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Background: This study aimed to reveal novel markers for prognostic and diagnostic prediction of 
hepatocellular carcinoma (HCC).
Methods: We applied The Cancer Genome Atlas (TCGA) data to screen differentially expressed genes 
(DEGs). We identified hub modules and genes using weighted gene co-expression network analysis 
(WGCNA). After verification with the GSE36376 dataset, hub genes were further identified. The expression 
of progestin and adipoQ receptor 4 (PAQR4) was confirmed in HCC by quantitative reverse transcription 
polymerase chain reaction (qRT-PCR). The diagnostic and prognosis value of PAQR4 was assessed. The 
expression of PAQR4 was verified using the GSE76427 dataset.
Results: A total of 803 DEGs were obtained between HCC and normal tissue. Through WGCNA, 7 hub 
modules were screened, among which the blue module was selected to identify the hub genes associated 
with the HCC. After overlapping all the DEGs with 837 genes of the blue module, we obtained 466 DEGs 
that were defined as hub genes. Among the hub genes, 239 were related to staging. After verifying with the 
GSE36376 dataset, PAQR4 was identified as the real hub gene of HCC. The results of qRT-PCR revealed 
that PAQR4 was upregulated between HCC and normal tissue. Furthermore, PAQR4 was related to the 
diagnosis and prognosis of patients with HCC. Moreover, the GSE76427 verification results of PAQR4 were 
consistent with our integration and qRT-PCR results. Ultimately, high expression of PAQR4 was significantly 
related to cell cycle, DNA replication, and the p53 signaling pathway.

Conclusions: The PAQR4 gene may be associated with the prognosis and diagnosis of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a solid-organ 
malignancy affecting the global population, with an 
increasing mortality and morbidity (1,2). It commonly 
develops from a pre-existent liver disease and is associated 
with specific risk factors, including chronic viral types B and 
C hepatitis, alcohol abuse, and aflatoxin exposure (3,4). Due 
to the occult onset of HCC and asymptomatic presentation 
in the early disease stage, only 10–20% of HCC tumors are 
suitable for surgical removal (5). Due to its high incidence, 
limited therapeutic strategies, and poor prognosis, it 
remains a challenge in clinical practice. Thus, it is earnestly 
required to identify more sensitive biomarkers and clarify 
the molecular mechanisms of HCC (6-9).

With the emergence of microarray technology and 
transcriptome analysis, bioinformatics have become 
the most frequently used means to identify potential 
biomarkers in a variety of diseases (10-12). Weighted gene 
co-expression network analysis (WGCNA) is a prevailing 
biological tool used not only to build gene networks, but 
also to analyze gene modules and obtain the core gene 
within modules (13,14). It can be used to obtain potential 
biomarker genes according to the correlations between 
gene sets and phenotypes. In recent years, WGCNA has 
been comprehensively used to investigate multiple diseases 
(15,16). For example, Liu et al. reported using WGCNA to 
identify 11 genes related to the progression and prognosis 
of endometrial cancer (17). Liu et al. have found that CNFN 
may be used as a potential biomarker for the prediction 
of lymph node metastases and prognosis in head and neck 
cancer (15). Liang et al. revealed that WGCNA could be 
applied to identify and predict the key genes in Alzheimer’s 
disease (16). Yang et al. used WGCNA to identify CD36 as a 
novel biomarker or therapeutic target in lupus nephritis (12).

This study aimed to determine novel markers to predict 
the prognosis and diagnosis of HCC by using multiple 
databases and various bioinformatics analysis tools. Here, 
we identified differentially expressed genes (DEGs) between 
HCC and normal tissue based on data from The Cancer 
Genome Atlas (TCGA), and constructed a WGCNA co-
expression network. After overlapping these 803 DEGs 
with 837 genes in the blue module, we obtained 466 DEGs 
that were defined as hub genes. Function annotation of 466 
hub genes was also performed. After verification using the 
GSE36376 dataset, we found the real hub gene, expression 
of progestin and adipoQ receptor 4 (PAQR4) that could 
truly predict the prognosis of HCC.

Methods

Data collection

In this study, RNA sequencing data (count value) of gene 
expression and corresponding clinical data of HCC were 
obtained from TCGA database, which was downloaded 
from the University of California Santa Cruz Xena 
(UCSC Xena; http://xena.ucsc.edu/) database. According 
to the stage in clinical information, HCC patients were 
divided into early stage (stage I and stage II) and late stage 
(stage III and stage IV). Some 260 early HCC tissues, 85 
late HCC tissues, and 50 normal adjacent samples from 
HCC patients were enrolled. We also downloaded the 
GSE36376 dataset from the Gene Expression Omnibus 
(GEO) database (https://www.ncbi.nlm.nih.gov/geo/), 
including of 240 HCC samples and 193 normal tissues 
with expression profiles and clinical information, to 
further verify stage-related genes.

DEGs

We used the DESeq2 package in R (https://www.r-project.
org/) to screen the DEGs between HCC and normal 
adjacent samples. A false discovery rate (FDR) of <0.01 
and |log2FC| >2 were selected as the cut-off criteria. 
The R package v3.5.3 (https://cran.r-project.org/bin/
windows/base/old/3.5.3/) was utilized to obtain hierarchical 
clustering analysis of DEGs.

WGCNA construction and module detection

The genes were ranked, and the top 25% were subjected 
to the subsequent analysis. The WGCNA package in R as 
a powerful tool was used in gene co-expression network 
identification. First, Pearson’s correlation coefficient was 
calculated for all gene pairs to obtain a co-expression 
similarity matrix. According to the scale-free topology 
criterion, the adjacency matrix was obtained by raising 
the soft thresholding power to β=5. Then, the adjacency 
matrix was transformed into topological overlap matrix, 
and then in turn converted into a dissimilarity topological 
overlap matrix, from which a dendrogram was mapped via 
hierarchical clustering. The cluster tree was dynamically cut 
to obtain from the cluster. The resulting clusters were co-
expression modules containing genes that were considerably 
interconnected. The modules with |r|>0.5 & P<0.001 were 
identified as HCC-associated modules.

http://xena.ucsc.edu/
https://www.ncbi.nlm.nih.gov/geo/
https://www.r-project.org/
https://www.r-project.org/
https://cran.r-project.org/bin/windows/base/old/3.5.3/
https://cran.r-project.org/bin/windows/base/old/3.5.3/
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Functional annotation

The functional annotation, including Gene Ontology 
(GO) classification and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment analysis, were 
performed with GeneCoDis3 (http://genecodis.genyo.es/). 
The GO and KEGG enrichment analyses were visualized 
in ggplot2 package in R. Significant enrichment was defined 
by P<0.05.

Identification of tumor stage related genes

According to the clinical data, the HCC group was further 
divided into an early group (stage I and II) and late group 
(stage III). The expression difference of stage related 
genes in different clinical tumor stages (early stage vs. late 
stage) was performed. The multiple comparisons between 
different clinical tumor stages were performed with Tukey’s 
honest significant difference test. Statistical significance was 
considered when P<0.05.

Validation of real hub genes in the published GSE36376 
dataset

The expression of tumor stage related genes was validated 
with the GSE36376 dataset. We downloaded the gene 
expression matrix file of GSE36376 from the GEO database 
and annotated the probe according to the annotation 
file of the GPL10558 platform. The dataset GSE36376 
was used to examine the tissue samples consisting of 240 
HCC patients and 193 normal controls. According to the 
clinical data, HCC samples were further divided into early 
stage (stage I and II) and late stage (stage III). The DEGs 
were identified using the Wilcoxon test and statistically 
significant DEGs were defined with the criteria of P.05.

UALCAN analysis

The University of Alabama Cancer database (UALCAN; 
http://ualcan.path.uab.edu/) is a premier public resource 
for further exploring TCGA gene expression data. We 
analyzed PAQR4 expression on the basis of multiple clinic 
pathological features in HCC samples from TCGA. The 
expression and prognosis data for PAQR4 were obtained 
using UALCAN, and Kaplan-Meier curves were produced 
using online tools.

Receiver operating characteristic (ROC) curve analyses

ROC analysis is a commonly used binary assessment method 
that evaluates the diagnostic value of the transcriptional 
expression of any gene of interest in differentiating disease 
from healthy samples. ROC analysis was performed with 
the “pROC” package in R to determine the optimal PAQR4 
cut-off point and to evaluate the diagnostic value of PAQR4 
expression by calculation of the area under the curve (AUC). 
When the AUC was greater than 0.8, it was considered to 
have diagnostic value.

Confirmation by quantitative reverse transcription 
polymerase chain reaction

A total of 12 tissues samples of early HCC patients 
(n=3) and normal adjacent (n=3) and late HCC patients 
(n=3) and normal adjacent (n=3) were obtained. This 
study complied with the principles of the Declaration of 
Helsinki (as revised in 2013). This study was approved 
by the ethics committee of Sichuan Provincial People’s 
Hospital, University of Electronic Science and Technology 
of China (No. 2020161). All participants provided their 
written informed consent. 

Total RNA was isolated with an RNA simple total RNA 
kit (Tiangen, Beijing, China). We reverse-transcribed 
RNA (2 μg) using a Fast Quant RT Kit (Tiangen, China). 
Quantitative reverse transcription polymerase chain reaction 
(qRT-PCR) was conducted using the Super Real PreMix 
Plus SYBR Green (Tiangen, China) on an ABI 7500 real-
time PCR system (Thermo Fisher Scientific, Waltham, MA, 
USA). The 2-∆∆Ct method was used to analyze the expression 
level of PAQR4. Human GAPDH and ACTB were used as 
endogenous controls.

Validating the expression of PAQR4 in the published 
GSE76427 dataset

The expression of PAQR4 was validated with the GSE76427 
dataset, which was downloaded from the GEO. The 
dataset GSE76427 was used to examine the tissue samples 
consisting of 90 early HCC patients, 24 late HCC patients, 
and 50 normal controls. Gene set enrichment analysis 
(GSEA; http://www.broadinstitute.org/gsea/index.jsp) 
was carried out to uncover the key pathway in the PAQR4 
high expression group and PAQR4 low expression group. 
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The annotated gene sets of version 6.0 were downloaded 
from the Molecular Signatures Database (MSigDB; http://
software.broadinstitute.org/gsea/msigdb/index.jsp). The 
inclusion criteria were normalized P<0.05 and FDR <25%.

Statistical analysis

Most of the statistical analysis has been done by the 
bioinformatic tools mentioned above. In addition, the 
GraphPad Prism Software, version 7.0 was used for the 
statistical analysis of experimental data. The results are 
expressed as means ± standard deviations (SDs). Spearman 
correlation coefficients were calculated to evaluate the 
correlations. The multiple comparisons between different 
clinical tumor stages were performed with Tukey’s honest 
significant difference test. P<0.05 was considered to indicate 
a significant difference.

Results

Identification of DEGs

Under the threshold of FDR <0.01 and |log2FC| >2, 803 
DEGs were obtained between HCC and normal adjacent 
samples, of which 175 were down-regulated and 627 were 
up-regulated. A heat map of the top 100 DEGs is displayed 
in Figure 1. All genes were ranked and the top 25% were 
selected for subsequent WGCNA.

WGCNA construction

A co-expression network analysis was performed to develop 
hub modules and genes using the WGCNA R package. 
The power β=5 was screened to ensure a scale-free network 
(Figure 2A). Different color distribution was used to 
represent the co-expression module, and we identified 
7 modules (Figure 2B), including a brown module, red 
module, turquoise module, yellow module, green module, 
black module, and blue module. A heat map of the top 
400 genes is demonstrated in Figure 2C. To understand 
the connections and interactions among these 7 co-
expressed modules, we also analyzed the connectivity of 
eigengenes. An eigengene adjacency heatmap was generated  
(Figure 3A). Compared with the other modules, the red 
module and blue module had higher correlations with 
HCC. The module trait relationship is displayed in  
Figure 3B, and the results uncovered that the red module was 
negatively with associated with cancer traits (P=4E-58 and 
|r|=0.69) and the blue module was positively with associated 
with cancer traits (P=2E-36 and |r|=0.58), suggesting that 
the genes in the blue module might play an important 
role in the occurrence and development of HCC, and the 
genes in the red module might inhibit the occurrence and 
development of HCC. Thus, the blue module was selected 
for further analysis. We performed an intramodular analysis 
for the blue module, and the module membership and gene 
significance showed a very meaningful correlation (cor =0.68 

Dataset
Dataset

Normal
HCC2

0

−2

−4

Figure 1 Heat map of the top 100 DEGs between HCC and normal tissues. Rows and columns represent DEGs and tissue samples, 
respectively. The color scale indicates expression levels. DEGs, differentially expressed genes; HCC, hepatocellular carcinoma.

http://software.broadinstitute.org/gsea/msigdb/index.jsp
http://software.broadinstitute.org/gsea/msigdb/index.jsp
javascript:;
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Figure 2 Hub module selection. (A) Determination of soft thresholding power in the WGCNA. (B) Cluster dendrogram of the identified 
DEGs co-expression modules. The lower panel shows colors designated for each module. Note that the leaves presented in the color gray 
indicates unassigned DEGs. (C) A heatmap of top 400 genes. The intensity of the red color indicates the strength of the correlation between 
pairs of modules on a linear scale. WGCNA, weighted gene co expression network analysis; DEGs, differentially expressed genes.

and P value =6.4E-115), indicating that 837 genes in the 
blue module tended to be remarkably correlated with HCC 
(Figure 3C). The blue module was suitable for identifying 
the hub genes associated with HCC.

Hub genes identification and function annotation

After overlapping these all DEGs with 837 genes of blue 

module, we obtained 466 DEGs that were defined as hub 
genes (Figure S1). The GO analysis of the 466 hub genes 
is exhibited in Figure 4A. All hub genes were shown to be 
related to mitotic cell cycle (P=3.26E-43), cell division 
(P=1.62E-39), protein binding (P=6.25E-17), and ATP 
binding (P=3.98E-15). The KEGG pathway enrichment 
analysis uncovered that cell cycle (P=5.80E-26) and the p53 
signaling pathway (P=1.04E-08) were significantly enriched 

https://cdn.amegroups.cn/static/public/JGO-22-168-Supplementary.pdf
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Figure 3 Select hub genes in hub modules. (A) The cluster dendrogram of module eigengenes; (B) the module trait relationship; (C) a 
scatter plot of gene significance for HCC versus the module membership in the blue module. Intramodular analysis of the genes find in the 
blue module, which contains genes that have a high correlation with HCC. HCC, hepatocellular carcinoma.
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pathways (Figure 4B).

Identification and verification of genes associated with 
early- and late-stage HCC

According to the clinical data, HCC samples were further 
divided into early stage (stage I and II) and late stage (stage 
III), and the correlation between the intersecting genes and 
staging was analyzed. We found that 239 of the 466 hub 
genes were related to staging. Next, the expression of 239 
hub genes was verified in using the GSE36376 dataset. Only 
the expression of PAQR4 was consistent with our TCGA 
integration results (Figure 5A,5B).

UALCAN analysis

We evaluated PAQR4 expression on the basis of multiple 
clinic pathological features in HCC samples using 

UALCAN. The expression level of PAQR4 was significantly 
elevated in HCC patients compared to the normal controls 
in subgroup analyses based on gender, age, and race  
(Figure 5C-5E). The 12 tissues samples of early HCC 
patients (n=3) and normal adjacent (n=3) and late HCC 
patients (n=3) and normal adjacent (n=3) were used to 
perform the qRT-PCR confirmation experiment. As 
displayed in Figure 5F, PAQR4 was more up-regulated in 
early and late HCC patients than normal control in our 
qRT-PCR results, which was consistent with our integration 
results, suggesting that the results were convincing. The 
prognostic value of PAQR4 was analyzed by UALCAN. It 
was revealed that PAQR4 was associated with the prognosis 
of patients with HCC. The low expression of PAQR4 had a 
better prognosis than high expression (Figure 6A). We also 
assessed the diagnostic value of PAQR4 in HCC. Therefore, 
PAQR4 (AUC =0.869) was capable of discriminating HCC 
and normal controls (Figure 6B).
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Validation in a published the GEO dataset (GSE76427)

The expression pattern and KEGG enrichment of PAQR4 
was verified using the GSE76427 dataset. The results 
indicated that PAQR4 was up-regulated in both early and 
late HCC patients than in normal controls, which was 
consistent with our integration and qRT-PCR results  
(Figure 7A). In addition, high expression of PAQR4 was 
significantly associated with cell cycle, DNA replication, 
and the p53 signaling pathway (Figure 7B-7D). This 
suggests that PAQR4 may be involved in the progression of 
HCC by regulating these functions.

Discussion

As an aggressive malignancy, HCC is a leading cause of 
cancer-related death in the world, due to a lack of effective 
treatment strategies (3). Early diagnosis and effective 
treatment of HCC are critically important. Therefore, it is 
an urgent need to seek effective biomarkers and therapeutic 
targets that are significant in guiding the therapy of HCC. 
In the current study, we examined the gene expression 
profile of TCGA to screen the DEGs. Here, we obtained 
803 DEGs between HCC and normal adjacent samples 

using FDR <0.01 and |log2FC| >2 as the cutoff criteria. We 
applied WGCNA to divide the genes into 7 co-expression 
modules. After relating the modules to cancer traits, the 
blue module was suitable for excavating the hub genes 
associated with the HCC. We screened genes related to 
staging from all hub genes. After verification using the 
GSE36376 dataset, PAQR4 was identified as the real hub 
gene behind the pathogenesis of HCC. Furthermore, the 
expression of PAQR4 was validated by qRT-PCR. Finally, 
we performed ROC curve analysis and survival analysis to 
evaluate diagnostic and prognosis value of PAQR4.

The KEGG pathway enrichment analysis of 466 
hub genes showed that cell cycle and the p53 signaling 
pathway were significantly enriched pathways. The cell 
cycle pathway controls multiple cell cycle genes, and is 
a potential regulator for cancer treatment. Telmisartan 
suppresses HCC cell growth by modulating cell cycle  
pathway (18).  Methyl-cantharidimide inhibits the 
proliferation of HCC cells by regulating cell cycle arrest, 
indicating that methyl-cantharidimide has a cytotoxic 
effect on HCC cells via inducing cell cycle arrest (19). The 
CCL14 gene is considered a new prognostic regulator and 
tumor suppressor of HCC by regulating cell cycle (20).  
The p53 pathway is one of the typical pathways that 
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control cell-cycle progression, cell growth, and apoptosis, 
and has been reported to exert important function in the 
progression of cancer (21,22). The CD147 gene accelerates 
reprogramming of glucose metabolism and cell growth in 
HCC cells via suppressing the p53-dependent signaling 
pathway (23). Pseudogene PDIA3P1 facilitates cell growth, 
migration, and invasion in HCC through regulating the 
p53 pathway (24). The PRRX1 gene plays a crucial role in 
metastasis and apoptosis of HCC cells via modulating the 
p53 signaling pathway (25). Therefore, we speculated that 
cell cycle and the p53 signaling pathway might play a crucial 
role in the occurrence of HCC.

The gene PAQR4 belongs to the PAQR4 family, and is 
involved in biological processes such as cell proliferation, 
cell cycle, cell differentiation, and cell death (26-28). It 
has been reported that PAQR4 plays key roles in multiple 
cancers. It is markedly elevated in breast cancer tissues 
and has a tumorigenic effect on breast cancers (26). 
Overexpression of PAQR4 may be involved in the initiation 
and progression of non-small-cell lung cancer (28). 
Expression of PAQR4 is significantly increased in gastric 
cancer tissues and cell lines, and is an oncogene involved in 
tumorigenesis (29). High expressed PAQR4 was associated 
with a worse clinical outcome of non-small-cell lung cancer 

Figure 7 The expression pattern and KEGG enrichment of PAQR4 was verified using GSE76427 dataset. (A) PAQR4 expression in the 
GSE76427 dataset; (B) cell cycle signaling pathway; (C) DNA replication signaling pathway; (D) p53 signaling pathway. KEGG, Kyoto 
Encyclopedia of Genes and Genomes. *, P<0.05; ***, P<0.001, ****, P<0.0001.
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and can be considered as a potential therapeutic target for 
non-small-cell lung cancer treatment (30). Overexpressed 
PAQR4 was detected in prostate cancer tissues and cell lines, 
which was positively correlated with poor prognosis (31). 
In our study, PAQR4 was considered as the real hub gene in 
pathogenesis of HCC. We found that PAQR4 was associated 
with the prognosis and diagnostic of patients with HCC. 
The low expression of PAQR4 had a better prognosis than 
high expression. Similarly, a recent study indicated that 
HCC patients with high PAQR4 expression have a poor 
prognosis and speculated that PAQR4 up-regulation in 
HCC may be due to PAQR4 hypomethylation and PAQR4 
copy gain (32). In addition, Zhao et al. suggested that 
PAQR4 has a tumorigenic effect on HCC progression by 
activating PI3K/AKT pathway (33). These results showed 
that PAQR4 might be involved in the occurrence and 
development of HCC.

In conclusion, starting from TCGA gene profiles of 
HCC, we obtained 803 DEGs (175 down-regulated and 
628 up-regulated) between HCC and normal adjacent 
samples. Through WGCNA, the blue module was selected 
to identify the hub genes associated with the HCC. After 
overlapping all DEGs with the 837 genes of the blue 
module, we obtained 466 DEGs that were defined as 
hub genes. Among them, 239 of the 466 hub genes were 
related to staging. After verification with the GSE36376 
dataset, PAQR4 was identified as the real hub gene of HCC. 
Survival analysis results indicated that high expressed 
PAQR4 was associated with poor prognosis in patients 
with HCC, suggesting that PAQR4 might be a novel 
target for the treatment of HCC. Some limitations of our 
study should be mentioned. The number of samples used 
for qRT-PCR confirmation was small. More samples are 
needed to validate expression of PAQR4. As a pilot study, 
we are currently focusing on revealing the prognostic and 
diagnostic significance of PAQR4 in patients with early 
and late HCC. We are trying to collect patients with 
HCC samples. Further functional experiments are needed 
to understand the biological functions and pathogenesis 
of PAQR4. In addition, in vivo and in vitro experiments 
are necessary to uncover the biological functions and 
pathogenesis of PAQR4 in HCC in future work.
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Supplementary

Figure S1 Venn diagram of all DEGs and 837 genes of blue 
module. DEGs, differentially expressed genes.


