
ONCOLOGY LETTERS  21:  399,  2021

Abstract. Hepatocellular carcinoma (HCC) is the fourth 
leading cause of cancer‑associated mortality worldwide. Thus, 
there is an urgent requirement to identify novel diagnostic 
and prognostic biomarkers for this disease. The present study 
aimed to identify the hub genes associated with the progres‑
sion and prognosis of patients with HCC. A total of three 
expression profiles of HCC tissues were extracted from the 
Gene Expression Omnibus (GEO) database, followed by the 
identification of differentially expressed genes (DEGs) using 
the GEO2R method. The identified DEGs were assessed for 
survival significance using Kaplan‑Meier analysis. Among the 
15 identified DEGs in HCC tissues [cytochrome P450 family 
39 subfamily A member 1, cysteine rich angiogenic inducer 61, 
Fos proto‑oncogene, forkhead transcription factor 1 (FOXO1), 
growth arrest and DNA damage inducible  β, Inhibitor of 
DNA binding 1, interleukin‑1 receptor accessory protein, 
metallothionein‑1M, pleckstrin homology‑like domain family 
A member  1, Rho family GTPase  3, serine dehydratase, 
suppressor of cytokine signaling 2 (SOCS2), tyrosine amino‑
transferase (TAT), S100 calcium‑binding protein P and serine 
protease inhibitor Kazal‑type 1 (SPINK1)]. Low expression 
levels of FOXO1, SOCS2 and TAT and high SPINK1 expres‑
sion indicated poor survival outcomes for patients with HCC. 
In addition, SOCS2 was associated with distinct stages of HCC 
progression in patients and presented optimal diagnostic value. 
In vitro functional experiments indicated that overexpression 
of SOCS2 inhibited HCC cell proliferation and migration. 
Taken together, the results of the present study suggest that 

SOCS2 may act as a valuable prognostic marker that is closely 
associated with HCC progression.

Introduction

Hepatocellular carcinoma (HCC) is one of the most highly 
malignant and fatal cancers worldwide  (1). It is the fourth 
leading cause of cancer‑associated mortality worldwide, with 
~841,000 new cases and 782,000 mortalities per year (1). The 
risk factors of HCC include hepatitis B virus or hepatitis C virus 
infection, consumption of aflatoxin contaminated food, alcohol 
abuse, obesity and smoking (2). Several strategies have been 
used for HCC treatment, such as surgical resection, chemo‑
therapy, radiotherapy and targeted therapy (2). However, for 
patients with end‑stage HCC, the 5‑year survival rate remains 
<10% (3). HCC is a neoplastic disease with complex molecular 
mechanisms, which are affected by genetic or epigenetic muta‑
tions, genomic instability and environmental factors  (3,4). 
Chronic inflammation, dysregulation of angiogenesis, changes 
in cellular metabolism and abnormal endocrine hormones may 
also be involved in the tumorigenesis of HCC (5). Recently, 
several studies have revealed key signaling pathways and genes 
that play critical roles in HCC (6,7). However, the underlying 
molecular mechanisms of HCC onset and progression remain 
unclear. Thus, it is important to investigate the molecular mech‑
anisms of HCC pathogenesis to identify key molecular targets 
for the early diagnosis and treatment of patients with HCC.

Recently, the development of high‑throughput sequencing 
and microarray technologies have provided a novel platform 
for studies of gene expression profiles and identification of 
key factors associated with tumor development. Microarray 
technique is a method used to analyze general genetic altera‑
tions, which has been extensively applied in the investigations 
of tumorigenicity to identify promising biomarkers for cancer 
diagnosis, treatment and prognosis (6,8). For example, analysis 
of gene expression profiles of 64 primary prostate tumors and 
24 metastatic samples revealed that patients with metastasis 
had 415 upregulated and 364 downregulated genes, indicating 
high heterogeneity of the metastatic samples (9). Systematic 
analysis of publicly available sequencing data using integrated 
bioinformatics methods may be an efficient way to overcome 
limitations, such as the use of different sequencing platforms 
or small sample sizes, and can provide further insight for 
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identifying novel diagnostic markers and therapeutic targets 
in different types of tumor tissues, such as endometrial 
cancer (10), osteosarcoma (11), non‑small cell lung cancer (12) 
and gastric cancer (13).

The present study analyzed three independent sequencing 
datasets of HCC tissues and identified differentially expressed 
genes (DEGs) using a series of bioinformatics analysis 
methods. A protein‑protein interaction  (PPI) network was 
constructed, and function enrichment and survival analyses 
were performed to thoroughly investigate the molecular 
features of the DEGs. In addition, the key targets affecting 
the tumorigenesis of HCC cells were identified via biological 
function studies.

Materials and methods

Data source acquisition. The gene microarray expression 
datasets, GSE22058 (14,15), GSE57957 (16) and GSE14323 (17), 
including 186 HCC tissue samples and 150 adjacent tumor tissue 
samples, were downloaded from the Gene Expression Omnibus 
(GEO) database (https://www.ncbi.nlm.nih.gov/geo). The 
microarray datasets included in the present study satisfied the 
following selection criteria: i) They included human HCC tissues 
and adjacent tumor tissues; ii) the number of cases in the HCC 
and adjacent tumor groups was at least 10 and iii) they had intact 
RNA expression profiles for further analysis. The data acquisition 
and application methods in the present study complied with the 
guidelines and policies of the GEO database (18).

Identification of DEGs. The GSE22058, GSE57957 and 
GSE14323 expression profiles were normalized and 
analyzed using the GEO2R tool (https://www.ncbi.nlm.nih.
gov/geo/geo2r). The criteria of P<0.05 and |logFC|>1 was 
applied to screen for the DEGs. The volcano plot of each dataset 
was constructed using the ‘volcano R’ package (version 3.2.0; 
R Foundation). The overlap of DEGs between the GSE22058, 
GSE57957 and GSE14323 datasets were categorized as 
common DEGs, which were retained for further studies.

PPI network and module analysis. The PPI network was 
constructed using Cytoscape software (version 3.4.0; National 
Resource for Network Biology). Associations between the 
DEG‑encoded proteins were analyzed using the Search Tool 
for the Retrieval of Interacting Genes/Proteins (STRING) 
database (https://string‑db.org/cgi/input.pl). PPIs with a confi‑
dence score ≥0.4 were reserved.

Functional enrichment analysis of the DEGs. Gene ontology 
(GO) enrichment and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analyses  (19) were performed 
using the Database for Annotation, Visualization and 
Integrated Discovery (DAVID) (https://david.ncifcrf.gov) 
to identify the biological processes, molecular functions 
and cellular components, and signaling pathways associated 
with the DEGs. P<0.05 was considered to indicate statistical 
significance.

Survival analysis. Overall survival (OS) and disease‑free 
survival (DFS) analyses of the integrated DEGs were performed 
using the cBioPortal database (http://www.cbioportal.org). A 

total of five HCC studies, including MSK, Clin Cancer Res 
2018 (20); INSERM, Nat Genet 2015 (21); AMC, Hepatology 
2014  (22); RIKEN, Nat Genet 2012  (23) and The Cancer 
Genome Atlas (TCGA) (24), which included 1,000 patients 
with clinical information, were selected. OS analysis was 
performed using the Gene Expression Profiling Interactive 
Analysis (GEPIA) database (http://gepia.cancer‑pku.cn). A 
total of 80 patients with HCC from the 920th Hospital were 
classified into the high expression group (n=40) or the low 
expression group (n=40), based on the median expression 
value (22.178) to determine the prognosis of suppressor of 
cytokine signaling 2 (SOCS2) using the ‘survival R’ package 
(version  3.2.0; R  Foundation). P<0.05 was considered to 
indicate prognostic significance. Detailed information of the 
80 patients is listed in Table SV.

Expression levels of SOCS2, TAT, FOXO1 and SPINK in 
TCGA dataset. The mRNA expression and clinical data were 
downloaded from TCGA‑Liver Hepatocellular Carcinoma 
database (TCGA‑LIHC, http://tcga‑data.nci.nih.gov/tcga), 
including 50 healthy individuals and 371 patients with HCC. 
The expression levels of four prognosis‑related genes (SOCS2, 
TAT, FOXO1 and SPINK) were detected in healthy individuals 
and different pathological stages of patients with HCC.

Receiver operating characteristic (ROC) curve. ROC curves 
of SOCS2, TAT, FOXO1 and SPINK were plotted based on 
their expression and sample feature (tumor vs. normal) in the 
GSE22058 dataset to determine their diagnostic values. The 
ROC curves were plotted using SPSS software (version 21; 
IBM Corp.).

Cell lines and clinical tissues. The HCC cell line, Huh7, 
was purchased from the Chinese Academy of Sciences Cell 
Bank and maintained in DMEM medium supplemented with 
10% fetal bovine serum (Gibco; Thermo Fisher Scientific, 
Inc.), at 37˚C in 5% CO2.

A total of 12 pairs of HCC tissues and adjacent normal 
tissues (5 cm away from HCC tissues) were collected from 
patients with HCC who received surgical resection at the 
920th Hospital between June 2018 and October 2019. The 
patients included 9 men and 3 women (age range, 53‑65 years; 
mean age, 60.17  years). The histopathologic features of 
tumor tissues and adjacent normal tissues were confirmed by 
H&E staining. Fresh clinical samples were stored at ‑80˚C 
until subsequent experimentation. The present study was 
approved by the Ethics Committee of the 920th Hospital 
(Kunming, China; approval no. 2018‑020‑01) and written 
informed consent was provided by all patients prior to the 
study start.

Reverse transcription‑quantitative (RT‑q)PCR. Total 
RNA was extracted from Huh7 cells using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol. A total of 1 µg RNA was reverse 
transcribed into cDNA using the Hifair® II 1st Strand cDNA 
Synthesis SuperMix kit (Yeasen Biotech Co.), under the 
following conditions: 25˚C for 5 min, 55˚C for 15 min and 
85˚C for 5 min. qPCR was subsequently performed using 
the Hieff®  qPCR SYBR Green Master Mix kit (Yeasen 
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Biotech  Co.) in QuantStudio™  5 System (Thermo  Fisher 
Scientific, Inc.). The following thermocycling conditions were 
used for qPCR: 95˚C for 5 min, followed by 40 cycles at 95˚C 
for 10 sec, 60˚C for 30 sec and elongation at 72˚C for 2 min. 
The following primer sequences were used for qPCR: SOCS2 
forward, 5'‑GAG​CCG​GAG​AGT​CTG​GTT​TC‑3' and reverse, 
5'‑ATC​CTG​GAG​GAC​GGA​TGA​CA‑3'; and GAPDH forward, 
5'‑GGT​CTC​CTC​TGA​CTT​CAA​CA‑3' and reverse, 5'‑GTG​
AGG​GTC​TCT​CTC​TTC​CT‑3'. Relative mRNA levels were 
calculated using the 2‑ΔΔCq method (25) and normalized to the 
internal reference gene GAPDH.

Plasmid construction and cell transfection. To generate the 
SOCS2 overexpression construct, the SOCS2 ORF sequence 
was amplified via RT PCR and cloned into a pcDNA3.1 vector 
(Addgene)  (OE). An empty pcDNA3.1 vector was used as 
the negative control (NC). SOCS2‑specific small interfering 
(si)RNA and control siRNA were designed by Shanghai 
GenePharma Co., Ltd. The primer sequences used for vector 
construction and siRNA sequences were as follows: SOCS2 
forward, 5'‑GGA​TCC​ATG​ACC​CTG​CGG​TGC​CTT​GAG‑3' 
and reverse, 5'‑CTC​GAG​TTA​TAC​CTG​GAA​TTT​ATA​TTC​
TTC‑3'; control siRNA, 5'‑GGA​TCA​ACT​AAC​TTC​CGA​A‑3'; 
and SOCS2 siRNA, 5'‑GGA​CCA​ACT​AAT​CTT​CGA​A‑3'. 
Cells were transfected with the plasmids (2.5 µg) or siRNAs 
(50  nM) using Lipofectamine®  3000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) in 6‑well plates, according to 
the manufacturer's protocol. Following incubation for 48 h 
at  37˚C, transfected cells were harvested for subsequent 
experimentation.

Western blotting. Total protein was extracted from Huh7 cells 
using RIPA lysis buffer (Beyotime Institute of Biotechnology), 
containing x100 protease inhibitor cocktail (Bio‑Rad 
Laboratories, Inc.). Protein concentrations of lysates were 
detected using the bicinchoninic acid (BCA) assay (Beyotime 
Institute of Biotechnology). Equal amounts of protein lysates 
(20  µg/well) were separated by 10%  SDS‑PAGE, trans‑
ferred onto polyvinylidene difluoride membranes (Bio‑Rad 
Laboratories, Inc.) and blocked with 5% skim milk solution 
for 1 h at room temperature. The membranes were incubated 
with primary antibodies against SOCS2 (cat. no. A5703) and 
GAPDH (cat. no. AC001) (both 1:1,000 and purchased from 
ABclonal Biotech Co., Ltd.) overnight at 4˚C. Following the 
primary incubation, membranes were incubated with horse‑
radish peroxidase‑conjugated Goat Anti‑Rabbit IgG secondary 
antibody (1:2,000; cat.  no. AS014; ABclonal Biotech Co., 
Ltd.) for 1 h at room temperature. Protein bands were visu‑
alized using BeyoECL Plus regent (Beyotime Institute of 
Biotechnology) in ImageQuant LAS4000 (GE Healthcare). 
GAPDH was used as the loading control.

Cell proliferation assay. HCC cells were transfected with 
the indicated siRNAs or plasmids for 24 h. Subsequently, 
cells were seeded into 96‑well culture plates at a density 
of 4,000 cells/well. Cell proliferation was assessed via the 
Cell Counting Kit‑8 (CCK‑8) assay (Dojindo Molecular 
Technologies, Inc.) at 0, 12, 24, 36 and 48 h following cell 
culture. The cell proliferation curve at each time point 
was plotted using the values of relative absorbance. EdU 

immunofluorescence staining was performed using the EdU 
kit (Thermo Fisher Scientific, Inc.), according to the manu‑
facturer's protocol. The results were quantified using ImageJ 
software (version 1.8.0; National Institutes of Health).

Wound healing assay. HCC cells were seeded into 6‑well 
plates at a density of 4x105 cells/well and cultured until they 
reached 90% confluency. The cell monolayers were subse‑
quently scratched using 200 µl pipette tips to create a gap. 
Cells were washed with phosphate buffered saline and cultured 
in fresh DMEM serum‑free medium (Gibco; Thermo Fisher 
Scientific, Inc.). Images were acquired at 0 and 24 h using 
the Olympus  IX73 light microscope (Olympus Corporation) 
to assess cell migration. Wounded areas between the cells 
were analyzed using ImageJ software (version 1.8.0; National 
Institutes of Health).

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism 6 software (GraphPad Software, Inc.). All 
in vitro experiments were performed in triplicate and data 
are presented as the mean ± standard deviation. A two‑tailed 
unpaired or paired Student's t‑tests were used to compare 
differences between two groups. One‑way ANOVA followed 
by Dunnett's test were used to compare differences between 
multiple groups. Pearson's correlation analysis was performed 
to determine the correlation between SOCS2 and FOXO1 
expression. Survival curves were obtained via Kaplan‑Meier 
analysis and the log‑rank test between patients in the high 
and low expression groups, and Landmark analysis was 
performed when the survival curves cross. Age, gender, stage 
and SOCS2 expression level of 80 HCC patients were made for 
univariate and multivariate Cox analyses using SPSS software 
(version 21; IBM Corp.). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Identification of DEGs. To identify the key DEGs in a large 
cohort of HCC samples, three sequencing datasets from 
the GEO database were selected, including HCC samples 
and adjacent normal tumor samples. Detailed information 
of the three datasets are presented in Table I. According to 
the screening criteria, a total of 2,657 DEGs were identified 
between the HCC tissues and adjacent normal tumor tissues 
in the GSE22058 dataset, which included 981 upregulated 
genes and 1,694 downregulated genes. A total of 584 DEGs 

Table I. Gene Expression Omnibus datasets used in the present 
study.

	 Number of samples
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Tumor	 Adjacent normal
Dataset	 tissues	 tumor tissues	 (Refs.)

GSE22058	 100	 97	 (14,15)
GSE57957	 39	 39	 (16)
GSE14323	 47	 14	 (17)
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were identified in the GSE57957 dataset, which consisted 
of 256 upregulated genes and 328 downregulated genes in 
HCC tissues compared with adjacent normal tumor tissues. 
The DEGs obtained from the GSE14323 dataset included 
five upregulated genes and 146 downregulated genes in HCC 
tissues. The volcano plots of the three datasets are presented 
in Fig. 1A. A total of 15 overlapping DEGs (13 downregulated 
genes and two upregulated genes) were identified by inter‑
secting the three datasets (Fig. 1B and Table II). The heat map 
displays the detailed expression data of these 15 DEGs in each 
tissue sample of the three sequencing datasets (Fig. 1C).

PPI network and functional enrichment analysis of DEGs. To 
determine the associations between DEG‑encoded proteins, 
a PPI network was constructed using the STRING database. 
In total, 34 proteins, 14 DEGs and 20 neighbor genes were 

obtained, and 251 edges were included in the PPI network 
(Fig. S1A). In the network, a large protein node indicated a 
strong ability to interact with other proteins. The top five highest 
value nodes were serine/threonine‑protein kinase 1, V‑Jun 
avian sarcoma virus 17 oncogene homolog, mitogen‑activated 
protein kinase 8, mammalian target of rapamycin and early 
growth response 1, all of which have been reported to be 
involved in the development of multiple tumors (26‑29). The 
top five highest value DEGs were Fos proto‑oncogene (FOS), 
SOCS2, forkhead transcription factor 1 (FOXO1), growth 
arrest and DNA damage inducible β (GADD45B) and cysteine 
rich angiogenic inducer 61 (CYR61), which are also considered 
to play critical roles in tumor progression (30‑34).

GO and KEGG enrichment analyses of the DEGs were 
performed using DAVID. The results demonstrated that the 
DEGs were predominantly enriched in ‘nucleoplasm’ and 

Figure 1. Identification of DEGs. (A) Volcano plots of the GSE22058, GSE14323 and GSE57957 datasets. Red dots represent DEGs with |logFC| >1 and P<0.05, 
black dots represent genes without significant changes. (B) Venn diagrams of overlapping DEGs between the GSE22058, GSE14323 and GSE57957 datasets. 
(C) A heat map of overlapping DEGs. Each column represents a sample, and each row represents one gene. The gradient color represents the gene expression 
value. DEGs, differentially expressed genes; FC, fold change.
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‘transcription factor AP‑1 complex’. Furthermore, they were 
significantly enriched in multiple biological processes and 
molecular functions associated with response to ‘abiotic 
stimuli’, ‘regulation of cell death’, ‘transcription factor 
binding’ and ‘activity of DNA‑binding transcription activator’ 
(Fig. S1B‑D and Tables SI‑III). According to KEGG pathway 
enrichment analysis, the DEGs were significantly involved 
in ‘colorectal cancer’, ‘FOXO signaling pathway’, ‘osteoclast 
differentiation’, ‘insulin signaling pathway’ and ‘prolactin 
signaling pathway’ (Fig. S1E and Table SIV).

Survival analysis. According to the clinical information 
of patients with HCC in the cBioPortal database, five HCC 
studies; MSK, Clin Cancer Res 2018  (20); INSERM, Nat 
Genet 2015 (21); AMC, Hepatology 2014 (22); RIKEN, Nat 
Genet 2012 (23) and TCGA (24), were selected to determine 
the prognostic values of the 15 DEGs. As presented in Fig. 2A, 
expression alteration of the 15 DEGs was significantly associ‑
ated with a shorter OS time of patients with HCC (P=0.0254). 
The median survival time of 116 patients with DEG expres‑
sion changes was 45.07  months, and the median survival 
time of 882 patients without alterations in DEG expression 
was 83.24 months. However, no significant difference was 
observed between the alteration of DEG levels and the DFS 
time of patients with HCC (P=0.0828).

To further investigate the association between the 15 DEGs 
and OS time of patients with HCC, Kaplan‑Meier survival 
analysis of each DEG was performed using the GEPIA 
database. The results demonstrated that only four DEGs were 

significantly associated with the OS  time of patients with 
HCC, including FOXO1 (P=0.016), serine protease inhibitor 
Kazal‑type 1 (SPINK1, P=0.0085), SOCS2 (P=6.7x10‑06) and 
tyrosine aminotransferase (TAT, P=0.013) (Figs. 2B and S2). 
Notably, low expression levels of FOXO1, SOCS2 and TAT, 
and high SPINK1 expression were associated with poor 
prognosis of patients with HCC.

SOCS2 is associated with HCC stages and demonstrates good 
diagnostic ability for HCC. The expression levels of the four 
prognosis‑related DEGs in TCGA dataset were assessed. The 
results demonstrated that the expression levels of FOXO1, 
SOCS2 and TAT were significantly downregulated in HCC 
tissues, whereas SPINK1 expression was significantly upregu‑
lated in HCC tissues compared with adjacent normal tissues. 
In addition, FOXO1 and SOCS2 expression were associated 
with HCC progression, whereby lower expression levels were 
observed in stage 4 patients with HCC (Fig. 3A). Furthermore, 
FOXO1 expression was positively correlated with SOCS2 in 
the GSE22058 dataset (Fig. 3B). ROC curve analysis demon‑
strated that SOCS2 presented a good diagnostic ability for HCC 
(Fig. 3C), and its area under the curve (AUC) value was 0.940 
[95% confidence interval (CI), 0.906‑0.975]. The AUC value of 
TAT, FOXO1 and SPINK1 were 0.827 (95% CI, 0.764‑0.891), 
0.891 (95% CI, 0.838‑0.944) and 0.209 (95% CI, 0.138‑0.280), 
respectively (Table SV).

SOCS2 expression was further validated in 12 pairs of 
clinical HCC tissues and adjacent normal tissues. The results 
demonstrated that SOCS2 mRNA and protein expression levels 

Table II. Detailed information of the 15 key differentially expressed genes.

	 GSE22058	 GSE57957	 GSE14323
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Gene symbol	 Gene title	 P‑value	 logFC	 P‑value	 logFC	 P‑value	 logFC

CYP39A1	 Cytochrome P450 family 39 subfamily A	 6.33x10‑29	 ‑2.93	 1.55x10‑13	 ‑1.55	 0.000307	 ‑1.11
	 member 1
CYR61	 Cysteine rich angiogenic inducer 61	 3.11x10‑29	 ‑1.66	 1.23x10‑07	 ‑1.40	 0.000624	 ‑1.12
FOS	 Fos proto‑oncogene, AP‑1 transcription	 2.75x10‑29	 ‑2.05	 1.17x10‑13	 ‑2.54	 0.00240	 ‑1.21
	 factor subunit
FOXO1	 Forkhead transcription factor 1	 4.62x10‑22	 ‑1.25	 9.36x10‑10	 ‑1.12	 3.51x10‑04	 ‑1.22
GADD45B	 Growth arrest and DNA damage inducible β	 3.86x10‑35	 ‑1.79	 6.63x10‑12	 ‑1.58	 0.000124	 ‑1.06
ID1	 Inhibitor of DNA binding 1, HLH protein	 3.89x10‑41	 ‑2.54	 2.06x10‑08	 ‑1.42	 0.000219	 ‑1.03
IL1RAP	 Interleukin‑1 receptor accessory protein	 2.24x10‑14	 ‑1.02	 4.64x10‑11	 ‑1.34	 0.000798	 ‑1.09
MT1M	 Metallothionein‑1M	 2.23x10‑53	 ‑3.97	 4.54x10‑10	 ‑2.75	 0.00324	 ‑1.22
PHLDA1	 Pleckstrin homology‑like domain family A	 4.83x10‑21	 ‑1.67	 5.45x10‑05	 ‑1.09	 1.28x10‑04	 ‑1.40
	 member 1
RND3	 Rho family GTPase 3	 2.45x10‑42	 ‑1.94	 1.94x10‑13	 ‑1.64	 1.32x10‑04	 ‑1.03
SDS	 Serine dehydratase	 2.16x10‑15	 ‑2.25	 8.1x10‑07	 ‑1.95	 0.00144	 ‑1.04
SOCS2	 Suppressor of cytokine signaling 2	 2.95x10‑34	 ‑2.13	 3.66x10‑10	 ‑1.24	 0.000347	 ‑1.00
TAT	 Tyrosine aminotransferase	 1.64x10‑12	 ‑1.38	 6.28x10‑08	 ‑2.10	 1.40x10‑09	 ‑1.40
S100P	 S100 calcium‑binding protein P	 6.41x10‑08	 1.73	 0.000373	 1.25	 0.00182	 1.27
SPINK1	 Serine protease inhibitor Kazal‑type 1	 6.06x10‑13	 2.67	 1.1x10‑08	 3.38	 0.001	 1.93 

Negative values represent downregulated genes, while positive values represent upregulated genes in hepatocellular carcinoma. FC, fold 
change.  
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were downregulated in HCC tissues compared with adjacent 
normal tissues (Fig. 3D). Based on the median SOCS2 expres‑
sion values, 80 patients with HCC from the 920th Hospital 
were classified into the high expression group (n=40) or the 
low expression group (n=40) (Table SVI). Long‑term follow‑up 
(0.7‑5.0 years) showed that HCC cases in the low expression 
group were associated with a poor prognosis compared with 
the high expression group (P=0.0012), while there was no 
significant difference between the two groups in the short‑term 
follow‑up (0.0‑0.7 years) (Fig. 3E). Furthermore, univariate 
and multivariate Cox analyses demonstrated that HCC clinical 
stage 1 and SOCS2 levels were independent prognostic factors 
for patients with HCC (Table III).

SOCS2 is a tumor suppressor for HCC progression. To determine 
the biological function of SOCS2 in HCC cells, SOCS2 expres‑
sion in Huh7 cells was exogenously changed using recombinant 
expression plasmids and siRNAs. Both the overexpression and 
knockdown phenotypes of SOCS2 were confirmed via RT‑qPCR 
and western blot analyses (Fig. 4A). Ectopic overexpression of 
SOCS2 inhibited HCC cell proliferation, as measured by the 
CCK‑8 assay (Fig. 4B) and EdU staining (Fig. 4C). The wound 
healing assay demonstrated that overexpression of SOCS2 
inhibited HCC cell metastasis compared with cells in the control 
group (Fig. 4D). Notably, SOCS2 knockdown promoted HCC 
cell proliferation and metastasis. Taken together, these results 
suggest that SOCS2 inhibits tumorigenesis in HCC cells.

Figure 2. Prognostic values of the DEGs in patients with HCC. (A) Overall survival analysis (left) and disease‑free survival analysis (right) of the 15 inte‑
grated DEGs in patients with HCC. (B) Overall survival analysis indicated that FOXO1, SPINK1, SOCS2 and TAT are prognostic markers in patients with 
HCC. DEGs, differentially expressed genes; HCC, hepatocellular carcinoma; FOXO1, forkhead transcription factor 1; SPINK1, serine protease inhibitor 
Kazal‑type 1; SOCS2, suppressor of cytokine signaling 2; TAT, tyrosine aminotransferase. 
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Figure 3. SOCS2 is a potential diagnostic marker for HCC. (A) The expression levels of the four key DEGs in The Cancer Genome Atlas HCC dataset. 
(B) FOXO1 expression was positively correlated with SOCS2 expression in the GSE22058 dataset. (C) Receiver operating characteristic curves of the four 
key DEGs were used to determine their diagnostic values. (D) SOCS2 mRNA (above, n=12 pairs) and protein (below, n=6 pairs) expression levels in clinical 
tissues. (E) Overall survival analysis of 80 patients with HCC from the 920th Hospital, based on SOCS2 expression. *P<0.05, **P<0.01 SOCS2, suppressor of 
cytokine signaling 2; HCC, hepatocellular carcinoma; DEGs, differentially expressed genes; FOXO1, forkhead transcription factor 1; SPINK1, serine protease 
inhibitor Kazal‑type 1; TAT, tyrosine aminotransferase; P, normal tissue; T, HCC tissue.

Table III. Univariate and multivariate Cox analyses of hepatocellular carcinoma clinical characteristics and SOCS2 expression.

	 Univariate analysis	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Age	 1.005 (0.986‑1.024)	 0.593	 ‑	 ‑
Gender	 1.033 (0.565‑1.888)	 0.916	 ‑	 ‑
Stage				  
  I	 2.338 (1.245‑4.392)	 0.008	 2.295 (1.093‑4.821)	 0.028
  II	 0.657 (0.347‑1.245)	 0.198	 ‑	 ‑
  III/IV	 0.517 (0.270‑0.989)	 0.046	 1.128 (0.512‑2.485)	 0.765
SOCS2	 0.968 (0.942‑0.994)	 0.018	 0.968 (0.941‑0.996)	 0.024

SOCS2, suppressor of cytokine signaling 2; HR, hazard ratio; CI, confidence interval; ‑, not applicable.
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Discussion

HCC carcinogenesis is a sophisticated and complex pathological 
process associated with specific tumor genes, multiple signaling 
cascades and epigenetic modifications (35,36). Recently, bioinfor‑
matics analyses have been extensively performed to identify novel 
diagnostic markers and therapeutic targets for different types of 
cancer (37,38), thus providing useful tools in tumor research.

The present study performed bioinformatics analyses to 
investigate the DEGs between HCC tissues and adjacent normal 
tumor tissues, based on three independent GEO expression data‑
sets. A total of 15 overlapping DEGs were identified, including 
cytochrome P450 family 39 subfamily A member 1, CYR61, FOS, 
FOXO1, GADD45B, inhibitor of DNA binding 1, interleukin‑1 
receptor accessory protein, metallothionein‑1M, pleckstrin 

homology‑like domain family A member 1, Rho family GTPase 3, 
serine dehydratase, SOCS2, TAT, S100 calcium‑binding protein P 
and SPINK1, all of which exhibited consistent expression patterns 
in the three sequencing datasets. A total of four potentially prog‑
nostic DEGs (FOXO1, SPINK1, SOCS2 and TAT) were further 
identified via Kaplan‑Meier analysis.

FOXO1 is one of the forkhead family transcription factors, 
which participates in several processes of tumor develop‑
ment  (30,39). It is well‑known that FOXO1 expression is 
downregulated in the early stages of human pancreatic ductal 
adenocarcinoma, and may function as a valuable diagnostic 
marker (39). Sequencing analyses have demonstrated that FOXO1 
and paired box 3 (PAX3) expression are upregulated in alveolar 
rhabdomyosarcoma; double knockdown of PAX3 and FOXO1 
significantly inhibits tumor cell proliferation, survival and 

Figure 4. Overexpression of SOCS2 inhibits hepatocellular carcinoma tumorigenesis. (A) SOCS2 mRNA and protein expression levels in Huh7 cells. (B) The 
Cell Counting Kit‑8 assay was performed to assess proliferation in SOCS2 overexpressed and suppressed Huh7 cells. (C) EdU staining was performed to 
assess proliferation in SOCS2 overexpressed and suppressed Huh7 cells. Scale bar, 50 µm. (D) The wound healing assay was performed to assess the migratory 
ability in SOCS2 overexpressed and suppressed Huh7 cells. Scale bar, 100 µm. *P<0.05, **P<0.01. SOCS2, suppressor of cytokine signaling 2; OE, SOCS2 
overexpression; NC, negative control; si, small interfering. 
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migration by targeting interleukin‑24 (30). SOCS2 is involved 
in the inhibition of signal transduction (40). It has been reported 
that SOCS2 regulates the immune response during acute liver 
injury caused by acetaminophen (41). SOCS2 also plays a critical 
role in the development of prostate cancer (42). TAT is a tyrosine 
transaminase that is predominantly expressed in liver tissues, and 
its deficiency can lead to tyrosinemia (43). Low TAT expression 
has been observed in HCC and is associated with tumor progres‑
sion (44). Previous studies have reported that SPINK1 is associated 
with the development of different types of cancer  (8,45,46). 
Microarray analysis has demonstrated that SPINK1 expression is 
upregulated in HCC, which promotes the proliferation, migration 
and invasion of HCC cells (45). SOCS2 was selected as a hub 
gene in the present study due to its pathological stage association 
and good diagnostic ability in patients with HCC. Functional 
studies demonstrated that overexpression of SOCS2 inhibited 
HCC cell proliferation and migration, whereas SOCS2 knock‑
down promoted HCC tumorigenesis, suggesting that SOCS2 may 
function as a tumor suppressor in HCC development.

The present study was not without limitations. First, mecha‑
nistic experiments for the antitumor role of SOCS2 are required 
to determine the molecular mechanism of SOCS2 in HCC 
progression. Secondly, the present study only investigated the 
function of SOCS2 in HCC cells. Further biological experiments 
are required to validate the roles of other DEGs in the diagnosis 
and treatment of HCC. Thirdly, the quality and heterogeneity of 
the public data that were uploaded by other researchers and used 
in the present study cannot be accurately determined.

In conclusion, the present study identified four key DEGs 
from the HCC gene expression profile datasets using integrated 
bioinformatics analyses. The PPI network, and functional 
enrichment and prognostic analyses suggest that these DEGs 
may be involved in the pathogenesis and prognosis of HCC. In 
addition, the antitumor role of SOCS2 was investigated, and 
the results demonstrated that SOCS2 may serve as a potential 
diagnostic marker in patients with HCC. Collectively, these 
results provide further insight on the prognostic prediction and 
molecular targeting therapy for patients with HCC.
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