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Abstract
Background: Hepatocellular carcinoma (HCC) is a common cancer with a poor prognosis. We purposed to
identify a prognostic risk model of HCC according to the differentially expressed (DE) immune genes.

Methods: The DE immune genes were identi�ed based on 374 HCC and 50 adjacent normal samples
from the Cancer Genome Atlas database. Univariate Cox analysis, Lasso regression, and multivariate Cox
analysis were used to determine the immune genes used to construct the model based on the training
group. The testing group and the entire group were applied for the validation of the model.

Results: A �ve-immune gene model comprising HSPA4, ISG20L2, NDRG1, EGF, and IL17D was identi�ed.
Based on the model, overall survival was signi�cantly different between the high-risk and low-risk groups
(P = 7.953e-06). The AUC for the model at 1- and 3-year was 0.849 and 0.74, respectively. The validating
groups con�rmed the reliability of the model. The risk score was identi�ed as an independent prognostic
factor and was closely related to the content of immune cells from HCC samples.

Conclusion: We identi�ed a �ve-immune gene model, which could be treated as an independent
prognostic factor of HCC.

Background
Hepatocellular carcinoma (HCC) is common cancer all over the world, being the third leading cause of
cancer-associated death. Its global morbidity and mortality continue to increase, causing more than
600,000 deaths per year [1, 2]. Considering that the symptoms and signs of early HCC can hardly be
noticed, the diagnosis of HCC patients is often lagging, and the prognosis is poor [3, 4]. Besides, due to
the existence of individual speci�city, patients with a similar pathological stage may still have vast
differences in the overall survival (OS) [5]. Therefore, it is urgent and necessary to develop a molecular
model that could accurately predict the prognosis of HCC.

In the last few years, immunotherapy has become an essential method for HCC patients [3]. A variety of
strategies, including cancer vaccines, adoptive cellular therapy, and immune checkpoint blockade (ICB),
have been explored. ICB has got promising outcomes in HCC [6, 7]. Besides, several immune checkpoint
inhibitors, such as anti-PD-L1, anti-CTLA-4, and anti-PD-1 antibodies, have also displayed potential
therapeutic effects on HCC [8, 9], and these immune checkpoints have been reported to participate in the
induction and maintenance of immune tolerance in HCC [10, 11]. All these published papers above proved
that immunity carries out a vital role in the progress of HCC.

Previous studies indicated that immune genes were related to the response and prognosis of HCC
patients to immunotherapy [12]. Dong et al. demonstrated that high expression of STAT5A, STAT5B, and
STAT6 was associated with better prognosis in HCC patients [13]. This article proposed to identify a
trustworthy model of HCC on the basis of immune genes, and demonstrated its clinical utility for HCC
patients.
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Methods
Basic information

Clinical information and expression data and were obtained from The Cancer Genome Atlas (TCGA)
database. Cancer-related transcription factors (TFs) and immune genes were available in the Cistrome
database and the ImmPort database, respectively. Also, immune in�ltrate data was available in Tumor
Immune Estimation Resource.

Detection of the DE immune genes

We applied the Wilcoxon signed-rank test to identify DE genes and DE immune genes with R software.
The cut-offs were false discovery rate (FDR) < 0.05 and Log2(fold change [FC]) > 1. The DE genes and
immune genes were presented in the volcano plot and heatmap using the gplots package and Pheatmap
package.

Function enrichment analyses of the DE immune genes

We applied the Database for Annotation, Visualization, and Integrated Discovery (DAVID) (v6.8) for Gene
Ontology (GO) analysis and ClusterPro�ler package for the Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis. GO terms, comprising cellular component, biological process, and molecular function,
were considered signi�cantly enriched when Bonferroni correction < 0.001 and FDR < 0.05, and same for
KEGG terms when p.adjust < 0.001 and GeneRatio > 0.05.

Construction of a DE immune genes-TFs network

We detected the DE TFs according to the DE genes and cancer-related TFs. Cor.test() was used to
estimate the correlation between DE immune genes and DE TFs. Correlation coe�cient > 0.6 and p <
0.001 was set as a threshold to get more robust interaction pairs between DE immune genes and DE TFs.
The quali�ed interactions were imported to Cytoscape (v3.7.2) to construct a network.

Establishment of a prognostic risk model

A risk model was developed with the training group. We performed univariate analysis to detect the
quali�ed immune genes. Then, we conduct Lasso regression to eliminate functionally similar genes. At
last, multivariate analysis was applied to �nd out the ultimate immune genes. The risk score was
calculated according to the following formula:

N, Exp, and Coef represented gene number, expression level, and coe�cient value, respectively. We divided
all HCC patients into high-risk and low-risk groups due to the median of the risk score. A low-risk score
shows good survival for HCC patients. Kaplan-Meier analysis was employed to compare the survival rate
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between the two groups. The SurvivalROC package was applied to perform receiver operating
characteristic (ROC) analysis. It is reported that an area under the ROC (AUC) > 0.60 was viewed as
suitable for predictions, and an AUC > 0.75 was believed to have perfect predictive value [14]. Risk curves
and the heatmap of risk genes were also utilized to assess this model.

Validation of the model

We conducted a survival analysis of the OS and performed the ROC analysis for the validation of the
model in the testing group as well as the entire group.

The prognostic value of the risk model

All the clinical parameters, as well as the risk score, were analyzed with univariate and multivariate Cox
analyses. Indicators were considered independent prognostic factors when P < 0.05 in both Cox analyses.

Applicability of the model

The correlation of the model (the risk score and expression level of the immune genes) with clinical
parameters (age, gender, the histological grade, as well as the pathological stage), were analyzed.
Patients were separated into two subgroups according to age (>=60 and <60 years old), gender (male and
female), grade (G1&2 for well-differentiated and G3&4 for poor-differentiated), and stage (stage I&II and
stage III&IV). Besides, we assessed the correlation between the risk score and the content of immune cells
using the Pearson correlation coe�cient test.

Results

Basic information
A total of 374 tumors and 50 normal samples were downloaded from the TCGA data portal. Three tumor
samples lacking clinical data and 28 HCC samples with follow-up time less than 30 days were excluded.
The clinical information of the 343 patients left with HCC was presented in Table 1. We randomly divided
the 343 tumor samples into the training and testing groups (Table 2). The work�ow of the current study
was shown in Fig. 1.

Detection of the DE immune genes
5388 DE genes (325 down-regulated and 5063 up-regulated) and 325 DE immune genes (59 down-
regulated and 266 up-regulated) were discovered, which were shown in the volcano map and heatmap
(Fig. 2a-d). The top ten down-regulated and up-regulated genes were presented in Table S1.

GO and KEGG analyses of the DE immune genes
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68 GO terms, comprising 14 molecular function terms, seven cellular component terms, and 47 biological
process terms, were detected. Also, 65 enriched pathways were discovered. The top ten GO terms and
pathway terms were depicted in Fig. 2e and Fig. 2f, respectively.

Construction of a DE immune genes-TFs network
318 tumor-related TFs were available in the Cistrome database. In total, 117 DE TFs (9 down-regulated
and 108 up-regulated) were detected. The total down-regulated and �rst ten up-regulated DE TFs were
showed in Table S2. The volcano map and heatmap of the DE immune genes were presented in Fig. 3a
and Fig. 3b. Besides, 81 positive DE immune genes-TFs pairs were detected in the network (Fig. 3c),
involving 19 DE up-regulated immune genes and 40 DE TFs.

Construction of a model
We �rstly screened 39 immune genes with univariate Cox analysis (Fig. 4a). Subsequently, we got seven
suitable prognostic immune genes using Lasso regression (Fig. 4b and 4c). Ultimately, we identi�ed �ve
immune genes, including HSPA4, ISG20L2, NDRG1, EGF, and IL17D, all of which were high hazard genes
(Fig. 4d and 4e). The risk score = (0.0412 ×HSPA4 expression level) + (0.0932 × ISG20L2 expression
level) + (0.0062 × NDRG1 expression level) + (0.3969 × EGF expression level) + (0.0746 × IL17D
expression level).

All HCC patients were classi�ed into a high-risk group (n = 71) and a low-risk group (n = 71) on the basis
of the median risk score. OS was signi�cantly different between the two risk groups (P = 7.953e-06) (Fig.
5a). The AUC for the model at 1 and 3 years of overall survival was 0.849 and 0.74, respectively (Fig. 5b).
We sequenced the risk scores of HCC patients and examined their distribution in Fig. 5c. The survival
status of HCC patients was displayed on the dot plot (Fig. 5d). The heatmap revealed the expression
patterns of prognostic immune genes between two groups (Fig. 5e).

Validation of the model
The risk score of each HCC patient was determined in the testing and entire groups and subsequently
classi�ed into two subgroups. The survival curves were signi�cantly different between the high-risk and
low-risk subgroups in the two cohorts (all P < 0.05) (Fig. 6a and c). The AUCs in the testing group and the
entire group at 3-year were 0.651 and 0.682, respectively (Fig. 6b and d).

The prognostic value of the model
In the entire group, the risk score and the pathological stage were identi�ed to closely associate with OS
(all P < 0.001) (Fig. 7a and b). These results revealed that the model, as well as the pathological stage,
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were independent prognostic factors. Interestingly, further comparison demonstrated that the risk score
could be more accurate in predicting OS at one and three years, compared with the pathological stage.
The AUCs at one year for the pathological stage and the risk score were 0.674 and 0.804, respectively
(Fig. 7c), and those at three years were 0.676 and 0.682, respectively (Fig. 7d).

Applicability of the model
In the entire group, the values of several factors (EGF, HSPA4, IL17D, ISG20L2, and the risk score) were
positively related to the histological grade of HCC (all P < 0.05) (Fig. 8a–e). The expression level of IL17D
was higher in females than in males (P < 0.05) (Fig. 8f). Besides, as NDRG expression increased, the
value of the pathological stage decreased (P < 0.05) (Fig. 8g). Also, the risk score was closely associated
with the content of all the immune cells in HCC samples (all P < 0.05) (Fig. 9a-f).

Discussion
HCC is a common tumor, which is highly malignant and recurrent. Currently, it is urgent to �nd a
molecular model to achieve the early diagnosis and prognosis prediction due to the needs of an
individualized and precise treatment. In this study, we identi�ed an immune gene model, which might be
treated as an independent prognostic factor. Also, the immune gene model was closely related to clinical
factors and could re�ect the tumor immune microenvironment of HCC. Besides, GO and KEGG analyses
of the DE immune genes and the network between the DE immune genes and TFs were conducted, which
could indicate the direction for the future basic research of HCC.

In this article, we constructed a �ve-DE immune gene model, comprising HSPA4, ISG20L2, NDRG1, EGF,
and IL17D. All the DE genes were detected between HCC and normal tissues. Therefore, this model could
simultaneously contribute to the early diagnosis of HCC. Besides, all �ve DE immune genes are expected
to be new molecular targets for immunotherapy. HSPA4, also called Apg-2, is a member of the HSP110
family. It is expressed in many organs [15] and can be induced by various conditions, including oncogenic
stress. Gotoh et al. [16] demonstrated that HSPA4 was overexpressed in HCC. Duzgun et al. revealed that
the overexpression of HSPA4 was correlated with worse OS in head and neck squamous cell carcinoma
and breast invasive carcinoma [17]. NDRG1 was demonstrated to be a biomarker for metastasis and
indicated poor prognosis in HCC [18,19], which is in line with our study. Lu et al. [20] also found NDRG1
was up-regulated in HCC patients and could be used as a potential therapeutic target for HCC. ISG20L2,
as a target of miR-139-3p, was also found related to HCC prognosis in a previous study [21].

In this study, the risk score was detected as an independent prognostic variable, which could even provide
better predictions than the pathological stage. Also, we noticed that the risk score was closely correlated
with the histological grade and the pathological stage. These results similarly con�rm the dependability
of the risk model. Previous reports have shown that immune in�ltration is a vital factor affecting the
e�cacy as well as the prognosis of HCC [22,23]. Ma et al. [24] reported that PD1Hi CD8+ T cells correlated

https://www.ncbi.nlm.nih.gov/pubmed/?term=Gotoh%20K%5bAuthor%5d&cauthor=true&cauthor_uid=14987991
https://www.ncbi.nlm.nih.gov/pubmed/31783783


Page 7/18

with poor clinical outcome in HCC. In this article, we discovered that the risk score was highly associated
with the in�ltration of all the immune cells. All the results above demonstrated the prognostic reliability of
our model for HCC.

In this study, we analyzed the enriched DE immune genes and constructed a network based on the DE
immune genes and TFs. In�ammatory response, immune response, and growth factor activity were
signi�cantly enriched GO terms. It is known that HCC often occurs in the context of chronic in�ammatory
liver disease [25]. The interaction between cancer cells and tumor microenvironment can maintain tumor
proliferation, invasion, and metastasis by providing growth factors to generate immune response
conducive to tumor progression [26]. The enriched KEGG terms included cytokine-cytokine receptor
interaction and antigen processing. As an in�ammatory pathway, cytokine-cytokine receptor interaction
was highly associated with the progress of HCC [27]. Antigen processing and presentation were also
found to be an enriched pathway in HCC in a previous study [28]. We also identi�ed the DE cancer TFs
and detected the DE immune gene-TF pairs with high correlation. The enriched functions and pathways,
as well as highly related TFs, could provide ideas for future experiments.

The present article has some advantages. First of all, we built the model using multiple algorithms and
veri�ed it with two validating groups. Therefore, our risk model of HCC was truthful and trustworthy.
Furthermore, the risk score could independently and perfectly predict the prognosis of HCC. At last, our
risk model could partly re�ect the tumor immune microenvironment of HCC.

The current study has its limitations. First, we established a prognostic risk model based on the public
databases, and it was not con�rmed in the clinical researches. In addition, the identi�ed DE immune
genes and TFs, as well as the enriched functions and pathways, require further research.

Conclusion
We identi�ed a �ve-immune gene model, which could be treated as an independent prognostic factor of
HCC.

Abbreviations
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Figure 1

The work�ow for the study. DE, differentially expressed; TFs, transcription factors.
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Figure 2

Detection of the differentially expressed (DE) immune genes. (a, b) The heatmap and the volcano plot
showing the DE genes. (c, d) The heatmap and the volcano plot showing the DE immune genes. (e, f)
Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis showing the DE
immune genes.
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Figure 3

Construction of a differentially expressed (DE) immune genes-transcription factors (TFs) network. (a) The
heatmap showing the DE TFs. (b) The volcano plot showing the DE TFs. (c) A network including the DE
immune genes and their related TFs.
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Figure 4

Identi�cation of a model in the training group. (a) Screening of potential prognostic genes with univariate
analysis. (b, c) Further analysis of possible prognostic genes with Lasso regression. (d) Identi�cation of
optimal immune genes via multivariate analysis. (e) The expression level of the optimal immune genes of
the model.
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Figure 5

Model assessment in the training group. (a) Survival analysis between the high-risk and low-risk
subgroups. (b) The time-dependent receiver operating characteristic (ROC) curve for the prognostic risk
model at 1 and 3 years. (c) The risk score distribution of HCC patients. (d) Survival status scatter plots of
hepatocellular carcinoma (HCC) patients. (e) Heatmap of the risk immune genes.
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Figure 6

Validation of the prognostic model. (a) Overall survival (OS) of high-risk and low-risk patients in the
testing group. (b) The time-dependent receiver operating characteristic (ROC) curve analysis of the testing
group. (c) OS in the entire group. (d) The ROC curve analysis in the entire group.
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Figure 7

The prognostic value of the model. (a, b) Univariate and multivariate analyses of the entire group. (c, d)
The time-dependent receiver operating characteristic (ROC) curve for two independent prognostic factors
in the entire group at one year and three years.

Figure 8
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Clinical utility of the model in the entire group. (a-d) The correlation of EGF, HSPA4, IL17D, and ISG20L2
expression with the histological grade. (e) The relationship of the risk score with the histological grade. (f)
The correlation of IL17D expression with gender. (g) The association of NDRG1 expression with the
pathological stage.

Figure 9

Correlation of the risk score with immune cell in�ltration in the entire group.
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