levels. Particularly, DAP3 SCNA was remarkably correlated with the
in�ltrating levels of CD8 T cell, neutrophil, macrophage and Dendritic cell (Fig. 10B). Additionally, the top
3 positive or negative genes of DAP3 represented the signi�cant correlations with tumor purity and
varying degree with immune cells (Supplementary Fig. 3A). Furthermore, CNV of top three positive genes
showed signi�cant correlations with in�ltrating levels of immune cells (Supplementary Fig. 3B).

Correlations Between DAP3 Expression And Immune Factors

Previous studies had shown that chemokines could affect various tumor biology by interacting with
receptors and recruiting immune cells. Aforementioned results showed that DAP3 expression was
correlated with immune cells, we then examined the relationship between DAP3 expression and
chemokines using TISIDB database. As shown in heatmap of chemokines and various cancers, we
focused the relationship between chemokines and DAP3 (Fig. 11A). Then, we analyzed the correlation
between them after �ltering for |±rho| ≥ 0.1 and p < 0.05. We found that DAP3 was positively associated
with CCL15, CCL16, CXCL16 and CXCL17, and DAP3 was negatively associated with CCL2, CCL4, CCL5,
CCL13, CCL18, CCL22, CCL23, CXCL1, CXCL6, CXCL10, CXCL12, CXCL14, XCL2 (Fig. 11A). These data
suggested that DAP3 may modulate tumor biology by dysregulating chemokines. 
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In addition to chemokines, immune checkpoints also modulated tumor microenvironment and promoted
the evasion of tumor cells from immune surveillance. Therefore, we detected the relationship among
DAP3 and immune checkpoints including immunoinhibitors and immunostimulants using TISIDB
database. The heatmap of DAP3 and immune checkpoint genes in various cancers containing HCC were
as shown in Fig. 11B and C. Surprisingly, DAP3 was signi�cantly correlated with immune checkpoint
genes including immunoinhibitory genes (Fig. 11B) and immunostimulatory genes (Fig. 11C). These
results revealed that DAP3 correlated with chemokines and immune checkpoints played a critical role in
the development, progression and survival of HCC patients.

Discussion
As one of the most common form of cancers, HCC threatens human health and the underlying
mechanisms are still unknown due to the complex of its molecular and cellular heterogeneity. The
apoptosis genes have been reported to take an important role in oncogenesis in many cancers [22]. DAP3,
a member of the death-associated protein (DAP) family, represents a pro-apoptotic function, which
indicates that this gene is expected as a potential target for cancer research and treatment. However, the
role of DAP3 in HCC has not been studied. Therefore, we performed bioinformatics analysis to investigate
the functions of DAP3 in HCC and its regulatory network to direct future research and improve prognostic
accuracy in HCC using public sequencing data.

It is di�cult to diagnose HCC at early stage for a lack of markers. Though alpha-fetoprotein (AFP) has
long been regarded as an indicator for early screening of HCC, almost 30% of HCC patients are AFP-
negative [23]. Therefore, new biomarkers for early diagnosis of HCC are needed. In the present study, we
conduct bioinformatic analyses to explore the expression of DAP3 in HCC patients and results show that
the mRNA level of DAP3 in HCC tissues is remarkably increased compared to that in normal tissues. In
addition, DAP3 transcription level is strongly correlated with clinic pathological features of HCC, including
race, gender, age, disease stage, tumor grade and nodal metastasis. The alteration of the number of
copies in genomic regions may in�uence the tumor biological behaviors such as cell growth, proliferation,
metastasis, and recurrence [24]. Copy-number variation (CNV) of DAP3 from Guichard liver, Guichard liver
2 and TCGA liver was evaluated to better understand the role of DAP3 in liver carcinogenesis. DAP3 CNVs
in HCC are signi�cantly higher than those in normal liver tissue. Moreover, DNA methylation modi�cation
in the genes is another aspect affecting tumor development and progression. Yu et al found that EZH1
regulated leukemia by methylating the lysine 43 of AML1-ETO [25]. We �nd that the promoter methylation
levels of DAP3 in HCC tissues are lower than that in normal liver tissues and DAP3 expression is
positively related with DNMT expression. Additionally, high DAP3 expression is related to poor survival in
HCC patients in Kaplan–Meier, GEPIA and UALCAN database. Above the mentioned results, we speculate
that DAP3 may act as a potentially diagnostic marker of HCC based on the mRNA levels, CNVs and
promoter methylation levels, and a prognostic marker.

Both GO and KEGG pathway enrichment analysis are used to detect functions of DAP3 in HCC. The
results show that the functional network of DAP3 participate primarily in the translational elongation,
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ribonucleoprotein complex biogenesis, tRNA metabolic process and mitochondrial respiratory chain
complex assembly. As we have known, DAP3, a highly conserved protein, regulates the mitochondrial
fragmentation. It was reported that DAP3, localized in the mitochondrial, modulated apoptosis by
affecting mitochondrial-encoded protein synthesis and mitochondrial dynamics [26].

Cancer cells have features of genomic instability and mutagenesis, and transcription factors can help
stabilize and repair genomic DNA, and inhibit cell cycle progression [27, 28]. Thus, we seek to characterize
the kinase targets of DAP3 in HCC and �nd that DAP3 in HCC is associated with a network of kinases
including PDPK1, MAPK3, RPS6KA1, PTK6, and LYN1. Previous studies have provided data about the
relation between cancers and these kinases [29–31]. In fact, Rosenberg study demonstrates a key role of
the kinase MAPK3 in mediating the development and progression of breast cancer via genomic stability
and repair [32]. Also, the up-regulation of MAPK3 contributes to CDDP resistance in gastric cancer [33]. In
HCC, DAP3 may regulate DAN replication, repair, genomic stability, cell cycle progression and the
epithelial-mesenchymal transition via these kinases.

Next, we seek to characterize the transcription factors targets of DAP3 in HCC and �nd that P53 is one of
the most important transcription factors, which reveals a key role in the DAP3 network regulation, which
reveals a key role in the DAP3 network regulation. The expression of cell cycle regulatory factors in tumor
cells is abnormal, contributing to cell cycle disorder, which affects the tumor biological behaviors,
including proliferation, differentiation and apoptosis. P53 acts as a critical role in the cell cycle regulation
network [34]. The occurrence and development of HCC are affected by the abnormal expression of P53
[35]. In addition, P53 is a prognostic marker of HCC [36]. Therefore, our results indicate that DAP3 may
act through these transcription factor targets to affect the development and progression of HCC.

Except transcription factor targets, miRNAs also play an important role in human carcinogenesis via post-
transcriptional regulation. Various studies have con�rmed that miRNAs are involved in tumor
proliferation, apoptosis, metastasis, invasion and et al [37–39]. Liu study shows that miR-363 may inhibit
HCC migration and invasion through E2F Transcription Factor 3[40]. Our results show that these miRNAs
participate in the development and progression of HCC via proliferation, migration, apoptosis, metastasis,
invasion [41–45]. Therefore, we speculate that DAP3 may affect HCC via the changes of miRNAs.

Increasing evidence suggests that tumor microenvironment is greatly important in cancers and it is
signi�cantly affected by immune alterations[46]. Studies show that immune cell in�ltration is remarkably
responsible for immunotherapy and clinical outcome [47, 48]. Therefore, we analyze the DAP3 expression
correlated with the in�ltration status of immune cells in HCC and the results reveal that the expression of
DAP3 is positively related with the in�ltration of the six immune cell types, including B cells, CD8+ T cells,
CD4+ T cells, macrophages, neutrophils, and dendritic cells. Luster’s study shows that chemokines can
mediate immune cells migration and localization [49]. Then we identify the association between DAP3
and chemokines in HCC and �nd that DAP3 expression is correlated with many chemokines. These
results indicate that DAP3 may in�uence the immune response via regulating immune cell in�ltration and
the expression of chemokines.
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Tumor microenvironment is affected by not only chemokines but also immunological checkpoints. The
expression of inhibitory immune checkpoint proteins in tumor tissue is different from that in normal
tissue, showing that it is changed in tumor microenvironment [50]. Cancers evade immune response and
contribute to the progression of cancer through the overexpression of inhibitory ligands [51, 52].
Therefore, we analyze the correlation among the immunological checkpoints and DAP3 expression in
HCC. The results represent that DAP3 expression is signi�cantly correlated with many immune
checkpoint proteins, indicating that DAP3 may affect HCC biological function via the immune escape.

There are some limitations to our study. Firstly, due to the small sample sizes of tumors, large sample
sizes are needed in public databases. Secondly, the role of DAP3 in HCC lacks the tests of clinical
samples. Thirdly, we do not con�rm the role of DAP3 in HCC in vitro and in vivo.

Conclusions
In conclusion, the results indicated that DAP3 expression is increased in HCC and DAP3 may act as an
independent prognostic biomarker in HCC. Moreover, DAP3 may affect the development and progression
of HCC via various kinases, miRNAs and transcript factors. Additionally, DAP3 plays an important role in
the tumor microenvironment by the in�ltration of immune cells, chemokines, and immune checkpoints.
To our knowledge, we �rst �nd that DAP3 functions as a modulator in HCC. Therefore, targeting DAP3
may have therapeutic promise for HCC.
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Figure 1

The expression of DAP3 in various human cancers. (A) The low or high mRNA expression of DAP3 in
various human cancer tissues was compared to that in normal tissues using Oncomine database. (B)
The DAP3 expression was detected from TCGA database via TIMER. Note: *P < 0.05, **P < 0.01, ***P <
0.001.
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Figure 2

DAP3 expression in hepatocellular carcinoma (HCC). (A) The mRNA level of DAP3 was signi�cantly
higher in HCC tissues than that in normal tissues using GEPIA. (B) The DAP3 transcription level was
remarkably increased in liver cancer tissues compared with that in liver normal tissues by UALCAN. (C)
Boxplot showing relative expression of DAP3 in normal individuals of any ethnicity or in LIHC patients of
Caucasian, African-American or Asian ethnicity. (D) Boxplot showing relative expression of DAP3 in
normal individuals of either gender or male or female LIHC patients. (E) Boxplot showing relative
expression of DAP3 in normal individuals of any age or in LIHC patients aged 21–40, 41–60, 61–80, or
81–100 yr. (F) Boxplot showing relative expression of DAP3 in normal individuals or in LIHC patients in
stages 1, 2, 3 or 4. (G) Boxplot showing relative expression of DAP3 in normal individuals or LIHC patients
with grade 1, 2, 3 or 4 tumors. (H) Boxplot showing relative expression of DAP3 in normal individuals or in
LIHC patients in with or without nodal metastasis. Figure (C–H) were conducted using UALCAN. Note: * P
< 0.05, ** P < 0.01, *** P < 0.001.
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Figure 3

The epigenetic modi�cations of TASP1 in HCC. (A) Box plot showing DAP3 copy number in The Cancer
Genome Atlas (TCGA) Liver and Guichard Liver datasets, respectively. (B) The methylation level of DAP3
promoter regions was modi�ed using MEXPRESS. (C) The DAP3 expression was signi�cantly correlated
with DNA methyltransferase (DNMT) expression via GEPIA.
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Figure 4

The DAP3 expression as a prognostic biomarker in HCC. (A) High DAP3 expression was correlated with
poor overall survival (OS) in HCC patients using Kaplan-Meier Plotter database. (B) High DAP3 expression
was correlated with poor OS in HCC patients using GEPIA. (C) High DAP3 expression was correlated with
poor OS in HCC patients using UALCAN.
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Figure 5

Genes differentially expressed in correlation with DAP3 in HCC (LinkedOmics). (A) The volcano plot was
used to show the correlations between DAP3 and genes differentially expressed in LIHC by Pearson test.
(B-C) Heat maps showing top 50 genes positively or negatively correlated with DAP3 in LIHC
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Figure 6

Veri�cation of the correlation between DAP3 expression and the top 3 differentially expressed genes via
GEPIA. (A-C) DAP3 expression was positively correlated with FLAD1, C1orf43, and HAX1 (top 3 genes). (D-
F) DAP3 expression was negatively correlated with DCUN1D3, DPF3, and GAB1 (top 3 genes).
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Figure 7

Biological function of DAP3 correlated genes in HCC using LinkedOmics. GSEA was used to perform the
signi�cantly enriched GO annotations and KEGG pathways of DAP3 correlated genes in HCC. (A) Cellular
components. (B) Biological processes. (C) Molecular functions. (D) KEGG pathway analysis.

Figure 8
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DAP3 genomic alterations in HCC (cBioPortal). (A) OncoPrint of DAP3 alterations in LIHC cohort. The
different types of genetic alterations are highlighted in different colors. (B) DAP3 expression in different
DAP3 CNV groups. DAP3 ampli�cation (AMP) group has a signi�cantly higher expression level. (C)
Distribution of DAP3 CNV frequency in different stage and grade subgroups. The percentage number on
the right of the bar indicates the ratio of patients with DAP3 gain or AMP in all this subgroup patients.

Figure 9

Protein-protein interaction network of DAP3 networks. (A) On line tool of STRING database analysis of
the PPI network for the differentially expressed genes correlated with DAP3. (B) Co-expression network of
DAP3 was shown using GeneMANIA.
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Figure 10

Correlations of DAP3 expression with immune in�ltration level in HCC using TIMER. (A) The expression of
DAP3 in LIHC has no signi�cant correlations with tumor purity and CD8 T cells, and DAP3 expression is
positively related to the in�ltrating levels of immune cells (B cells, CD4 T cells, macrophages, neutrophils,
and dendritic cells). (B) DAP3 CNV affects the in�ltrating levels of CD8+T cells, macrophages,
neutrophils, and dendritic cells in HCC. Note: * P < 0.05, ** P < 0.01, *** P < 0.001.
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Figure 11

Correlations between DAP3 expression and three cancer-related immune factor types in TISIDB. (A)
Correlation between DAP3 and chemokines in HCC. (B) Correlation between DAP3 and immunoinhibitors
in HCC. (C) Correlation between DAP3 and immunostimulators in HCC.
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