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Screening and identification of key genes ATP1B3 and ENAH in the progression of
hepatocellular carcinoma: based on data mining and clinical validation
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Abstract: Objective To explore the marker genes correlated with the prognosis, progression and clinical diagnosis of
hepatocellular carcinoma (HCC) based on bioinformatics methods. Methods The TCGA-LIHC, GSE84432, GSE143233 and
GSE63898 datasets from The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) were analyzed. The
differentially expressed genes (DEGs) shared by different disease types were obtained using GEO2R and edge R packages, and
Gene Ontology (GO) and Kyoto Gene and Genome Encyclopedia (KEGG) enrichment analyses of the DEGs were performed.
The expression levels of these DEGs in normal and cancerous tissues were verified in TCGA-LIHC to identify the upregulated
genes in HCC. Survival analysis, receiver-operating characteristic (ROC) curve analysis, and correlation analysis between the
key genes and the clinical features of the patients were carried out using the R language. The differential expressions of 15 key
genes were verified in clinical samples of HCC and adjacent tissues using RT-qPCR. Results A total of 118 common DEGs were
obtained in the database, and among them two genes, namely ATPase Na+/K+ transport subunit beta 3 (ATP1B3) and actin
regulator (ENAH), showed increased expressions with disease progression. Survival analysis combined with the TCGA-LIHC
dataset suggested that high expressions of ATP1B3 and ENAH were both significantly correlated with a poor prognosis of
HCC patients (P<0.05), and their AUC values were 0.821 and 0.933, respectively. A high expression of ATP1B3 was correlated
with T stage, pathological stage and pathological grade of the tumors (P<0.05), while that of ENAH was associated only with
an advanced tumor grade (P<0.05). The results of RT-qPCR showed that ATP1B3 and ENAH were both significantly
upregulated in clinical HCC tissues (P<0.05). Conclusion ATPIB3 and ENAH are both upregulated in HCC, and their high
expressions may serve as biomarkers of progression of liver diseases and a poor prognosis of HCC.
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Tab.1 Dataset sample information and differential gene screening

Dataset name Sample information Threshold Differential genes
Low fibrosis FO-F1:63; _ . . .
GEO-GSE84044 High fibrosis F3-F4:28 FC=1.3, P<0.05 up:1658;down:314
GEO-GSE14323 Normal:19; Cirrhosis:41 FC=2, P<0.05 up:739;down:173
GEO-GSE63898 Cirrhosis: 168; HCC:228 FC=2, P<0.05 up:323;down:784
TCGA-LIHC Normal:50; HCC:374 FC=2, P<0.05 up:6519;down:2456
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Fig.1 Screening of common differentially expressed genes (DEGs). A: Visualization of
GSE84044 differential genes in volcanic maps. B: Visualization of GSE14323
differential genes in volcanic maps. C: Visualization of GSE63898 differential genes in
volcanic maps. D: Visualization of TCGA-LIHC differential genes in volcanic maps. E:
Venn diagram visualizing the common DEGs.
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Fig2 GO and KEGG enrichment analysis of DEGs. BP: Biological process. CC: Cellular

component. MF: Molecular function.
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Tab.2 Expression of 118 DEGs in normal and HCC tissues in the TCGA-LIHC dataset

TCGA-LIHC

Gene name

DCN/C7/CYTIP/ILTR/EPHA3/TACSTD2/PDGFRA/ASPN/TRIM22/FBLNS5/ANK3/PTPRC/GZMK/EPCAM/
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Fig.3 Differential expressions of ATP1B3 (A-D) and ENAH (E-H) in different disease states in each dataset.
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Tab.3 Relationship of ATP1B3 and ENAH with clinical characteristics of HCC patients [n (%)]

Cramcterisic  LUERTRT TR arman . erenan P
Case (n) 187 187 187 187
Age (year) 0.380 0.567
<60 84 (22.5%) 93 (24.9%) 85 (22.8%) 92 (24.7%)
>60 103 (27.6%) 93 (24.9%) 101 (27.1%) 95 (25.5%)
Gender 0.825 0.825
Female 59 (15.8%) 62 (16.6%) 59 (15.8%) 62 (16.6%)
Male 128 (34.2%) 125 (33.4%) 128 (34.2%) 125 (33.4%)
T stage <0.001 0.094
T1 110 (29.6%) 73 (19.7%) 100 (27%) 83 (22.4%)
T2 37 (10%) 58 (15.6%) 45 (12.1%) 50 (13.5%)
T3 33 (8.9%) 47 (12.7%) 36 (9.7%) 44 (11.9%)
T4 4 (1.1%) 9 (2.4%) 3 (0.8%) 10 (2.7%)
N stage 0.364 0.624
NO 130 (50.4%) 124 (48.1%) 122 (47.3%) 132 (51.2%)
N1 1 (0.4%) 3 (1.2%) 1 (0.4%) 3(1.2%)
M stage 1.000 1.000
MO 135 (49.6%) 133 (48.9%) 128 (47.1%) 140 (51.5%)
M1 2 (0.7%) 2 (0.7%) 2 (0.7%) 2 (0.7%)
Stage 0.004 0.208
Stage I 103 (29.4%) 70 (20%) 95 (27.1%) 78 (22.3%)
Stage 11 35 (10%) 52 (14.9%) 43 (12.3%) 44 (12.6%)
Stage 111 35 (10%) 50 (14.3%) 35 (10%) 50 (14.3%)
Stage IV 2 (0.6%) 3(0.9%) 3(0.9%) 2 (0.6%)
Grade 0.083 <0.001
Gl 34 (9.2%) 21 (5.7%) 41 (11.1%) 14 (3.8%)
G2 92 (24.9%) 86 (23.3%) 89 (24.1%) 89 (24.1%)
G3 54 (14.6%) 70 (19%) 50 (13.6%) 74 (20.1%)
G4 4 (1.1%) 8(2.2%) 5 (1.4%) 7 (1.9%)

TR R BRI D 2R IA Y Deng 45
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Fig.4 Relationship of ATP1B3 and ENAH with clinical parameters of HCC patients. A, B: K-M survival curve of ATPIB3/
ENAH. C, D: ROC curve plot of ATPIB3/ENAH prediction of normal or tumor outcome. E, G: Relationship between ATPIB3

expression and T stage, pathologic stage and pathologic grade. H, J: Relationship between ENAH expression and T stage,
pathologic stage and pathologic grade. *P<0.05, **P<0.01, ***P<0.001.
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Tab.4 Relationship between the expressions of the genes and clinical characteristics in clinical samples [n(%)]

High expression  Low expression High expression ~ Low expression

Characteristic of ATP1B3 of ATP1B3 P of ENAH of ENAH P
Case (n) 7 8 7 8
Gender 0.467 0.467
Female 0 (0%) 2 (13.3%) 0 (0%) 2 (13.3%)
Male 7 (46.7%) 6 (40%) 7 (46.7%) 6 (40%)
Smoking 0.608 0.608
0 2 (13.3%) 4(26.7%) 2 (13.3%) 4(26.7%)
1 5(33.3%) 4(26.7%) 5(33.3%) 4(26.7%)
Alcohol 0.619 0.132
0 3 (20%) 5(33.3%) 2 (13.3%) 6 (40%)
1 4(26.7%) 3(20%) 5(33.3%) 2 (13.3%)
BCLC 0.073 1.000
A 2(13.3%) 7 (46.7%) 4(26.7%) 5(33.3%)
B 3 (20%) 1(6.7%) 2(13.3%) 2 (13.3%)
C 2 (13.3%) 0 (0%) 1(6.7%) 1(6.7%)
Edmondson grade 0.128 0.200
I 0 (0%) 1(6.7%) 1(6.7%) 0 (0%)
1l 4(26.7%) 7 (46.7%) 6 (40%) 5(33.3%)
I 3 (20%) 0 (0%) 0 (0%) 3 (20%)
Age (year, Mean+SD) 47+14.59 53.25+11.96 0.378 48.14+13.68 52.25+13.31 0.566
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Fig.5 Validation of ATPIB3 (A) and ENAH (B) expressions in clinical samples. *P<0.05, **P<0.01.
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