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A three-mRNA status risk score has greater predictive ability
compared with a IncRNA-based risk score for predicting
prognosis in patients with hepatocellular carcinoma
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Abstract. Hepatocellular carcinoma (HCC) represents the
fifth most common cause of cancer-associated mortality in
men, and the seventh in women, worldwide. The aim of the
present study was to identify a reliable and robust RNA-based
risk score for the survival prediction of patients with hepato-
cellular carcinoma (HCC). Gene expression data from HCC
and healthy control samples were obtained from The Cancer
Genome Atlas to screen differentially expressed mRNAs and
long non-coding RNAs (IncRNAs). Univariate and multi-
variate Cox proportional-hazards regression models and the
LASSO algorithm for the Cox proportional-hazards model
(LASSO Cox-PH model) were used to identify the prognostic
mRNAs and IncRNAs among differentially expressed mRNAs
(DEMs) and differentially expressed IncRNAs (DELs),
respectively. Prognostic risk scores were generated based on
the expression level or status of the prognostic IncRNAs and
mRNAs, and the predictive abilities of these RNAs in TCGA
and validation datasets were compared. Functional enrich-
ment analyses were also performed. The results revealed a
total of 154 downregulated and 625 upregulated mRNAs and
18 upregulated IncRNAs between tumor and control samples
in TCGA dataset. A three-mRNA and a five-IncRNA expres-
sion signatures were identified using the LASSO Cox-PH
model. Three-mRNA and five-IncRNA expression and status
risk scores were generated. Using likelihood ratio P-values and
area under the curve values from TCGA and the validation
datasets, the three-mRNA status risk score was more accurate
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compared with the other risk scores in predicting the mortality
of patients with HCC. The three identified mRNAs, including
hepatitis A virus cellular receptor 1, MYCN proto-oncogene
BHLH transcription factor and stratifin, were associated with
the cell cycle and oocyte maturation pathways. Therefore, a
three-mRNA status risk score may be valuable and robust
for risk stratification of patients with HCC. The three-mRNA
status risk score exhibited greater prognostic value compared
with the IncRNA-based risk score.

Introduction

Every year, >500,000 new cases of hepatocellular carcinoma
(HCC) are diagnosed, and HCC is the fifth most prevalent
cause of cancer-related mortality in men, and the seventh in
women, worldwide (1,2). The poor outcome is partly caused
by the clinical and molecular heterogeneity of HCC (3).
Therefore, effective prognostic biomarkers are required to
identify high-risk patients and guide personalized therapy.

Previous studies have demonstrated that long non-coding
RNAs (IncRNAs), which are non-coding RNAs comprising
>200 nucleotides, are crucial for HCC initiation and progres-
sion (4,5). A number of IncRNA signature-based models have
been reported for the prognosis prediction of patients with
HCC (6-8). In contrast with IncRNA signatures, prognostic
mRNA signatures are more likely to be generated due to the
large number of mRNAs. Li et al (9) have proposed a three-gene
prognostic expression signature based on HCC data from The
Cancer Genome Atlas (TCGA). In addition, an eight-gene
signature comprising five mRNAs and three IncRNAs has been
demonstrated to be efficient for predicting prognosis in patients
with HCC (10). However, no currently available studies focus
on the comparative analysis of mRNA and IncRNA signatures
and their prognostic value for patients with HCC.

With an aim of improving the diagnosis, treatment and
prevention of tumors, TCGA provides publicly available data-
sets for >30 types of human tumors (11). Using TCGA data,
the present study aimed to identify mRNA and IncRNA signa-
tures for HCC and explore potential mechanisms underlying
HCC progression.
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Materials and methods

Data source and preprocessing. A search for HCC microarray
gene expression data in TCGA (https://gdc-portal.nci.nih.
gov/) data portal retrieved data from 373 HCC samples and
50 healthy control samples obtained by Illumina HiSeq 2000
RNA Sequencing. Among them, clinical information was
available for 366 patients with HCC, which were used in the
analysis.

The E-TABM-36 dataset (12) was downloaded from the
European Bioinformatics Institute (EBI) array database
(https://www.ebi.ac.uk/arrayexpress/), which is based on
GPL 96 [HG-U133A] Affymetrix GeneChip Human Genome
HG-UI133A and comprises 65 samples. Of these, 44 samples
had overall survival (OS) information and were used as the
validation dataset. For data preprocessing, median scale
normalization and robust scale normalization approaches
were used as described in the supplementary data of a previous
study (13).

The HUGO Gene Nomenclature Committee (HGNC)
database (http://www.genenames.org/) that contains 4,076
IncRNAs and 19,194 protein-coding genes (14) was used to
identify the IncRNAs and mRNAs in TCGA and E-TABM-36
datasets.

Identification of differentially expressed IncRNAs and mRNAs.
The Limma package in R (v. 3.34.7; https://bioconductor.
org/packages/release/bioc/html/limma.html) was used to
select differentially expressed IncRNAs (DELs) and mRNAs
(DEMs) between tumor and control samples from TCGA
dataset. To determine whether the gene expression differ-
ence was significant, the threshold values of false discovery
rate (FDR) <0.05 and llog,fold-change (FC)I>1 were used.
The pheatmap package (15) (version 1.0.8) of R was applied
to perform two-way hierarchical clustering analysis based on
the centered Pearson correlation algorithm for the identified
DEMs and DELs.

Development of prognosis prediction models. Using the
survival package in R (16) (v. 2.41-1; http://bioconductor.
org/packages/survivalr/), univariate and multivariate Cox
proportional hazards regression analyses were performed to
identify independent prognostic IncRNAs and mRNAs associ-
ated with OS among the aforementioned DELs and DEMs.
P<0.05 was considered to indicate a statistically significant
difference.

Subsequently, the L1-penalized (LASSO) Cox propor-
tional-hazards (Cox-PH) regression model was fitted to the
identified OS-associated IncRNAs and mRNAs using the
penalized package (17) of R (v. 0.9.50, https://cran.r-project.
org/web/packages/penalized/index.html). With the optimal
A value obtained through a 1,000 cross-validation check,
signatures of optimal IncRNAs and mRNAs were determined.

Prognostic models to calculate risk scores were generated
based on the expression status or levels of the prognostic
IncRNAs or mRNAs and their Cox-PH regression coef-
ficients. The expression status of a IncRNA or mRNA was
defined according to an optimal expression cut-off value
determined using the X-Tile tool (https://medicine.yale.
edu/lab/rimm/research/software.aspx) based on patient

survival; patients with an RNA expression level greater than
the cut-off value were assigned to the high expression group
(expression status=1), whereas patients with an RNA expres-
sion level equal or lower than the cut-off value were assigned
to the low expression group (expression status=0). Prognostic
scoring models based on the expression status of prognostic
IncRNAs or mRNAs were calculated as follows: Status Risk
Score=3 Prnan X Statusgya,; those based on the expression
levels of prognostic IncRNAs or mRNAs were calculated as
follows: Expression Risk Score=Yfrnan X EXPryans Where Braan
indicates the Cox-PH coefficient of an RNA and Statusgy,, or
Exprnan indicates the expression status or level of an RNA,
respectively.

Based on the median risk score calculated using a prog-
nostic scoring model as the cut-off value, patients in the TCGA
and the E-TABM-36 datasets were classified into high- and
low-risk groups.

Establishment of a nomogram. OS of different risk groups was
estimated using Kaplan-Meier plots in the survival package of
R (v. 2.41-1; http://bioconductor.org/packages/survivalr/) (18)
and the weighted likelihood ratio test (19). The discriminative
ability of different risk scores was evaluated and compared
using receiver-operating characteristic (ROC) curve anal-
yses (20) by calculating the area under the curve (AUC) using
SPSS software (v. 24.0; IBM Corp.). Univariate and multivar-
iate Cox regression analyses based on the survival package in
R (v. 2.41-1; http://bioconductor.org/packages/survivalr/) (21)
were performed to determine independent prognostic factors
associated with OS, including clinical features as covariates.
To further investigate the association between the indepen-
dent prognostic factors and survival prognosis, nomograms
incorporating risk score status and identified prognostic
clinical factors were produced using the rms package (22) of
R (v. 5.1-2; https://cran.r-project.org/web/packages/rms/index.
html). Comparative analysis of actual and predicted 1- and
3-year survival probability were conducted using calibra-
tion plots (23). P<0.05 was considered indicate a statistically
significant difference.

Functional annotation. TCGA dataset was divided into
high- and low-risk groups by the optimal risk score, and
differentially expressed genes (DEGs) between the two groups
were screened using FDR <0.05 and llog,FCI>0.263 as strict
threshold values. The identified DEGs were analyzed by Gene
Ontology (GO) function and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analyses using
the clusterProfiler package (24) (v. 3.6.0) of R. P<0.05 was
considered to indicate a statistically significant difference.

Results

DEMs and DELs between HCC and healthy control samples.
Following annotation based on the HGNC database, a total of
18,497 mRNAs and 2,528 IncRNAs were obtained in TCGA
and the E-TABM-36 datasets. Comparison between the HCC
(n=373) and normal control (n=50) samples from TCGA dataset
revealed 154 downregulated and 625 upregulated mRNAs,
as well as 18 upregulated IncRNAs in HCC samples, which
resulted in a total of 797 DERs (Fig. 1A). Two-way hierarchical
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Figure 1. Differentially expressed RNAs between tumor and control samples in The Cancer Genome Atlas dataset. (A) Volcano plot of effect size (log,FC)
and -log,(FDR) of differentially expressed RNAs. Downregulated and upregulated RNAs are represented by blue and pink dots, respectively. Black dots
represent RNAs that were not differentially expressed between tumor and control samples. Vertical dashed lines indicate [log2FCI>1; horizontal dashed line
indicates FDR <0.05. (B) Heatmap of tumor and control sample clustering based on differentially expressed mRNAs. (C) Heatmap of tumor and control
sample clustering based on differentially expressed long non-coding RNAs. Horizontal axis indicates samples and vertical axis indicates expression levels of
differentially expressed RNAs. Ctrl, control samples; tumor, hepatocellular carcinoma samples; FC, fold-change; FDR, false discovery rate.

clustering of the identified DERs demonstrated that the expres-
sion patterns of the DEMs and DELs were different between
tumor and healthy control samples (Fig. 1B and C).

Three-mRNA status risk score exhibits the best results in
predicting the mortality of patients with HCC. To identify
the prognostic IncRNA and mRNA signatures, univariate
and multivariate Cox regression analyses of the identified
DELs and DEMs were performed. In univariate Cox regres-
sion analysis, 110 mRNAs and 13 IncRNAs were significantly
associated with OS (P<0.05, Table SI). In addition, 14 mRNAs
and 8 IncRNAs were identified to be independent prognostic
factors by multivariate Cox regression analysis (Table SII),
and were used to fit the LASSO Cox-PH regression model. As
aresult, a five-IncRNA signature (A=7.283) and a three-mRNA
signature (A=5.646) were obtained (Table I). The five-IncRNA
signature included HLA complex group 4 (HCG4), nuclear
paraspeckle assembly transcript 1 (NEAT1), RFPLI antisense
RNA 1 (RFPL1S), chromobox 2 (CBX2) and cell division
cycle-associated 8 (CDCA 8), whereas the three-mRNA signa-
ture comprised hepatitis A virus cellular receptor 1 (HAVCR1),
MYCN proto-oncogene BHLH transcription factor (MYCN)
and stratifin (SFN). These signatures were used to calculate
risk scores based on their expression level or status as follows:
mRNA Status Risk Score=0.3839 x Statuscgy, + 0.1625 x
Statuscpeag + 0.2586 x Statusy ayegr; + 0.2621 x Statusyyen +

0.0814 x Statusggy; IncRNA Status Risk Score=0.1919 x
Statusycgs + 0.2966 x Statusygar-0.1552 x Statusgep; ;s; MRNA
Expression Risk Score=0.3839 x Expcgx, + 0.1625 X EXpepeas
+ 0.2586 x Expyavcri + 0.2621 x Expyyen + 0.0814 x Expgey;
IncRNA Expression Risk Score=0.1919 x Expycgs + 0.2966 x
Expxeari-0.1552 X EXprppys-

TCGA and the E-TABM-36 datasets were classified into
high- and low-risk groups based on the status and expression
risk scores of the three-mRNA and five-IncRNA signatures
separately (Figs. 2 and 3). The discriminatory power of the four
risk scores for patients with HCC was evaluated and compared
using Kaplan-Meier analysis for OS and ROC curves (Table II;
Figs. 2 and 3).

The four risk scores split TCGA dataset into two risk groups
with significantly different OS rate (P<0.05). However, only
the three-mRNA status risk score exhibited significant prog-
nostic value for patients with HCC in the E-TABM-36 dataset
(P=0.031). Among the four risk scores, the three-mRNA status
risk score exhibited the lowest P-values in the Kaplan-Meier
OS analysis (TCGA, P<0.001; E-TABM-36, P=0.031). Since
the results suggested that the three-mRNA status risk score
exhibited the greatest predictive value for HCC, it was selected
for further analyses. Notably, HAVCRI1 (log,FC=4.2553;
FDR=4.34x10"%), MYCN (log,FC=3.1756; FDR=1.59x10"'%)
and SFN (log,FC=2.08; FDR=7.05x10"'¥) were upregulated in
HCC samples compared with normal control samples.
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Table I. Characteristics of the five-IncRNA signature and the three-mRNA signature.

A, Five-IncRNA signature

ID Prya Hazard ratio 95% CI P-value Cut-off
HCG4 0.1919 1.3055 1.0997-1.7100 P=5.30x10" -0.54
NEAT1 0.2966 1.2743 1.1713-1.8640 P=2.12x1072 -091
RFPL1S -0.1552 0.7951 0.6477-0.9760 P=2.80x10? 0.15
CBX2 0.3839 3.2933 1.7548-6.1810 P=2.00x10* 0.67
CDCA8 0.1625 5.1601 1.3476-19.7600 P=1.66x1072 091
B, Three-mRNA signature

ID Brna Hazard ratio 95% CI P-value Cut-off
HAVCRI1 0.2586 2.1561 1.4016-3.3170 P=5.00x10* 1.13
MYCN 0.2621 1.9775 1.3593-2.8770 P=4.00x10* 1.69
SFN 0.0814 1.2379 1.0198-1.5030 P=3.09x10 0.92

IncRNA, long non-coding RNA; HCG4, HLA complex group 4; NEAT 1, nuclear paraspeckle assembly transcript 1; RFPL1S,RFPL1 antisense
RNA 1; CBX2, chromobox 2; CDCAS, cell division cycle-associated 8; HAVCRI1, hepatitis A virus cellular receptor 1; MYCN, MYCN
proto-oncogene BHLH transcription factor; SEN, stratifin; fgna, Cox proportional hazard coefficient; CI, confidence interval.

Establishment of a nomogram combining three-mRNA status
risk score, pathological T stage and pathological stage.
Univariate Cox regression analysis was performed to select the
prognostic clinical factors. Pathological T stage, pathological
stage and the three-mRNA status risk score were determined
to be significantly associated with OS (P<0.05; Table III). As
presented in Fig. 4, patients with HCC in TCGA dataset were
successfully divided by pathological T stage (P<0.001) or
pathological stage (P<0.001) into two groups with significantly
different OS rates, respectively. To improve the predictive
power of the three-mRNA status risk score, a nomogram based
on the three-mRNA status risk score, pathological T stage and
pathological stage was developed (Fig. 5A). Calibration plots
demonstrated that good concordance was achieved between the
predicted and actual 3- and 5-year OS probabilities (Fig. 5B).

Functional annotation of the three-mRNA signature. To deter-
mine the functional roles of the three-mRNA signature in the
biology of HCC, DEGs were identified between the high- and
low-risk patient groups predicted by the three-mRNA status
risk score in TCGA dataset. A total of 91 downregulated and
1,300 upregulated DEGs were identified. These DEGs were
functionally enriched in GO biological processes associated
with the cell cycle, cell proliferation and intracellular signaling
cascades (Tables I'V and V). In addition, five significant KEGG
pathways were identified, including ‘cell cycle progression’,
‘DNA replication’, ‘cytokine-cytokine receptor interaction’,
‘progesterone-mediated oocyte maturation’ and ‘oocyte
meiosis’ (Table IV).

Discussion

HCC is a lethal cancer that accounts for 85-90% of primary
liver cancers, with risk factors including hepatitis B or C

infection, alcoholic liver disease and non-alcoholic fatty
liver disease (25). Considerable efforts should be devoted to
developing an effective stratification model for the prognosis
of patients with HCC. The current study utilized a multi-step
exploration and validation strategy to identify a three-mRNA
and a five-IncRNA expression signatures. Consequently,
three-mRNA and five-IncRNA expression and status risk
scores were developed and compared for prognostic value.
According to the likelihood ratio P-values and AUC, the
three-mRNA status risk score was the optimal score for OS
stratification of patients with HCC. In addition, the validation
dataset confirmed the prognostic value of the three-mRNA
status risk score for patients with HCC. To the best of our
knowledge, the present study is the first to comparatively
analyze mRNA and IncRNA signatures for predicting the
mortality of patients with HCC. The results of the present
study suggested that the three-mRNA status risk score may be
an effective and robust risk stratification tool for HCC.

The identified three-mRNA expression signature
comprised HAVCR1, MYCN and SFN. HAVCRI, also known
as T-cell immunoglobulin and mucin domain (TIM)-1 or
kidney injury molecule (KIM)-1, is a member of the TIM
gene family, which participates in the regulation of immune
cell activity and kidney regeneration (26). HAVCR1 has been
demonstrated to serve a role in renal cell and ovarian clear
cell carcinoma progression by reducing the expression of
tight junction molecules (26). A recent study has reported that
HAVCRI is upregulated at the mRNA and protein levels in
gastric cancer tissues and may be a prognostic biomarker for
patients with gastric cancer (27). The MYCN gene encodes the
N-myc proto-oncogene protein (c-Myc), which belongs to the
MYC family of transcription factors and serves an oncogenic
role in various types of tumors (28,29). c-Myc is overexpressed
in the majority of HCC cases and may be a potential therapeutic
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Figure 2. Stratification of patients with hepatocellular carcinoma in TCGA and the E-TABM-36 datasets using the five-IncRNA status risk score or three-mRNA
status risk score. (A-a) Kaplan-Meier (KM) overall survival curves for high- and low-risk patients in TCGA; (A-b) KM overall survival curves in E-TABM-36;
(A-c) receiver-operating characteristic curves using five-IncRNA status risk score. (B-a) Kaplan-Meier (KM) overall survival curves for high- and low-risk
patients in TCGA; (B-b) KM overall survival curves in E-TABM-36; (B-c) receiver-operating characteristic curves using three-mRNA status risk score.
TCGA, The Cancer Genome Atlas; IncRNA, long non-coding RNA; AUC, area under the curve; HR, hazard ratio.
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target (30). Excessive activation of MYCN is observed in ~70%
of HCC cases associated with human viruses and alcohol (31).

In addition, MYCN may be a prognostic biomarker and a
therapeutic target of acyclic retinoid in liver cancer stem cells
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Table II. Evaluation of the prognostic power of four risk scores based on IncRNAs or mRNAs.

Expression risk score Status risk score
Likelihood ratio P-value AUC value Likelihood ratio P-value AUC value
Type Training set Validation set Training set Validation set Training set Validation set Training set Validation set
IncRNA P=2.05x10? P=1.71x10" 0.9430 0.8330 P=5.50x10° P=7.66x102 0.8490 0.7730
mRNA  P<0.0001  P=3.40x10" 0.9670 0.8620 P<0.0001  P=3.14x102 0.9250 0.8410

IncRNA, long non-coding RNA; AUC, area under the curve.

Table III. Identification of prognostic clinical factors in TCGA set.

Univariate Cox analysis

Clinical characteristic TCGA set (n=366) HR (95% CI) P-value
Age, years (mean = SD) 59.66+13.34 1.012 (0.999-1.026) P=7.90x10
Gender (Male/Female) 247/119 0.816 (0.573-1.164) P=2.62x10""
Pathologic M (M0/M1/-) 263/3/100 4.032 (0.267-12.83) P=1.06x10"!
Pathologic N (NO/N1/-) 248/4/114 2.004 (0.491-8.181) P=3.83x10""!
Pathologic T (T1/T2/T3/T4/-) 180/92/78/13/3 1.675 (1.397-2.007) P<0.0001*
Pathologic stage (I/II/III/IV/-) 170/85/83/4/24 1.661 (1.355-2.037) P<0.0001*
Histologic grade (G1/G2/G3/G4/-) 55/176/118/12/5 1.121 (0.887-1.416) P=3.39x10"
Vascular invasion (Yes/No/-) 107/205/54 1.351 (0.892-2.047) P=1.54x10""
Recurrence (Yes/No/-) 140/179/47 1.375 (0.914-2.068) P=1.25x10"
RS status (High/Low) 183/183 2.177 (1.524-3.110) P<0.0001*
Survival status (Dead/Alive) 130/263 - -
Overall survival time, months (mean + SD) 27.23+24 .31 - -

aP<0.05. HR, hazard ratio; CI, confidence index; TCGA, The Cancer Genome Atlas; RS, Risk score.
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Figure 4. Overall survival of patients with HCC classified by (A) pathologic T stage and (B) pathologic stage in TCGA dataset. Patients with HCC (n=363)
in TCGA dataset were classified by pathologic T stage into two subgroups (pathologic T 1-2 and 3-4) with significantly different OS rate (P=6.847x107).
Similarly, the difference in OS between patients at pathologic stages 1-2 and 3-4 was significant (P=5.538x10%). HCC, hepatocellular carcinoma; TCGA, The
Cancer Genome Atlas; OS, overall survival; HR, hazard ratio.
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upward to the Points axis. The total sum of points of all variables is located on the Total Points axis, and the 3-year and 5-year overall survival probabilities
on the survival axes can be obtained. (B) Calibration plot of the nomogram for predicting the 3- and 5-year OS probabilities. The black line represents the

predicted 3-year OS probability, and the green line represents the predicted 5-year OS probability. OS, overall survival; expr's, expression; RS, risk score.

in HCC (32). The SFN gene encodes stratifin, also known as
14-3-30 protein; several 14-3-3¢ isoforms are implicated in
the progression of HCC through the regulation of cell prolif-
eration, migration and epithelial-mesenchymal transition (33).
Zhang et al (34) have reported that 14-3-30 is upregulated in
HCC and has prognostic value for HCC, which is in concor-
dance with the results of the present study. Additionally,
14-3-30 induced HCC cell migration and tumor progression
by regulating the B-catenin/heat shock factor 1a/70 kDa heat
shock protein pathway and may serve as a promising prog-
nostic indicator (35). The three mRNAs may represent novel
potential therapeutic targets for the treatment of HCC.

To determine the molecular mechanisms of action of
the three prognostic mRNAs in the pathogenesis of HCC,
GO function and KEGG pathway enrichment analyses were
performed using the 1,391 DEGs identified between the two
risk groups predicted by the three-mRNA status risk score
in TCGA dataset. The results demonstrated that the three
mRNAs were involved in various cell cycle-related biological
processes, cytokine-cytokine receptor interaction pathways
and two progesterone-associated pathways. Similarly, based
on HCC microarray data, a recent study has demonstrated that
cytokine-cytokine receptor interactions may involve a large
number of differentially co-expressed genes (36). The incidence
of HCC is higher in men compared with women (37), and sex
hormones including progesterone may influence this statistic.
Progesterone may also act as the precursor for androgens and

estrogens, while the higher incidence in men compared with
women may be attributable to the stimulatory effects of andro-
gens and the inhibitory effects of estrogen (38). In addition, a
number of studies have demonstrated that the hepatic androgen
receptor promotes HCC development, whereas the estrogen
receptor suppresses HCC progression (39,40). In hepatoma
cells treated with epirubicin, progesterone increases apoptosis
and inhibits autophagy by enhancing oxidative stress and
upregulating the cell surface death receptor Fas/CD95 (41,42).
Based on these results, it may be concluded that the three
prognostic mRNAs in HCC identified in the present study may
act through the modulation of these DEGs, which affect cell
cycle progression, cytokine-cytokine receptor interaction and
progesterone-associated pathways.

By conducting comprehensive bioinformatics analyses on
existing microarray data from TCGA and EBI array repositories,
the present study identified and validated a three-mRNA status
risk score as the optimal score for predicting the prognosis of
patients with HCC. The three-mRNA status risk score exhib-
ited higher prognostic value compared with the IncRNA-based
risk scores, and the prognosis of patients with HCC may be
predicted with the median risk score calculated using the mRNA
status-based risk score system as the cut-off value. The three
mRNAs identified in the present study may be involved in the
pathogenesis of HCC through effects on cell cycle progression
and progesterone-associated pathways. Further study in larger
patient cohorts is required to validate these findings.
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