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Abstract: Hepatocellular carcinoma (HCC) is one of the most common internal malignancies worldwide and is asso-
ciated with a poor prognosis. There is an urgent need to identify diagnostic and prognostic biomarkers of HCC patho-
genesis and progression. Accordingly, in this study, we analyzed differentially expressed immune-related genes
(IRGs) from 329 patients with HCC from The Cancer Genome Atlas datasets. Functional analysis revealed that the
IRGs had potential effects on tumor immune processes, such as inflammatory responses and growth factor activity.
In the training group, we constructed a nine-IRG formula to predict prognosis in patients with HCC. To validate the
protein and mRNA levels of these IRGs, we used the Human Protein Atlas database and quantitative PCR analysis
and found that most protein expression levels matched the corresponding mRNA expression levels. Furthermore,
we also validated the prognostic value of the new risk model in another independent cohort (n = 277) from a Gene
Expression Omnibus dataset (GSE14520). Our data suggested that there was a significant association between our
risk model and patient prognosis. Stratification analysis showed that the nine-IRG signature was significantly associ-
ated with overall survival in men. Finally, the signature was found to be correlated with various clinicopathological
features. Intriguingly, the prognostic index based on the IRGs reflected infiltration by several types of immune cells.
In summary, our data provided evidence that the nine-IRG signature could serve as an independent biomarker to
predict prognosis in patients with HCC.

Keywords: Hepatocellular carcinoma, immune-related genes, prognostic signature, risk score, the cancer genome
atlas, gene expression omnibus

Introduction

Liver cancer is one of the most common malig-
nancies and is the second leading cause of
tumor-related deaths worldwide [1, 2]. Hepa-
tocellular carcinoma (HCC) arises from hepato-
cytes and is the most common type of primary
liver cancer. Although historic risk factors for
HCC, including chronic hepatitis B virus (HBV),
hepatitis C virus, and alcohol consumption, can
be addressed through a variety of prevention
methods, new etiological factors, such as obe-
sity and type 2 diabetes, have increased the
incidence of this disease [3]. Despite improve-
ments in liver transplantation, surgical resec-
tion, and molecular-targeted therapy, the prog-
nosis of patients with HCC has remained poor

in recent decades [4, 5]. Therefore, there is an
urgent need to identify diagnostic and prognos-
tic biomarkers in order to improve our under-
standing of the pathogenesis and progression
in HCC.

Tumor cells in the tumor microenvironment can
cause downregulation of tumor antigens, in-
duce the expression of other proteins on the
cell surface, and promote the release of cyto-
kines that suppress immune responses [6-8].
Tumor-infiltrating immune cells are essential
components of the tumor microenvironment
and can promote tumor growth, invasion, and
metastasis by altering the immune status of
tumor cells [9, 10]. Studies have shown that
intratumoral immune cell infiltrates have prog-
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nostic roles in patients with HCC; however, the
results are conflicting [11]. In addition, recent
breakthroughs in cancer immunotherapy have
revolutionized cancer treatment strategies, in-
cluding treatments used for HCC [12]. Among
such therapies, immune checkpoint inhibitors
have shown encouraging results as promising
treatments for several types of cancer, include
melanoma, non-small cell lung cancer, and
renal cell carcinoma [13-15]. However, HCC
immunotherapy requires long treatment dura-
tions, and the efficacy of these therapies is
unsatisfactory [16]. Therefore, the develop-
ment of novel immune checkpoints based on
immunogenomic profiles is crucial for the treat-
ment of HCC. With the production of public,
large-scale gene expression datasets, resea-
rchers are able to identify potential biomarkers
for tumor monitoring quickly and accurately [17,
18]. Previous studies have explored the prog-
nostic value of immune-related genes (IRGs) to
develop individualized immune signatures and
thus improve prognostic estimations in patients
with nonsquamous non-small cell lung cancer
[19]. However, the clinical relevance and prog-
nostic significance of IRGs in HCC have not yet
been explored.

Accordingly, in the current study, we aimed to
develop a potential immunogenomic prognostic
signature for patients with HCC. Our findings
are expected to provide insights into the devel-
opment of potential individualized immunother-
apies for HCC.

Materials and methods
Sample data

Transcriptomic and clinical data were down-
loaded from The Cancer Genome Atlas (TCGA,;
https://portal.gdc.cancer.gov/) and Gene Ex-
pression Omnibus (GEO; https://www.nchi.nim.
nih.gov/geo/) databases. The RNA-seq data,
including 374 HCC samples and 50 control
samples, were obtained from TCGA and served
as training set for construction of an immu-
nogenomic prognostic signature. GSE14520,
including 247 HCC samples, was collected from
the GEO and used as a testing set for validation
of the signature.

Differentially expressed IRGs

IRGs were obtained from the ImmPort data-
base (https://immport.niaid.nih.gov). Differen-
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tially expressed genes (DEGs) from datasets
were analyzed using the Limma package
(http://bioconductor.org/packages/limma/).
Differentially expressed IRGs were intersected
from IRGs and DEGs. Genes with an absolute
value of log fold change greater than 1.5 and
false discovery rate (FDR) value less than 0.05
were considered differentially expressed IRGs.
Functional enrichment analysis was performed
using DAVID (https://david.ncifcrf.gov) to ex-
plore the molecular mechanisms of the identi-
fied IRGs. IRG protein levels were analyzed
using the Human Protein Atlas (HPA) databa-
se (https://www.proteinatlas.org/) to confirm
whether mRNA and protein levels matched.

Validation of mRNA levels in vitro

Human normal liver LO2 cell lines were pur-
chased from Bogoo Biotechnology (Shanghai,
China). Human hepatoma HepG2 cell lines
were obtained from the Shanghai Institutes
for Biological Sciences (Shanghai, China). The
cells were grown in Dulbecco’s modified Eagle’s
medium containing 10% fetal bovine serum
and incubated at 37°C in an atmosphere of 5%
carbon dioxide in a humidified incubator. The
medium was changed every two days.

Total RNA was extracted from the cell lines
using TRIzol (Invitrogen, Carlsbad, CA, USA)
according to manufacturer’s protocol. cDNA
was synthesized based on standard protocols
of EasyScript® First-Strand cDNA Synthesis
SuperMix (TransGen Biotech, Beijing, China).
Quantitative PCR analysis was performed using
the Step OneTM Real-Time PCR System (Ther-
mo Fisher Scientific, Rockford, IL, USA). The
program was performed as follows: denatur-
ation at 95°C for 15 min, followed by 40 cycles
of 10 s at 95°C for annealing, and 32 s at 60°C
for extension. The melting curve started at
95°C for 15 s, followed by 60°C for 1 min and
ended with 15 s at 95°C. There primers were
shown in Table S1. The 224t method was used
for the relative quantification of gene expres-
sion levels following the qRT-PCR experiments.

Survival-associated IRGs

Univariate Cox analysis was used to assess the
relationships between the identified IRGs and
overall survival using the R survival package,
and data were visualized using forest plots.
Samples with full-time less than 90 days or
unavailable data were removed, and 329 sam-
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ples were finally included in the next analysis.
Differentially expressed IRGs with P values of
less than 0.001 were screened for subsequent
analyses. In addition, genetic alterations in sur-
vival-associated IRGs were performed using
the cBioPortal for Cancer Genomics (http://
www.chioportal.org) database.

Regulatory features of survival-associated
IRGs

Transcription factors (TFs) are important mole-
cules that directly regulate gene expression.
TF-related genes were obtained from the Cis-
trome Cancer database (http://cistrome.org),
which is a comprehensive resource for predict-
ed TF targets and enhancer profiles in cancers.
Next, differentially expressed regulatory-relat-
ed genes were intersected from DEGs and visu-
alized as a heatmap. The criteria were set as
log fold change greater than 1 and FDR value
less than 0.05. Furthermore, correlation analy-
sis between differentially expressed regulatory-
related genes and survival-associated IRGs
was performed using R software, and a correla-
tion coefficient of more than 0.4 was consid-
ered significant. Finally, the regulatory network
of survival-associated IRGs and targeted TFs
was constructed using Cytoscape (version
3.7.1).

Construction and validation of the immune-
based risk signature

IRGs with statistical significance in univariate
Cox regression were then selected into the mul-
tivariate Cox regression model to obtain Cox
coefficients. Risk scores were calculated based
on a linear combination of Cox coefficients and
gene expression values. Patients were split into
high- and low-risk groups based on the median
risk score, and survival curves were obtained
using R survival and survminer packages. To
validate the diagnostic capability of the im-
mune-related risk model, we analyzed the area
under the curve (AUC) with R software survival
ROC package to evaluate survival differences
between high- and low-risk groups. The univari-
ate and multivariate analyses were performed
to assess the prognostic efficiency of the
immune-related risk model. Moreover, the clini-
cal significance of these identified genes was
evaluated.
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Clinical utility of the immune-based risk signa-
ture

Correlation analyses between identified IRGs or
risk scores and clinicopathological features,
including age, sex, pathological stage, and
TNM status, were performed and visualized
as bee swarm plots. Immune infiltration data
for patients were downloaded from the Tu-
mor Immune Estimation Resource database
(https://cistrome.shinyapps.io/timer/), which
analyzes and visualizes the levels of tumor-infil-
trating immune cells, including B cells, CD4+ T
cells, CD8+ T cells, macrophages, neutrophils,
and dendritic cells. Additionally, the relation-
ships between immune cell infiltration and risk
score were evaluated in tumor samples.

Results
Identification of differentially expressed IRGs

First, 3689 DEGS, including 3521 upregulated
and 168 downregulated genes, were identified,
as shown in Figure 1A and 1C. From the identi-
fied gene set, 188 differentially expressed
IRGs, including 154 upregulated and 34 down-
regulated genes, were screened (Figure 1B and
1D). Functional analysis showed that these dif-
ferentially expressed IRGs were mostly enriched
in inflammatory response, extracellular region,
growth factor activity, and cytokine-cytokine
receptor interactions in terms of gene ontology
(Figure 1E-G) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathways (Figure 1H).

Identification of survival-associated IRGs

To establish prognostic biomarkers at the mo-
lecular level, we explored the IRGs associated
with survival in HCC samples. Forest plot analy-
sis showed that 27 IRGs were significantly cor-
related with overall survival and that most of
these genes were risk factors (Figure 2A).
Additionally, the percentages of genetic altera-
tions ranged from O0-7% in HCC, mostly includ-
ing amplification, missense mutations, and
deep deletions (Figure 2B).

Construction of a regulatory network

To explore the regulatory mechanisms of the
identified survival-associated IRGs at the tran-
scriptional level, 50 differentially expressed
regulatory-related genes were identified bet-
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Figure 1. Differentially expressed genes between tumor and normal tissues and functional enrichment analysis
of differentially expressed IRGs. A. Volcano plot of differentially expressed genes in HCC samples. B. Volcano plot
of differentially expressed IRGs in HCC samples. C. Heatmap of differentially expressed genes between HCC and
nontumor tissues. D. Heatmap of differentially expressed IRGs between HCC and nontumor tissues. E. Significantly
enriched gene ontology (GO) terms of differentially expressed IRGs based on biological processes. F. Significantly
enriched GO terms of differentially expressed IRGs based on cellular components. G. Significantly enriched GO
terms of differentially expressed IRGs based on molecular functions. H. Significantly enriched KEGG pathways of
differentially expressed IRGs. IRGs, immune-related genes, GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes
and Genomes.
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HSP90AB1
MICB
S100A10
S100A11
FABP6
FABPS5
IKBKE
MAPT
CACYBP
NDRGH1
BIRC5
CKLF
SEMASB
PLXNA1
PLXNA3
CSPG5
EGF
FIGNL2
GAL
IL17D
KITLG
STC2
TGFB2
ANGPT1
NRBA1
TNFRSF11A
SHCA1

pvalue
0.001
0.006
<0.001
<0.001
<0.001
0.002
0.003
0.002
<0.001
<0.001
<0.001
0.002
0.008
<0.001
<0.001
<0.001
0.002
0.010
0.002
<0.001
<0.001
<0.001
0.008
0.008
<0.001
<0.001
<0.001

Hazard ratio
1.002(1.001-1.002)
1.128(1.035-1.229)
1.003(1.002-1.005)
1.002(1.001-1.002)
1.108(1.051-1.168)
1.040(1.015-1.065)
1.119(1.040-1.205)
1.392(1.128-1.718)
1.063(1.042-1.085)
1.007(1.004-1.011)
1.029(1.015-1.043)
1.046(1.017-1.077)
1.195(1.048-1.363)
1.138(1.057-1.226)
1.239(1.111-1.382)
1.606(1.249-2.066)
1.453(1.149-1.837)
1.557(1.114-2.178)
1.224(1.075-1.394)
1.102(1.050-1.157)
1.225(1.100-1.363)
1.035(1.016-1.056)
1.040(1.010-1.071)
1.494(1.108-2.015)
1.300(1.124-1.504)
1.417(1.152-1.742)
1.014(1.007-1.021)
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Figure 2. |dentification of survival-related differentially expressed IRGs by univariate Cox regression analysis. A. Forest plot of hazard ratios showing survival-related
IRGs. B. Genetic alterations in survival-related IRGs. IRGs, immune-related genes.
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Figure 3. Transcription factor (TF)-mediated regulatory network. A. Heatmap of differentially expressed TFs in HCC samples. B. Volcano plot of differentially ex-
pressed TFs. C. Regulatory network constructed based on clinically relevant TFs (green) and IRGs (purple). IRGs, immune-related genes; TFs, transcription factors.
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Table 1. General characteristics of the IRGs in the survival-predictor model
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Gene

Differential expression

Multivariate analysis

logFC p-Value FDR Coefficient HR 95% Cl p-Value
ANGPT1 1.55 3.95e-08 6.91e-08 0.36 1.44 1.05-1.98 2.48e-02
CACYBP 1.75 6.00e-27 3.02e-25 0.07 1.07 1.04-1.09 1.18e-07
CSPG5 3.25 1.30e-21 1.01e-20 0.27 1.31 0.99-1.73 5.51e-02
FABP5 2.39 2.91e-19 1.50e-18 -0.04 0.96 0.92-1.00 3.06e-02
FABP6 5.42 4.64e-06 6.99e-06 0.11 111 1.04-1.19 1.47e-03
GAL 371 1.52e-02 1.76e-02 0.20 1.22 1.07-1.39 3.29e-03
NDRG1 1.90 7.08e-12 1.66e-11 0.01 1.01 1.00-1.01 7.66e-04
NR6A1 1.98 1.80e-22 1.66e-21 0.15 1.16 0.99-1.37 6.64e-02
STC2 2.83 1.14e-18 5.37e-18 0.03 1.03 1.00-1.05 2.07e-02

ween HCC and control samples from the Cis-
trome database (Figure 3A and 3B). Among
these genes, 26 potential TFs were related to
the 19 survival-associated IRGs in patients
with HCC. Moreover, the identified TFs positive-
ly regulated the 19 IRGs in the regulatory net-
work (Figure 3C).

Development and validation of the immune-
based risk signature

To evaluate survival rates in patients with HCC,
we constructed an immune-based risk signa-
ture according to the multivariate Cox regres-
sion results. Risk scores were calculated as fol-
lows: ([FABP6] x 0.11) + ([-FABP5] x 0.04) +
([CACYBP] x 0.07) + ([NDRG1] x 0.01) +
([CSPG5] x 0.27) + ([GAL] x 0.20) + ([STC2] x
0.03) + (JANGPT1] % 0.36) + ([INR6A1] x 0.15).
The general characteristics of the IRGs includ-
ed in the risk model are presented in Table 1.
This immune-based prognostic signature could
be a predictive tool for patients with HCC based
on discrete clinical parameters. Figure 4A-C
shows the risk score distribution, vital status of
patients in the high- and low-risk groups, and
heatmap of the 10 IRG expression profiles. The
associations between the nine-IRG signature
and OS in the discovery group are presented in
Figure 4D. The AUC of the ROC curve was 0.785
(Figure 4E), suggesting the good capability of
this signature for HCC-specific survival. Uni-
variate and multivariate Cox regression analy-
ses suggested that the signature could serve
as an independent predictor after adjustment
of other clinicopathological features, such as
age, sex, grade, and TNM stage (Figure 4F and
4G).

To validate the IRGs in this model, the protein
expression levels were analyzed using the HPA
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database. The results showed that FABPG,
FABP5, CACYBP, NDRG1, CSPG5, GAL, STC2,
and ANGPT1 protein levels matched their
MRNA expression levels. However, representa-
tive images of the NRGA1 protein levels were
not available in the HPA database (Figure 5).
We also performed real-time quantitative PCR
to validate the mRNA level in vitro (Figure 6).
The mRNA levels of most of the nine IRGs in
tumor cells were consistent with the data in
TCGA.

Stratification analysis based on clinical charac-
teristics was performed, and the associations
between the nine-IRG profile and OS in patients
with HCC in the training cohort were analyzed
(Table 2 and Figure 7).

We employed a validation group containing 247
HCC samples to validate this signature using
OS and disease-free survival. As expected, this
signature significantly distinguished patients
into low- and high-risk groups in the testing
cohort, as demonstrated by the ROC curve
value of 0.678 for OS and 0.651 for disease-
free survival. Moreover, patients in the high-risk
group had poorer OS and disease-free survival
than those in the low-risk group (Figure 8).
These results suggested that the immune-
based risk signature was a reliable predictive
model. To validate the immune-based risk sig-
nature in patients with various clinical features,
we performed subgroup analyses for OS and
disease-free survival according to sex, age,
HBV viral status, alanine aminotransferase
(ALT) levels, primary tumor size, multinodular
status, cirrhosis, TNM stage, and alpha-feto-
protein levels in the testing cohort. Table 3
showed the association between the nine-IRG
signature and prognosis in patients with HCC.
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Figure 4. Construction of the immune-based prognostic risk signature in the training group. A. The nine IRG-based
risk score distribution. B. The nine IRG-based risk score distribution for patient survival status. C. Heatmap of the
nine-IRG expression profiles in the high- and low-risk subgroups for the training set. D. Kaplan-Meier analysis of
overall survival in the high-risk (n = 164) and low-risk (n = 165) subgroups in the training set. E. Time-independent
receiver operating characteristic (ROC) analysis of risk scores for prediction the overall survival in the training set.
F. Univariate Cox regression analysis of discrete clinical factors. G. Multivariate Cox regression analysis of discrete

clinical factors.

Clinical value of the immune-based risk signa-
ture

The clinical significance of the identified genes
was evaluated, and the results demonstrated
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that CACYBP, CSPG5, FABP5, NR6A1, and
NDRG1 were differentially expressed in pa-
tients with various clinical features (Figure
9A-F). To validate the clinical value of the
immune-based risk signature, we assessed the
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Tumor tissue(Hepatocellular) Tumor tissue(Hepatocellular)  Tumor tissue(Hepatocellular) Tumor tissue(Hepatocellular)

Patient ID:5516 Patient ID:2279 Patient ID:4791 Patient 1D:2279
Sex:Female Sex:Female Sex:Female Sex:Male

Age:47 Age:73 Age:82 Age:59
Staining:Low Staining:High Staining:Not detected Staining:High
Intensity:Weak Intensity:Strong Intensity:Negative Intensity:Strong
Quantity:>75% Quantity:>75% Quantity:None Quantity:75%-25%
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Figure 5. Validation of IRGs at the protein level using the Human Protein Atlas database (NR6A1 data were not avail-
able). Representative images of (A) ANGPT1, (B) CACYBP, (C) FABPG, (D) NDRG1, (E) CSPG5, (F) FABP5, (G) GAL,
and (H) STC2.
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association between the risk score and clinico-
pathological features. The results showed that
high risk scores were positively correlated with
male sex, advanced tumor stage, and later T
stage in patients with HCC (Figure 9G-I).

In addition, to explore the tumor immune micro-
environment, correlations between risk score
and immune cell infiltration, including B cells,
CD4+ T cells, CD8+ T cells, neutrophils, macro-
phages, and dendritic cells, were analyzed. The
results indicated that the risk score was signifi-
cantly positively correlated with infiltration of
macrophages (P = 0.020) and neutrophils (P =
0.001; Figure 10).

Discussion

Accumulating evidence has demonstrated that
immune cell infiltration and immune-related
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Figure 6. Validation of IRGs at the mRNA level in vitro using Real-Time qPCR Analy-
sis. (A) ANGPTZ1, (B) CACYBP, (C) CSPG5, (D) FABP5, (E) FABPG6, (F) GAL, (G) NDRG1,
(H) NR6A1, and (l) STC2. The data are expressed as the mean + SD of three inde-
pendent experiments (*P<0.05 vs. LO2 group, **P<0.05 vs. LO2 group, and ns: no

genes play crucial roles in carcinogenesis and
tumor progression [20, 21]. Owing to the limi-
tations of the TNM staging system and other
scoring systems, novel molecular biomarkers
to predict survival in patients with HCC are
urgently needed [22]. Previous studies have
assessed the prognostic value of various
tumor-infiltrating immune cells in HCC [23]. In
the current study, we constructed and validat-
ed an IRG-based risk signature in HCC. To the
best of our knowledge, this is the first study uti-
lizing an analysis of the immunogenomic land-
scape to explore prognostic biomarkers for
patients with HCC.

Acquisition of invasive traits in cancer cells
depends upon a succession of alterations to
the genome. We focused our investigation on
alterations to immunogenomic profiles to un-
cover relationships between these profiles and
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Table 2. The association between nine-IRGs
signature and overall survival of HCC patients
in training group (n = 329)

Number Percentage P-value

Characteristics (high/low) %) (0S)
Age (years)
>65 56/72 38.9%  8.011e-04
<65 108/93 61.1%  3.358e-02
Gender
Female 50/53 31.3% 1.461e-02
Male 114/112 68.7% 1.925e-03
Histologic grade
Gl 16/34 15.2% 1.613e-02
G2 68/87 47.1% 8.381e-02
G3 70/37 32.5% 1.762e-02
G4 9/3 3.6% 7.629e-01
NA 1/4 1.5%
Stage

I 66/89 47.1% 1.734e-01
Il 42/32 22.5% 2.074e-01

1l 43/33 23.1% 4.87e-03
v 2/1 0.9%
NA 11/10 6.4%

T stage
T1 69/93 48.9% 1.431e-01
T2 47/34 24.6% 8.991e-02
T3 40/31 21.6% 1.243e-02
T4 8/4 3.6% 6.76e-01
NA 0/3 0.9%

M stage
MO 125/112 72.0%  2.206e-05
M1 2/1 0.9%
NA 37/52 27.1%

N stage
NO 124/105 69.6% 2.791e-04
N1 2/1 2.7%
NA 38/59 29.5%

Vital status
Living 97/124 67.2%

Deceased 67/41 32.8%

the immune microenvironment. Different levels
of alterations were observed in survival-associ-
ated IRGs in HCC, and these changes may
directly affect HCC prognosis. To further inves-
tigate the potential molecular mechanisms of
the differentially expressed IRGs in HCC, func-
tional enrichment analysis was performed. The
results showed that these genes were mainly
enriched in tumor-related functions and path-
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ways, such as cell-cell signaling, extracellular
space, growth factor activity, and cytokine-
cytokine receptor interactions.

To determine the regulatory mechanisms of
the identified survival-associated IRGs at the
transcriptional level, we constructed a regula-
tory network based on chromatin immunopre-
cipitation-sequencing. Finally, 19 IRGs, includ-
ing FIGNL2, NR6A1, BIRC5, PLXNA1, CSPG5,
MICB, S100A10, S100A11, FABP5, IKBKE,
CACYBP, NDRG1, KITLG, TNFRSF11A, HSP-
90AB1, PLXNA3, CKLF, SEMA5B, and TGFB2,
were featured prominently in this network.
These results would be helpful to elucidate the
precise mechanisms of IRGs in HCC. However,
further studies are needed to elucidate the
detailed molecular mechanisms.

By integrating transcriptional profile analyses,
we established a total of nine IRGs that were
related to survival in HCC, including FABPG,
FABP5, CACYBP, NDRG1, CSPG5, GAL, STC2,
ANGPT1, and NR6A1. Several of these identi-
fied IRGs, i.e.,, FABP6, CACYBP, CSPG5, and
NR6A1, were reported for the first time in liver
cancer. We also validated the protein and
MRNA levels of the IRGs using the HPA data-
base and real-time quantitative PCR, and con-
firmed that the expression levels most of the
IRGs matched at the mRNA and protein levels.
However, the expression of GAL protein was not
completely consistent with the expression of
GAL mRNA. This may be due to the weak pro-
tein expression in HCC, leading to its poor
detection by immunohistochemical staining. In
addition, we did not find any significant differ-
ence between the GAL and NR6A1 mRNA levels
in normal and tumor cells. This could be
because of the differences observed in vivo
and in vitro. Thus, more sensitive detection
methods should be performed in the future.

Previous studies have demonstrated that
FABP6 mRNA (encoding fatty acid binding pro-
tein 6) showed higher expression in malignant
cell lines than in benign cells and that FABP6
expression was significantly related to survival
in prostate cancer [24]. Cal cyclin-binding pro-
tein (CACYBP) plays crucial roles in cell prolifer-
ation, cytoskeletal rearrangement, and tran-
scriptional regulation [25, 26] and has been
shown to be involved in various cancers,
although its effects vary [27]. Indeed, CACYBP
functions as a tumor suppressor in gastric can-

Am J Transl Res 2020;12(4):1184-1202
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cer, renal cancer, and astrocytoma, but as an
oncogene in pancreatic cancer, colorectal can-
cer, and glioma. Our results indicated that
CACYBP may be a tumor-promoting gene in
HCC. Chondroitin sulfate proteoglycan 5 (CS-
PGb5) is a neural chondroitin sulfate-containing
and epidermal growth factor domain-contain-
ing transmembrane protein implicated in syn-
aptic maturation [28]; however, its molecular
mechanisms in cancers have not been ex-
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plored. NR6A1 (encoding nuclear receptor sub-
family 6, group A, member 1) may play an onco-
genic role in cancer initiation and progression.
Indeed, Zheng et al. reported that NR6A1 could
have applications as a novel prognostic bio-
marker for prostatic cancer treatment [29].
Based on limited correlational studies, the
exact roles and mechanisms of these four iden-
tified IRGs in HCC should be evaluated in fur-
ther studies. Among these nine IRGs, ANGPT1
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Figure 8. Prognostic value of the nine-IRG signature in an independent validation group from GEO datasets. A. The
nine IRG-based risk score distribution. B. Heatmap of the nine-IRG expression profiles in the high- and low-risk
subgroups for the testing set. C. Survival status of patients in the low- and high-risk groups. D. Recurrence status of
patients in the low- and high-risk groups. E. Kaplan-Meier analysis of overall survival in the high-risk (n = 121) and
low-risk (n = 121) subgroups in the testing set. F. Kaplan-Meier analysis of disease-free survival in the high-risk (n
= 121) and low-risk (n = 121) subgroups of the testing set. G. Time-independent receiver operating characteristic
(ROC) analysis of the risk score for prediction of overall survival in the testing set. H. Time-independent ROC analysis
of the risk score for prediction of disease-free survival in the testing set.

(encoding angiopoietin-1) showed the maximum growth factor, is involved in tumor angiogene-
positive risk coefficient (0.36). ANGPT1, a sis, functioning to activate angiogenesis and
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Table 3. The association between nine-IRGs signature and that in tumor-adjacent and nor-
survival (OS and DFS) of HCC patients in testing group (n = mal liver tissues [32]. Tripura et
247) al. reported that increased AN-

GPT1 expression may play a criti-

Characteristics Number Percentage  P-value P-value -
(high/low) (%) (0S) (DFS) cal role in vascular development
Age (years) in HCC [33]. These results sug-
>65 15/15  121%  2.1656-02 3.33e-03 gested that ANGPT1 is important
<65 106/106  85.8%  3.009e02 2.067e01 'of microvesselformation in HCC,
consistent with our results.
Gender
Female 14/17 12.6%  1.513e-01 1.257e-01 Stratification analysis based on
Male 107/104 85.4% 1.395e-02 7.198e-02 clinical characteristics was per-
HBV viral status formed in both the training and
cC 76/84 64.8% 1.17e-01  1.769e-01 testing groups. After analyzing the
AVR-CC 28/30 23.5%  7.059e-02 3.044e-01 prognostic values of different cli-
ALT nicopathological features, we fo-
<50 U/L 69/73  575%  7.015e¢-04 3.548e-02 und that the nine-IRG signature
>50 U/L 51/48  404%  6.808e-01 3445e01 Was significantly associated with
AFP OS in men. However, some impor-
<300 (ng/mi)  48/80  518% 3.664e02 644502 o0t variables (such as HBV viral
>300 (ng/ml) 72/38 44.5%  3.743e-01 6.263e-01 status, ALT’ aer tumor size) were
_ } not available in TCGA database,
Main Tumor Size and we were unable to compa-
<5cm 71/82 61.9% 3.247e-02 8.613e-02 re the impact of these factors.
>5cm 50/38 35.6% 1.858e-01 2.633e-01 Another important finding in this
Multinodular study was that the risk score was
Yes 26/26 21.1% 8.189%e-02 1.813e-01 positively correlated with the infil-
No 95/95 76.9% 1.155e-02 5.028e-02 tration of macrophages and neu-
Cirrhosis trophils. Recent evidence sugges-
Yes 111/112  90.3%  2.391e-03 2.297e-02 ted that inflammation is closely
No 10/9 77% 9.668e-01 5.306e-01 related to carcinogenesis. Macro-
TNM staging phages, as pivotal mediators of
| 42/54  389% 5259e01 293801 ¢ inflammatory response, are
involved in both innate host de-
Il 36/42 31.6% 3.382e-02 1.39e-01 . .
1 30/21 20.6% 4.476e-01 7.931e-01 fense and the adaptive immune
response and have attracted con-
BCLC staging siderable attention in cancer re-
0 10/10 8.1% 1.537e-1  7.562e-01 search [34]. Macrophages are the
A 67/85 61.5%  8.677e-02 8.095e-02 predominant cell type infiltrating
B 12/12 9.7% 5.505e-01 7.972e-01 the tumor mass [35]. However,
c 19/10 11.7% 2.859e-01 4.611e-01 the relationships between macro-
CLIP staging phages and HCC are still unclear.
0 37/61 39.7%  1.81e-01 1.601e-01 Additionally, neutrophils have re-
1 42/37  32.0%  2152e-01 6.585e-01 cently been shown to have appli-
2 20/15  14.2%  6.224e-01 5.468e-01 cations in predicting the progno-
35 9/4 53%  5.629e01 4.577¢-01 sis of HCC with combined with

promote tumor growth and metastasis by regu-
lating the proliferation and migration of endo-
thelial cells in tumor tissues [30, 31]. Lin et al.
reported that the expression of ANGPT1 in HCC
tissues was significantly higher compared with
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lymphocytes, e.g., the neutrophil-
to-lymphocyte ratio [36]. More-
over, our analysis also indicated that the risk
score was positively correlated with female
sex, advanced tumor stage, and later T stage.
These results could provide useful information
for the clinical application of this signature.
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Figure 9. Relationships between the expression of immune-related genes and clinicopathological factors in patients
with hepatocellular carcinoma. (A) CACYBP expression and age; (B) CACYBP expression and grade; (C) CSPG5 ex-
pression and grade; (D) FABP5 expression and grade; (E) NR6A1 expression and grade; (F) NDRG1 expression and
tumor stage; (G) Risk scores and sex; (H) Risk scores and tumor stage; and (I) Risk scores and T stage.

The signature was significantly superior to the
traditional TNM stage method for predicting
0OS and disease-free survival in patients with
HCC. The AUC value of the 10 IRG-based prog-
nostic model was 0.785 in the training group,
indicating favorable discrimination performan-
ce. Application of this prognostic signature in
clinical practice could facilitate the identifica-
tion of patients at high risk of cancer-related
death before treatment and could necessitate
the recommendation of more aggressive thera-
peuticstrategieswithdynamicsurveillance.How-
ever, there are some limitations to our study.
First, TCGA database lacks some important
postoperative variables; thus, we could not
carry out a comprehensive analysis. Second,
experimental studies should be conducted in
order to explore the molecular mechanisms of
the nine IRGs in HCC. Third, whether the pro-
gnostic signature can be applied to patients

1199

must be confirmed in larger groups of patients
with HCC.

Conclusion

In summary, we constructed a risk-score model
derived from nine IRGs to predict the survival
of patients with HCC. This immunogenomic sig-
nature could be a reliable prognostic tool for
patients with HCC and provided insights into
potential individualized immunotherapies. Lar-
ge-scale, well-controlled cohorts are required
to evaluate the therapeutic strategies of the
immunogenomic signature.
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Table S1. Primers used for the qPCR of the target and
reference genes

Gene Forward primer Reverse primer
ANGPT1 TGCAATATGGATGTCAATGG TATTCACCGGAGGGATTTC
CACYBP GCCCTCCTATGACACTGAA  TCCTTTGGCTTGCTTCTC
CSPG5  CCTTGGAGGTTTGGCTGA  GGTGCCCTGAAATGGGT
FABP5 ACAGATGGTGCATTGGTTC  TACAGGCGACATGGTTCA
FABP6 CAAGACGTTCAAGGCCACT GCTCACGCGCTCATAGG
GAL GCCCTTTCTGCCTCTGC TCGCTGAATGACCTGTGG
NDRG1 TGGTGGAGAAAGGGGAGA TGTGGTTCATGCCGATGT
NR6A1  ACTGCCTTTCTTCTGCGA GCTGTAAACGGTGAGGGA
STC2 CGCGTTATCCTCGTACCT CCTCCCTGGTTCACCTC
GAPDH  CCTTCCGTGTCCCCACT GCCTGCTTCACCACCTTC




