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Background: Hepatocellular carcinoma (HCC) is the main histological subtype of liver 
cancer, which has the characteristics of poor prognosis and high fatality rate. Single-cell 
sequencing can provide quantitative and unbiased characterization of cell heterogeneity by 
analyzing the molecular profile of the whole genome of thousands of single cells. Thus, the 
purpose of this study was to identify novel prognostic markers for HCC based on single-cell 
sequencing data.
Methods: Single-cell sequencing of 21 HCC samples and 256 normal liver tissue samples in 
the GSE124395 dataset was collected from the Gene Expression Omnibus (GEO) database. 
The quality-controlled cells were grouped by unsupervised cluster analysis and identified the 
marker genes of each cell cluster. Hereafter, these cell clusters were annotated by singleR and 
CellMarker according to the expression patterns of the marker genes. Pseudotime analysis 
was performed to construct the trajectory of cell evolution and to define hub genes in the 
evolution process. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) enrichment analyses were used to explore the potential regulatory mechanism of 
hub genes in HCC. Next, the differential expression of hub genes and the correlation of the 
expression of these genes with patients’ survival and diagnosis were investigated in The 
Cancer Genome Atlas (TCGA) database.
Results: A total of 9 clusters corresponding to 9 cell types, including NKT cells, hepatocytes, 
endothelial cells, Kupffer cells, EPCAM+ cells, cancer cells, plasma cells (B cells), immature 
B cells, and myofibroblasts were identified. We screened 63 key genes related to cell differ-
entiation through trajectory analysis, which were enriched in the process of coagulation. 
Ultimately, we identified 10 survival-related hub genes in the TCGA database, namely 
ALDOB, APOC3, APOH, CYP2E1, CYP3A4, GC, HRG, LINC01554, PDK4, and TXN.
Conclusion: In conclusion, ALDOB, APOC3, APOH, CYP2E1, CYP3A4, GC, HRG, 
LINC01554, PDK4, and TXN may serve as hub genes in the diagnosis and prognosis for HCC.
Keywords: hepatocellular carcinoma, HCC, single-cell sequencing, hub genes, prognostic, 
diagnostic

Introduction
HCC, the main histological subtype of liver cancer and a common malignancy, is 
the second most common cause of cancer-related deaths worldwide, whose inci-
dence and mortality are increasing worldwide.1,2 As the early symptoms of HCC 
are not obvious, most patients are diagnosed at an advanced stage and therefore 
their prognosis is poor, and death usually ensues within a few months.1 In recent 
years, the treatment modalities for HCC have been changing rapidly. Among them, 
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targeted therapies, which can specifically kill tumor cells 
and protect as much normal tissue as possible, have made 
great progress, which undoubtedly brings new hope for the 
treatment of patients with advanced HCC. Although tar-
geted drugs have good molecular selectivity, the selection 
of molecules has been a difficult task in tumor-targeted 
therapy. Therefore, an urgent need exists to identify the 
key genetic targets for HCC to research and develop new 
therapeutic agents.

At present, the analysis of tumor cells and the micro-
environment around tumor cells is mostly based on the 
general analysis of large tumor samples, which will lead to 
some key information that may be masked. Single-cell 
sequencing technology is a new technology for high- 
throughput sequencing analysis of genome,3 transcriptome 
and epigenome at the single-cell level. Compared with the 
traditional sequencing method, single-cell sequencing can 
observe the unique characteristics of a single cell, and 
further insight into the biological characteristics of the 
tumor.4 Single-cell sequencing can find various gene var-
iations, tumor heterogeneity and drug resistance5 that lead 
to the occurrence and evolution of malignant tumors, 
which is of great significance for the early diagnosis and 
individualized treatment of hepatocellular carcinoma.

In this study, we use the data set (GSE124395) 
downloaded from the GEO database. Firstly, we sort 
out the data, including filtering out low-quality cells, 
data standardization, cell clustering and determining 
the name of each cluster. Then we analyzed the differ-
ences between normal samples and tumor samples, com-
pared the chromosome expression patterns of genes, 
observed the interaction between different liver cells,6 

and analyzed the key nodes of liver cells transforming 
into liver cancer cells by pseudo time series.7 We also 
analyzed the differences and survival of these node 
genes through TCGA database8 and analyzed the differ-
ences and survival of these node genes through GO 
annotation and KEGG database were used for pathway 
enrichment analysis to further summarize the function of 
DEGs.9 The PPI network was constructed. Finally, The 
AUC of ROC10 was used to evaluate the diagnostic 
usefulness of 10 survival-related hub genes.

Materials and Methods
Data Collection
The GSE124395 dataset, including the single-cell RNA- 
sequencing data of 21 HCC samples and 256 normal 

liver tissue samples, was download from the publicly 
available GEOdatabase (https://www.ncbi.nlm.nih.gov/ 
geo/query/acc.cgi/GSE124395). Moreover, we collected 
the transcriptome data and corresponding survival infor-
mation of patients with HCC and normal tissues from the 
TCGA database. We excluded samples with unavailable 
clinical information for further analysis. Furthermore, we 
also obtained the GSE54236 dataset (https://www.ncbi. 
nlm.nih.gov/geo/query/acc.cgi?acc=GSE54236) from the 
GEO database, which included genome-wide microarray 
expression profiles of 81 HCC tumor samples and 80 
paracancerous tissue samples. The rank sum test was 
applied to compare the expression differences of the 
final identified 10 hub genes between the two groups, 
and P < 0.05 was significant.

Processing of the Data
In this study, the “Seurat” package was used for data 
processing. According to the quality control standards 
(min.cells = 10, min.features = 1, 1000 < library size < 
median + 3 median absolute deviation (MAD), and median 
- 3 MAD < number of genes < median + 3 MAD), 5076 
low-quality cells were filtered out from the 16,654 cells in 
the normal liver tissue (cell number = 12,622) and HCC 
samples (cell number = 4032). Ultimately, a total of 
11,578 cells were selected for subsequent analysis 
(Figure 1A and B). To reduce the amount of calculation, 
we extracted the first 2000 genes with a large coefficient of 
variation between cells using “vst” (Figure 2 and 
Supplementary Table 1). Next, we identified available 
dimensions and screened correlated genes by principal 
component analysis (PCA). The top 9 significantly corre-
lated genes were displayed in Figure 3A and B. We also 
found that there were no clear separations between HCC 
and normal cells and the first 30 principal components 
(PCs) were selected for cluster analysis (Figure 3C and D).

Data Clustering, Marker Gene, and 
Cell-Type Identification
The “FindNeighbors” and “FindClusters” functions in the 
“seurat” package were used to execute unsupervised clus-
ter analysis for 11,578 cells. When resolution = 0.06 and 
silhouette coefficient = 0.29, we had determined the best 
clustering effect (K = 9) (Figure 4A–C). To determine 
marker genes of these 9 clusters, the Seurat 
FindAllMarkers function (parameter: min.pct = 0.2, only. 
pos = TRUE) was used to contrasted cells from one cluster 
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to all other cells. After that, different cell clusters were 
annotated by the “singleR” package and “CellMarker” 
database in light of the composition patterns of the marker 
genes.

Copy Number Inference from Sequencing 
Data
The “inferCNV” of R package was used to analyze large- 
scale chromosome copy number alterations based on the 

A B

Figure 1 11578 cells were selected for subsequent analysis. (A) The average count of discarded and retained cells. (B) Distribution of library size, gene counts.

Figure 2 Visualize high variable genes.
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single-cell sequencing data, such as the increase or loss of 
entire chromosomes or large fragments of chromosomes. 
In the study, we compared the hepatocytes cells chromo-
somal gene expression pattern with the cancer cell or 
remaining 8 cell clusters.

Cell-Cell Communication Analysis
To analyze cell-cell communication, we used the celltalker 
method to deduce the ligand-receptor interaction among 
different cell clusters. The range of potential ligands and 
receptors was narrowed to two sample groups by differ-
ential gene expression analysis. Filtering ligand-receptor 
pairs by setting cells.reqd=10 and freq.pos.reqd=0.5. To 
further determine the most relevant interactions between 
each cell type, we considered only the ligand-receptor 
complexes expressed in more than 5% of cells.

Pseudotime Analysis
To research the differentiation trajectory of hepatocytes, 
“Monocle” was used to perform pseudo-chronological 
analysis on liver cancer cells and normal cells data. We 
identified the differentially expressed genes (DEGs) 
between HCC and normal samples, arranged the cells in 

pseudo-time along the trajectory, drew heatmaps according 
to the genes of each branch of the trajectory, and divided 
them into 3 clusters according to gene expression patterns.

Functional Enrichment Analysis
DEGs between normal and HCC samples were selected 
using the “limma” package of R with the screening 
requirement of P ≤ 0.05 and |Log2 fold change (FC)| ≥ 1. 
The “ClusterProfiler” package in R software was utilized 
to analyze GO terms and KEGG pathways. P-value < 0.05 
was considered significant.

Statistical Analysis
The protein-protein interaction (PPI) network of 63 hub 
genes was established by STRING online database and 
was visualized by Cytoscape. The Kaplan-Meier curve 
was used for the survival analysis of 36 differentially 
expressed hub genes, and the difference between survival 
curves of the two groups was tested by a Log rank test. 
AUC of ROC was used to assess the diagnostic utility of 
the 10 survival-related hub genes. Wilcox test was applied 
for comparisons in two groups. In all analyses, P < 0.05 
was considered statistically significant.

A B

C D

Figure 3 The top 9 significantly correlated genes. (A) The related genes of each PCA in the top 9 PCAs. (B) PCA related gene heat map (Top9 dimensions). (C) Two- 
dimensional map of PCA cell distribution. (D) Examine and visualize PCA results with Elbow Plot.
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Results
Identification of 9 Cell Clusters in the 
GSE124395 Dataset
A total of 9 distinct cell clusters were identified among 11,578 
cells through unsupervised cluster analysis11 and visualized by 
the t-SNE algorithm. It was surprising that the cells in cluster 5 
were all derived from the HCC patients (Figure 5A). 
Subsequently, we identified the marker genes of 9 cell clusters 
through differential expression analysis, respectively 
(Figure 5B). Given the above, we speculated that the marker 
genes in cluster 5 (RP3-323A16.1, RP11-346D14.1, RP11- 
703G6.1, RP11-382B18.1, RP11-624A21.1, RP11-259O2.3, 
RP11-609N14.4, RP4-598P13.1, and RP11-142G1.3) may 
serve as biomarkers for HCC patients (Supplementary 

Table 2). Afterward, the existing marker genes for each cell 
type in the CellMarker database were taken as a reference, 
these cell clusters were annotated by the SingleR algorithm. 
Cluster 0 was annotated as NKT cells and contained 3136 
cells; clusters 1 was annotated as Hepatocytes and contained 
2735 cells; cluster 2 was annotated as Endothelial cells and 
contained 1906 cells; cluster 3 was annotated as Kupffer cells 
and contained 1467 cells; cluster 4 was annotated as EPCAM+ 
cells and contained 1107 cells; cluster 5 was annotated as 
Cancer cells and contained 812 cells; cluster 6 was annotated 
as Plasma cells (B cells) and contained 186 cells; cluster 7 was 
annotated as Immature B cells and contained 139 cells; cluster 
8 was annotated as Myofibroblasts and contained 90 cells 
(Figure 5C and D).

A

B

C

Figure 4 Data clustering, marker gene, and cell-type identification. (A) Sankey diagram at different resolutions. (B) Scatter diagram of contour map at different resolutions. 
(C) Contour diagram at 0.06 resolution.
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Identification of Chromosome Gene 
Expression Patterns
We performed the copy number variation (CNV) analysis 
for each cell cluster according to the expression patterns 
across intervals of the genome to identify the malignant 
cells. The Hepatocytes were determined as a reference and 
the remaining 8 cell clusters (NK cells, EPCAM+ cells, 
Endothelial cells, Myofibroblasts, Immature B cells, 
Kupffer cells, Plasma cells, and Cancer cell) as the obser-
vation group. The inferCNVs in the observation group 
showed extensive chromosomal losses in 10, 4, 16, and 
9. Extensive chromosomal gains were observed in 22, 15, 
6, X, and 13 (Figure 6A). Moreover, the Hepatocytes were 
used as a reference, the Cancer cells were used as the 
observation group. As shown in Figure 6B, we observed 
extensive chromosomal losses in 10, 4, 7, 16, and 9, while 
extensive chromosomal gains in 15, 6, X, 13, and 18.

Crosstalk Among Different Cell Clusters
To assess the crosstalk of each cell cluster, we performed 
a celltalker algorithm. In total, 798 ligand-receptor pairs were 
selected by differential expression analysis, of which 678 
ligand-receptor pairs were specifically expressed in HCC sam-
ples, and 106 ligand-receptor pairs were expressed in both 
HCC and normal samples. The direction and number of ligand- 
receptor interactions were displayed in Figure 7A and B.

Identification of Cell 
Differentiation-Associated Hub Genes
To simulate the process of normal liver tissue cells trans-
formed into HCC tumor cells, we performed trajectory 

analysis on the single-cell sequencing data. After determin-
ing the DEG between liver tissue cells and HCC tumor cells, 
which were classified by the “Monocle2” package. The tree- 
like structure of the entire lineage differentiation trajectory 
was shown in Figure 8A. All cells were projected onto two 
roots and five branches, termed branches 1, 2, 3, 4, and 5 
(Figure 8B). The results demonstrated that the HCC cells 
were mainly located in the branch 5 and a few were located in 
branch 1. We suggested that root 2 might be an important 
regulator of cancer transformation in hepatocytes, which 
meant that cluster 5 was represented a cluster of HCC cells, 
briefly, the cells in this cluster could be normal cells trans-
forming HCC cells or hepatocytes that had undergone can-
cerous transformation. Subsequently, genes were divided 
into 3 clusters according to the expression pattern of the 
branched heatmap. Branched expression analysis modeling 
(BEAM) was used to find root-2 related “branching- 
dependent” genes that might determine the fate of cells 
differentiating from progenitor cell populations. 
Interestingly, we found that the gene expression of cluster 1 
in cell fate2 was significantly reduced compared with cell 
fate1 and pre-branch, while the gene expression trend of 
cluster 3 was opposite (Figure 8C). Consequently, we 
extracted the genes (a total of 74 genes) in cluster 1 and 
cluster 3 that named hub genes for subsequent analysis.

Functional Enrichment Analysis of Hub 
Genes
We performed GO and KEGG enrichment analyses to 
further elucidate the potential regulatory mechanism of 
hub genes in HCC. The top 10 components of BP, CC, 

Figure 5 Identification of 9 cell clusters in the GSE124395 dataset. (A) Cluster map of TSNE cells (normal and patient samples), the cells in cluster 5 were all derived from 
the HCC patients. (B) TSNE distribution of cluster0 to cluster8 marker genes. (C) Clustering map of cells after naming (differentiating normal and patients). (D) The figure 
above shows the distribution of marker genes of each subgroup in each cluster in the CellMarker database.
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and MF were shown in Figure 9A and Supplementary 
Table 3. The GO analysis results revealed that the hub 
genes were significantly enriched in platelet degranulation, 
acute-phase response, fibrinolysis in terms of BP. 
Regarding CC, the hub genes were enriched in blood 
microparticle, high-density lipoprotein particle, etc. 
Under MF, the hub genes were enriched in enzyme inhi-
bitor activity, steroid binding, etc. The results of KEGG 
analysis revealed that the hub genes were enriched in the 

cholesterol metabolism, PPAR signaling pathway, and 
Drug metabolism-cytochrome P450 (Figure 9B and 
Supplementary Table 4). Furthermore, a PPI network plot 
displayed the interaction of the hub genes (Figure 9C).

Verification of the Hub Genes in the 
TCGA Database
In light of the importance of hub genes in the process of 
cell differentiation, we evaluated their expression level 

Figure 6 Identification of chromosome gene expression patterns. (A) All cluster infercnv. (B) Hepatocytes or cancercells infercnv.

A B

Figure 7 Crosstalk among different cell clusters. (A) Specificity was found in 678 receptor-ligand pairs in samples from HCC Patients. (B) There were 106 pairs of receptor- 
ligand pairs present in both HCC and normal samples.
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based on the TCGA database. As shown in Figure 10A 
and B and Supplementary Table 5, a total of 36 hub genes 
were identified as differentially expressed between normal 
and HCC samples in the TCGA database, which consisted 
of 2 upregulated and 34 downregulated genes. 
Subsequently, we investigated the prognostic value of 36 
hub genes in HCC using Kaplan-Meier analysis. The 
results demonstrated that 10 of the 36 hub genes were 
closely related to the survival of HCC patients (P < 0.05, 
Figure 10C and Supplementary Table 6). The diagnostic 
performance of the 10 hub genes was determined by ROC 
curve analysis. The AUCs of the 10 hub genes were listed 
in Figure 10D. Further, we validated the expression levels 
of the above 10 hub genes (ALDOB, APOC3, APOH, 
CYP2E1, CYP3A4, GC, HRG, LINC01554, PDK4, and 
TXN) in the GSE54236 dataset. Consistently, except for 
TXN, which was overexpressed in tumor tissues (n = 81), 
the remaining nine genes were highly expressed in normal 
tissues (n = 80) (Figure 10E; all P < 0.01).

Discussion
Liver cancer is a major health problem all over the world. 
There are more than 850,000 cases of liver cancer 
every year. This tumor is currently the second leading 
cause of cancer-related death worldwide, with about 
800,000 deaths from liver cancer each year,1,2 and the 
number is still rising. Based on single-cell data, we 
found that some genes play an important role in the devel-
opment of HCC. We hope that the results and findings of 
this study can provide the basis and important reference 
for the clinical diagnosis and treatment of HCC.

After downloading the GSE124395 data set from the 
GEO database, we finally selected 11,578 cells for subse-
quent analysis after relevant data processing. To better 
analyze these 11,578 cells, firstly, these cells are classified 
into different clusters according to some pattern similarity 
measurement and clustering algorithm. By unsupervised 
cluster analysis,11 we identified 9 different cell clusters 
from 11,578 cells. Then, the existing marker genes of 

A

B

C

Figure 8 Identification of cell differentiation-associated hub genes. (A) The tree-like structure of the entire lineage differentiation trajectory. (B) All cells were projected 
onto two roots and five branches, termed branches 1, 2, 3, 4, and 5. (C) Heat map of differentiation-related genes at root 2.
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each cell type in the cell marker database are used as 
a reference, and the single-R algorithm12 is used to 
annotate these cell clusters. As can be seen from 
Figure 5A, all cells in cluster 5 are from patients with 
liver cancer. It can be inferred that the marker genes in 
group 5 (RP3-323A16.1, RP11-346D14.1, RP11-703G6.1, 
RP11-382B18.1, RP11-624A21.1, RP11-259O2.3, RP11- 
609N14.4, RP4-598P13.1, and RP11-142G1.3) can be 
used as biomarkers for patients with liver cancer.

During development, cells respond to stimuli. In the 
whole process of life, cells change from one functional 
state to another all the time. Different states of cells 
express different gene sets, which further leads to the 
dynamic changes of proteins and metabolites.13 When 
cells change from one state to another, they undergo tran-
scriptome recombination, in which some genes are 
silenced while others are activated.14 These transient states 
are usually difficult to describe because it is very difficult 
to purify cells in different states. Single-cell RNA-Seq7 

allows us to view these states without purifying cells. 
Pseudo timing is a measurement method, which represents 

the “progress” of a cell in a certain transformation process. 
The less progress, the closer to the original cell state, and 
the more progress, the closer to the terminal cell state. In 
this study, to observe the differentiation trajectory of 
Hepatocytes and simulate the process of gradual transfor-
mation of Hepatocytes into hepatocellular carcinoma cells, 
we extracted the differential genes between Hepatocytes 
and cancer cells and further analyzed the single-cell 
sequencing data by “Mpnocle”. It can be seen from 
Figure 8A and B that there are two nodes in the Pseudo 
timing analysis of liver cells and liver cancer cells from 
the two samples, which are divided into five branches, 
while HCC cells are mainly located in the fifth branch. 
Then, according to the expression pattern of the branching 
heat map (Figure 8C), the genes are divided into three 
clusters. In Cluster1, compared with Pre-Branch and Cell 
fate1, the gene expression of Cell fate2 is significantly 
reduced, while in Cluster3, on the contrary, the gene 
expression of Cluster2 is not so strong. Therefore, we 
selected different genes in Cluster1 and Cluster3 for GO 
and KEGG enrichment analysis, and further elaborated the 

A B

C

Figure 9 Functional enrichment analysis of hub genes. (A) Control marker_genes GO annotation visualization (Top10). (B) Control marker genes KEGG annotation 
visualization (Top10). (C) PPI network, the color of the dot and line represents the degree of connection of the node.
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potential regulatory mechanism of hub gene in HCC. We 
selected the top 10 statistically significant GO information 
items in biological process (BP), cell component (CC), and 

molecular function (MF)respectively (Figure 9A, 
Supplementary Table 3). It can be seen that in biological 
process (BP), hub gene is significantly enriched in Terms 

A B

C

D

E

Figure 10 Verification of the hub genes in the TCGA database. (A) Differential gene volcano map. (B) Heat map visualization of differentially expressed genes. (C) Kaplan- 
Meier Curve for survival analysis of the hub genes. (D) ROC of the hub genes. (E) The expression levels of the above 10 hub genes in the GSE54236 dataset.
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such as plant degradation, acute phase response, fibrino-
lysis; in cell component (CC), hub gene is enriched in 
blood microparticle, high-density lipoprotein. However, 
in molecular function (MF), the hub gene is enriched in 
Terms of enzyme inhibitor activity and steroid binding. 
KEGG enrichment analysis showed that hub gene was 
significantly enriched in cholesterol metabolism, PPAR 
signaling pathway, and drug metabolism cytochrome 
P450 pathway. These results suggest that these genes and 
their related regulatory mechanisms may be related to the 
occurrence and progression of HCC in the process of 
Hepatocytes transformation into HCC cells.

To explore the importance of the hub gene in the 
process of cell differentiation, we further evaluated the 
expression level of the hub gene through TCGA database. 
From the volcanic map in Figure 6A, we can see that there 
are 36 differential genes, including 2 upregulated genes 
(tumor group is higher than normal group) and 34 down-
regulated genes (tumor group is less than normal group). 
Subsequently, we used Kaplan Meier analysis to study the 
prognostic value of 36 hub genes in HCC and used ROC 
curve analysis to verify the discrimination ability of hub 
genes between tumor samples and normal samples. The 
results showed that 10 of 36 hub genes were closely 
related to the survival of HCC patients (P < 0.05, 
Figure 10C and D and Supplementary Table 6), and they 
were ALDOB, APOC3, APOH, CYP2E1, CYP3A4, GC, 
HRG, LINC01554, PDK4, and TXN, respectively.

ALDOB is a glycolytic metabolizing enzyme. ALDOB 
inhibits HCC by directly binding to and inhibiting glucose- 
6-phosphate dehydrogenase (G6PD), the rate limiting 
enzyme in pentose phosphate pathway, which reveals 
a new metabolic reprogramming mode due to the loss of 
ALDOB in hepatocellular carcinoma and provides 
a potential therapeutic strategy for the treatment of hepa-
tocellular carcinoma.15,16 In our study, ALDOB was sig-
nificantly less in HCC, and in survival analysis, high 
expression of ALDOB gene is associated with better prog-
nosis. (P < 0.01).

APOC3 gene (Apolipoprotein C gene) is one of the 
anti-aging genes, which has a significant relationship with 
age. Recent studies have shown that elevated levels of the 
protein APOC3 in the blood are associated with an 
increased risk of cardiovascular disease.17 Wang’s study 
found that APOC3 may be a potential prognostic biomar-
ker for HCC.18 In our study, the expression of APOC3 was 
less in HCC, but the mechanism of APOC3 in HCC 
remains unknown, they may be involved in steroid 

metabolism, PPAR signaling pathway and fatty acid 
metabolism.

APOH is involved in the metabolism of triglyceride 
(TG), and its phenotype will affect the level of TG. 
Abnormal lipid metabolism is an important factor leading 
to stroke and depression. Therefore, APOH is related to 
lipid metabolism and cerebrovascular diseases and is also 
a risk factor for atherosclerosis and hypertension.19,20 Our 
study showed that the expression of APOH in HCC was 
lower than that in normal tissues, and the prognosis of low 
expression of APOH was worse than that of high expres-
sion of APOH (P < 0.05).

CYP2E1 and CYP3A4 are members of the cytochrome 
P450 enzyme system. They are the core system members 
of drug metabolism. They are mainly distributed in the 
liver and can catalyze the metabolism of a variety of 
internal and external substances (including most clinical 
drugs). At present, it is believed that cytochrome enzymes 
are involved in the metabolism of exogenous substances 
(such as drugs, alcohol, chemicals, etc.), and the metabo-
lites may be toxic or carcinogenic.21 It has been found that 
cytochrome P450 (CYPs), the major foreign metabolic 
enzyme, is significantly down-regulated in hepatocellular 
carcinoma tumor samples from European Caucasian 
patients compared to surrounding non-cancerous 
tissues.22 In our study, we found that the expression of 
CYP2E1 and CYP3A4 in HCC was lower than that in 
normal hepatocytes, and proved that low expression of 
CYP2E1 and CYP3A4 was associated with poor prognosis 
(P < 0.05).

Gc globulin is synthesized by hepatocytes and has 
a steroid binding site. It is a tool for binding and transport-
ing vitamin D and its metabolites.23 In our study, the 
expression of GC in HCC was lower than that in normal 
tissues, and low GC expression was significantly corre-
lated with poor prognosis (P < 0.01).

HRG is a gene located on chromosome 3, which can 
interact with heparin, thrombospondin and plasminogen.24 

Studies have shown that HRG can induce macrophage 
polarization and vascular normalization by down- 
regulating PLGF, thus inhibiting tumor growth and 
metastasis.25 In our study, the expression of HRG in 
HCC was lower than that in normal tissues, and the low 
expression of HRG was significantly associated with poor 
prognosis (P < 0.010).

Linc01554 has been reported to be involved in the 
pathogenesis of nonalcoholic fatty liver disease and eso-
phageal cancer.26,27 It has been reported that low 
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expression of LINC01554 is significantly correlated with 
overall survival, pathological stage, hepatitis B infection, 
tumor size, portal vein tumor thrombus and TNM stage.28 

This is consistent with our finding that low expression of 
LINC01554 indicates a poor prognosis.

Pyruvate dehydrogenase kinase 4 (PDK4) is a key 
enzyme of glucose metabolism, which is closely related 
to apoptosis, survival and proliferation of tumor cells. 
Many studies have shown that PDK4 plays an important 
role in the apoptosis of hepatocellular carcinoma.29,30 In 
our study, the expression of PDK4 in HCC is lower than 
that in normal tissues. Low expression of PDK4 indicates 
a poor prognosis.

Thioredoxin (Trx, TXN) is a kind of heat-stable protein 
widely existing as hydrogen carrier.31 In our study, we 
studied the effect of TXN gene on the prognosis of 
patients with liver cancer. Interestingly, compared with 
the expression level of the first nine genes in liver cancer, 
there is a negative correlation between the expression level 
and poor prognosis. The prognosis of patients with high 
TXN expression is worse than that of patients with low 
TxN expression, indicating that the expression of TXN 
gene may have carcinogenic effect.

Conclusion
Based on the single-cell data, this study analyzed the 
differences of the same kind of cells from normal samples 
and tumor samples, observed the interaction between dif-
ferent liver cells, analyzed the key nodes of liver cells 
transforming into liver cancer cells by Pseudo timing, 
and verified the genes of these nodes in TCGA database, 
systematically analyzed the expression of 10 genes closely 
related to the survival of HCC patients in liver cancer It is 
found that these gene deletions play an important role in 
the occurrence and development of HCC. There are still 
limitations in this study: for example, lack of experimental 
verification, and the mechanism of some genes in liver 
cancer also needs further research. All in all, the results 
and findings of this study can provide the basis and impor-
tant reference for the clinical diagnosis and treatment of 
HCC, and also help to further study the molecular mechan-
ism of liver cancer.
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