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Abstract
Background: Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related mortality.
The immune system plays vital roles in HCC initiation and progression. The present study aimed to
construct an immune-gene related prognostic signature (IRPS) for predicting the prognosis of HCC
patients.

Methods: Gene expression data were retrieved from The Cancer Genome Atlas database. Univariate Cox
regression analysis was carried out to identify differentially expressed genes that associated with overall
survival. The IRPS was established via Lasso and multivariate Cox regression analysis. Both Cox
regression analyses were conducted to determine the independent prognostic factors for HCC. Next, the
association between the IRPS and clinical-related factors were evaluated. The prognostic values of the
IRPS were further validated using the International Cancer Genome Consortium (ICGC) dataset. Gene set
enrichment analyses (GSEA) were conducted to understand the biological mechanisms of the IRPS.

Results: A total of 62 genes were identi�ed to be candidate immune-related prognostic genes.
Transcription factors-immunogenes network was generated to explore the interactions among these
candidate genes. According to the results of Lasso and multivariate Cox regression analysis, we
established an IRPS and con�rmed its stability and reliability in ICGC dataset. The IRPS was signi�cantly
associated with advanced clinicopathological characteristics. Both Cox regression analyses revealed that
the IRPS could be an independent risk factor in�uencing the prognosis of HCC patients. The relationships
between the IRPS and in�ltration immune cells demonstrated that the IRPS was associated with immune
cell in�ltration. GSEA identi�ed signi�cantly enriched pathways, which might assist in elucidating the
biological mechanisms of the IRPS. Furthermore, a nomogram was constructed to estimate the survival
probability of HCC patients.

Conclusions: The IRPS was effective for predicting prognosis of HCC patients, which might serve as
novel prognostic and therapeutic biomarkers for HCC.

Background
Globally, hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related mortality.
According to the World Health Organization’s estimation, about one million patients will die from HCC in
2030 [1, 2]. Sorafenib and lenvatinib are the standard of therapy for patients with advanced stage HCC,
however, the median overall survival is only 13 months [3, 4]. Although new treatment algorithms and
drugs have been constantly developed and tested during the past decades, the 5-year overall survival
(OS) rate of HCC patients is as low as 18% [2]. Thus, it is urgently required to explore novel targets for
HCC treatment.

The immune system can play vital roles in tumor initiation and progression, including HCC [5]. Various
studies have demonstrated that aberrantly expressed immune-related genes (IRGs) are related to a high
risk of HCC development and a poor clinical outcome [6-8]. Abnormal expression of the immune gene
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programmed death-ligand 1 (PD-L1) was found to be associated with vascular formation in HCC patients
[7]. An IRG expression pattern in cirrhosis patients has been reported to be correlated with the risk of HCC
occurrence. Mice with chronic liver in�ammation administrated with nintedanib or aspirin and clopidogrel
lost IRG expression pattern and exhibited an attenuation in tumor size [6]. Hence, systematic analysis and
characterization of the immune-related genes is of great importance.

Immunotherapy has shed new light on HCC treatment. In a phase 2 trial, nivolumab (PD-1 inhibitor)
achieved a median survival of 15.6 months in HCC patients who had been treated with sorafenib [9].
Pembrolizumab, another PD-1 inhibitor, also showed similar results in a phase 2 trial [10]. However,
phrase 3 trials of pembrolizumab as the second-line treatment didn’t demonstrate longer OS or
progression-free survival compared to placebo, indicating the urgent need for accurate biomarkers to
predicate the treatment response and prognosis of HCC [1].

In the present study, based on the IRGs obtained from the Immunology Database and Analysis Portal
database (ImmPort, https://www.immport.org/shared/genelists) [11], we aimed to construct an immune-
related prognosis signature (IRPS) with data retrieved from The Cancer Genome Atlas (TCGA) dataset
(https://portal.gdc.cancer.gov/). The relationship of the prognosis signature with clinicopathological
characteristics and immune cell in�ltration were then explored. Further, to assess its predictive accuracy
and effectiveness, the prognosis signature was validated with the data acquired from the International
Cancer Genome Consortium (ICGC) database (https://dcc.icgc.org/releases/current/Projects).

Methods
2.1 Data preprocessing

The messenger RNA (mRNA) expression pro�les and clinical data of HCC patients were retrieved from
TCGA. The processed RNA-Sep FPKM data of a total of 374 HCC tissues and 50 normal samples were
obtained. Another RNA-seq dataset, with 240 HCC tissues and 202 normal samples, was retrieved from
ICGC and used as validation cohort for the prognosis signature. Only patients with complete survival
information and OS time more than 30 days were selected for further analysis.

In total 2498 IRGs, containing 17 immune categories according to different molecular functions, were
derived from the ImmPort database, while 318 transcription factors (TFs) were obtained from the
Cistrome Cancer database (http://cistrome.org/CistromeCancer/CancerTarget/) [12].

All of our data were directly acquired from open-access public databases, and this study was carried out
strictly in accordance with the publishing guidelines provided by TCGA and ICGC. Thus, ethical approval
was not necessary to be obtained.

2.2 Construction of a TF-immunogene regulatory network

To detect differentially expressed IRGs (DE-IRGs) and TFs in normal and HCC samples, Wilcoxon test
method was used in R software (version 3.6.1, https://www.r-project.org/). The signi�cant cut-off values

https://www.immport.org/shared/genelists
https://portal.gdc.cancer.gov/cart
https://dcc.icgc.org/releases/current/Projects
http://cistrome.org/CistromeCancer/CancerTarget/


Page 4/24

were set as log2-foldchange 1 and false discovery rate (FDR) 0.05. Heatmaps and volcano plots were
generated with pheatmap package in R. To identify the prognostic value of DE-IRGs, univariate Cox
analysis was performed with survival package in R. Only those with P value 0.01 were considered as
prognostic IRGs. To assess  the regulation of TFs on IRGs, the prognosis-associated TFs (p-value 0.01)
were screened out using univariate Cox analysis. The correlation analysis between prognosis-related TFs
and prognostic IRGs were performed using Pearson test, and the calculations are done using cor.test in R.
The signi�cant cut-off values were set as p-value 0.001 and correlation coe�cient 0.6. Cytoscape
software was employed to build and visualize the TF-IRG regulatory network [13].

2.3 Establishment of an IRPS for HCC 

To establish a prognostic signature, the relationship between prognostic IRG expression and OS was
evaluated by Least Absolute Shrinkage and Selection Operator (LASSO) and multivariate Cox regression
analyses using survival and glmnet package in R. The prognostic signature was exhibited as risk score=
(Coe�cientmRNA1×expression of mRNA1)+ (Coe�cientmRNA2×expression of mRNA2)+
(Coe�cientmRNA3×expression of mRNA3)+…+(Coe�cientmRNAn×expression of mRNAn). The eight-gene
based risk scores for HCC patients were calculated via using the survminer R package to �nd median risk-
score as cut-off value, and then the patients were allocated to high- and low-risk groups. The Kaplan-
Meier (K-M) survival analysis was implemented to compare the differences in OS rates between the high-
and low-risk groups by using the survival package in R. A scatter plot and interactive distribution-based
scatter plot for evaluating the performance of the signature were generated to illustrate the gene
expression heatmap and K-M survival curves. The receiver operating characteristic (ROC) curve was
generated from the survivalROC package in R.

2.4 Independence evaluation of the IRPS

 To evaluate the independent predictive power of the IRPS based on risk scores, HCC patients with
complete demographic and clinical information, such as age, gender, tumor stage, tumor grade, were
included in subsequent analyses. Both univariate and multivariate Cox regression analyses were carried
out by forward stepwise method. P-value 0.05 was regarded as statistically signi�cant. The results are
presented as forest_plots, which were generated via the survival package in R.

2.5 Correlation analysis between the IRPS and clinicopathological characteristics

 To assess the correlation of prognostic signature and clinicopathological characteristics such as age at
diagnosis, TNM stage, and tumor grade, the Chi-squared test was conducted via beeswarm package in R.

2.6 Association analysis between the IRPS and immune cells in�ltration

Tumor Immune Estimation Resource (TIMER, http://timer.cistrome.org/), an important database for the
systemic analysis of tumor-in�ltrating immune cells (e.g., B cells, neutrophils, CD4+ T cells, CD8+ T cells,
macrophages, and dendritic cells), was employed to evaluate the association of prognostic signature

http://timer.cistrome.org/
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with immune cells in�ltration. The immune cell in�ltration data of HCC patients were obtained from
TIMER database, and the association between the IRPS and immune cell in�ltration was determined in R.

2.7 Validation of the IRPS

The validation cohort was retrieved from ICGC database to validate the predictive values of the IRPS. The
same formula was employed to determine the risk scores, and patients were assigned to high- and low-
risk groups according to the same cut-off point of the TCGA cohort. Both K-M and ROC curves were
generated by the methods described above. Independence evaluation and correlation analysis between
IRPS and clinicopathological characteristics were also performed as described above.

2.8 External validation of the expression of the immune-related genes involved in IRPS

 Furtherly, the mRNA level expression of the immune-related genes involved in IRPS was retrieved from
both TCGA and ICGC datasets, and then validated using the Oncomine database
(https://www.oncomine.org/resource/main.html). The protein expression of the genes involved in IRPS
was also con�rmed through the Human Protein Atlas (HPA) database (http://www.proteinatlas.org).

2.9 Gene set enrichment analyses

To disclose the biological information of the IRPS, Gene Set Enrichment Analyses (GSEA) were conducted
to analyze the enriched Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways based on the C2 in
TCGA cohort [14]. P-value 0.05 and FDR 0.05 were deemed as statistically signi�cant.

2.10 Establishment of a predictive nomogram

A predictive nomogram was established by including all independent prognostic factors, in order to
visualize the personal risk score and survival rate. The graph was generated with the rms package in R
according to the multivariate Cox regression data of each independent assessment.

3.0 Statistical analysis

All statistical analyses were carried out with R. The relationship between the IRPS and OS were evaluated
via log-rank test with survival package in R. The survival curves were generated via survminer package,
while the ROC curves were constructed with survialROC package. The association analysis between the
IRPS and clinicopathological characteristics of HCC was conducted by beeswarm package in R.

Results
3.1 Identify immune-related genes with prognostic value in HCC

In total, 329 IRGs (including 62 downregulated and 267 upregulated genes) were identi�ed as
differentially expressed genes in HCC samples compared with normal samples. Both heatmap and
volcano shows the distribution of differentially expressed immune-related genes between HCC and

https://www.oncomine.org/resource/main.html
http://www.proteinatlas.org/
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normal tissues (supplementary Fig. a, c). Then, the 329 IRGs were evaluated with univariate Cox
regression analysis to determine prognostic characteristics. Finally, 62 genes were identi�ed as candidate
prognostic IRGs, which were shown in Fig. 1.

3.2 Construction of TF-immunogene regulatory network

To discover underlying molecular mechanisms of these candidate prognostic IRGs, we explored the
interaction between each gene. A total of 118 TFs were differentially expressed between HCC and normal
tissues (supplementary Fig. b, d). A regulatory network was built upon these 118 TFs and 62 prognostic
IRGs. Correlation score more of 0.6 was set as the cut-off values. The constructed TF-immunogene
regulatory network revealed the interaction among these IRGs (Fig.2).

3.3 Establishment of the IRPS for HCC prognosis

 According to the univariate Cox regression results of TCGA cohort, LASSO-penalized Cox analysis
identi�ed eight genes to establish the IRPS, including retinol binding protein 2 (RBP2), microtubule
associated protein tau (MAPT), baculoviral IAP repeat containing 5 (BIRC5), roundabout guidance
receptor 1 (ROBO1), �dgetin like 2 (FIGNL2), interleukin 17D (IL17D), secreted phosphoprotein 1 (SPP1),
stanniocalcin 2 (STC2). The risk scores were calculated as follows: 0.0132×expression of
RBP2+0.1397×expression of MAPT+0.0202×expression of BIRC5+0.0512×expression of
ROBO1+0.2357×expression of FIGNL2+0.0560×expression of IL17D+0.0001×expression of
SPP1+0.2095×expression of STC2. Based on the median cut-off risk score (0.387082), 343 HCC samples
were assigned to the high- (n=171) and low-risk (n=172) groups. K-M survival analysis demonstrated that
HCC patients with high risk scores exhibited remarkably worse OS compared to low-risk group (p-
value=7.731e-08; Fig. 3a). The area under the ROC curve (AUC) for OS was determined to be 0.825 (Fig.
3c), suggesting that this prognostic signature exhibits outstanding sensitivity and speci�city. The gene
expression heatmap and survival overview are illustrated in Fig. 3e.

The prognostic signature was validated in ICGC cohort. A total of 232 HCC patients were assigned to the
high- (n=197) and low-risk groups (n=35) according to the same cut-off value of 0.387082 in TCGA
cohort. Notably, the OS of HCC patients was longer in low-risk group than in high-risk group (p-
value=3.3632e-02; Fig.3b). The AUC for OS was determined to be 0.668 (Fig. 3d), indicating the high
sensitivity and speci�city of this prognostic signature. Moreover, the gene expression heatmap and
survival overview are illustrated in Fig. 3f.

3.4 Independence evaluation of the IRPS

 For TCGA cohort, univariate analysis demonstrated that tumor stage, T stage, M stage, and risk score
were independent prognostic factors for OS (Fig. 4a,). Furthermore, multivariate Cox regression analysis
showed that only risk score remained an independent prognostic factor of the survival outcome of HCC
patients after adjusted by age, gender, tumor grade and TNM stage (Fig. 4b). For ICGC cohort, both
univariate and multivariate Cox regression analyses revealed that tumor stage and IRPS were the
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independent prognostic factors for OS (Fig. 4c, d), which were supported by the �ndings of TCGA cohort.
Taken together, these results con�rmed that IRPS could serve as a biomarker for predicting survival
outcome of HCC patients.

3.5 Relationships between the IRPS and clinical-related factors

 To further determine the predictive values of the IRPS, we analyzed the correlation between the IRPS and
clinicopathological characteristics. In TCGA cohort, this prognostic signature was signi�cantly correlated
with pathological poor differentiation (p-value=0.003; Fig. 5a), more advanced tumor stage (p-
value=0.004; Fig. 5b), and advanced T stage (Fig. 5c). Similarly, higher risk scores was associated with
more advanced tumor stage in ICGC cohort (Fig. 5d). The clinical signi�cance of each identi�ed IRG is
shown in Tables 1 and 2.

 To analyze whether the IRPS is related to tumor-in�ltrating immune cells, the association between the
signature and immune cell in�ltration were investigated in TCGA cohort. The results indicated that CD4+
T cells and CD8+ T cells were negatively correlated with the signature, and no correlations were observed
between the signature and B cells, dendritic cells, macrophage cells and neutrophil cells. These results are
shown in Fig. 6.

3.6 External validation of the expression of the immune-related genes involved in IRPS

 Compared to the adjacent non-tumor liver tissues, the expression of the eight immune-related genes
involved in IRPS was signi�cantly increased in HCC in TCGA cohort. These results were validated in ICGC
cohort (Table. 3). Moreover, we con�rmed the expression patterns of these eight genes in HCC samples
through the Oncomine database. Except for FIGNL2, the mRNA expression levels of RBP2, MAPT, BIRC5,
ROBO1, IL17D, SPP1 and STC2 were also increased in HCC tissues by using Wurmbach liver cohort [15]
(Fig.7a). The protein expression of these eight genes was con�rmed in HPA database. Compared to their
expression in normal liver tissues, MAPT and ROBO1 were strongly positive, while BIRC5 and SPP1were
moderately positively, and STC2 were weakly positively in HCC tissues (Fig. 7b, c). However, the
expression of RBP2 were not detected in both HCC and normal liver tissues (Fig. 7b, c), the expression of
FIGNL2 and IL17D were not found on the website.

3.7 GSEA

 GSEA was preformed and identi�ed 65 signi�cantly enriched KEGG pathways in TCGA cohort. The top 5
KEGG pathways in high-risk group were “KEGG_PYRIMIDINE_METABOLISM”,
“KEGG_PURINE_METABOLISM”, “KEGG_RNA_DEGRADATION”, “KEGG_BASE_EXCISION_REPAIR”, “KEGG_
CELL_CYCLE”. The top 5 KEGG pathways in low-risk group were
“KEGG_COMPLEMENT_AND_COAGULATION_CASCADES”, “KEGG_FATTY _ACID_METABOLISM”,
“KEGG_DRUG_METABOLISM_CYTOCHROME_ P450”, “KEGG_PRIMARY_BILE_ACID_BIOSYNTHESIS”,
“KEGG_RETINOL _METABOLISM” (Fig.8a).

3.8 Establishment of a predictive nomogram
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 A predictive nomogram was established to systematically validate the predictive value of the prognostic
signature in HCC patients (Fig. 8b). All independent clinical risk factors, including age, gender, grade,
stage, T, N, and M combined with the prognostic signature, were involved. Each factor was assigned a
score point according to its risk to survival. In the nomogram plot, the in�uence of different factors on the
survival were presented in the length of the line. The prognostic signature had the longest line indicated
that it had the greatest in�uence on the predication of survival probability. Compared to other clinical
characteristics, our prognostic signature contributed the highest number of risk points (from 0 to 100) in
the nomogram, which was consistent with the results of independence evaluation analyses.

Discussion
HCC is one of the most prevalent and life-threatening cancers around the world, with rapid progression
and di�culty in treatment [16]. Although radiotherapy, molecular targeted therapy, and other treatment
regimens can modestly prolong the survival time of HCC patients, the clinical outcomes of these patients
are still unsatisfactory [1, 17, 18]. It has been reported that the immune system is involved in tumor
development and progression. However, immune PD-1/PD-L1 checkpoint therapy, such as nivolumab and
pembrolizumab, remains to be further investigated due to the unsatisfactory OS [5, 18].

Thus far, there is no established personal treatment strategy for HCC patients. Individual risk assessment
might be an essential step for the successful implementation of personal treatment strategies [19, 20].
Gene signature has been proposed to estimate the treatment outcomes of patients with HCC [21-25].
Thus, the prognostic signatures based on IRGs might serve as effective targets for HCC treatment [26,
27].

 In the present study, we screened out 62 candidate prognostic IRGs based on the transcriptional data of
TCGA cohort. A TF regulatory network was established to elucidate the interactions among these
candidate prognostic IRGs. According to the results of LASSO-penalized Cox analysis, a novel IRPS was
constructed and validated with ICGC cohort. This prognostic signature could e�ciently classify the OS of
HCC patients into two different cohorts. The predictive performance of the IRPS was excellent in TCGA
and ICGC cohorts, with ROC=0.825 and 0.668, respectively. Furthermore, this IRPS was an independent
prognostic factor of HCC and positively correlated with clinicopathological characteristics in the two
cohorts, indicating a high effectiveness of the IRPS. The mRNA and protein expression of these genes
involved in IRPS were con�rmed through Oncomine and HPA databases, respectively. More importantly,
the cut-off value of our signature in both TCGA and ICGC cohort are the same, indicating that our
prognostic signature is of high clinical practicability. In addition, a nomogram based on our prognostic
signature combined with other clinical information was established to predicate the survival probability
of patients with HCC, which could provide a convenient and e�cient means for clinical use.

Besides, our IRG-based prognostic signature demonstrated a negatively correlation with CD4+ T cells and
CD8+ T cells. These results implied that HCC patients in the high-risk group might exhibit decreased
in�ltration levels of CD4+ T and CD8+ T cells. Tumor-in�ltrating T cells have been shown to control the
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progression of HCC, thus contributing to better prognosis [28]. Ma and co-workers [29] founded that CD4+
T cells loss might be the reason of hepatocarcinogenesis induced by non-alcoholic fatty liver disease. Fu
and co-workers [30] reported that the abnormal levels CD4+ cytotoxic T cells was associated with high
recurrence and poor survival rates in HCC patients.  In addition, CD8+ T cells were linked to prolonged
survival in patients with HCC [7, 31]. Nonetheless, the relationship between IRGs and immune cells in HCC
is still indistinct. Our results may yield new insights into the molecular basis, and further research is
required in the future.

 To disclose the underlying biological mechanisms of the IRPS, GSEA was performed on the high- and
low-risk group. In the high-risk group, the top 5 enriched KEGG pathways were primarily focusing on
metabolic process and cell proliferation, indicating that these IRGs can play an essential role in HCC
prognosis.

 Most of the eight IRGs have been identi�ed as candidate biomarkers in various types of cancer. RBP2 is
highly expressed in HCC tissues compared to normal tissues, and has been founded to be correlated with
AFP, tumor differentiation and TNM stage [32, 33]. Knocking down of RBP2 signi�cantly suppressed HCC
proliferation, and vice versa, indicating that RBP2 may be involved in the pathogenesis of HCC [32].
MAPT has been reported to be associated with poor prognosis and decreased sensitivity to taxane-based
therapies in several tumor types [34-36]. Both BIRC5 and SPP1 have been found to promote HCC cell
proliferation [37, 38]. ROBO1 is overexpressed in HCC samples [39]. Overexpression of ROBO1 could
promote HCC cell growth and metastasis both in vitro and in vivo [40]. STC2 is upregulated in HCC,
thereby facilitating HCC proliferation and survival as well as mediating chemotherapeutic resistance [41-
43]. However, further studies are needed to uncover the exact functions of candidate IRGs in HCC.

 Nevertheless, some limitations to this study should be highlighted. Firstly, this signature was constructed
based on retrospective data, a prospective study is required to validate our �ndings. Secondly, the IRGs in
this signature does not represent the same biological processes. Further experiments should be carried
out to reveal the exact mechanisms both in vitro and in vivo. Finally, the relationship between the IRPS
and immunotherapy response has not been studied due to lack of patients treated with immunotherapy.

Conclusions
In summary, we constructed a prognostic signature based on IRSs in HCC patients. This signature may
provide novel prognostic and therapeutic biomarkers for HCC.
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Tables

Table 1. Association of clinicopathologic characteristics with the IRGs and prognostic

signature in TCGA cohort.

Gene Age Gender Tumor grade Tumor stage T stage N stage M stage

t P t p t P t P t  P t P t P

RBP2 0.929 0.354 1.131 0.262 8.36 0.039 5.934 0.115 2.504 0.474 0.724 0.486 2.034 0.043

MAPT -0.696 0.487 1.184 0.239 1.023 0.796 10.709 0.013 6.241 0.1 9.634 1.07E-17 1.769 0.183

BIRC5 2.644 0.009 -0.855 0.393 11.509 0.009 6.491 0.09 15.6 0.001 -0.444 0.698 4.946 7.73E-04

ROBO1 -0.957 0.34 -0.349 0.728 11.443 0.01 7.895 0.048 4.796 0.187 -1.039 0.407 -0.551 0.637

FIGNL2 1.66 0.098 1.463 0.147 7.339 0.062 9.955 0.019 2.065 0.559 -0.732 0.54 4.081 0.01

IL17D 0.833 0.406 1.463 0.148 12.565 0.006 4.585 0.205 1.001 0.801 3.86 1.64E-04 1.209 0.297

SPP1 -1.884 0.061 -1.317 0.19 5.642 0.13 7.103 0.069 17.649 5.20E-04 1.32 0.28 -0.204 0.855

STC2 -1.175 0.243 -0.455 0.65 0.832 0.842 5.01 0.171 11.262 0.01 0.473 0.67 -0.565 0.626

riskScore 1.331 0.185 1.378 0.171 13.863 0.003 -1.467 0.184 18.289 3.83E-04 -0.166 0.883 2.052 0.144

Note: t, t value of student’s test; P, p-value of student’s test; IRGs, immune-related genes.

 

Table 2. Associations of clinicopathologic characteristics with the IRGs and prognostic

signature in ICGC cohort
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Gene         Gender      Age    Tumor stage

          t           P          t         P         t          P

RBP2 0.186 0.853 34.049 0.883 10.997 0.012

MAPT 1.597 0.113 39.44 0.706 3.982 0.263

BIRC5 -0.449 0.654 38.353 0.748 18.838  2.953e-04

ROBO1 0.429 0.669 38.092 0.757 7.156 0.067

FIGNL2 0.723 0.471 49.532 0.297 15.895 0.001

IL17D 0.843 0.401 40.309 0.671 19.834  1.837e-04

SPP1 0.663 0.509 36.239 0.821 17.43 5.764e-04

STC2 -0.71 0.479 44.377 0.498 8.256 0.041

riskScore 1.15 0.253 44.312 0.501 24.743 1.747e-05

Note: t, t value of student’s test; P, p-value of student’s test; IRGs, immune-related genes.

Table 3. Differential expression of the immune-related genes involved in IRPS in

hepatocellular carcinoma.
Gene TCGA ICGC

logFC p-Value FDR  logFC p-Value FDR
RBP2 4.984714 4.18E-05 5.87E-05  2.140651 6.82E-07 9.32E-07
MAPT 3.728369 3.34E-25 6.84E-24  3.156435 2.58E-59 4.32E-57
BIRC5 4.814625 2.35E-28 4.67E-26  3.352928 2.71E-60 6.43E-58
ROBO1 3.534811 7.16E-19 3.48E-18  2.994799 9.71E-50 2.07E-48
FIGNL2 2.311355 1.07E-10 2.27E-10  2.297298 1.46E-39 1.04E-38
IL17D 3.841742 9.47E-13 2.39E-12  2.64293 3.25E-16 6.38E-16
SPP1 5.006114 2.72E-07 4.49E-07  3.120633 9.71E-20 2.20E-19
STC2 2.8251 1.14E-18 5.37E-18  2.248714 4.55E-37 2.66E-36

Note: IRPS, immune-gene related prognostic signature; logFC, log2 of fold change; FDR,

false discovery rate.
 

Figures
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Figure 1

Univariate Cox data for the overall survival of 62 candidate prognostic IRGs in patients with HCC. IRGs,
immune-related genes; HCC, hepatocellular carcinoma.
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Figure 2

The regulatory network built upon the prognosis-related TFs and candidate prognostic IRGs in patients
with HCC. The blue triangle represents the prognosis associated TFs, while the red circular represents the
candidate prognostic IRGs. TFs, transcription factors; IRGs, immune-related genes; HCC, hepatocellular
carcinoma.
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Figure 3

Establishment of the IRPS for HCC patients. Kaplan-Meier Curves of the IRPS in TCGA (a) and ICGC (b)
cohort. ROC curves of the IRPS in TCGA (c) and ICGC (d) cohort. (e) Risk score distribution with survival
status for the IRPS of HCC patients in TCGA cohort. (f) Risk score distribution with survival status for the
IRPS of HCC patients in ICGC cohort. IRPS, immune-related prognostic signature; HCC, hepatocellular
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carcinoma; TCGA, The Cancer Genome Atlas; ICGC, International Cancer Genome Consortium; ROC,
receiver operating characteristic.

Figure 4

Independence evaluation of the IRPS in patients with HCC. Univariate Cox regression analysis for the
independence evaluation of the IRPS in TCGA (a) and ICGC cohort (c). Multivariate Cox regression
analysis for the independence evaluation of the IRPS in TCGA (b) and ICGC cohort (d). IRPS, immune-
related prognostic signature; HCC, hepatocellular carcinoma; TCGA, The Cancer Genome Atlas; ICGC,
International Cancer Genome Consortium.
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Figure 5

Association analyses between the IRPS and clinicopathological characteristics. The IRPS was associated
with more advanced tumor stage (a), T stage (b), and poorly differentiated carcinoma (c) in TCGA cohort.
(d) The IRPS was associated with more advanced tumor stage in ICGC cohort. IRPS, immune-related
prognostic signature; TCGA, The Cancer Genome Atlas; ICGC, International Cancer Genome Consortium.
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Figure 6

Relationships between IRPS and immune cells in�ltration. (a) B cells; (b) CD4 T cells; (c) CD8 T cells; (d)
Dendritic cells; (e) Macrophage cells; (f) Neutrophil cells. IRPS, immune-related prognostic signature.
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Figure 7

Validation of the mRNA and protein expression of the eight immune-related genes involved in IRPS. (a)
The mRNA expression of the eight immune-related genes in HCC samples according to the Oncomine
database (https://www.oncomine.org/resource/main.html). Data of FIGNL2 was not found on the
dataset. (b) The representative immunohistochemical images of the eight immune-related genes in HCC
and normal liver samples. Data were obtained from the Human Protein Atlas database
(http://www.proteinatlas.org). Expression data of FIGNL2 and IL17D was not found on the website. HCC,
hepatocellular carcinoma.
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Figure 8

(a) GSEA of the signi�cantly enriched KEGG pathways in TCGA cohort. (b) The nomogram for predicting
the survival probability of HCC patients in TCGA cohort. GSEA, gene set enrichment analyses; KEGG,
Kyoto Encyclopedia of Genes and Genomes; TCGA, The Cancer Genome Atlas; HCC, hepatocellular
carcinoma.
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