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Abstract
Background The abnormal expression of activating transcription factor 3 (ATF3), a member of the basic
leucine zipper (bZIP) family of transcription factors, is associated with carcinogenesis. However, the
expression pattern and exact role of ATF3 in the development and progression of hepatocellular
carcinoma (HCC) remain unclear.

Methods We used UALCAN, ONCOMINE, Kaplan-Meier plotter, and cBioPortal databases to investigate the
prognostic value of ATF3 expression in HCC.

Results ATF3 was found to be expressed at low levels in multiple HCC tumor tissues. Moreover, low ATF3
expression was signi�cantly associated with clinical cancer stage and pathological tumor grade in
patients with HCC. Therefore, low expression of ATF3 was signi�cantly associated with poor overall
survival in patients with HCC. Functional network analysis showed that ATF3 regulates cytokine receptors
and signaling pathways via various cancer-related kinases, miRNAs, and transcription factors. ATF3
expression was found to be correlated with macrophage in�ltration levels and with macrophage immune
marker sets in HCC patients.

Conclusions Using data mining methods, we clari�ed the role of ATF3 expression and related regulatory
networks in HCC, laying a foundation for further functional research. Future research will validate our
�ndings and establish clinical applications of ATF3 in the diagnosis and treatment of HCC.

Background
Hepatocellular carcinoma (HCC) is the predominant type of liver cancer, the leading cause of cancer
deaths worldwide, and the fourth most commonly diagnosed cancer in China [1, 2]. The global incidence
of HCC is increasing and it has been predicted to exceed one million cases annually by 2025 [3]. Due to
the high recurrence and metastasis rates of liver cancer, the 5-year survival rate of patients with advanced
liver cancer does not exceed 5% [4]. Pathogenesis of HCC is very complex, involving environmental
factors and various signal transduction pathways, re�ecting multiple functions and interactions between
genes at multiple steps [5]. Despite efforts to understand the mechanisms by which HCC develops, its
molecular characteristics remain unclear. A comprehensive understanding of the pathogenesis and
etiology of HCC would provide a basis for the development of prognostic and diagnostic biomarkers and
therapeutic strategies.

Activating transcription factor 3 (ATF3) is a member of the ATF/cyclic AMP response element-binding
(ATF/CREB) transcription factors family [6]. ATF3 plays roles in the modulation of stress and
in�ammatory responses, among other functions [7]. Additionally, ATF3 is a hub in the cellular adaptive
response network [8]. However, ATF3 plays different roles in cancer development depending on the cancer
cell type and environment. For example, ATF3 has been shown to promote or suppress apoptosis and cell
proliferation, which are critical processes for cancer progression [6]. Furthermore, ATF3 has been shown
to act as a tumor suppressor or oncogene in xenograft models using different cell lines [9–11].
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Overexpression of ATF3 protects human breast cancer cells (malignant MCF10CA1a) from apoptosis and
promotes metastasis. Conversely, ATF3 also increases apoptosis in the untransformed mammary
epithelial cell line (MCF10A). These studies clearly indicate the dual functions of ATF3 in both
oncogenesis and tumor suppression [12]. Chen et al. found that ATF3 exerts anti-cancer effect by
regulating CYR61 in HCC [13]. Moreover, it has been reported that low levels of ATF3 may suppress
hepatocellular oncogenesis [14]. These results reveal that ATF3 is a novel tumor suppressor gene in HCC.

Advances in microarray and RNA-sequencing technology have contributed to the generation of
substantial data in biological and biomedical research [15]. We studied public databases for data on
ATF3 expression and mutation in patients with HCC. Using multi-dimensional analysis methods, we
evaluated the molecular basis of HCC and the relationships between ATF3 expression and HCC
pathogenesis and progression.

Results

ATF3 expression in patients with HCC
We analyzed the ATF3 mRNA levels in tumor and corresponding normal tissues of different tumors types
using ONCOMINE and TIMER. The results revealed that ATF3 expression was lower in bladder urothelial
carcinoma (BLCA), breast invasive carcinoma (BRCA), cholangiocarcinoma (CHOL), kidney chromophobe
(KICH), and liver hepatocellular carcinoma (LIHC) cancer patients (Supplementary Fig. 1). Next, we
evaluated ATF3 transcription levels in multiple HCC studies from the HCCDB database, which includes 12
HCC cohorts. The expression of ATF3 mRNA was signi�cantly lower in HCC tissues than in normal
adjacent tissues (Fig. 1A). Furthermore, ONCOMINE revealed that ATF3 expression levels and DNA copy
number variations (CNVs) were considerably lower in HCC tissues than in normal tissues. ATF3 exhibited
lower expression levels in HCC tissues than in normal samples in the Chen liver dataset (fold change =
-2.066, P = 5.51E-16, Fig. 1B), Wurmbach liver dataset (fold change = -2.906, P = 3.45E-4, Fig. 1C), and
Roesser liver dataset (Fig. 1D, 1E). In addition, we also detected substantially lower ATF3 mRNA levels in
the livers of patients with HCC than in control livers using data from the Human Protein Atlas (Fig. 1F).
ATF3 levels were lower in HCC tumor tissues than in normal tissues (Fig. 1G). Taken together, our results
demonstrated that ATF3 expression was lower in patients with HCC than in healthy controls at both the
mRNA and protein levels.

ATF3 expression in subgroups of patients with HCC strati�ed by various criteria

Sub-group analyses based on multiple clinicopathological features in 371 LIHC samples in TCGA
consistently indicated lower transcription levels of ATF3 in HCC patients than in healthy controls
(Fig. 2A). ATF3 levels were substantially lower in patients with HCC than in healthy individuals of
subgroups analyzed based on gender (Fig. 2B), age (Fig. 2C), ethnicity (Fig. 2D), disease stage (Fig. 2E),
tumor grade (Fig. 2F), weight (Fig. 2G), and nodal metastasis (Fig. 2H). Thus, ATF3 expression can be
used as a diagnostic indicator in patients with HCC.
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Prognostic value of ATF3 expression in patients with HCC

Prognostic value of ATF3 mRNA expression in patients with liver cancer was determined using Kaplan-
Meier plot. As shown in Fig. 3A, low levels of ATF3 were associated with a shorter overall survival (OS)
(HR = 0.66, P = 0.023). Recurrence-free survival (RFS) and progression-free survival (PFS) were not
associated with ATF3 mRNA expression levels in HCC (Fig. 3B-C). More importantly, low mRNA
expression of ATF3 was associated with a worse prognosis based on disease-speci�c survival (DSS)
(Fig. 3D, HR = 0.55 and P = 0.01). These results indicated that ATF3 expression might be an effective
prognostic biomarker in HCC. We then used Kaplan-Meier plotter data to study the relationship between
ATF3 expression and clinical characteristics of HCC patients. Low expression of ATF was associated with
lower OS and PFS in male patients as well as in patients of Asian ethnicity (P < 0.05). Speci�cally, low
ATF3 mRNA expression was associated with shorter OS in stage 1/3/4 HCC, and was substantially
associated with OS and PFS of grade 2 HCC (Table 1). Furthermore, low ATF3 expression was associated
with shorter OS in stage 1/2/3 of TNM category T (Table 1). More importantly, we found that low ATF3
mRNA expression was correlated with lower OS and PFS after sorafenib treatment (Table 1), suggesting
that ATF3 is a novel predictive biomarker that could be used for evaluation of therapeutic HCC treatment.
Low ATF3 mRNA expression was also associated with lower OS and PFS after alcohol consumption and
in patients without viral hepatitis infection (Table 1). These results suggest that ATF3 expression level
substantially affects the progression and prognosis of HCC patients.
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Table 1
Correlation of ATF3 mRNA expression and clinical prognosis in HCC with different clinicopathological

factors
Clinicopathological
characteristics

Overall survival (OS) Progression-free survival (PFS)

N Hazard ratio
(HR)

P-
value

N Hazard ratio
(HR)

P-
value

Sex Female 118 1.71(0.98–
2.98)

5.60E-
02

121 1.44(0.87–
2.41)

1.60E-
01

Male 246 0.52(0.33–
0.83)

3.90E-
03

250 0.61(0.42–
0.89)

9.00E-
03

Race white 181 0.67(0.41–
1.09)

1.10E-
01

184 1.41(0.85–
2.32)

1.80E-
01

Asian 155 0.43(0.24–
0.77)

3.80E-
03

157 0.54(0.33–
0.88)

1.20E-
02

Stage: 1 170 2(1.02–3.91) 4.00E-
02

171 1.51(0.9–
02.52)

1.10E-
01

1 + 2 253 0.69(0.4–
1.17)

1.60E-
01

256 0.73(0.48–
1.12)

1.50E-
01

2 83 0.49(0.21–
1.14)

9.00E-
02

84 0.53(0.3–
0.96)

3.40E-
02

2 + 3 166 0.37(0.23–
0.61)

3.50E-
05

170 0.66(0.44-1) 4.60E-
02

3 83 0.32(0.18–
0.6)

1.50E-
04

85 0.81(0.46–
1.44)

4.80E-
01

3 + 4 87 0.36(0.2–
0.64)

3.50E-
04

90 0.83(0.48–
1.45)

5.10E-
01

4 4     5    

Grade: 1 55 0.49(0.18–
1.35)

1.60E-
01

55 0.76(0.31–
1.89)

5.50E-
01

2 174 0.3(0.18–
0.52)

4.30E-
06

177 0.540.34–
0.86)

7.80E-
03

3 128 0.31(0.71–
2.42)

3.80E-
01

121 1.2(0.72-2) 4.90E-
01

4 12     12    

AJCC stage T: 1 180 1.89(1.01–
3.55)

4.40E-
02

181 1.49(0.91–
2.45)

1.10E-
01

2 90 0.41(0.19–
0.89)

2.00E-
02

92 0.68(0.38–
1.2)

1.80E-
01



Page 6/22

Clinicopathological
characteristics

Overall survival (OS) Progression-free survival (PFS)

N Hazard ratio
(HR)

P-
value

N Hazard ratio
(HR)

P-
value

3 78 0.32(0.17–
0.6)

1.90E-
04

80 0.79(0.43–
1.45)

4.40E-
01

4 13     13    

Vascular invasion none 203 0.63(0.37–
1.06)

8.10E-
02

205 0.7(0.43–
1.15)

1.60E-
01

micro 90 0.46(0.17–
1.21)

1.10E-
01

90 0.46(0.17–
1.21)

1.10E-
01

macro 16     16    

Sorafenib
treatment:

treated 29 0.28(0.08–
0.95)

3.00E-
02

30 0.25(0.09–
0.66)

2.50E-
03

Alcohol
consumption:

Yes 115 0.36(0.19–
0.38)

1.00E-
03

117 0.53(0.29–
0.94)

2.80E-
02

No 202 0.64(0.37–
1.1)

1.10E-
01

205 0.83(0.53–
1.29)

4.10E-
01

Hepatitis virus yes 150 0.76(0.91–
3.43)

9.10E-
02

143 1.37(0.87–
2.18)

1.80E-
01

none 167 0.59(0.38–
0.94)

2.30E-
02

169 0.49(0.28–
0.83)

7.20E-
03

Associations between ATF3 mutations and survival in HCC

We used cBioPortal to evaluate genetic alterations in ATF3 in HCC based on sequencing data of LIHC
patients. ATF3 was altered in 39 of 372 (10.4%) patients with LIHC (Fig. 4A), including various mutation
types such as missense mutations and ampli�cations. However, Kaplan-Meier plot and log-rank tests
revealed that genetic mutations in ATF3 were not signi�cantly associated with a lower OS (Fig. 4B, P = 
0.665) or disease-free survival (DFS) (Fig. 4C, P = 0.479) in patients with HCC.

Enrichment analysis of ATF3 functional networks in HCC

The Function module of LinkedOmics was used to analyze mRNA sequencing data from 371 patients
with LIHC in TCGA. As shown in the volcano chart (Fig. 5A) and heat map (Fig. 5B, 5C), 50 gene sets were
substantially positively or negatively correlated with ATF3. The results suggest that ATF3 has a
substantial effect on the transcriptome. ATF3 expression showed strong positive association with
expression of CSRNP1 (Pearson correlation coe�cient = 0.6729, P = 2.948e-50), JUN (Pearson correlation
coe�cient = 0.6167, P = 3.081e-40), and NR4A3 (Pearson correlation coe�cient = 0.5822, P = 4.767e-35),
re�ecting changes in the suppression of tumor growth (Fig. 5D-F). GO terms identi�ed in gene set
enrichment analysis (GSEA) revealed that differentially expressed genes correlated with ATF3 were
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mainly involved in acute in�ammatory response and macrophage activation (Fig. 5G). KEGG pathway
analysis showed enrichment of complement and coagulation cascade pathways and cytokine-cytokine
receptor interactions, which regulate cancer-related signaling pathways (Fig. 5H).

ATF3 networks involve kinases, miRNAs, and transcription
factors in HCC
To reveal the targets networks of ATF3 in HCC, we analyzed positively correlated gene sets generated by
GSEA, such as kinases, miRNAs, and transcription factor. The top 5 most signi�cant kinase networks
were related to mitogen-activated protein kinase, inhibitor of nuclear factor kappa B kinase subunit beta
(Kinase_IKBKB), cyclin-dependent kinase 3 (Kinase_CDK3), glycogen synthase kinase 3 beta
(Kinase_GSK3B), and FER tyrosine kinase (Kinase_FER)(Table 2). The miRNA-target network was
associated with (ATTACAT) MIR-380-3P, (TGAATGT) MIR-181A, (TATTATA) MIR-374, (ACTTTAT) MIR-142-
5P, and (TAATGTG) MIR-323 (Table 2). Transcription factor-target network was mainly related to CREB
family members, including ATF3_Q6, CREBP1_Q2, ATF_01, CREB_Q2_01, and CREB_Q2 (Table 2). In fact,
low expression of these kinase genes and transcription factors was considerably associated with worse
OS prognosis in patients with HCC (Supplementary Fig. 2).
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Table 2
Kinase, miRNA, and transcription factor targets of ATF3 in HCC

Category Gene set LeadingEdgeNum FDR

Kinase Kinase_MAPK8 76 0

  Kinase_IKBKB 9 0.040725

  Kinase_CDK3 7 0.084733

  Kinase_GSK3B 14 0.085654

  Kinase_FER 8 0.079594

miRNA ATTACAT, MIR-380-3P 24 0

  TGAATGT, MIR-181A, MIR-181B, MIR-181C,
MIR-181D

93 0.0028376

  TATTATA, MIR-374 54 0.0028376

  ACTTTAT, MIR-142-5P 62 0.0033105

  TAATGTG, MIR-323 43 0.0035470

Transcription
Factor

V$ATF3_Q6 38 0

  V$CREBP1_Q2 53 0

  V$ATF_01 34 0

  V$CREB_Q2_01 31 0

  V$CREB_Q2 34 0

Abbreviations: LeadingEdgeNum, number of leading edge genes; FDR, false discovery rate from
Benjamini and Hochberg tests from a gene set enrichment analysis (GSEA). V$, annotation in the
Molecular Signatures Database (MSigDB) for transcription factors (TF).

ATF3 is correlated with tumor purity and immune in�ltration
level in HCC
Tumor in�ltrating lymphocytes (TIL) are independent predictors of cancer survival [16]. Therefore, we
used TIMER to study whether the expression of ATF3 is related to the level of in�ltrating lymphocytes in
liver cancer. ATF3 expression exhibited signi�cant negative correlation with tumor purity (r = -0.145, P = 
6.92E-03) and slight association with dominant macrophage levels (Fig. 6A). Speci�cally, ATF3 CNV was
signi�cantly associated with in�ltration levels of CD8 + T cells, macrophages, neutrophils, and dendritic
cells (Fig. 6B). In addition, in order to expand the understanding of the interaction between ATF3 and
immune markers, we analyzed the correlation between ATF3 expression and various immune markers,
including immune marker genes for tumor in�ltrating lymphocytes (TILs) and immune suppression and
immune checkpoint gene sets (Fig. 7A-P). After adjusting for tumor purity, the results showed that ATF3
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expression was signi�cantly correlated with macrophage subpopulations, including tumor-associated
macrophages (TAMs; CCL2, r = 0.245, P = 4.16e-06), M1 (NOS2, r = 0.137, P = 0.08e-02), and M2 (CD163, r 
= 0.141, P = 8.90e-03) (Fig. 7E-G). The results suggested that expression of ATF3 is related to the
macrophage subset of immune in�ltration in HCC.

Discussion
Abundant data are available regarding the dual roles of ATF3 in the protection of both normal and cancer
cells from further transformation and in the promotion of tumor progression [17]. We used bioinformatics
methods to analyze published sequencing data to understand the function of ATF3 in HCC and its
regulatory network in detail, and thus, guide future studies on HCC and identi�cation of novel biomarkers.

Using ONCOMINE and TIMER datasets, we found that ATF3 levels were down-regulated in human HCC
and they were correlated with patient clinical characteristics. We found that low levels of ATF3 were
associated with lower OS and DFS in patients with HCC, suggesting that the gene acts as a tumor
suppressor. These results were consistent with the results of a previous study that demonstrated low
expression of ATF3 at the protein and mRNA levels in HCC [18]. Similarly, ATF3 is down-regulated in
esophageal squamous cell carcinoma [19]. It has been reported that the expression of ATF3 is lower in
human colorectal tumors than in normal adjacent tissues, while overexpression of ATF3 in vivo can
reduce the volume of mouse tumor xenografts by 54% [20]. More importantly, higher ATF3 protein levels
were detected in non-enveloped HCC patients, suggesting that ATF3 may be a target for migration
inhibition [21]. In present study, low expression of ATF3 was correlated with poor prognosis of HCC in
stage 1/3/4, T1-T3, and grade 2, with highest HR for low OS and PFS (Table 1). Taken together, these
�ndings strongly suggest that ATF3 could be a biomarker for the prognosis of HCC.

Con�icting results regarding the expression and function of ATF3 in tumors can be explained by
differences in ATF3 expression pattern among tumor types and cell lines. First, diverse signaling
molecules and pathways may be involved. ATF3 can be induced by a variety of extracellular stress
signals, including MAPK, P53, c-Myc, and TGF-β, which are involved in cell proliferation, differentiation,
transformation, and death [22]. Our results suggest that the functional network involving ATF3
participates primarily in cytokine receptor signaling pathway activation. We found that ATF3 in HCC is
related to the kinase network, including MAPK8, IKBKB, and CDK3. These kinases regulate genome
stability and cell proliferation. Abnormal regulation of various transcription factors, such as NF-κB, AP-1,
and Ets, is thought to play an important role in tumorigenesis, and each transcription factor can regulate
multiple interacting signaling pathways. Through network analysis, it was predicted that part of the ATF3
transcription complex also contains members of the NF-κB family [23]. These transcription factor
signaling pathways provide novel candidate targets for the prevention and treatment of HCC. Second,
differences in the effects of ATF3 may be explained by differences in dimer partners. ATF3 can form a
homodimer that inhibits transcription and a heterodimer complex with c-Jun or JunD that inhibits or
activates target gene expression [24]. In addition, we found a marked positive association between ATF3
expression and NR4A3 in patients with HCC. In aggressive lymphoma, NR4A3 has powerful tumor
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suppressor function similar to NR4A1 [25, 26]. However, the relationship between NR4A3 and HCC
warrants further study. Taken together, our results clearly reveal that ATF3 plays a role in inhibiting tumor
growth in patients with HCC.

Using GSEA enrichment for analysis of the target gene set, we determined important target kinases,
miRNAs, and transcription factor networks. We found that ATF3 in HCC was associated with a network of
kinases, including MAPK, IKBKB, and CDK3. These kinases regulate tumor signaling pathways, NF-κB
signaling, and the cell cycle [27–29]. Dysregulation of MAPK signaling pathways in HCC has been
reported previously [27]. Our study also identi�ed several miRNAs involved in transcriptional regulation
and carcinogenesis. MiR-380-3p was shown to target SOX6 to regulate bactericidal effects by affecting β-
catenin MITF transcription and translation, providing insights into the mechanisms by which miR-380-3p
controls melanogenesis [30]. To further clarify genetic alterations, functions, and carcinogenic
mechanisms of ATF3, we evaluated the frequency of ATF3 mutations in HCC and obtained an estimate of
10% based on publicly available data. In addition, the OS and DFS of a case with a query genetic
alteration of ATF3 were lower than those without a query genetic alteration, but the differences were not
statistically signi�cant. Another important aspect of this study is that in HCC, ATF3 expression is
correlated with TAMs and M1/M2 macrophage in�ltration levels. Furthermore, gene markers of different
macrophages such as CCL2, NOS2, and CD163 are correlated with ATF3 expression. These results
suggest that ATF3 plays an important role in the recruitment of macrophages and in the regulation of
immune in�ltration in HCC.

Targeted gene analysis from public online database revealed multi-level evidence of the importance of
ATF3 in liver cancer development and supported its role as a biomarker in HCC. In addition, ATF3
expression may be involved in the regulation of tumor-related and M1/M2 macrophages. Therefore, ATF3
may play an important role in immune cell in�ltration and may serve as a biomarker for prognosis in
patients with HCC. An obvious limitation of our study is that transcriptome sequencing can only detect
static mutations and cannot directly provide information related to protein activity or expression levels;
these issues should be addressed in subsequent research using molecular biology techniques.

Conclusions
The �ndings of our study revealed the role of ATF3 as a biomarker in HCC. In addition, it was found that
ATF3 expression potentially contributes to the regulation of tumor-associated and M1/M2 macrophages.
Therefore, ATF3 likely plays an important role in immune cell in�ltration and could be used as a
prognostic biomarker in patients with HCC.

Methods
ONCOMINE
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ONCOMINE (http://oncomine.org) is an online microarray database containing 715 datasets and 86,733
samples [31]. ATF3 mRNA expression data were obtained from ONCOMINE using the following
thresholds: P< 1e-04; fold-change = 2; data type, mRNA.

UALCAN

UALCAN (http://ualcan.path.uab.edu) is an interactive portal that is used to analyze TCGA gene
expression data [32]. In our study, UALCAN was used to analyze ATF3 mRNA expression in primary HCC
tissues and the association of ATF3 mRNA expression with clinicopathologic parameters in HCC.

Human Protein Atlas

Human Protein Atlas (https://www.proteinatlas.org) includes immunohistochemistry-based expression
data [33]. Direct comparisons of ATF3 protein expression between normal and HCC tissues were
performed using immunohistochemical image analysis.

Kaplan-Meier plotter

Kaplan-Meier plotter (http://kmplot.com/analysis/) was used to analyze the effect of ATF3 mRNA
expression level on the prognosis of liver cancer. The OS, RFS, PFS, and DSS of HCC patients were
determined by dividing the patients into high and low median expression groups. Kaplan-Meier survival
chart was generated and 95% con�dence interval risk rate and log rank p value [34].

cBioPortal

The cBio Cancer Genomics Portal (http://cbioportal.org) contains a multidimensional cancer genome
dataset [35]. In this study, cBioPortal was used to analyze ATF3 alterations in TCGA LIHC samples.
Mutations, CNVs, and mRNA expression data were obtained. The OncoPrint tab in the user interface was
used to obtain an overview of genetic alterations in ATF3. ATF3 mutations and their relationship to OS
and disease-free survival (DFS) in HCC patients were determined through Kaplan-Meier plots and log-rank
tests were used to assess differences between survival curves.

LinkedOmics

LinkedOmics (http://linkedomics.org) includes 32 TCGA cancer-associated multi-dimensional datasets
[36]. LinkFinder module was used to research differentially expressed genes associated with ATF3 levels
in the TCGA LIHC cohort (n = 371). The results were analyzed using Pearson’s correlation coe�cient. All
results are graphically represented in a volcano, heat map. We signed and sorted the LinkFinder results,
and used GSEA to analyze GO terminology (biological process), KEGG pathway, kinase-target enrichment,
miRNA-Target enrichment, and transcription factor-target enrichment [37]. Grade standard FDR <0.05,
simulated 500 times.

TIMER

http://oncomine.org/
http://ualcan.path.uab.edu/
http://linkedomics.org/
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TIMER (https://cistrome.shinyapps.io/timer/) is an extensive resource for analyzing immune cell
in�ltration of different cancer types in TCGA [38]. TIMER infers abundance of tumor in�ltrating immune
cells (TIICs) from gene expression pro�les using previously published deconvolution method [39]. We
analyzed ATF3 expression in LIHC and the correlations between ATF3 expression and abundance of
multiple immune in�ltrates cells as well as tumor purity. ATF3 is represented by genetic symbols on the x-
axis, and related tumor in�ltrating immune cell markers are represented by genetic symbols on the y-axis.
Gene expression levels are expressed using log2rsem.

HCCDB database analysis

HCCDB (http://lifeome.net/database/hccdb/home.html) is a HCC expression pro�le database containing
15 public HCC gene expression data sets [40]. HCCDB provides visualization of results of computational
analysis, such as differential expression analysis, tissue-speci�c expression analysis, and tumor-speci�c
expression analysis.

Declarations
Ethics approval and consent to participate

Not applicable

Consent to publish

Not applicable

Availability of data and materials

The datasets used and/or analyzed during the current study are available from the corresponding author
on reasonable request.

Competing Interests

The authors declare that they have no con�icts of interest.

Funding

Not applicable

Authors’ contributions

All authors were involved in drafting the article or revising it for important intellectual content, and all
authors have read and approved the manuscript. Lijuan Li and Donglin Cao had full access to all data in
the study and take responsibility for the integrity of the data and accuracy of the data analysis. Shaohua
Song and Xiaoling Fang contributed to study conception, design, and contributed to acquisition of data.



Page 13/22

Acknowledgements

Not applicable

References
1. El-Serag HB. Epidemiology of hepatocellular carcinoma. The Liver: Biology and Pathobiology

2020:758–772.

2. Zhu Z-x, Huang J-w, Liao M-h, Zeng Y. Treatment strategy for hepatocellular carcinoma in China:
radiofrequency ablation versus liver resection. Jpn J Clin Oncol. 2016;46(12):1075–80.

3. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, Forman D, Bray F.
Cancer incidence and mortality worldwide: sources, methods and major patterns in GLOBOCAN
2012. International journal of cancer. 2015;136(5):E359–86.

4. Loua� S, Boige V, Ducreux M, Bonyhay L, Mansourbakht T, de Baere T, Asnacios A, Hannoun L,
Poynard T, Taïeb J. Gemcitabine plus oxaliplatin (GEMOX) in patients with advanced hepatocellular
carcinoma (HCC) Results of a phase II study. Cancer: Interdisciplinary International Journal of the
American Cancer Society. 2007;109(7):1384–90.

5. Levrero M, Zucman-Rossi J. Mechanisms of HBV-induced hepatocellular carcinoma. Journal of
hepatology. 2016;64(1):84–101.

�. Thompson MR, Xu D, Williams BR. ATF3 transcription factor and its emerging roles in immunity and
cancer. Journal of molecular medicine. 2009;87(11):1053.

7. CC TH, YS W. C: ATF3, a hub of the cellular adaptive-response network, in the pathogenesis of
diseases: is modulation of in�ammation a unifying component?Gene expression 2010, 15(1):1–11.

�. Hai T, Wolford CC, Chang Y-S. ATF3, a hub of the cellular adaptive-response network, in the
pathogenesis of diseases: is modulation of in�ammation a unifying component? Gene Expression
The Journal of Liver Research. 2010;15(1):1–11.

9. Ishiguro T, Nagawa H, Naito M, Tsuruo T. Inhibitory effect of ATF3 antisense oligonucleotide on
ectopic growth of HT29 human colon cancer cells. Japanese journal of cancer research.
2000;91(8):833–6.

10. Bottone FG, Moon Y, Kim JS, Alston-Mills B, Ishibashi M, Eling TE: The anti-invasive activity of
cyclooxygenase inhibitors is regulated by the transcription factor ATF3 (activating transcription
factor 3). Molecular cancer therapeutics 2005, 4(5):693–703.

11. Bandyopadhyay A, Ray P, Gopalan V. An approach to the Klein–Gordon equation for a dynamic study
in ferroelectric materials. J Phys: Condens Matter. 2006;18(16):4093.

12. XY Q, W TS. Y, S K: Lipid desaturation-associated endoplasmic reticulum stress regulates MYCN
gene expression in hepatocellular carcinoma cells. Cell death disease. 2020;11(1):66.

13. C C, C G, F ZLLL, H Z, M TTCHL. Y, J L: ATF3 inhibits the tumorigenesis and progression of
hepatocellular carcinoma cells via upregulation of CYR61 expression. Journal of experimental



Page 14/22

clinical cancer research: CR. 2018;37(1):263.

14. Xiaoyan L, Shengbing Z, Yu Z, Lin Z, Chengjie L, Jingfeng L, Aimin H. Low expression of activating
transcription factor 3 in human hepatocellular carcinoma and its clinicopathological signi�cance.
Pathology-Research Practice. 2014;210(8):477–81.

15. Sealfon SC, Chu TT: RNA and DNA microarrays. In: Biological microarrays. Springer; 2011: 3–34.

1�. RA FA, P S, M R, SW MRM, RP M, JF S. T: Tumor-in�ltrating lymphocyte grade is an independent
predictor of sentinel lymph node status and survival in patients with cutaneous melanoma. Journal
of clinical oncology: o�cial journal of the American Society of Clinical Oncology. 2012;30(21):2678–
83.

17. Y B SM, I YRLPEHHSEK. G, R B, O H et al: Transcriptional activity of ATF3 in the stromal
compartment of tumors promotes cancer progression. Carcinogenesis. 2011;32(12):1749–57.

1�. Z LXZS. Y, Z L, L C, L J, H A: Low expression of activating transcription factor 3 in human
hepatocellular carcinoma and its clinicopathological signi�cance. Pathol Res Pract.
2014;210(8):477–81.

19. Xie J-J, Xie Y-M, Chen B, Pan F, Guo J-C, Zhao Q, Shen J-H, Wu Z-Y, Wu J-Y, Xu L-Y. ATF3 functions as
a novel tumor suppressor with prognostic signi�cance in esophageal squamous cell carcinoma.
Oncotarget. 2014;5(18):8569.

20. Piyanuch R, Sukhthankar M, Wandee G, Baek SJ. Berberine, a natural isoquinoline alkaloid, induces
NAG-1 and ATF3 expression in human colorectal cancer cells. Cancer letters. 2007;258(2):230–40.

21. Yuan X, Yu L, Li J, Xie G, Rong T, Zhang L, Chen J, Meng Q, Irving AT, Wang D. ATF3 suppresses
metastasis of bladder cancer by regulating gelsolin-mediated remodeling of the actin cytoskeleton.
Cancer research. 2013;73(12):3625–37.

22. Du Z, Jiang B. The research progress of ATF3 and tumor. J Gannan Univ Med. 2010;30:163–6.

23. AG MGVTBL, JC RMK, K R. K, T H, H B, A A: Systems biology approaches identify ATF3 as a negative
regulator of Toll-like receptor 4. Nature. 2006;441(7090):173–8.

24. Bandyopadhyay S, Wang Y, Zhan R, Pai SK, Watabe M, Iiizumi M, Furuta E, Mohinta S, Liu W, Hirota
S. The tumor metastasis suppressor gene Drg-1 down-regulates the expression of activating
transcription factor 3 in prostate cancer. Cancer research. 2006;66(24):11983–90.

25. B AJAD. R, M P, K P, K P, M B, K F, S H, J F, K W et al: NR4A3 Suppresses Lymphomagenesis through
Induction of Proapoptotic Genes. Cancer research. 2017;77(9):2375–86.

2�. K W AJDBR, K MP. T, E S, D S, S R, J F, S T et al: NR4A1-mediated apoptosis suppresses
lymphomagenesis and is associated with a favorable cancer-speci�c survival in patients with
aggressive B-cell lymphomas. Blood. 2014;123(15):2367–77.

27. Gedaly R, Angulo P, Hundley J, Daily MF, Chen C, Evers BM. PKI-587 and sorafenib targeting
PI3K/AKT/mTOR and Ras/Raf/MAPK pathways synergistically inhibit HCC cell proliferation. J Surg
Res. 2012;176(2):542–8.



Page 15/22

2�. Schmidt CM, McKillop IH, Cahill PA, Sitzmann JV. Increased MAPK expression and activity in primary
human hepatocellular carcinoma. Biochem Biophys Res Commun. 1997;236(1):54–8.

29. Arsura M, Cavin LG. Nuclear factor-κB and liver carcinogenesis. Cancer letters. 2005;229(2):157–69.

30. Liu X, Du B, Zhang P, Zhang J, Zhu Z, Liu B, Fan R. miR-380-3p regulates melanogenesis by targeting
SOX6 in melanocytes from alpacas (Vicugna pacos. BMC Genomics. 2019;20(1):1–10.

31. Rhodes DR, Kalyana-Sundaram S, Mahavisno V, Varambally R, Yu J, Briggs BB, Barrette TR, Anstet
MJ, Kincead-Beal C, Kulkarni P. Oncomine 3.0: genes, pathways, and networks in a collection of
18,000 cancer gene expression pro�les. Neoplasia (New York NY). 2007;9(2):166.

32. Chandrashekar DS, Bashel B, Balasubramanya SAH, Creighton CJ, Ponce-Rodriguez I, Chakravarthi
BV, Varambally S. UALCAN: a portal for facilitating tumor subgroup gene expression and survival
analyses. Neoplasia. 2017;19(8):649–58.

33. Asplund A, Edqvist PHD, Schwenk JM, Pontén F. Antibodies for pro�ling the human proteome—The H
uman P rotein A tlas as a resource for cancer research. Proteomics. 2012;12(13):2067–77.

34. O M. Á N, B G: Determining consistent prognostic biomarkers of overall survival and vascular
invasion in hepatocellular carcinoma. Royal Society open science. 2018;5(12):181006.

35. Hu XF, Yao J, Gao SG, Yang YT, Peng XQ, Feng XS. Midkine and syndecan–1 levels correlate with the
progression of malignant gastric cardiac adenocarcinoma. Mol Med Rep. 2014;10(3):1409–15.

3�. Vasaikar SV, Straub P, Wang J, Zhang B. LinkedOmics: analyzing multi-omics data within and across
32 cancer types. Nucleic acids research. 2018;46(D1):D956–63.

37. Wang J, Vasaikar S, Shi Z, Greer M, Zhang B. WebGestalt 2017: a more comprehensive, powerful,
�exible and interactive gene set enrichment analysis toolkit. Nucleic acids research.
2017;45(W1):W130–7.

3�. Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, Li B, Liu XS. TIMER: a web server for comprehensive
analysis of tumor-in�ltrating immune cells. Cancer research. 2017;77(21):e108–10.

39. Li B, Severson E, Pignon J-C, Zhao H, Li T, Novak J, Jiang P, Shen H, Aster JC, Rodig S.
Comprehensive analyses of tumor immunity: implications for cancer immunotherapy. Genome
biology. 2016;17(1):174.

40. Lian Q, Wang S, Zhang G, Wang D, Luo G, Tang J, Chen L, Gu J. HCCDB: a database of hepatocellular
carcinoma expression atlas. Genom Proteom Bioinform. 2018;16(4):269–75.

Figures



Page 16/22

Figure 1

ATF3 transcript levels in hepatocellular carcinoma (HCC) (A) Chart and plot showing the expression of
ATF3 in tumor and adjacent normal tissues according to t-test in HCCDB. (B-E) Box plot showing ATF3
mRNA levels in the Chen liver (B), Wurmbach liver (C), and Roessler liver datasets (D, E). (F)
Representative expression of ATF3 in HCC and normal liver tissues (Human Protein Atlas). (G)
Representative immunohistochemical images of ATF3 in HCC and normal liver tissues (Human Protein
Atlas). *P < 0.05.
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Figure 2

ATF3 transcript levels in subgroups of HCC patients strati�ed by gender, age, and other criteria (A)
Boxplot showing relative expression levels of ATF3 in normal and LIHC samples. (B) Boxplot showing
relative expression levels of ATF3 in healthy male or female individuals or male or female patients with
LIHC. (C) Boxplot showing relative expression levels of ATF3 in normal individuals of any age or in
patients with LIHC aged 21–40, 41–60, 61–80, or 81–100 years. (D) Boxplot showing relative expression
levels of ATF3 in normal individuals of any ethnicity or in patients with LIHC of Caucasian, African-
American, or Asian ethnicity. (E) Boxplot showing relative expression levels of ATF3 in normal individuals
or in patients with LIHC at stages 1, 2, 3, or 4. (F) Boxplot showing relative expression levels of ATF3 in
normal individuals or patients with LIHC with tumors classi�ed as grade 1, 2, 3, or 4. *P < 0.05; **P < 0.01;
***P < 0.001.
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Figure 3

Prognostic value of ATF3 in HCC (Kaplan-Meier Plotter) Prognostic value of ATF3 in all patients with HCC
based on (A) OS, (B) RFS, (C) PFS, and (D) DSS. OS, overall survival; RFS, relapse-free survival; PFS,
progression-free survival; DSS, disease-speci�c survival.

Figure 4

Mutation frequency and survival analysis of ATF3 in HCC (A) Visual summary of alterations in ATF3
obtained using OncoPrint. Different mutation types are highlighted in different colors. (B) Kaplan–Meier
estimates of overall survival in cases with or without ATF3 alterations. (C) Disease/progression-free
survival determined by the Kaplan–Meier method in cases with or without ATF3 alterations.
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Figure 5

Differentially expressed genes correlated with ATF3 in HCC (A) Pearson correlation coe�cients of
relationships between ATF3 and differentially expressed genes in LIHC. (B–C) Heat maps showing genes
that are positively and negatively correlated with ATF3 in LIHC (TOP 50). Red indicates positively
correlated genes and green indicates negatively correlated genes. (D–F) Scatter plot showing Pearson
correlation coe�cients for the relationship between ATF3 expression and CSRNP1 (D), JUN (E), and
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NR4A3 (F). (G-H) Signi�cantly enriched GO annotations (G) and KEGG pathways (H) of ATF3 in LIHC
cohort. Blue represents the LeadingEdgeNum, and orange represents the false discovery rate (FDR).

Figure 6

Correlations between ATF3 expression and immune in�ltration level in HCC (A) ATF3 expression relates to
tumor purity and correlates with macrophage in�ltration levels in LIHC. (B) ATF3 copy number variable
(CNV) affects in�ltration levels of CD8+ T cells, macrophages, neutrophils, and dendritic cells in HCC. *P <
0.05; **P < 0.01; ***P < 0.001.



Page 21/22

Figure 7

Correlation of ATF3 expression with markers of immune cells in HCC Correlations between ATF3 and (A)
CD8+ T cell markers (CD8A and CD8B); (B) T cell (general) markers (CD3D and CD3E); (C) B cell markers
(CD19 and CD79A); (D) Monocyte markers (CD86 and CSF1R); (E) TAM markers (CCL2 and CD68); (F) M1
macrophage markers (NOS2 and IRF5); (G) M2 macrophage markers (CD163 and VSIG4); (H) Neutrophil
markers (ITGAM and CCR7); (I) NK cell markers (KIR2DL1 and KIR2DL3); (J) Dendritic cell markers (HLA-
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DPB1 and HLA-DQB1); (K) Th1 cell markers (TBX21 and STAT4); (L) Th2 cell markers (GATA3 and IL13);
(M) Tfh cell markers (BCL6 and IL21); (N) Th17 cell markers (STAT3 and IL17A); (O) Treg cell markers
(Foxp3 and TGFB1); (O) T cell exhaustion markers (PDCD1, CTLA4, LAG3, and GZMB). Purity, correlation
adjusted by purity. *P < 0.01; **P < 0.001; ***P < 0.0001.
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