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Introduction: This work carried out comprehensive bioinformatics analysis and explored potential actions of COL22A1 in
hepatocellular carcinoma (HCC) pathophysiology.
Methods: Microarray datasets including GSE159220, GSE104766, GSE104310 and GSE33294 were retrieved for bioinformatics
analysis. Overlapped differentially expressed genes (DEGs) among GSE159220, GSE104766, GSE104310 and GSE33294 were first
subjected to functional annotation analysis. Protein–protein interaction (PPI) network was constructed to reveal the hub genes in the
network. The miRNAs-mRNA from hub genes were also constructed. Prognostic analysis of patients with HCC was undertaken to
evaluate prognostic values of these hub genes. Functional assays were employed to determine actions of COL22A1 in the HCC cell
progression.
Results: Ninety-one common up-regulated DEGs and 55 common down-regulated DEGs among GSE159220, GSE104766,
GSE104310 and GSE33294 were identified. Functional annotation analysis revealed that these common DEGs may be correlated
with the extracellular matrix. The protein–protein interaction analysis further revealed 20 hub genes. Among these hub genes, high
expression levels of COL2A1, COL22A1, HAPLN1, PTHLH and SOX2 showed positive associatin with shorter overall survival (OS)
of HCC patients, while low expression levels of COL17A1, REN and TRH exhibited correlation with shorter OS of HCC patients.
Furthermore, the COL22A1 was overexpressed in HCC tissues when compared to normal ones, and the promoter methylation level of
COL22A1 was significantly lower in the HCC tissues when compared to normal ones. Validation assays deciphered that COL22A1
silencing suppressed HCC cell invasion, migration and epithelial mesenchymal transition.
Conclusion: This study identified several hub genes closely correlated with HCC pathogenesis, and COL22A1 may be involved in
the HCC metastasis, but this still requires further mechanistic studies.
Keywords: hepatocellular carcinoma, differentially expressed genes, hub genes, COL22A1, prognosis

Introduction
Hepatocellular carcinoma (HCC) represents a common type of solid tumor and affects more than 100,000 people
worldwide.1 Due to the complicated underlying molecular mechanisms, the management of advanced HCC is still far
from satisfying. Recently, sorafenib, a multi-tyrosine kinase inhibitor, is an only systemic targeted tumor therapy in use
for late-stage HCC.2,3 However, sorafenib-resistance has been developed in patients with HCC. Therefore, there are
urgent requirements to deepen the understanding into the mechanisms underlying HCC pathophysiology.

In recent years, rapid advancements in the field of biotechnology has enabled biologists to perform high throughput of
gene expression profiles.4–6 Based on the gene expression profiles, advanced bioinformatics analysis can largely accelerate
the data mining process and has identified various novel biomarkers in cancer biology including HCC. Comprehensive
RNA profiling on T cells from 6 HCC patients was performed, and their results provided novel insights in deciphering the
immune landscape of HCC.7 RNA sequencing in the HCC cells derived from patients revealed that liver tumorigenesis was
associated with abberrant splicing.8 One study using the circRNA sequencing revealed CircASAP1 as an essential
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modulator in HCC metastasis.9 Due to the increasing amount of datasets generated by high throughput sequencing, the
bioinformatics analysis of publicly available datasets from GEO database also revealed many key regulators in the HCC
progression. Bioinformatics analysis for HCC-associated dataset GSE14323 identified several key genes and pathways
associated with HCC pathophysiology.10 Another study used the same strategy to identify six differentially expressed
circRNAs from GSE78520, GSE94508 and GSE97332, and their results provided novel understandings of circRNA-
miRNA-mRNA interactions in HCC pathophysiology.11 In addition, the bioinformatics for microarray GSE69580 identi-
fied an essential miRNA-mRNA interactive network correlating with HCC pathogenesis .12 Based on the above strategies
for data mining, further analysis of publicly available datasets may be of great scientific significance for deciphering the
molecular mechanisms underlying HCC progression.

In this investigation, four datasets including GSE159220, GSE104766, GSE104310 and GSE33294 were retrieved for
bioinformatics analysis. Differentially expressed genes (DEGs) among GSE159220, GSE104766, GSE104310 and
GSE33294 were first subjected to functional annotation analysis. After that, our work established protein–protein
interaction (PPI) network for common DEGs to reveal the hub genes in the network. Moreover, the miRNAs-mRNA
from hub genes were also constructed. Prognostic analysis of HCC patients was also performed to evaluate prognostic
values of these hub genes. The validation studies were undertaken to evaluate underlying actions of hub genes in the
HCC cell progression.

Materials and Methods
Retrieval of Datasets Including GSE159220, GSE104766, GSE104310 and GSE33294
In the study, four GEO datasets including GSE159220, GSE104766, GSE104310 and GSE33294 were available from the
online GEO database (http://www.ncbi.nlm.nih.gov/geo/. For GSE159220, GPL11154 (Illumina HiSeq 2000) platform is
used, and the dataset contains 3 normal/3 HCC tissues. For GSE104766, GPL16791 (Illumina HiSeq 2500) is used, and
the dataset contains 25 HCC tissues and matched normal liver tissues. For GSE104310, GPL16791 (Illumina HiSeq
2500) is used, and the dataset contains 10 HCC tissues and matched normal ones. For GSE33294, GPL10999 (Illumina
Genome Analyzer IIx) platform is used, and the dataset contains 3 HCC tissues and corresponding matched normal ones.

Identification of DEGs
GREIN tool (http://www.ilincs.org/apps/grein/) was employed to screen the significant DEGs in HCC tissues compared
to normal ones from GSE159220, GSE104766, GSE104310 and GSE33294 datasets. The criteria for selecting the
significant DEGs was shown below: false discovery rate P < 0.05 and logfold change (FC) >1.5 or logFC < −1.5. The
correlation plot for the datasets, the t-NSE analysis of the tissue phenotypes, and the heatmap for the top 500 DEGs were
plotted by using the GREIN online tool. Volcano plots illustrating DEGs in GSE159220, GSE104766, GSE104310 and
GSE33294 and Venn diagram showing the overlapped common DEGs among GSE159220, GSE104766, GSE104310 and
GSE33294 were performed by using the R software.

Functional Annotation Analysis of DEGs
The GO annotation, KEGG pathway, and Reactome analysis of common DEGs were retrieved from the g:Profiler tool (a
web tool for GO annotation analysis). GO annotation analysis is used to generate hypotheses for biological phenomena
and to explain large sets of profiling data.13 KEGG is a database for illustrating functions and biological system.
Reactome is 1 peer-reviewed knowledge-base of biomolecular pathways.

Network Construction
PPI network for the mRNA was constructed using STRINGtool, which is an open-source database for predicting
interacted proteins. For the PPI network construction, confident score > 0.7 was used. For detection of hub genes, the
Cytohubba plugin from Cytoscape software was employed to extract key modules. MmiRNAs that target the hub genes
were predicted by miRDB (http://mirdb.org/, an open-source tool for miRNA-target prediction). PPI network and
miRNAs-mRNA network were plotted with Cytoscape software.
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Survival Analysis
Correlation between hub genes expression levels and overall survival (OS) of HCC patients was assessed with KM
Plotter online tool. For survival analysis, the database included a total of 364 HCC patients. The OS curve was plotted
using the Kaplan–Meier Survival analysis plot. The significance was considered when logrank P < 0.05.

The Expression and Prognosis Analysis of COL22A1 in Patients with HCC
COL22A1 expression and promoter methylation level of COL22A1 in HCC were analyzed in the TCGA samples using
the UACLAN database. In the database, 50 normal liver tissues and 377 HCC primary tumor tissues and 50 normal ones
were employed for analysis. In the survival analysis, the database included a total of 365 patients with HCC. The OS
curve was plotted with Kaplan–Meier Survival analysis plot. The significance was considered when logrank P < 0.05.

Cell Lines and Cell Culture
HepG2 and Huh7 cells were from Chinese Academy of Sciences (Shanghai, China). Cells were cultured in the DMEM
medium (Thermo Fisher Scientific, Waltham, USA) supplemented with 10% fetal bovine serum (FBS, Thermo Fisher
Scientific) and were maintained in a humidified atmosphere with 5% CO2 at 37°C. For detecting mycoplasma, the cell
lines were cultured in the absence of antibiotics for more than 2 weeks after thawing. Samples were taken without
medium refreshment at least 2 or 7 days post culture. 14

Design and Synthesis of COL22A1 siRNA and siRNA Transfection into Cells
The siRNA targeting COL22A1 was designed and synthesized by Ribobio (Guangzhou, China). The scrambled sequence
of COL22A1 siRNA was also synthesized to serve for negative control (NC) siRNA. For siRNA transfections, HepG2
and Huh7 cells were transfected with corresponding siRNAs, ie NC siRNA or COL22A1 siRNA using the Lipofectamine
2000 reagent (Thermo Fisher Scientific). At 24 h after HepG2 and Huh7 cells were transfected with these siRNAs,
transfected cells were collected for downstream assays.

Quantitative Real-Time PCR (qRT-PCR)
RNA from HepG2 and Huh7 cells was extracted with TRIzol reagent (Invitrogen, Carlsbad, USA). For reverse
transcription, the RNA was transcribed into cDNA using Superscript IV Reverse Transcriptase kit (Thermo Fisher
Scientific). qRT-PCR was performed using the Platinum™ SYBR™ Green qPCR SuperMix (Thermo Fisher Scientific)
on an ABI7900 Biosystems (Applied Biosystems, Foster City, USA). The relative mRNA expression levels of
COL22A1, E-cadherin, N-cadherin and vimentin were normalized to the housekeeper gene, GAPDH. The mRNA
expression levels were calculated with the 2−ΔΔCt method.

Transwell Invasion Assay
HCC cell invasion capacity was assessed with Transwell invasion assay. In brief, at 24 h after HepG2 and Huh7 cells
were treated for scrambled NC or COL22A1 siRNA, these cells were seeded in the 12-well inserts coated with Matrigel
(Sigma-Aldrich, St. Louis, USA). The 12-well inserts were placed in the upper chamber filled with DMEM, while lower
chamber was filled with 10% FBS-DMEM. After 24 h culture, cells invaded into lower surface of Matrigel membrane
were stained with 0.3% crystal violet for 5 min. Stained cells were evaluated by counting the cell number in five random
fields using light microscopy.

Wound Healing Assay
HCC cell migration capacity was evaluated by wound healing assay. In brief, at 24 h after HepG2 and Huh7 cells were
treated for scrambled NC or COL22A1 siRNA, these cells were, respectively, seeded onto a 6-well plate. After the
confluence of ~90% was reached in these cells, a sterile wool cotton was used to scratch the monolayer so as to create the
wound. Cells were allowed to grow in the 6-well plates for further 48 h. Wound width was measured at 0 h and 48 h after
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the wound was created. Wound healing capacity of the cells were shown as (0 h wound width – 48 h wound width)/0 h
wound width × 100%.

Statistical Analysis
For data analysis, validating results were presented as mean ± standard deviation of 3 determinations. Statistical analysis
and plotting graphs were performed using the GraphPad Prism Version 8 (GraphPad software, La Jolla, USA). The
Student’s unpaired t-test was used to determine the statistical significance between the two treatment groups. P < 0.05
was defined as statistical significance.

Results
Analysis of DEGs from Different DEGs
The correlation analysis of the collected datasets is illustrated in Figure 1A–D. The t-NSE analysis for the collected
datasets are shown in Figure 1E–H, and the t-NSE results showed that the data were well clustered according to the
phenotype of the tissues, ie HCC tissues and normal ones (Figure 1E–H). In addition, the top 500 DEGs between HCC
tissues and normal ones from GSE159220, GSE104766, GSE104310 and GSE33294 were illustrated as heatmap
(Supplemental Figure S1A–S1D).

DEGs in GSE159220, GSE104766, GSE104310 and GSE33294 are shown in Figure 2A–D, respectively. For
GSE159220, 534 up-regulated and 497 down-regulated genes were exracted. For GSE104766, 1756 up-regulated and
949 down-regulated genes were extracted. For GSE104310, 885 up-regulated and 563 down-regulated genes were
extracted. For GSE33294, 1076 up-regulated and 1195 down-regulated genes were extracted (Figure 2A–D). Based on
Venn diagram plot, 91 common up-regulated and 55 common down-regulated DEGs were identified among GSE159220,
GSE104766, GSE104310 and GSE33294 (Figure 2E and F).

Functional Enrichment Analysis
In BP, common up-regulated DEGs were annotated in “collagen fibril organization”, “ear development”, “skeletal system
development”, “extracellular matrix organization”, “extracellular structure organization”, “external encapsulating struc-
ture organization”, “inner ear development”, “sensory organ development”, “anatomical structure development”, “tissue
development” and “system development” (Figure 3A); in CC, common up-regulated DEGs were annotated in “integral
component of postsynaptic membrane”, “intrinsic component of postsynaptic membrane”, “extracellular matrix”, “exter-
nal encapsulating structure”, “integral component of synaptic membrane”, “postsynaptic membrane”, “intrinsic compo-
nent of synaptic membrane”, “collagen trimer”, “synaptic membrane”, “cell periphery”, etc (Figure 3B); in MF, common
up-regulated DEGs were annotated in “extracellular matrix structural constituent”, “structural molecule activity” and
“tensile strength” (Figure 3C). For KEGG pathway, common up-regulated DEGs were annotated in “protein digestion”
and “ECM–receptor interaction” (Figure 3D). In Reactome, common up-regulated DEGs were annotated in “extracellular
matrix organization”, “ECM proteoglycans”, “degradation of the extracellular matrix”, “collagen formation”, “collagen
degradation”, “collagen chain trimerization”, “collagen biosynthesis”, “modifying enzymes” and “assembly collagen
fibrils and other multimeric structures” (Figure 3E). In CC, common down-regulated DEGs were annotated in “integral
component of plasma membrane” and “intrinsic component of plasma membrane” (Figure 3F). In MF, common down-
regulated DEGs were annotated in “sulfur amino acid transmembrane transporter activity” (Figure 3G).

Network Analysis of Common DEGs
Common DEGs were processed for PPI network analysis, and the results showed that 119 nodes and 66 edges (average
node degree = 1.11) were detected in the constructed network (Supplemental Figure S2A). Further analysis using the
Cytohubba mode identified 20 hub genes and detected 20 nodes and 24 edges in the network (Supplemental Figure S2B).

For the miRNA network analysis, a total of 92 miRNAs were found to be interacted with the common DEGs, and the
analysis also revealed 214 nodes and 282 edges (Supplemental Figure S3).
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Figure 1 Correlation analysis and t-SNE analysis of the GEO datasets. (A–D) The correlation analysis of (A) GSE159220, (B) GSE104766, (C) GSE104310 and (D)
GSE33294 was demonstrated as heatmap. (E–H) The t-SNE plot of tissue from (E) GSE159220, (F) GSE104766, (G) GSE104310 and (H) GSE33294 is shown.
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Figure 2 Volcano plot of DEGs and venn diagram plot of common DEGs. (A–D) The DEGs in GSE159220 (A), GSE104766 (B), GSE104310 (C) and GSE33294 (D) are
presented as volcano plot. (E) Venn diagram of common up-regulated DEGs among GSE159220, GSE104766, GSE104310 and GSE33294. (F) Venn diagram of common
down-regulated DEGs among GSE159220, GSE104766, GSE104310 and GSE33294.
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Survival Analysis of Hub Genes
Based on the network extracted using Cytohubba, 20 hub genes were processed for survival analysis. High expression
levels of COL2A1, COL22A1, HAPLN1, PTHLH and SOX2 showed positive correlation with shorter OS of HCC
patients, while low expression levels of COL17A1, REN and TRH exhibited correlation with shorter OS of HCC
patients. While, expression of other hub genes was not significantly correlated with OS of HCC patients (Figure 4).

To validate if COL22A1 is biomarker in HCC, we further performed an online bioinformatics analysis. Using the
UALCAN database, we found that the expression of COL22A1 was up-regulated in HCC tissues compared to normal
ones (Figure 5A), and the promoter methylation level of COL22A1 was significantly lower in the HCC tissues when
compared to that in the normal liver tissues (Figure 5B). Consistently, COL22A1 overexpression showed positive
correlation with shorter OS of HCC patients (Figure 5C).

MiRNA-COL22A1 network analysis revealed that COL22A1 can be targeted 7 miRNAs including miR-26b-5p, miR-
29c-3p, miR-29a-3p, miR-29b-3p, miR-1297, miR-26a-5p and miR-1270 (Table 1).

Actions of COL22A1 Silencing on the HCC Cell Invasion, Migration and EMT
In the functional studies, we firstly transfected the HCC cells (HepG and Huh7) with COL22A1 siRNA or the
corresponding scrambled siRNA for COL22A1 (NC siRNA), and validation assays were performed to determine
actionsof COL22A1 knockdown on the HCC cell invasion, migration and EMT. The qRT-PCR showed that COL22A1

Figure 3 Functional annotation analysis of common DEGs. (A) The GO annotation of common up-regulated DEGs in biological process. (B) The GO annotation of
common up-regulated DEGs in cellular component. (C) The GO annotation of common up-regulated DEGs in molecular function. (D) The KEGG pathway analysis of
common up-regulated DEGs. (E) The reactome enrichment analysis of common up-regulated DEGs. (F) The GO annotation of common down-regulated DEGs in cellular
component. (G) The GO annotation of common down-regulated DEGs in molecular function.
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siRNA transfection down-regulated COL22A1 expression in HepG2 and Huh7 cells when compared to that transfected
with NC siRNA (Figure 6A and B). Transwell invasion results showed that COL22A1 siRNA transfection decreased
invaded cell number of HepG2 and Huh7 cells comparing to that transfected with NC siRNA (Figure 6C and D). The
wound healing assay was employed to evaluate the migratory potential of HCC cells, and COL22A1 knockdown

Figure 4 Correlatin between hub genes expression and overall survival of HCC patients was analyzed using the KM-plotter tool.
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significantly decreased the wound healing capacity of HepG2 and Huh7 cells comparing to NC siRNA group (Figure 6E
and F). EMT-related mediators expression was assessed with qRT-PCR. COL22A1 silence up-regulated E-cadherin
expression and down-regulated the expression of N-cadherin and vimentin in both HepG2 and Huh7 cells when
compared to NC siRNA group (Figure 6G and H).

Discussion
HCC represents a type of malignant solid tumor, while the molecular mechanisms underlying HCC pathophysiology
remain unclear.15 With great progress in high throughput biotechnology and bioinformatics analysis, more and more
novel biomarkers in HCC have been screened. In this work, we carried out bioinformatics analysis on the GEO datasets
including GSE159220, GSE104766, GSE104310 and GSE33294 and identified 91 common up-regulated and 55 common
down-regulated DEGs. In addition, functional annotation analysis revealed that these common DEGs may be correlated
with the extracellular matrix. The PPI analysis further revealed 20 hub genes. Among these hub genes, high expression
levels of COL2A1, COL22A1, HAPLN1, PTHLH and SOX2 showed positive correlation with shorter OS of HCC
patients, while low expression levels of COL17A1, REN and TRH exhibited correlation with shorter OS of HCC
patients. While other hub genes was not significantly correlated with OS of HCC patients. Furthermore, the COL22A1
was up-regulated in the HCC tissues comparing to normal ones, and the promoter methylation level of COL22A1 was
significantly lower in the HCC tissues when compared to that in the normal liver tissues. The validation assays indicated
that COL22A1 silencing suppressed HCC cell invasion, migration and EMT. Collectively, this work identified several
hub genes closely correlated with HCC pathogenesis, and COL22A1 may be involved in the HCC metastasis, but this
still requires further mechanistic studies.

The RNA-sequencing has been a powerful tool for screening potential biomarkers associated with HCC progression.
In GSE159220, the researchers aimed to perform the analysis of circular RNA expression profiles of HCC tissues and
normal ones. In GSE104766, RNA sequencing of 25 tumors and matched normal ones sheded new insights into
mechanisms of liver cancer.16 In GSE104310, studies investigated biomarkers in the malignant process of HCC, and
proposed taht miR-4644 may be used for miRNA normalization in HCC.17 In GSE33294, studies highlighted importance

Figure 5 COL22A1 expression and the prognosis of COL22A1 was analyzed using the UALCAN tool. (A) COL22A1 expression in HCC tissues and normal ones from
TCGA samples is shown. (B) The promoter methylation level of COL22A1 in HCC tissues and normal ones from TCGA samples is shown. (C) Correlation between
COL22A1 expression and OS of HCC patients is analyzed based on TCGA database.

Table 1 The miRNAs That Target COL22A1 as Predicted by miRDB

Target Rank Target Score miRNA Name Gene Symbol Transcript Accession Gene Description

1 91 hsa-miR-29c-3p COL22A1 NM_152888 Collagen type XXII alpha 1 chain

2 91 hsa-miR-29a-3p COL22A1 NM_152888 Collagen type XXII alpha 1 chain
3 91 hsa-miR-29b-3p COL22A1 NM_152888 Collagen type XXII alpha 1 chain

4 80 hsa-miR-1297 COL22A1 NM_152888 Collagen type XXII alpha 1 chain

5 76 hsa-miR-26a-5p COL22A1 NM_152888 Collagen type XXII alpha 1 chain
6 76 hsa-miR-26b-5p COL22A1 NM_152888 Collagen type XXII alpha 1 chain

7 70 hsa-miR-1270 COL22A1 NM_152888 Collagen type XXII alpha 1 chain
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of differentially expressed ADARs in tumours.18 In our results, we combined these four datasets and revealed a total of
91 common up-regulated DEGs and 55 common down-regulated DEGs, which have been suggested to be associated with
the extracellular matrix based on the functional annotation analysis.

We furtheranalyzed the association between hub genes expression and OS of HCC patients. High expression levels of
COL2A1, COL22A1, HAPLN1, PTHLH and SOX2 exhibited positive correlation with shorter OS of HCC patients ;
while low expression levels of COL17A1, REN and TRH showed correlation with shorter OS of HCC patients.
COL22A1 has been identified as a key component in extracellular matrix, which is in agreement with functional
annotation analysis showing that the DEGs are correlated with extracellular complex. Our study further showed that
COL22A1 overexpression showed correlation with shorter OS of HCC patients. However, the role of COL22A1 has not
yet been determined in HCC. COL22A1 overexpression showed correlation with a high risk of head and neck cancer
recurrence.19 Studies also demonstrated that COL22A1 served as prognostic marker for survival prediction in patients

Figure 6 Knockdown of COL22A1 suppressed HCC cell invasion, migration and EMT. (A and B) COL22A1 expression in (A) HepG2 and (B) Huh7 cells after being
transfected with NC siRNA or COL22A1 siRNA were determined by qRT-PCR. (C and D) The invasive capacity of (C) HepG2 and (D) Huh7 cells after being transfected
with NC siRNA or COL22A1 siRNA was determined by cell invasion assay. (E and F) The migratory capacity of (E) HepG2 and (F) Huh7 cells after being transfected with
NC siRNA or COL22A1 siRNA was shown. (G and H) E-cadherin, N-cadherin and vimentin expression in (G) HepG2 and (H) Huh7 cells after being transfected with NC
siRNA or COL22A1 siRNA were shown. N = 3. *P<0.05, **P<0.01 and ***P<0.001.
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with lung squamous cell carcinoma.20 The in vitro functional studies demonstrated that COL22A1 silence suppressed
HCC cell invasion, migration and EMT. Collectively, these results suggest that COL22A1 may act as an oncogene in
HCC development. Based on the miRNAs-COL22A1 network, we found that that several miRNAs including miR-26b-
5p, miR-29c-3p, miR-29a-3p, miR-29b-3p, miR-1297, miR-26a-5p and miR-1270 could directly target COL22A1.
Studies have found that these miRNAs exert tumor-suppressive actions in HCC.21–27 However, how these miRNAs
affect the expression of COL22A1 in HCC still requires further examination.

Conclusions
Collectively, this work carried out comphrehensive bioinformatics analysis and extracted several hub genes that exhibited
prognostic values with HCC patients. Functional analysis revealed a novel functional role of COL22A1 signaling in the
pathophysiology of HCC.
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