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(degree=231), RPS3 (degree=216), and etc.
In the HCA vs. NOR-DEPs�É PPI network, ATP5F1A 

(degree=123), GAPDH (degree=117), ACO2 (degree=
116), SDHA (degree=109), and ATP synthase F1 subunit 
beta (ATP5F1B, degree=106) were identified.

A Venn diagram (Fig. 7(a)) revealed 94 genes both 
differentially expressed in two comparisons. To further 
identify key genes associated with HCC development, 
these 94 genes were imported into STRING to obtain in�(
teraction data (Fig. 7(b)). Using the MCC algorithm, the 
top ten ranked genes (hug gene) were identified, includ�(
ing ATP5F1B (score=8 672), ATP synthase F1 subunit 
gamma (ATP5F1C, score=7 346), ATP synthase periph�(
eral stalk subunit D (ATP5PD, score=6 240) (Fig. 7(c)).

2.5�� Validation of Hub Genes

ROC curve was conducted to explore the sensitivity 
and specificity of hub genes for diagnosing HCC. Valida�(
tion using an internal dataset revealed the following 
AUC values. Hub genes with the best predicting ability 
was ATP5PD (AUC=0.997), followed by ATP5F1B 
(AUC=0.996) and ATP5F1C (AUC=0.996). Notably, the 
AUCs of all these 10 selected genes were higher than 
0.980 (Fig. 8).

2.6�� Transcription Factor Analysis of Hub 
Genes

The associations of 10 hub genes and 206 related 
TFs were constructed. Further analysis revealed 39 TFs 
and 43 miRNAs interacted with the 10 selected genes 
(Fig. 9).

2.7�� Correlation between Hub Genes and 
Diseases

Querying DisGeNET for these ten genes predicted 
that ACO2 and ATP5F1B were associated with several 
diseases, while the other genes showed no correlation 
with any disease. In the predictions, ACO2 was related 
to 37 diseases, such as liver carcinoma, epilepsy, and cer�(
ebellar degeneration, suggesting that ACO2 may play a 
significant role in the development of various diseases. 
ATP5F1B was predicted to be associated with 5 dis�(
eases, including precancerous conditions, hypoxia, non-
alcoholic fatty liver disease, spinocerebellar ataxia 17 
and acute kidney injury (Fig. 10). The disorders associ�(
ated with ACO2 and ATP5F1B did not intersect.

2.8�� Correlation between Hub Genes and Drugs

Five drugs, quercetin, 1-acetyl-2-carboxypiperi�(
dine, aurovertin b, piceatannol, and N1- (2-amino-4-
methylpentyl) octahydro-pyrrolo[1, 2-a] pyrimidine, 

have been shown to interact with the protein products of 

Fig. 6�� Protein-protein interaction (PPI) network analysis of 
DEPs

The color of the dots represents the clustering of proteins. The thickness of 

the connecting line represents the degree of tightness between proteins. (a) 

The PPI network for HCC vs. NOR-DEPs. (b) The PPI network for HCA 

vs. NOR-DEPs.

Fig. 7�� Screen out hub genes based on the intersection of two 
comparisons (HCC vs. NOR and HCA vs. NOR)

(a) The Venn diagram shows the intersection of differentially expressed 

genes of two comparisons. (b) PPI network analysis of 94 intersecting 

genes. (c) PPI network analysis of the top ten genes among 94 intersecting 

genes.
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