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Background: Hepatocellular carcinoma (HCC) is a leading cause of tumor-associated death worldwide, 
owing to its high 5-year postoperative recurrence rate and inter-individual heterogeneity. Thus, a prognostic 
model is urgently needed for patients with HCC. Several researches have reported that copy number 
amplification of the 8q24 chromosomal region is associated with low survival in many cancers. In the present 
work, we set out to construct a multi-gene model for prognostic prediction in HCC. 
Methods: RNA sequencing and copy number variant data of tumor tissue samples of HCC from The 
Cancer Genome Atlas (n=328) were used to identify differentially expressed messenger RNAs of genes 
located on the chromosomal 8q24 region by the Wilcox test. Univariate Cox and Lasso-Cox regression 
analyses were carried out for the screening and construction of a prognostic multi-gene signature in 
The Cancer Genome Atlas cohort (n=119). The multi-gene signature was validated in a cohort from the 
International Cancer Genome Consortium (n=240). A nomogram for prognostic prediction was built, and 
the underpinning molecular mechanisms were studied by Gene Set Enrichment Analysis. 
Results: We successfully established a 7-gene prognostic signature model to predict the prognosis of 
patients with HCC. Using the model, we divided individuals into high-risk and low-risk sets, which showed 
a significant difference in overall survival in the training dataset (HR =0.17, 95% CI: 0.1–0.28; P<0.001) and 
in the testing dataset (HR = 0.42, 95% CI: 0.23–0.74; P=0.002). Multivariate Cox regression analysis showed 
the signature to be an independent prognostic factor of HCC survival. A nomogram including the prognostic 
signature was constructed and showed a better predictive performance in short-term (1 and 3 years) than 
in long-term (5 years) survival. Furthermore, Gene Set Enrichment Analysis identified several pathways of 
significance, which may aid in explaining the underlying molecular mechanism. 
Conclusions: Our 7-gene signature is a reliable prognostic marker for HCC, which may provide 
meaningful information for therapeutic customization and treatment-related decision making.
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Introduction

Hepatocellular carcinoma (HCC) ranks among the most 
prevalent liver malignancies globally, and its morbidity is 
rising in most areas of the world (1). HCC has an exceedingly 
poor prognosis, with only 12% of patients with the disease 
surviving more than 5 years (2-4). Thus, prognostic models 
are urgently needed to aid in predicting the outcomes of 
HCC and to inform individualized management decisions 
for patients. The majority of studies that have attempted to 
construct a prognostic model for HCC to date have used 
clinical characteristics and serum tumor markers (5-7).  
However, with the rapid development of the genome 
sequencing technologies, evidence has accumulated showing 
gene signatures and traditional parameters to have immense 
promise for prognostic prediction in HCC. Li et al., for 
instance, constructed a 3-gene prediction signature which 
proved effective in identifying HCC patients with a high 
mortality risk (8). Also, Bai et al. identified a 6-microRNA 
signature as an independent factor to predict HCC 
recurrence (9). Furthermore, a number of other studies 
constructed messenger RNA (mRNA) expression signatures 
including different numbers of genes by adopting similar 
methods (10-13).

Accumulating research suggests that tumors are caused 
by multiple gene mutations occurring sequentially in cell 
lines, at chromosomal and nucleotide levels. Chromosomal 
DNA amplification is among the molecular mechanisms 
capable of changing genes. The overexpression of mRNA 
contributes to the occurrence and progression of a variety 
of tumors (14,15). Amplification of the chromosome 8q24 
is frequently detected in human cancer, and several studies 
have emphasized the significance of this subchromosomal 
region in the occurrence and progression of cancers, 
including prostate (16,17), gastrointestinal (18,19), and 
breast (20) cancer. For example, Cussenot et al. revealed 
that 8q24 amplification at the Myc locus correlated with 
Myc protein expression and was associated with disease 
progression and biochemical recurrence after radical 
prostatectomy in prostate cancer (16). Besides, the 8q24 
chromosome locus is one of the most common amplified 
genomic regions in HCC (18,21-23). 

Although the functional annotation genes in this region 
have yet to be fully expounded, several studies have reported 
the amplification of some genes separately located on the 
8q24 chromosome region, such as MYC (24), MAL2 (22), 
and BOP1 (4), which have been linked to HCC occurrence 
and progression in recent years. Through informatics 
analysis of genomic data from 150 HCC tumors, we 

further confirmed that an increase of 8q24 is the major 
contributing event in the occurrence and development of 
HCC (25). Zeng et al. has been genotyped the rs9642880 G 
>T polymorphism using DNA isolated from blood samples 
of 271 hepatocellular carcinoma (HCC) patients who 
received radiotherapy treatment (21). The results showed 
that patients who carried the GT or TT genotypes had 
significantly shorter median survival times compared to 
patients with the GG genotype. Recently Zhang et al. has 
been reported that Copy number gains and amplification 
of chromosome 8q24.3 in HCC were determined to be 
positively correlated with the PRL-3 overexpression, 
which provided an example of how co-amplified genes 
work together in HCC (26). In our previous study, we also 
retrospectively analyzed the genetic testing and clinical 
follow-up information of 80 patients with HCC. Our results 
indicated that a gain of 8q24 was significantly associated 
with poor survival of HCC (P<0.05), with an alteration 
frequency of 22–30%.

In recent years, the construction of an effective and 
powerful predictive model which can provide valuable 
information to inform clinical medical decisions in a 
convenient way has drawn much attention. In the present 
study, we focused on copy number variation of genes located 
on the chromosomal 8q24 region to build a prognostic 
prediction model for HCC. The mRNA expression data 
of HCC from The Cancer Genome Atlas (TGCA) were 
analyzed to identify differentially expressed genes (DEGs). 
Lasso-Cox regression analysis was performed to build a 
7-gene signature, which we validated in an International 
Cancer Genome Consortium (ICGC) cohort. A nomogram 
combining the 7-gene prognostic signature and clinical 
prognostic factors to predict survival was finally constructed. 
Gene Set Enrichment Analysis (GSEA) was applied for 
further analysis of the mechanisms potentially underlying 
the predictive effect of our model. We present the following 
article in accordance with the REMARK reporting checklist 
(available at http://dx.doi.org/10.21037/jgo-21-205).

Methods

Data collection

We collected mRNA expression and clinical data from the 
TCGA-Liver Hepatocellular Carcinoma dataset (TCGA-
LIHC, https://portal.gdc.cancer.gov/), cBioportal for 
Cancer Genomics, and International Cancer Genome 
Consortium (ICGC, http://cbioportal.org/) (27). The 
study was conducted in accordance with the Declaration 

http://dx.doi.org/10.21037/jgo-21-205
http://cbioportal.org/
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of Helsinki (as revised in 2013). All data were obtained 
from publicly available, open-access databases; All data can 
be found here: https://portal.gdc.cancer.gov/repository, 
https://dcc.icgc.org/projects/LIRI-JP. thus, additional 
ethical approval was not required.

Identifying and intersecting differentially expressed 
mRNAs (DEM) in the TCGA-LIHC dataset

The transcripts per million (TPM) method was applied 
to standardize raw counts of HCC mRNA expression 
data, which were subjected to log2 conversion. A total 
of 167 protein-coding genes located in the chromosome 
8q24 region were accurately annotated. The R package 
limma (version 3.36.2) was used to identify the DEMs. 
The DEMs which had an absolute log2 fold change 
(FC) >1 and an adjusted P value <0.05 were included in 
subsequent analyses (https://cancerci.biomedcenral.com/).

Construction of the prognostic gene signature

The prognostic gene signature model was established 
in a discovery cohort comprising 331 patients from 
TCGA. For the analysis, we only selected patients with 
initial treatment whose overall survival (OS) exceeded  
1 month. Patients with amplification of ≥2 genes located 
in the chromosome 8q24 region were assigned to the 
amplification group (mutation group), while those with 
amplification of 0–1 gene were included in the non-
amplification group (wild-type group). DEGs were 
identified by univariate Cox regression analysis. Genes for 
predicting OS of HCC were further screened by Lasso-
penalized Cox regression analysis designed using the R 
package glmnet (28). Finally, a 7-gene signature prognosis 
model was constructed in the TCGA discovery cohort 
on the basis of a linear combination of the regression 
coefficient of the Lasso-Cox regression model coefficients 
(β) and the mRNA expression level. The prognostic gene 
signature was presented as risk score = (βmRNA1*expression 
level of mRNA1) + (βmRNA2*expression level of mRNA2) 
+…+ (βmRNAn*expression level of mRNAn). For verification 
of the prediction efficiency of the predictive gene 
signature, patients form TCGA cohort were randomly 
separated into training and testing datasets at a ratio 
of 6:4 using the createDataPartition function in the R 
package caret. The optimal cutoff values were investigated 
using the survminer R package. Subsequently, we divided 
patients into groups with high and low risk based on the 

correlation of the signature gene expression levels with 
OS in the training dataset. With the survival R package, 
we analyzed the survival difference between patients with 
high and low risk scores by combining Kaplan–Meier 
(KM) survival curve analysis with the log-rank test. We 
used time-dependent receiver operating characteristic 
(ROC) curve analysis and the concordance index (C-index) 
to assess the accuracy of the prognostic signature in 
predicting 1-, 3-, and 5-year survival. The prognostic 
gene signature’s estimated value was further verified in the 
testing dataset and TCGA discovery cohort. Using the 
Wilcoxon signed-rank test, we also performed an analysis 
in the TCGA discovery cohort to compare the mRNA 
expression levels of the 7 prognosis-related genes included 
in the signature in the high- and low-risk groups.

External validation of the prognostic gene signature

To validate the prognostic gene signature, we used another 
cohort comprising 243 patients with HCC from the ICGC. 
Patients’ risk scores were calculated according to the 
prognostic gene characteristics. ROC curve and KM curves 
were drawn to validate the value of the prognostic gene 
signature for predicting HCC prognosis. 

Independence of the prognostic gene signature from other 
clinical parameters in the TCGA

To determine whether the prediction efficiency of the 
prognostic model was able to serve independently of other 
clinical parameters [such as age, sex, alpha-fetoprotein 
(AFP), body mass index (BMI), tumor grade, vascular 
tumor invasion (MVI) inflammation, residual tumor, tumor 
mutation burden (TMB), and tumor stage], we performed 
univariate and multivariate analyses using a Cox regression 
model. P value <0.05 indicated statistical significance. We 
also calculated the hazard ratios (HRs) and 95% confidence 
intervals (CIs).

Building and validation of the predictive nomogram

Nomograms are commonly applied to predict the prognosis 
of cancer. All independent prognostic factors were selected 
for the evaluation of the probability of OS at 1, 3, and  
5 years using the multivariable Cox regression method. We 
validated the nomogram by assessing its discrimination and 
calibration. To test the nomogram’s predicted probability 
of OS against the observed rates, we plotted its calibration 
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curve. To examine whether the nomogram was reliable in 
comparison with tumor stage or risk group, decision curve 
analysis (DCA) was carried out.

GSEA

To reveal the potential molecular mechanism of the 
prognostic gene signature, GSEA (v.3.0.) was used to 
investigate patients in high- and low-risk subgroups in the 
TCGA discovery cohort.

Pathways related to OS in the 2 risk groups were separately 
retrieved by searching Molecular Signatures Database v.7.0. 
We identified gene sets with a P value <0.05 and a false 
discovery rate (FDR) <25% as having significant enrichment.

Statistical analysis

Data were statistically analyzed with R software v3.6.0 (R 
Foundation for Statistical Computing, Vienna, Austria). 
P value <0.05 indicated statistical significance.

Results

Identified DEMs

Figure 1 shows a flow chart of the analytical process. In 
total, 109 genes were screened out as DEMs between the 
8q24 amplification group (n=184) and the non-amplification 
group (n=109; Table S1). 

Construction and validation of the prognostic gene 
signature 

At random, we assigned 184 patients with primary HCC in 
the TCGA discovery cohort at a ratio of 6:4 to a training 
dataset (n=111) and a testing dataset (n=73). Table 1  
summarizes the baseline characteristics of patients in 
the 2 datasets. None of the clinical characteristics were 
significantly different between the testing dataset and 
training dataset. 

We further narrowed candidate mRNAs using Lasso-
penalized Cox analysis, finally identifying 7 target genes, 

Discovery Cohort
TCGA HCC RNAseq

(N=368)

Discovery Cohort
TCGA HCC CNV 

(N=371)

119 Co-Amp Pts vs. 109 non-Amp Pts 

119 DEGs in 8q24 

18 OS-related genes

7-genes signature 
Validation Cohort

 ICGC LIRI-JP RNAseq (N=240)

Subgroup analysis, Further validation with clinicopathologic factors

1. Excluded pts with treatment;
2. Excluded pts without primary cancer;
3. Pts was defined as Co-Amp with at least 2 genes 

gain in the pts

Wilcox test

Univariate Cox regression analysis

LASSO Cox Modeling with 200 iterations of 10-fold cross-validation

1. Independent prognostic role of the gene signature using multivariate 
Cox regression anslysis;

2. Building and validating a predictive nomogram;
3. Gene Set Enrichment Analyses;

Figure 1 Flow chart of multi-gene signature identification and validation.

https://cdn.amegroups.cn/static/public/JGO-21-205-supplementary.pdf
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Table 1 The relationship between clinical characteristics and overall survival in the TCGA cohort

Testing set Training set P value

N 73 111  

Age, years, mean (SD) 58.55 (13.53) 59.79 (10.45) 0.483

Sex (male), n (%) 56 (76.7) 82 (73.9) 0.794

Race, n (%) 0.434

Asian 41 (56.2) 61 (55.0)

Black/African American 4 (5.5) 4 (3.6)

Not reported 4 (5.5) 2 (1.8)

White 24 (32.9) 44 (39.6) 

AFP, ng/mL, mean (SD) 6,296.75 (41,597.65) 32,503.79 (220,471.63) 0.385

BMI, kg/m2, mean (SD) 25.46 (6.76) 25.36 (5.92) 0.924

Inflammation, n (%) 0.098

Mild 28 (38.4) 25 (22.5)

None 19 (26.0) 30 (27.0)

Severe 3 (4.1) 9 (8.1)

N/A 23 (31.5) 47 (42.3)

Tumor grade, n (%) 0.19

Grade 1 10 (13.7) 10 (9.0)

Grade 2 29 (39.7) 56 (50.5)

Grade 3 31 (42.5) 37 (33.3) 

Grade 4 2 (2.7) 8 (7.2)

N/A 1 (1.4) 0 (0.0)

Tumor stage, n (%) 0.302

Not reported 4 (5.5) 4 (3.6)

Stage I 30 (41.1) 61 (55.0)

Stage II 23 (31.5) 22 (19.8)

Stage IIIA 15 (20.5) 20 (18.0)

Stage IIIB 0 (0.0) 2 (1.8)

Stage IIIC 1 (1.4) 2 (1.8)

Residual tumor, n (%) 0.928

R0 67 (91.8) 99 (89.2)

R1 3 (4.1) 5 (4.5)

RX 2 (2.7) 5 (4.5)

N/A 1 (1.4) 2 (1.8)

Vascular tumor invasion, n (%) 0.684

Macro 3 (4.1) 3 (2.7)

Micro 22 (30.1) 26 (23.4)

None 36 (49.3) 63 (56.8)

N/A 12 (16.4) 19 (17.1)

TMB, Mut/Mb, mean (SD) 6.46 (4.41) 6.51 (6.31) 0.953

TGCA, The Cancer Genome Atlas; AFP, alpha-fetoprotein; BMI, body mass index; TMB, tumor mutation burden.
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which were selected to build the prognostic gene signature. 
These genes included zinc finger protein 7 (ZNF7), 
trafficking protein particle complex 9 (TRAPPC9), 
transmembrane protein 65 (TMEM65), POU domain 
class 5 transcription factor 1B (POU5F1B), DEP domain-
containing MTOR interacting protein (DEPTOR), 
BOP1 ribosomal biogenesis factor (BOP1), and Rho 
GTPase-activating protein 39 (ARHGAP39), which 
were found to have a prognostic connection HCC using 
the regsubsets function of the leaps R package. The 
risk score= (−1.465*ExprZNF7) + (−1.317*ExprTRAPPC9) 
+  ( 0 . 4 3 2 * E x p r T M E M 6 5 )  +  ( − 0 . 7 2 8 * E x p r P O U 5 F 1 B ) 
+  ( − 0 . 2 5 3 * E x p r D E P T O R )  +  ( 0 . 3 5 7 * E x p r B O P 1 )  + 
(0.553*ExprARHGAP39). 

The optimal risk-score cutoff value was finally 
determined to be 2.074. According to this cutoff, patients 
in the training dataset were dissected into groups with 
high (n=44) and low (n=169) risk scores. Subsequently, all 
stratification was based on this optimal cutoff value. Time-

dependent ROC and KM survival curves were calculated to 
evaluate the ability of our 7-gene signature to predict HCC 
prognosis. The same procedure was employed for both the 
testing and the entire TCGA datasets. The area under the 
ROC curve (AUC) values of the signature for OS at 1, 3, 
and 5 years were: 0.77, 0.741, and 0.784, respectively, in the 
training dataset; 0.7, 0.636, and 0.633, respectively, in the 
testing dataset; and 0.739, 0.704, and 0.725, respectively, 
in the whole TCGA cohort (Figure 2). In all 3 datasets, the 
OS was significantly poorer in the high-risk group than in 
the low-risk group (P<0.001, P=0.002, and P<0.001 in the 
training, testing, and whole TCGA datasets; Figure 3). This 
result indicated a moderately sufficient specificity of the 
7-gene signature for prognostic prediction in HCC. Among 
the 368 HCC patients in the TCGA cohort, 64 (18%) had 
at least 1 genetic variation of the 7 selected genes, with 
amplification being the most common type of genetic 
variation. In TCGA cohort, the mRNA expression levels 
of BOP1, TMEM65, and ARHGAP39 were significantly 

Figure 2 Time dependent receiver operating characteristic (ROC) analysis of the 7-gene signature for predicting overall survival at 1, 3, and 
5 years in the training set (A), the testing set (B), the TCGA discovery cohort (C), and the International Cancer Genome Consortium (ICGC) 
validation cohort (D).
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Figure 3 Kaplan–Meier analysis to compare patients between high-risk and low-risk groups based on the 7-gene signature in the training 
set (A), the testing set (B), The Cancer Genome Atlas (TCGA) discovery cohort (C), and (D) the International Cancer Genome Consortium 
(ICGC) validation cohort.

upregulated compared with those in the high-risk group; 
in contrast, those of TRAPPC9, POU5F1B and DEPTOR 
were significantly downregulated (Figure 4).

Externally validating the prognostic gene signature in the 
ICGC cohort

For further assessment of its prediction ability, we tested 
the 7-gene signature in the ICGC cohort. A total of  
240 patients with HCC were classified as high (n=34) or low 
(n=206) risk using the optimal risk cutoff value described 
above. In accordance with our findings from the ICGC 
cohort, patients with a high-risk score had significantly 
worse OS than patients with a low-risk score (P<0.001, 
Figure 2D). The AUC for OS at 1, 3, and 5 years was 0.836, 
0.717, and 0.608, respectively (Figure 3D).

Independent prognostic role of the gene signature

Next, we conducted Cox univariate and multivariate 
regression analyses in the TCGA cohort to assess risk group 

(classified by the 7-gene signature) and clinicopathological 
variables [including age, sex, AFP, BMI, inflammation, 
vascular tumor invasion, residual tumor, tumor grade, 
tumor stage, and tumor mutational burden (TMB)] as 
independent prognostic predictors. Risk group and tumor 
stage were independent prognostic factors in the TCGA 
cohort (risk group, HR: 0.32; 95% CI: 0.2–0.52; P<0.001; 
tumor stage, HR: 2.13; 95% CI: 1.4–3.19; P<0.001). Details 
are provided in Table 2.

Building and validating a predictive nomogram

For the purpose of constructing a clinically applicable 
survival prediction model for patients with HCC, a 
nomogram was built based on tumor stage and risk 
score (Figure 5A) (29). Calibration plots showed that the 
nomogram’s predictive ability was better for short-term 
(1 and 3 years) than long-term (5 years) survival, which 
was consistent with the predicted and actual survival 
rates (Figure 5B). DCA demonstrated that the combined 
predictive model showed the best net benefit for 1-year 
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Figure 4 The mRNA expression level of 7 genes between the high-risk and low-risk groups of hepatocellular carcinoma (HCC) patients in 
The Cancer Genome Atlas (TCGA) cohort and International Cancer Genome Consortium (ICGC) cohort; P<0.05 (*), P<0.01 (**), P<0.001 
(***), P<0.0001 (****).

Table 2 Univariate and multivariate Cox regression analyses of gene signature and overall survival of HCC in the TCGA cohort

Characteristics Hazard ratio 95% CI P value Hazard ratio 95% CI P value

AFP (≥400 vs. <400 ng/mL) 1.1062 0.67–1.84 0.697

Age (≥60 vs. <60 years) 1.1606 0.81–1.67 0.419

BMI (≥25 vs. <25 kg/m2) 0.8099 0.55–1.19 0.285

Sex (male vs. female) 0.7974 0.55–1.15 0.226

Residual tumor (R1/2 vs. R0) 1.8877 0.95–3.74 0.068

Risk (low vs. high) 0.2415 0.16–0.37 1.82E-10 0.3225 0.20–0.52 3.78E-06

TMB, Mut/Mb (≥10 vs. <10) 1.5874 0.97–2.59 0.0643

Tumor grade (G3/4 vs. G1/2) 1.0238 0.70–1.49 0.903

Tumor stage (III/IV vs. I/II) 2.6608 1.81–3.91 5.71E-07 2.1295 1.42–3.19 0.000245

Vascular tumor invasion (macro/micro vs. none) 1.5169 0.99–2.33 0.057

Inflammation (mild/severe vs. none) 1.2809 0.76–2.12 0.334

HCC, hepatocellular carcinoma; TGCA, The Cancer Genome Atlas.

and 3 year but not for 5 year as well (Figure 5C).

GSEA

With the aim of uncovering the potential molecular-level 
mechanism of our 7-gene signature, we performed GSEA 
analysis in the TCGA cohort. As demonstrated in Table 3  
and Figure 6, the tumors of patients classified as high risk 
using the 7-gene signature were significantly enriched in 
the G2M checkpoint (P<0.001, FDR =0.005), DNA repair 
(P=0.010, FDR =0.048), MYC targets (P=0.002, FDR 

=0.006), and mTORC1 signaling (P=0.006, FDR =0.028) 
pathways or terms. Furthermore, pathways with significant 
enrichment in patients with low risk were associated 
with several metabolic processes (including xenobiotic 
metabolism, bile acid, and fatty acid), adipogenesis, 
coagulation, and peroxisome function.

Discussion

Because of the complex molecular mechanisms and 
cellular heterogeneity of HCC, morbidity and death 
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Figure 5 Nomogram to predict the probability of overall survival (OS) of hepatocellular carcinoma (HCC) in The Cancer Genome Atlas 
(TCGA) cohort. (A) Nomogram predicting the proportion of patients with OS; (B) calibration plot for the nomogram to predict the 
probability of OS at 1, 3, and 5 years; (C) DCA curves of the nomograms compared for 1-, 3-, and 5-year OS, respectively.

associated with this disease are continuing to rise 
in multiple countries (11,25). The discovery of new 
prognostic biomarkers and the development of prognostic 
models with higher accuracy are urgently required to 
improve the clinical dilemma posed by HCC. Compared 
with a single biomarker, a genetic prognostic prediction 
model constructed with traditional clinical parameters 
may offer superior prediction efficiency. In this study, 
we focused on the amplification of genes located in the 
8q24 chromosomal region. Using a TCGA dataset, 
we successfully established a novel 7-gene signature, 

which was subjected to validation in ICGC dataset. We 
found that the risk score based on the signature was an 
independent factor of HCC prognosis, with patients with 
a high-risk score having a lower survival rate than patients 
with a low-risk score. ROC curve analysis and DCA 
results revealed that the nomogram combining the 7-gene 
signature with tumor stage showed the best predictive 
efficacy for short-term survival (1 and 3 years) comparing 
with the nomograms build with a single prognostic factor, 
but not for long-term survival (5 years). Altogether, the 
results demonstrated that our 7-gene signature could be 
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Table 3 Significantly enriched hallmarks in the TCGA cohort by GSEA

Name Size NES NOM p-val FDR q-val Signal score

HALLMARK_BILE_ACID_METABOLISM 112 2.35 0.00E+00 7.00E-04 Low

HALLMARK_XENOBIOTIC_METABOLISM 200 2.24 0.00E+00 7.00E-04 Low

HALLMARK_COAGULATION 138 2.05 0.00E+00 7.19E-03 Low

HALLMARK_FATTY_ACID_METABOLISM 158 2.03 1.84E-03 6.52E-03 Low

HALLMARK_PEROXISOME 103 1.94 1.89E-03 1.45E-02 Low

HALLMARK_ADIPOGENESIS 200 1.93 3.74E-03 1.24E-02 Low

HALLMARK_HEME_METABOLISM 197 1.62 8.13E-03 1.06E-01 Low

HALLMARK_G2M_CHECKPOINT 197 −2.27 0.00E+00 4.52E-03 High

HALLMARK_E2F_TARGETS 200 −2.14 0.00E+00 5.00E-03 High

HALLMARK_MYC_TARGETS_V1 199 −2.09 2.04E-03 6.13E-03 High

HALLMARK_MTORC1_SIGNALING 200 −1.94 6.21E-03 2.81E-02 High

HALLMARK_MYC_TARGETS_V2 58 −1.87 2.08E-02 4.07E-02 High

HALLMARK_DNA_REPAIR 149 −1.83 9.94E-03 4.81E-02 High

HALLMARK_MITOTIC_SPINDLE 198 −1.69 3.41E-02 1.09E-01 High

HALLMARK_UNFOLDED_PROTEIN_RESPONSE 112 −1.68 2.29E-02 1.05E-01 High

HALLMARK_UV_RESPONSE_UP 158 −1.62 2.52E-03 1.32E-01 High

HALLMARK_SPERMATOGENESIS 133 −1.54 2.91E-02 1.79E-01 High

TGCA, The Cancer Genome Atlas; GESA, Gene Set Enrichment Analysis; NES, Normalized Enrichment Score; NOM p-val, Nominal  
p value.

a useful and promising indicator to predict the survival of 
patients with HCC. Among the 7 genes in our signature, 3 
of them have been linked to HCC. Block of proliferation 
1 (BOP1) is a WD40 protein, the isolation of which was 
initially performed through complementary DNA library 
screening for growth-related sequences in fibroblasts from 
mouse embryos. BOP1 promotes HCC cell migration and 
invasion by inducing epithelial–mesenchymal transition 
(EMT), which is a vital regulatory process, the activation 
of which occurs during tumor invasion and metastasis (4).  
BOP1 also stimulates actin stress fiber assembly and 
RhoA activation, and makes a vital contribution to the 
enhancement of cell contractility via actin rearrangement 
and stress fiber formation (30-32). Recently, DEP-domain 
containing mammalian target of rapamicin (mTOR)-
interacting protein (DEPTOR), also known as DEP-
domain containing protein 6 (DEPDC6), has emerged as a 
research hotspot, owing to the discovery that it negatively 
regulates mTOR. The main components of the protein 
are mTORC1 and mTORC2 complexes, which inhibit 

its kinase activity by interacting with mTOR (33,34). The 
deregulation of mTOR has commonly been linked to 
tumor pathogenesis. Consistent with inhibitory mTOR 
activity, the expression of DEPTOR is low in the majority 
of tumors, although there are some exceptions, including 
multiple myeloma (MM), thyroid carcinoma, and lung 
cancer (35,36). DEPTOR promotes EMT and HCC cell 
metastasis through activation of the TGF-β1-SMAD3/
SMAD4-Snail pathway by inhibiting mTOR (37). In 
embryonic stem cells, OCT4 (also called POU5F1) is 
an essential participant in the processes of self-renewal, 
development,  and somatic cell  reprogramming to 
pluripotent stem cells. OCT4 has 6 pseudogenes, which 
are transcribed in many tumors (38,39). Among these 
OCT4 pseudogenes, POU domain class5 transport factor 
1B (POU5F1B) encodes 95% homology to OCT4A. 
The survival of HCC patients with a high expression 
POU5F1B is shorter than that of patients with a low 
expression, with the former group also having a higher 
level of AKT phosphorylation. POU5F1B was found to 
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Figure 6 Significantly enriched KEGG pathways in the TCGA cohort by GSEA. (A) Ten representative KEGG pathways in high-risk 
patients; (B) seven representative KEGG pathways in low-risk patients. TGCA, The Cancer Genome Atlas; GSEA, Gene Set Enrichment 
Analysis.

promote hepatoma cell proliferation via its activation of 
AKT; thus, inhibiting AKT in POU5F1B-overexpressing 
hepatoma cells can in turn inhibit cell proliferation. AKT 
phosphorylation by TSC2 can also take place at Ser473 
sites, which activates Rheb’s stimulation of mTORC1 
activity, increasing protein synthesis via phosphorylation 
of eukaryotic translation initiation factor 4 E (eIF4E) and 
ribosomal proteins S6 (40).

The roles of Arhgap39, TRAPPC9, ZNF7, and 
TMEM65 in HCC have not been reported. Rho GTPases 
are widely known to be participants in cell growth, cell 
dynamics, apoptosis, and intracellular membrane trafficking. 
Arhgap39 [also referred to as preoptic regulatory factor-2 
(Porf-2) or Vilse] is a multidomain protein containing WW, 
myosin tail homolog 4 (MyTH4), and RhoGAP domains, 
which can inactivate Rho GTPases (41). Studies have shown 
that Arhgap39 regulates Rac/cdc42-dependent cytoskeleton 
and neurogenesis in hippocampal neurons of Drosophila 
and mice through WW domains (42). Transport protein 

particle complex 9 (TRAPPC9), a protein subunit of 
transport protein particle II (TRAPPII), has been illustrated 
to play a vital role in the transport of cargo from the 
endoplasmic reticulum to the Golgi body and endosome-
to-Golgi trafficking in yeast cells (43). Besides, studies have 
indicated that TRAPPC9 mutations are associated with 
an autosomal recessive disorder characterized by mental 
retardation, autism in mothers, neonatal microcephaly, 
hearing loss, and stroke (44,45). A20 (Tumor necrosis factor 
alpha-induced protein 3, TNFAIP3) is a deubiquitinating 
enzyme with significant anti-inflammatory functions. 
Genome-wide studies have illustrated that A20 is a 
susceptibility gene in a variety of human inflammatory and 
autoimmune diseases, such as systemic lupus erythematosus, 
psoriasis, rheumatoid arthritis, and Crohn’s disease (46,47). 
The binding ability of A20’s ZnF domains 4 and 7 affects 
its ability to bind to ubiquitin chains. Notably, ZNF7 in 
A20 is involved in the regulation of the TNF receptor 
1 (TNFR1) signaling pathway, and specifically binds to 
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the linear ubiquitin chain (48,49) and inhibits TNFR1-
mediated apoptosis and death (50). ZnF7 can inhibit NF-
κB (nuclear factor kappa-light-chain-enhancer of activated 
B cells), the constitutive activation of which is associated 
with tumorigenesis. Therefore, it can be speculated that the 
dysregulation of NF-κB activation leads to A20 mutation or 
deletion, which is the main cause of B-cell lymphoma (51). 
Transmembrane protein 65 (TMEM65) is an endometrial 
protein that plays an important role in the function of the 
mitochondrial respiratory chain (52,53). The biological 
function of TMEM65 protein has yet to be completely 
illuminated. One case of a mutation in the TMEM65 
gene has been reported in a patient with mitochondrial 
encephalomyopathy, suggesting that TMEM65 functional 
changes in mitochondrial function can be caused by 
TMEM65 gene mutations, resulting in severe cellular 
and clinical consequences. Besides, the low expression of 
TMEM65 in skin fibroblasts has been reported to affect the 
content and respiration rate of mitochondria (54).

In recent years, many studies have constructed effective 
multi-gene prognostic signature models for HCC. However, 
a gene signature prognostic model of HCC based on copy 
number amplification of genes has not been reported 
previously. Gains of 8q, as the most common changing, have 
been reported in 27.7% of cancers arising in 27 different 
tissues and in 31% to 66% of HCCs (23). Amplification 
of DNA in the 8q24 chromosome region is thought to be 
associated with progression of multiple cancers including 
HCC, which indicates that the 8q region harbors 1 or 
more targeted genes whose amplification promotes their 
oncogenicity. Our study focused on the type of copy 
number variant of genes located in the 8q24 chromosome 
region, and we constructed a predictive signature based on 
the expression levels of 7 genes. The nomogram combined 
the 7-gene signature and clinical parameters to determine 
patient prognosis. The 7 genes may be potential molecular 
targets to fight HCC and include 4 genes for which a 
correlation with HCC has not previously been documented, 
which may be potential research interests or molecular 
therapeutic targets.

However, some limitations of our study need to be 
pointed out. Firstly, the mRNA expression data and clinical 
data were obtained from the TCGA and ICGC databases, 
in which Europeans and Americans account for the majority 
of patients. Secondly, our gene signature prognostic model 
gave a better performance in predicting short-term (1 and 
3 years) than long-term (5 years) survival. Thirdly, further 
investigation and experimentation are needed to explore 

the underlying functional mechanisms of the 7 predictive 
signature genes in HCC development and progression.

Conclusions

In summary, our study selected the mRNA expression data 
of 8q24 genes of HCC patients and focused on the copy 
number variations of mutation types. A 7-gene signature 
was successfully constructed to predict the prognosis of 
HCC. Our prognostic nomogram, which combines the 
7-gene signature with clinical factors to predict HCC 
prognosis, could serve as a reliable tool to identify high-
risk HCC patients with poor survival and aid in the 
development of precise individualized therapy.
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Table S1 The relationship between clinical characteristic and overall survival of TCGA cohort

Amplification Non-amplification P value

N 199 109

Age, years, mean (SD) 59.74 (11.88) 60.78 (14.22) 0.496

Gender (male), n (%) 150 (75.4) 63 (57.8) 0.002

Race, n (%) <0.001

Asian 109 (54.8) 34 (31.2)

Black or African American 9 (4.5) 5 (4.6)

Not reported 6 (3.0) 2 (1.8)

White 75 (37.7) 68 (62.4)

AFP, ng/ml, mean (SD) 20,600.93 (166,204.61) 3,702.72 (26,575.26) 0.374

BMI, kg/m2, mean (SD) 26.03 (9.95) 26.84 (6.43) 0.465

Inflammation, n (%) 0.005

Mild 58 (29.1) 24 (22.0)

None 51 (25.6) 47 (43.1)

Severe 15 (7.5) 2 (1.8)

N/A 75 (37.7) 36 (33.0)

Tumor grade, n (%) <0.001

G1 20 (10.1) 30 (27.5)

G2 91 (45.7) 52 (47.7)

G3 76 (38.2) 25 (22.9)

G4 11 (5.5) 0 (0.0)

N/A 1 (0.5) 2 (1.8)

Tumor stage, n (%) 0.122

Not reported 9 (4.5) 10 (9.2)

Stage I 98 (49.2) 51 (46.8)

Stage II 51 (25.6) 20 (18.3)

Stage III 0 (0.0) 1 (0.9)

Stage IIIA 35 (17.6) 18 (16.5)

Stage IIIB 3 (1.5) 4 (3.7)

Stage IIIC 3 (1.5) 5 (4.6)

Residual tumor, n (%) 0.164

R0 180 (90.5) 95 (87.2)

R1 9 (4.5) 2 (1.8)

RX 7 (3.5) 9 (8.3)

N/A 3 (1.5) 3 (2.8)

Vascular tumor invasion, n (%) 0.854

Macro 7 (3.5) 5 (4.6)

Micro 53 (26.6) 25 (22.9)

None 108 (54.3) 63 (57.8)

N/A 31 (15.6) 16 (14.7)

TMB, Mut/Mb, mean (SD) 6.72 (6.31) 6.04 (5.82) 0.38

TGCA, The Cancer Genome Atlas; AFP, alpha-fetoprotein; BMI, body mass index; TMB, tumor mutation burden.
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