Bzl SPANDIDOS
7] ,§, PUBLICATIONS

ONCOLOGY REPORTS 44: 611-627, 2020

Identification of 40S ribosomal protein S8 as a novel
biomarker for alcohol-associated hepatocellular carcinoma
using weighted gene co-expression network analysis
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Abstract. Alcohol-associated hepatocellular carcinoma
(HCC) is a subtype of HCC with poor prognosis. The present
study aimed to identify key biomarkers for alcohol-associated
HCC. The gene data profiles and corresponding clinical traits
of patients with alcohol-associated HCC were downloaded
from The Cancer Genome Atlas (TCGA) database. Firstly,
good genes and good samples were identified, which were
subsequently used to conduct weighted gene co-expression
network analysis (WGCNA). Hub genes in the significant
modules were selected following Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses, and from constructing a protein-protein
interaction (PPI) network. Real hub genes among hub genes
were determined following progression, survival analysis and
gene set enrichment analysis (GSEA), as well as reverse tran-
scription-quantitative PCR and immunohistochemical staining
of non-alcohol- and alcohol-associated HCC samples. In total,
64 good samples of alcohol-associated HCC with height
score <160 were selected, from which 15,195 good genes were
identified and used to conduct WGCNA; 8 gene co-expressed
modules were identified using WGCNA, while 3 modules
(including pink, magenta and turquoise) were significantly
associated with Child-Pugh score, T-stage and body weight.
Following GO and KEGG analysis and construction of the PPI
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network, a total of 30 hub genes were identified in the afore-
mentioned 3 gene co-expressed modules, while 16 hub genes
(including AURKB,BUB1,BUBIB,CCNB1,CCNB2,CDC20,
CDCAS, CDKI1, PLK1, RPS5, RPS7, RPS8, RPS14, RPS27,
RPSA and TOP2A) were associated with the development
of alcohol-associated HCC, and had a significant prognosis
value. Among these genes, only RPS8 was highly expressed
in alcohol-associated HCC, but not in non-alcohol-associated
HCC, while RPS5 was not significantly associated in either
alcohol- or non-alcohol-associated HCC. GSEA demonstrated
that 10 pathways, including RNA polymerase and ribosome
pathways were enriched in alcohol-associated HCC samples
where RPS8 was highly expressed. Taken together, the results
of the present study demonstrate that RPS8 may be a novel
biomarker for the diagnosis of patients with alcohol-associated
HCC.

Introduction

Human hepatocellular carcinoma (HCC) is a common malig-
nancy of the digestive system and is the third leading cause
of tumor-related mortality (>780,000 cases per year) world-
wide according to data from 2018 (1). Alcohol consumption,
hepatitis B virus (HBV) and hepatitis C virus (HCV) infection
are known to be causative factors of HCC (2). In recent years,
the morbidity rate from alcohol-associated HCC has increased
in developed countries (accounting for 40% cases of HCC),
as well as in China (accounting for 28% cases of HCC) (3). A
previous study has demonstrated that in the human body, ethanol
is metabolized into acetaldehyde by alcohol dehydrogenase (4)
and acetaldehyde exerts a carcinogenic effect by binding to
2'-deoxyguanosine in hepatocyte DNA and causing DNA
mutations (5). During metabolism, reactive oxygen species
accumulate and promote further DNA damage, including chain
interruption and heterogeneous interconversion (6). However,
the molecular mechanism of alcohol-associated HCC is yet
to be elucidated, thus, identification of key genes associated
with the development of alcohol-associated HCC may increase
these mechanisms, as well as identifying potential biomarkers
and targets for diagnosis and treatment, respectively.
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Microarray and RNA-sequencing (RNA-seq) technology
are valuable tools for monitoring genome-wide changes in
gene expression. In previous studies, bioinformatics analysis
of microarray and RNA-seq gene data profiles identified key
onco-genes, such as cell division cycle 20 and cell division
cycle associated 5 involved in the prognosis of HCC (7,8).
In a preliminary bioinformatics study, Wu et al (9) identified
12 genes, including non-SMC condensin I complex subunit G
and TTK protein kinase that were associated with the progres-
sion of HCC. In addition, Pan et al (10) revealed that micro(mi)
RNA-15b-5p serves an oncogenic role in HCC. Through
the investigation of miRNA-mRNA regulatory pathways,
Lou et al (11) revealed 36 differentially expressed miRNAs,
including miR-93-5p and miR-106-5p, which increased the
activation of mitogen-activated protein kinase 8 pathway and
promoted the development of HCC. Furthermore, Yin et al (12)
used weighted gene co-expression network analysis (WGCNA)
to identify 13 genes, including cyclin-dependent kinase 1 and
topoisomerase 2o which were found to promote the develop-
ment of HCC.

In the present study, RPS8 was found to be highly
expressed in alcohol-associated HCC and associated with
tumor progression, but not with non-alcohol-associated HCC.
Thus, RPS8 may be a novel and specific biomarker and
potential therapeutic target for alcohol-associated HCC.

Materials and methods

Data collection and processing. Data of patients with HCC
and with a history of alcohol consumption were downloaded
from TCGA database; a total of 68 alcohol-associated HCC
tissue samples and the corresponding patient clinical traits
including age, Child-Pugh score, T-stage, patient status (dead
or alive) and body weight were obtained from The University
of California Santa Cruz (https://xenabrowser.net/data-
pages/). The gene matrix of the 68 profiles was normalized
using the limma package (version 3.10; http:/www.biocon-
ductor.org/packages/release/bioc/html/limma.html) and
transferred as log2 (fragments per kilobase of exon model
per million reads mapped; FPKM+1). Before conducting
WGCNA, the probes without gene symbols, and the
genes with a mean expression level <0.5 were removed.
Concurrently, the hierarchical cluster (Hclust) algorithm
(version 3.4.1; http://web.mit.edu/~r/current/arch/amd64_
linux26/lib/R/library/stats/html/hclust.html) was performed
to cluster the samples according to the gene expression of the
whole genome and to detect outliers. Then, the height (a score
for evaluating the mean dissimilarity) of each sample was
calculated and the threshold for identifying outlier samples
was set at 160. The remaining 15,195 genes and 64 samples
were regarded as ‘good genes’ and ‘good samples’.

WGCNA. Good samples and good genes were used to conduct
WGCNA, and the WGCNA network was constructed using the
R package “WGCNA’ (version: 1.68; R Project Organization;
https://cran.r-project.org/web/packages/ WGCNA/index.
html). First, the gradient method was employed to measure the
independence and average connectivity degree of the different
modules with different power values (1-20). A degree of scale
independence (=0.85) and low mean connectivity (~0.0)
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were selected as the threshold obtain power values of 1-20,
following which module construction was performed. The
minimum number of genes in each co-expressed gene module
was set as 100. When the comparability of module eigengenes
between two modules were <0.25, the modules were merged.

Identification of clinically significant modules and module
core genes. Following WGCNA, the different module eigen-
genes and their corresponding clinical traits were correlated
using Pearson's correlation analysis; five clinical traits were
studied in the present study, including age, Child-Pugh score,
T-stage, patient status (dead or alive) and weight. P<0.05 was
used as the threshold for a significant association between gene
modules and clinical traits. According to the requirements of
the WGCNA algorithm, the result from the grey module is
invalid, as the genes in the module are not co-expressed (13).
Gene module genes with a module membership >0.8 were
determined to be module core genes.

GO and KEGG pathway enrichment analysis. Module core
genes were used to perform GO and KEGG analyses. The
core gene data were uploaded to the Database for Annotation,
Visualization and Integrated Discovery (DAVID) v6.8
(http://david-d.ncifcrf.gov/). The results of GO and
KEGG analysis were exported as .txt files and visualized
using R software (version: 3.5.3; R Project Organization;
https://www.r-project.org/). P<0.05 was used to indicate a
statistically significant difference.

Construction of the PPI network. The core gene data
were uploaded to the Search Tool for the Retrival of
Interacting Genes/Proteins (STRING) online database
(http://string-db.org). The node and edge information were
exported as .txt files and visualized using Cytoscape software
(version, 3.7.2; The Cytoscape Consoritum; https:/cytoscape.
org/). The Cytohub plug-in was used to analyze the degree
score; genes with the top ten degree scores were identified as
hub genes and used to construct a PPI sub-network.

Progression and survival analysis. The gene expression data of
the hub genes and the tumor grade were imported into SPSS v20.0
(IBM Corp). The effect of hub gene expression on the progression
of alcohol-associated HCC was analyzed using Pearson's correla-
tion analysis. TCGA data from patients with alcohol-associated
were divided into two groups according to the mean expression
levels of the hub genes, and Kaplan-Meier survival analysis was
used to detect the prognostic values of these genes.

Tissue samples. In total, 30 pairs of alcohol-associated
HCC and adjacent normal tissues were provided by patients
with a long history of alcohol consumption; 30 pairs of
non-alcohol-associated HCC tissues and their adjacent normal
tissue samples were also donated by patients with HCC, who
did not consume alcohol or consumed low levels (which failed
to meet the criteria for a long history of alcohol consumption).
The criteria for a long history of alcohol consumption were
as follows: i) History of drinking >5 years; and ii) an average
alcohol consumption >40 ml per day in men, and >20 ml per
day in women. There were 23 patients with HBV infection and
4 patients with HCV infection in both the alcohol- and the
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non-alcohol-associated HCC group; in addition, there were
3 patients in both groups, which had neither HBV nor HCV
infection. This was used to group the two sets of patients
according to infection status (HBV, HCV or not infected), as
this can affect expression levels of genes. The tissues were
collected between March 2017 and June 2019. The mean age
of patients with alcohol-associated HCC was 55.2+7.4 years
(range, 39-63; with 13 females and 17 male), while the mean
age of the patients with non-alcohol associated HCC was
53.14£9.2 years (range, 36-65; with 14 females and 16 males).
All samples were obtained from the Affiliated Hospital of
Guizhou Medical University, (Guizhou, China) and the study
was approved by the Ethics Committee of Guizhou Medical
University and performed in accordance with the Declaration
of Helsinki. Informed consent was provided from all patients.

Reverse transcription-quantitative PCR (RT-qPCR). Total
RNA was extracted from non-alcohol- and alcohol-associated
HCC tissues using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.), and reverse transcribed into cDNA
using the First Strand cDNA Synthesis kit (Shanghai Yeasen
Biotechnology Co., Ltd.). under the following conditions: 37°C
for 15 min, 85°C for 30 sec and 4°C for 5 min. qPCR was
performed using SYBR® Green master mix (Shanghai Yeasen
Biotechnology Co., Ltd. and GAPDH was used as the internal
reference. The primer sequences for target genes were as
follows: AURKB forward, 5-CAGTGGGACACCCGACAT
C-3' and reverse, 5'-GTACACGTTTCCAAACTTGCC-3';
BUBI forward, 5"TGGGAAAGATACATACAGTGGGT-3'
and reverse, 5~ AGGGGATGACAGGGTTCCAAT-3'; BUBIB
forward, 5'-AAATGACCCTCTGGATGTTTGG-3' and
reverse, 5'-GCATAAACGCCCTAATTTAAGCC-3'; CCNBI1
forward, 5'-AATAAGGCGAAGATCAACATGGC-3' and
reverse, S"-TTTGTTACCAATGTCCCCAAGAG-3'; CCNB2
forward, 5'-CCGACGGTGTCCAGTGATTT-3" and reverse,
5"TGTTGTTTTGGTGGGTTGAACT-3'; CDC20 forward,
5'-GCACAGTTCGCGTTCGAGA-3' and reverse, 5-CTG
GATTTGCCAGGAGTTCGG-3"; CDCAS forward, 5'-GAA
GGGCAGTAGTCGGGTG-3' and reverse, 5"TCACGGTCG
AAGTCTTTCAGA-3'; CDK1 forward, 5-AAACTACAG
GTCAAGTGGTAGCC-3' and reverse, 5"-TCCTGCATAAGC
ACATCCTGA-3"; PLKI1 forward, 5-AAAGAGATCCCG
GAGGTCCTA-3' and reverse, 5'-GGCTGCGGTGAATGG
ATATTTC-3"; RPSS forward, 5'-ATGACCGAGTGGGAG
ACAG-3" and reverse, 5'-GCTTTGCGGAAGCGTTTGG-3";
RPS7 forward, 5'-GTGAAGCCCAATGGCGAGAA-3' and
reverse, 5“-TGAGGTCCGAGTTCATCTCCA; RPS8 forward,
5'"TGAGGTCCGAGTTCATCTCCA-3' and reverse, 5'-AGC
ACGATGCAATTCTTCACC;-3' RPS14 forward, 5'-CCATGT
CACTGATCTTTCTGGC-3' and reverse, 5S-TCATCTCGG
TCTGCCTTTACC-3"; RPS27 forward, 5'-ATGCCTCTCGCA
AAGGATCTC-3' and reverse, 5"TGAAGTAGGAATTGG
GGCTCT-3"; RPSA forward, 5-GTGGCACCAATCTTG
ACTTCC-3' and reverse, 5'-GCAGGGTTTTCAATGGCA
ACAA-3'; TOP2A forward, 5'-ACCATTGCAGCCTGTAAA
TGA-3' and reverse, 5-GGGCGGAGCAAAATATGTTCC-3"
GAPDH forward, 5'-GGAGCGAGATCCCTCCAAAAT-3'
and reverse, 5-GGCTGTTGTCATACTTCTCATGG-3'. The
reaction was performed using the following thermocycling
conditions: Initial denaturation at 95°C for 30; 40 cycles of
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95°C for 30 sec and 60°C for 30 sec. The relative level of gene
expression was calculated using the 2244 method (14).

Immunohistochemistry (IHC). The tissue samples were
fixed in 4% paraformaldehyde for 24 h at room temperature,
dehydrated using ethyl alcohol (98%) at 40°C and embedded
in paraffin (Wuhan Boster Biological Technology, Ltd.,) and
subsequently cut into 4-um sections. The samples were then
deparaffinized using xylene and rehydrated at room tempera-
ture in a descending alcohol series. Following antigen retrieval
with sodium citrate at 100°C, the samples were treated with
3% hydrogen peroxide to block endogenous peroxidase
activity, and then blocked with 5% BSA (Wuhan Boster
Biological Technology, Ltd.,) for 30 min at room temperature.
The specimens were subsequently incubated with a primary
anti-RPS8 antibody (1:40; cat. no. 18228-1-AP; ProteinTech
Group, Inc.,) for 12 h at 4°C, followed by incubation with
horseradish peroxidase (HRP)-conjugated secondary antibody
(1:100; cat. no. G1210-2-A-100; Wuhan Servicebio Technology
Co., Ltd.) for 2 h at room temperature. After development
using the Cell and Tissue Staining HRP-DAB kit (Beyotime
Institute of Biotechnology) according to the manufacturer's
protocol, images were captured with an orthophoto light
microscope (magnification, x200). Finally, the protein levels of
RPS8 were evaluated according to the percentage scores. The
proportion of positive cells were scored as follows: 0 (0-1%), 1
(1-33%), 2 (34-66%) and 3 (67-100%). The percentage scores
were determined using Image-Pro Plus software (version 6.0;
Media Cybernetics, Inc.). If the percentage scores in tumor
tissues (alcohol- or non-alcohol-associated HCC) was higher
compared with that in the corresponding adjacent tissues, the
protein levels of RPS8 was determined to be upregulated.

Gene set enrichment analysis (GSEA). Good samples were
divided into two groups (high and low) based on the median
expression level of RPS8 [log (FPKM+1), 7.44]. To identify
the potential pathways regulated by RPS8, GSEA software
(version 4.0.0; Broad Institute Inc; http:/software.broadinsti-
tute.org/gsea/index.jsp) was used to determine whether a series
of pathways were enriched in the gene rank derived from the
differentially expressed genes between the two groups (high vs.
low). Normalized enrichment score (NES) was used to predict
the association between RPSS8 and the enriched pathways; the
higher the score indicates a stronger association). Terms with
P<0.01 and NES >1.5 were used as the cut-off values.

Statistical analysis. The RT-qPCR experiment was repeated
three times to detect the expression of target genes and the data
are presented as the mean + standard deviation. All statistical
analyses in the present study were performed using SPSS v21.0
(IBM Corp). Comparisons between HCC tissues and adjacent
normal tissues were performed using paired t-test. P<0.05 was
used to indicate a statistically significant difference.

Results

Ildentification of good samples and good genes in
alcohol-associated HCC from TCGA. The gene data profiles
and clinical traits of 68 patients with alcohol-associated HCC
were obtained from TCGA database. The results from using
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Figure 1. Sample tree clustering and clinical trait heat map of good samples. Following removal of outliers using the cut-off Height score >160, the remaining
64 alcohol-associated HCC profiles were analyzed and shown as a dendrogram, with their corresponding clinical traits (age, Child-Pugh score, TNM-T stage,
status (dead or alive) and weight) as a heatmap. In the heatmap, the depth of the red color for age is proportional to time; the depth of the red color for
Child-Pugh score are divided into 2 scales according to stage 1 and 2; the depth of the red color for TNM-T stage are divided into 4 scales according to stage
0-3; the depth of the red color for status are divided into 2 scales according to alive or dead; the depth of the red color for patient weight is proportional to
the body mass index of the patient. The white color in each trait represents the lowest stage. The grey color indicates missing clinical trait information. HCC,

hepatocellular carcinoma; TNM, tumor-node-metastasis.

the Hclust algorithm for gene expression profile revealed that
4 of the samples were outliers with a height score >160, which
were excluded from subsequent analyses. The remaining
64 samples were identified as good samples and are shown in
the sample dendrogram and clustered according to the height
score of each sample; the corresponding clinical traits of these
patients, including age, Child-Pugh score, T-stage, patient
status (dead or alive) and body weight were also shown in
the heatmap and used for further analysis (Fig. 1). Similarly,

following removal of the probes without gene symbols, and
genes with a mean expression level <0.5, the remaining
15,195 genes were determined to be good genes. Good genes
and good samples were used to conduct WGCNA.

WGCNA to identify ‘good samples’ and ‘good genes’. To
ensure a high degree of independence (=0.85; red line)
(Fig. 2A) and low mean connectivity (~0.0) (Fig. 2B), a soft
power of p=14 was used between the soft power of 1-20 (red
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Figure 2. WGCNA for the gene expression profile of 64 alcohol-associated hepatocellular carcinoma from The Cancer Genome Atlas database. (A and B) Scale
independence and mean connectivity of various soft-threshold values (f3). The red number indicates the different soft threshold values (1-20), while the red
lines indicates the cut-off values selected, as the scale independence >0.85. (C) Gene sets (black circles) with corresponding logl0 (connectivity) and logl10
P-value (connectivity) when the scale-free topology is set as $=14. (D) Clustering dendrograms of all genes with dissimilarity based on topological overlap,
together with assigned module colors. Different colors represent different gene modules and there are 8 co-expressed modules (merged dynamic) in the
WGCNA network and the 8 co-expressed modules were indicated using arrows (1, pink; 2, magenta; 3, purple; 4, green; 5, brown; 6, black, 7, green-yellow,
and 8, turquoise). WGCNA, weighted gene co-expression network analysis.
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Figure 3. Identification of significant modules associated with clinical traits. Each cell in the heat map contains the corresponding correlation score and
P-value. Red indicates positive correlation, while green indicates negative correlation. Gene modules positively associated clinical traits are highlighted.
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Table I. GO analysis of core genes in the pink module following weighted gene co-expression network analysis.

Category ID Term Count P-value Genes

BP GO: 0046621 Negative regulation of organ growth 2 0.010954509 PTK2, STK3

BP GO: 0000462 Maturation of SSU-rRNA from 2 0.040116439 UTP23, DCAF13
tricistronic rRNA transcript
(SSU-rRNA, 5.8S rRNA, LSU-rRNA)

CC GO: 0032040 Small-subunit processome 2 0.042149642 UTP23, DCAF13

GO, Gene Ontology; BP, biological processes; CC, cellular components; SSU, small subunit; LSU, large subunit.

A B RPS8
UTP23 HGH1
DCAF13 COPS5
1 / /1A
COMMD5 ENY2
|/ [\l
BOP1 MRPL13
PUFe0  POLR2K

RPS27  RPS14

CDC20

C CDK1

RPS27A

Figure 4. Protein-protein interaction network analysis of the hub genes within each gene module. (A) Pink module. (B) Magenta module. (C) Turquoise module.

Grey lines in the network indicates the relationship between genes.

numbers). Furthermore, scale free topology also verified
that f=14 could ensure independence >0.85 (Fig. 2C). The
dissimilarity of the modules was set as 0.2, and a total of 8
co-expressed gene modules (black, green-yellow, brown,
green, purple, pink, magenta and turquoise) were identified
with a module size cut-off =100. The grey colored clusters
represent the non-clustering genes (Fig. 2D).

Pink, magenta and turquoise modules were significant
modules positively associated with the development of
alcohol-associated HCC. The association between modules
and clinical trait data was analyzed using WGCNA. The
results revealed that 4 gene co-expressed modules were associ-
ated with clinical traits. The genes in the green-yellow module
were negatively associated with Child-Pugh score (R=-0.34;
P=0.007), while genes in the pink module were positively
associated with T-stage (R=0.29; P=0.02). Genes in the
magenta module were positively associated with Child-Pugh
score (R=0.32; P=0.009) and T-stage (R=0.3; P=0.02) and
negatively associated with the weight of the patient (R=-0.27,
P=0.03). The turquoise module was positively associated with
T-stage (R=0.4; P=0.001) and negatively associated with the
weight of the patient (R=-0.38; P=0.002) (Fig. 3). Positive
associations with Child-Pugh score and T-stage, and negative
associations with the weight of the patient are all unfavorable
traits for patients with alcohol-associated HCC and indicates
the development of alcohol-associated HCC. Therefore, genes
in the modules associated with unfavorable traits were further
analyzed to identify hub genes positively associated with the

development of alcohol-associated HCC and were considered
to be oncogenes. In the pink, magenta and turquoise modules,
37, 111 and 204 genes with module membership >0.8 were
identified as module core genes, respectively.

GO and KEGG analysis of module core genes. GO and KEGG
analysis are methods used to identify the function and pathways
the genes of interest are involved in (15). Therefore, the genes
identified in the modules following WGCNA were subse-
quently analyzed to identify the pathways they are enriched in.
The module core genes in the pink module were only enriched
in the biological processes (BP) ‘negative regulation of organ
growth’, ‘maturation of SSU-rRNA from tricistronic rRNA
transcript’ and the cellular components (CC) ‘small-subunit
processome’ (Table I). The top 10 terms in which the magenta
module core genes were enriched for were ‘protein binding’
and ‘poly(A) RNA binding’ for molecular function (MF),
‘cytosol’, ‘membrane’, ‘cytoplasm’ and ‘nucleus’ for CC and
‘TRNA processing’, ‘translational initiation’, ‘SRP-dependent
cotranslational protein targeting to membrane’ and ‘viral
transcription’ for BP (Table II). The top 10 terms in which
the turquoise module core genes were enriched for were ‘cyto-
plasm’, ‘nucleoplasm’, ‘nucleus’, ‘membrane’, ‘nucleolus’ and
‘centrosome’ for CC, and ‘ATP binding’, ‘DNA binding’, ‘chro-
matin binding’ and ‘nuclear chromosome’ for MF (Table III).
The pink module core genes were not enriched in any pathway
from KEGG analysis; however, the magenta module hub genes
were enriched in the ‘ribosome’ and ‘spliceosome’ pathways
(Table IV), while the turquoise module hub genes were
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Table IV. Kyoto Encyclopedia of Genes and Genomes analysis of core genes in the magenta module following weighted gene

co-expression network analysis.

ID Term Count P-value

Genes

hsa03010 Ribosome 39 6.2923x10°

hsa03040 Spliceosome 5 0.036532189

RPL18,RPL36A,RPL19,RPL14, RPL27A, RPL35,
RPLP2, RPL36,RPL37, RPL38, RPS3, RPS27, RPL32,
RPL9, RPLP1, RPS21, RPS27A, RPSA, RPL35A, RPL27,
RPS9, RPL24, RPL23A, RPS5, RPL28, RPSS, RPL29,
RPS7,RPS19,RPS16, RPL18A, RPL23, RPL13A, RPS14,
RPS13,RPS10,RPL37A,RPS11, UBAS2

PRPF31, SNRPDI, LSM4, SNRPD2, TXNL4A

Table V. Kyoto Encyclopedia of Genes and Genomes analysis of module core genes in the turquoise module following weighted

gene co-expression network analysis.

1D Term Count P-value Genes

Hsa04110  Cell cycle 23 6.88x102!  E2F1, E2F2,CDC6, CDK1, RBL1, PKMYTI1, TTK, CHEK1,
CDC20, PTTG1, MCM2, MCM3, MCM4, MCM5, MCM6,
CCNBI, CDC45, CCNB2, PLK1, BUBI1, BUB1B, ANAPC7,
ORCl1

hsa03030  DNA replication 11 5.06x10"2  RFC4,LIGl1, POLDI, PRIM2, POLA1, MCM2, MCM3,
MCM4, MCMS5, FEN1, MCM6

hsa04114 Oocyte meiosis 11 5.09x107 CCNBI, CDK1, CCNB2, PLK1, SGO1, BUBL, PKMYTI,
CDC20, PTTGI1, ANAPC7, PPPI1CC

hsa03460  Fanconi anemia pathway 8 2.21x10°¢ FANCD2, FANCI, EMEI1, FAAP24, FANCG, BRCALI,
UBE2T, RADS1

hsa03440  Homologous 6 1.79x10° RADSI1D, XRCC2, POLDI1, EMEIL, RAD54L, RADS1

recombination
hsa03430  Mismatch repair 5 1.27x10 EXO1, RFC4, MSH2, LIG1, POLD1
hsa04914  Progesterone-mediated 7 4.89x10* CCNBI, CDK1, CCNB2, PLK1, BUBI,PKMYTI,
oocyte maturation ANAPC7

hsa0411 5:p53 signaling pathway 6 1.03x10° CCNBI, CDK1, CCNB2,RRM2, CHEK1, GTSEI1

hsa03013  RNA transport 8 3.70x107 NDC1, SUMO2, RAEL, NUP37, NUPS85, THOCS,
NUP155, TACC3

hsa05166 ~ HTLV-I infection 9 9.02x107 E2F1, DVL3, E2F2, POLDI, BUBIB, CHEK1, CDC20,
PTTG1, ANAPC7

hsa00240  Pyrimidine metabolism 5 2.96x107 POLD1,RRM2, DTYMK, PRIM2, POLA1

enriched in ‘cell cycle’, ‘DNA replication’, ‘oocyte meiosis’,
‘fanconi anemia pathway’, ‘homologous recombination’,
‘mismatch repair’, ‘progesterone-mediated oocyte maturation’,
‘P53 signaling pathway’, ‘RNA transport’, ‘HTLV-I infection’
and ‘pyrimidine metabolism’ (Table V).

PPI network construction of core genes. The core genes in
the pink, magenta and turquoise modules were then used to
construct a PPI network using STRING, while Cytoscape was
used to analyze and determine the hub genes based on degree
score. The results revealed that MRPL13, UTP23, HGHI1,
DCAF13, BOP1, PUF60, COMMDS, POLR2K, ENY2 and
COPSS5 were all hub genes in the pink module (Fig. 4A), while
RPS19, RPS7, RPSS, RPS16, RPS3, RPS8, RPSA, RPS27A,
RPS27 and RPS14 were hub gens in the magenta module

(Fig. 4B). Furthermore, CDCAS8, CDC20, BUB1B, AURKB,
TOP2A, CDK1, CCNBI1, PLK1, BUB1 and CCNB2 were hub
genes in the turquoise module (Fig. 4C).

Progression and survival analysis of hub genes. Pearson's
correlation analysis was performed to determine the asso-
ciation between hub gene expression and the progression of
alcohol-associated HCC. The results indicated that the expres-
sion of AURKB, BUB1, BUB1B, CCNB1, CCNB2, CDC20,
CDCAS, CDKI1, PLK1, RPS5, RPS7, RPS8, RPS14, RPS27,
RPSA and TOP2A was positively associated with the progres-
sion of alcohol-associated HCC (P<0.01; Fig. 5). Similarly,
high expression levels of these genes were significantly asso-
ciated with poor prognosis (P<0.05; Fig. 6). Taken together,
these results indicate that AURKB, BUBI, BUB1B, CCNBI,
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Figure 5. Pearson's correlation analysis to detect the effects of hub gene expression on the progression of alcohol-associated hepatocellular carcinoma. Grade,

tumor grade.

CCNB2, CDC20, CDCAS, CDK1, PLK1, RPS5, RPS7, RPSS,
RPS14, RPS27, RPSA and TOP2A may be real hub genes for
alcohol-associated HCC.

RPS8 was specifically highly expressed in alcohol-associ-
ated HCC tissues. To determine whether the real hub genes
identified in the present study were specific to alcohol-asso-
ciated HCC, their mRNA and protein expression levels were
verified in patients with non-alcohol- and alcohol-associated
HCC. The RT-qPCR results revealed that the mRNA expres-
sion levels of AURKB, BUBI, BUB1B, CCNB1, CCNB2,

CDC20,CDCAS, CDKI1, PLK1,RPS7,RPS8, RPS14, RPS27,
RPSA and TOP2A were significantly higher in patients
with alcohol-associated HCC, but there was no significant
difference for RPS5 (Fig. 7). The mRNA expression levels
of the aforementioned genes were also significantly higher in
non-alcohol-associated HCC; however, there was no signifi-
cant difference with RPS8 and RPS5 (Fig. 8). As the mRNA
expression level of RPS8 was found to be specifically highly
expressed in alcohol-associated HCC tissues rather than
in non-alcohol-associated HCC tissues from the RT-qPCR
results, IHC was performed to further determine the protein
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Figure 6. Kaplan-Meier survival analysis to detect the effects of hub gene expression on the overall survival times of patients with alcohol-associated hepato-

cellular carcinoma.

expression level of RPS8 in the tissues of patients with alcohol-
and non-alcohol-associated HCC. The results revealed that
the protein expression level of RPS8 was increased in 27 of
the 30 alcohol-associated HCC tissues compared with that in
their paired adjacent normal tissues; however, RPS8 was not
increased in the non-alcohol-associated HCC tissues (Fig. 9).
Taken together, these results indicate that AURKB, BUBI,
BUBIB, CCNBI1, CCNB2, CDC20, CDCAS8, CDK1, PLKI,
RPS7, RPS14, RPS27, RPSA and TOP2A may be common
biomarkers for alcohol- and non-alcohol-associated HCC,

while RPS8 may be specific biomarker for alcohol-associated
HCC.

GSEA of RPSS8 in TCGA. GSEA was performed to identify
the pathways enriched in samples with high mRNA levels of
RPSS8. A total of 10 pathways were obtained, including ‘RNA
polymerase’, ‘ribosome’, ‘degradation’, ‘Huntington's disease’,
‘spliceosome’, ‘pyrimidine metabolism’, ‘purine metabolism’,
‘cell cycle’, ‘homologous recombination’ and ‘DNA replica-
tion’ (Fig. 10). The results indicate that RPS8 may regulate
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Figure 7. Reverse transcription-quantitative PCR detection of the expression levels of hub genes in alcohol-associated hepatocellular carcinoma tissues and

corresponding adjacent normal tumor tissues. T, tumor; N, normal.

the progression of alcohol-associated HCC by affecting these
pathways.

Discussion

Previous studies have demonstrated that the prognosis of patients
with alcohol-associated HCC is lower compared with that of
those with non-alcohol associated HCC (16,17). Furthermore, the
risk of distant metastases and worse liver function is increased
in patients with alcohol-associated HCC (18). Similarly,
alcohol-associated HCC is harder to diagnose, and patients are
commonly diagnosed at a late disease stage (16). A study, which
enrolled 32,913 patients in 2019, demonstrated that the overall
survival rate following liver transplant for alcohol-associated
HCC was shorter compared with that for non-alcohol associ-
ated HCC (mean rate, 3.9 vs. 4.7) in USA (19). Therefore, the
identification of key genes associated with alcohol-associated
HCC may improve diagnosis and treatment.

In the present study, the gene expression profiles of
patients with alcohol-associated HCC and their corresponding
clinical traits, were downloaded from TCGA and used to
perform WGCNA; 8 co-expressed genes were identified
and 3 co-expressed gene modules were positively associated
with the clinical traits. Following GO and KEGG analysis,
and the construction of a PPI network, 30 hub genes were
identified; 16 of which were associated with the progres-
sion of alcohol-associated HCC and were able to predict
poor patient outcome. Among these 16 genes, only the
mRNA expression level of RPS8 was significantly higher in
alcohol-associated HCC, but not in non-alcohol-associated
HCC, and there was no significant difference with RPS5 in
both non-alcohol- and alcohol-associated HCC; the remaining
14 real hub genes, including AURKB, BUB1, BUB1B, CCNBI,
CCNB2, CDC20, CDCAS, CDKI1, PLK1, RPS7, RPS14,
RPS27, RPSA and TOP2A, were highly expressed in both
alcohol- and non-alcohol-associated HCC. It was therefore
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Figure 9. Immunohistochemical staining of tissues from patients with alcohol- and non-alcohol-associated hepatocellular carcinoma, and their corresponding
adjacent normal tissues, to determine the expression of RPS8. The proportion of upregulation of RPS8 (HCC vs. adjacent normal tissues) in alcohol- and
non-alcohol-associated HCC divided according to infection status (HBV, HCV or not infected). RPS8, 40S ribosomal protein S8; HCC, hepatocellular carci-
noma; HBV, Hepatitis B Virus; HCV, hepatitis C virus.
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Figure 10. Gene set enrichment analysis of RPS8 in TCGA database. Enriched pathways with high expression levels of RPS8 (NES >1.5 and P<0.01). HCC,
hepatocellular carcinoma; TCGA, The Cancer Genome Atlas; KEGG, Kyoto Encyclopedia of Genes and Genomes; NES, normalized enrichment score.

hypothesized that RPS8 may be a novel and specific biomarker The small ribosomal family proteins are important
for alcohol-associated HCC, while the remaining 14 real hub  structural components of the ribosome, which serves a key role
genes may be common biomarkers for both alcohol- and in protein synthesis (20). The functional biology and related
non-alcohol associated HCC. molecular mechanisms of small ribosomal proteins have been
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widely investigated (21). The mRNA expression level of RPS7
was found to be highly expressed in prostate cancer compared
with that in adjacent normal tissues, and a high mRNA
expression level of was also found to be positively associated
with poor outcome via promoting cell proliferation (22). RPSA
was revealed to activate AKT-related pathways and to promote
pancreatic cancer cell metastasis (23). RPS5 was identified as a
risk factor for recurrence and progression in patients with Dukes'
B colon cancer (24). The small ribosomal protein family is also
involved in HCC.RPS3 has been shown to post-transcriptionally
upregulate the NAD-dependent protein deacetylase sirtuin-1
which promotes hepatocarcinogenesis (25). RPS6 promotes
HCC cell proliferation and migration, which is regulated by
the AKT/mTOR pathway (26). RPSS is primarily located in
cytoplasmic messenger ribonucleoprotein granules containing
untranslated mRNAs, and is expressed in all organs and tissues
in humans, and has no tissue specificity (27). In addition,
previous studies have revealed that the mRNA expression
level of RPS8 was increased in pancreatic cancer tissues
and associated with poor outcome (28,29) and may promote
gemcitabine resistance (30).

Previous studies have revealed that alcohol intake can alter
the metabolic capacity of the liver (31). However, knowledge
of its influence on biological function for all sub-types of
HCC is limited. In the present study, GESA revealed that
two metabolic pathways were enriched in samples with high
mRNA expression levels of RPS8, including the ‘pyrimi-
dine-’ and ‘purine metabolism’ pathways. Therefore, RPS8 is
hypothesized to play a key role in alcohol-associated HCC by
regulating these pathways. However, the exact role of RPS8
in alcohol-associated HCC requires further investigation.
Moreover, the results of the present study require further
validation with an increased sample population and relevant
experimental investigation.

In conclusion, using WGCNA and additional analytical
methods (GO, KEGG, PPI network, survival analysis, and
GSEA), and RT-qPCR using patient samples, the results of the
present study indicate that RPS8 may be a novel and specific
biomarker for alcohol-associated HCC.
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