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the high binding ability in molecular function 
they had. Besides, we discovered the overlap-
ping genes were significantly associated with 
metabolic pathways, tryptophan metabolism, 
retinol metabolism, linoleic acid metabolism, 
and alanine, aspartate and glutamate metabo-
lism, indicated the potential miR-224-5p target 
genes participate in multiple metabolic path-
ways. Finally, we performed the PPI network 
annotation of the overlapping genes, and found 
a complex connection of the proteins by each 
other. In the hub genes analysis, we found a sig-
nificant negative correlation between GNA14 
and miR-224-5p. GNA14, located in 9q21.2, 
belongs to the G protein family. Nowadays, 
there were some studies about GNA14 and 

hub genes were validated and extracted out  
for further correlation analysis. Surprisingly, 
GNA14 stood out cause for the significant neg-
ative correlation with miR-224. Forthcoming 
research can focus on the relationship of miR-
224-5p with GNA14 which confirmed in vivo 
and in vitro, as well as the molecular mecha-
nisms within the potential target genes and 
pathways of miR-224-5p in HCC. 

Conclusion

In our study, we identified the up-regulation and 
diagnostic value of miR-224-5p in HCC. 
Meanwhile, the results of our study suggested 
miR-224-5p might play an oncogenic role in 
HCC by targeting GNA14. We also obtained 

Figure 11. The molecular function (MF) network of miR-224-5p overlapping targeted genes. The circles represented 
different terms of molecular functions and the arrows represented relationships among terms. The color of nodes 
indicated the significance of the corresponding term.

Figure 12. Top 10 Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
ways of miR-224-5p overlapping targeted genes. The color tints indicated the 
significance of the corresponding pathway. The size of the circle presented 
the number of enrichment genes in the pathway. Rich factor expressed the 
percentage of the ratio of miR-224-5p overlapping targeted genes in current 
study vs total genes in the pathway.

malignant tumors, for ex- 
ample, Lim et al identified 
GNA14 mutations could ca- 
use child vascular tumors, 
helping to discover the me- 
chanisms of malignant tr- 
ansformation [39], while Os- 
hima et al defined GNA14 as 
one of the promoters to gas-
tric cancer by TNF-α/TNFR1 
signaling pathway [40]. Here, 
we predicted GNA14 as a 
hub gene in HCC by bioinfor-
matics analysis and revealed 
the significant negative cor-
relation between GNA14 and 
miR-224-5p for the first time. 

To sum up, the study investi-
gated the expression and 
clinicopathological charac-
teristics of miR-224-5p in 
HCC based on TCGA RNA-
seq data and GEO microar-
ray datasets, and finally con-
firmed the up-regulation and 
good diagnostic value of 
miR-224-5p in HCC. Further- 
more, bioinformatics analy-
sis was performed to predict 
the potential target genes 
and pathways of miR-224-
5p. In the PPI analysis, five 
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Figure 13. Predicted interactions of 
miR-224-5p overlapping targeted 
genes from STRING online database 
(http://string-db.org) and the cut-off 
criterion was confidence score >0.7. 
Network nodes represent proteins 
and edges represent protein-protein 
associations.
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other potential target genes and pathways of 
miR-224-5p via bioinformatics method. Some 
potential target genes and pathways were 
already verified by previous studies, while most 
of others need further study as well as the 
molecular mechanisms of miR-224-5p in HCC. 
We hope our research may provide some clues 
for the subsequent research on miR-224-5p in 
HCC.
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