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Background: Hepatocellular carcinoma (HCC) is one of the most common malignant

tumors in the world. The efficacy of immunotherapy usually depends on the interaction

of immunomodulation in the tumor microenvironment (TME). This study aimed to explore

the potential stromal-immune score-based prognostic genes related to immunotherapy

in HCC through bioinformatics analysis.

Methods: ESTIMATE algorithm was applied to calculate the immune/stromal/Estimate

scores and tumor purity of HCC using the Cancer Genome Atlas (TCGA) transcriptome

data. Functional enrichment analysis of differentially expressed genes (DEGs) was

analyzed by the Database for Annotation, Visualization, and Integrated Discovery

database (DAVID). Univariate and multivariate Cox regression analysis and least absolute

shrinkage and selection operator (LASSO) regression analysis were performed for

prognostic gene screening. The expression and prognostic value of these genes were

further verified by KM-plotter database and the Human Protein Atlas (HPA) database. The

correlation of the selected genes and the immune cell infiltration were analyzed by single

sample gene set enrichment analysis (ssGSEA) algorithm and Tumor Immune Estimation

Resource (TIMER).

Results: Data analysis revealed that higher immune/stromal/Estimate scores

were significantly associated with better survival benefits in HCC within 7 years,

while the tumor purity showed a reverse trend. DEGs based on both immune

and stromal scores primarily affected the cytokine–cytokine receptor interaction

signaling pathway. Among the DEGs, three genes (CASKIN1, EMR3, and GBP5)

were found most significantly associated with survival. Moreover, the expression

levels of CASKIN1, EMR3, and GBP5 genes were significantly correlated with

immune/stromal/Estimate scores or tumor purity and multiple immune cell

infiltration. Among them, GBP5 genes were highly related to immune infiltration.
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FIGURE 4 | Screening and verification of prognostic genes in HCC. (A) Least absolute shrinkage and selection operator (LASSO) regression analysis was used to

screen for genetic variables. The dotted line indicates the number of genes after screening. (B) Multivariate Cox regression analysis was used to further screen genes

that can be used as independent prognostic factors. The value, p < 0.5 was considered statistically significant. (C) Survival verification of the three selected genes by

Kaplan–Meier plotter database in HCC. Prognostic indicators include overall survival (OS), progression-free survival (PFS), relapse-free survival (RFS), disease-specific

survival (DSS).
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FIGURE 5 | The expression level of three genes in HCC. (A) The immunohistochemistry (IHC) results from the Human Protein Atlas (HPA) was used to detect the

protein level of three genes in normal and tumor tissues. (B) Comparison of the expression levels of CASKIN1, EMR3, and GBP5 genes in HCC tissues and adjacent

normal tissues form the Cancer Genome Atlas (TCGA) database. The values of *p < 0.5, **p < 0.01, and ***p < 0.001 between the two groups. (C) Chi-square test of

the clinical parameters according to the median of the expressions of the three genes.
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FIGURE 6 | Immune infiltration related to CASKIN1, EMR3, and GBP5. (A) Correlation analysis between CASKIN1, EMR3, and GBP5 mRNA expression levels and

immune/stromal/Estimate scores and tumor purity in hepatocellular carcinoma (HCC). (B) The relationship between the CASKIN1, EMR3, and GBP5 gene expression

(Continued)
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FIGURE 6 | and the infiltration level of six types of immune cells in HCC via Tumor Immune Estimation Resource (TIMER) database. Partial Spearman’s correlation and

statistical analysis were performed. (C) Single sample gene set enrichment analysis (ssGSEA) algorithm was used to obtain the immune-infiltration levels of 29 immune

cells. The correlation between the expression levels of CASKIN1, EMR3, and GBP5 expression levels and the infiltration levels of 29 immune cells was displayed using

Lollipop Chart.

DISCUSSION

A large number of studies have shown that the TME
plays a significant role in the occurrence, development,
and metastasis of tumors (11, 13, 35). With the rapid
development of bioinformatics based on tumor immunotherapy
and microarray sequencing, researchers are increasingly using
statistical algorithms to explore new targets for immunotherapy
of HCC (19, 36, 37), including ESTIMATE algorithm, and some
progress has been made (38–41).

In this study, the ESTIMATE algorithm was used to obtain the
immune/stromal/Estimate scores and tumor purity of TME in
(HCC). To explore the impact of the immune/stromal/Estimate
scores and tumor purity on survival, we collected four types
of survival data: OS, DSS, DPI, and PFI. The results showed
that the differential immune/stromal/Estimate scores and tumor
purity scores significantly affect survival rates. Remarkably, the
high score groups of stromal/immune/Estimate scores were
significantly associated with longer OS in patients with HCC
among the four survival types within 7 years (Figure 1A). These
findings are consistent with previous studies showing that the
immune/stromal scores were significantly related to OS (40, 42).
Findings in multiple cancer types revealed that TMB may play
an important role in tumor immunotherapy (43–45), including
bladder cancer, colorectal cancer, and non-small cell lung
cancer. Therefore, we expect that the immune/stromal/Estimate
scores and tumor purity in the microenvironment of HCC
are related to TMB. We divided the samples into high and
low groups according to the median of the TMB value to
compare the correlation between the immune/stromal/Estimate
scores, tumor purity, and TMB. The results showed that the
higher the immune/stromal scores, the lower is the TMB
value. However, the result for tumor purity was the opposite
(Figure 1B). This means that the more immune/stromal cells
in HCC, the harder it is to identify cancer cells (46). Previous
studies have revealed that high TMB predicted worse patient
outcomes than those with low TMB in patients with HCC.
This is consistent with our survival results (47). In addition,
we combined the immune/stromal/Estimate scores and tumor
purity with the clinical parameters of HCC, such as metastasis,
OS, and grade. However, there was no significant difference
(Supplementary Figure 1).

Next, we grouped the samples according to the median
of immune score and stromal score to find DEGs. Based
on the stromal score, we got 1,579 significantly upregulated
and 112 downregulated genes, and based on immune score,
1,046 significantly upregulated genes and 105 significantly
downregulated genes were found (Figures 2A,B). We collected
46 DEGs that were jointly downregulated and 850 DEGs that
were jointly upregulated in both immune and stromal scores

for functional enrichment analysis (Figure 2C), including GO
functional annotation analysis (Figure 2D) and KEGG pathway
enrichment analysis (Figure 2E). The results indicated that
these genes were mainly enriched in receptor activity, plasma
membrane, and immune response. It can be seen from the
biological process (BP), that the DEGs were closely related
to immune response. Consistent with previous studies (48–
50), this evidence proved that TME plays a vital role in
the immunotherapy of HCC. At the same time, these genes
were significantly enriched in the cytokine–cytokine receptor
interaction pathway. A simplified pathway diagram in Figure 3

showed DEGs enriched in the pathway.
To evaluate the prognostic significance of these DEGs inHCC,

univariate Cox regression analysis, LASSO regression analysis
(Figure 4A), multivariate Cox regression analysis (Figure 4B),
and Kaplan–Meier survival analysis (Figure 4C) were performed.
The results demonstrated that CASKIN1, EMR3, and GBP5
were the most significant prognostic markers. Previous study
has demonstrated that EMR3 is one of the adhesion G protein-
coupled receptors (aGPCRs), which can be used as a modulator
of immune cell function (51). It has prognostic significance in
Dukes’B colon cancer (52) and glioblastoma (53). Besides, the
GBP5 gene has been studied in a variety of cancers, including
gastric adenocarcinoma (54), skin cutaneous melanoma (55,
56), pancreatic adenocarcinoma (57), and HCC, and GBP5
was one of the key genes in the malignant transformation
induced by microcystin-LR (MC-LR) in the cell of HCC (58). In
addition, GBP5 promotes immunity in mammals. It also plays an
important role in regulating human macrophage pyroptosis and
uniquely regulates the induction of apoptosis (59). However, the
involvement of CASKIN1 gene in cancer has rarely been studied.

Besides, we tested whether these three genes are abnormally
expressed in HCC. The results indicated that the expression
of CASKIN1, EMR3, and GBP5 showed significant difference
between the tumor and normal samples in both TCGA
database and HPA (Figures 5A,B). Then, the relationship of the
expression of the three genes and their clinical parameters were
analyzed via the Chi-square test (Figure 5C). Among them, the
expression of EMR3 showed significant difference in the clinical
parameters of tumor and pathological stage. There was also
significant difference for CASKIN1 in the pathological stage and
grade. These results indicated that CASKIN1 and EMR3 were
possibly involved in the progression of HCC. At the same time,
we also verified the significance of the three prognostic genes in
the GEO and ICGC database (Supplementary Figure 2).

Finally, to further analyze the significance of the three genes
in tumor immune infiltration, we analyzed the correlation
between the three genes and the immune/stromal/Estimate
scores and tumor purity, respectively (Figure 6A). At the same
time, the TIMER database was applied to assess the correlation

Frontiers in Immunology | www.frontiersin.org 11 April 2021 | Volume 12 | Article 653836

https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Xiang et al. Prognostic Genes in Hepatocellular Carcinoma

between the expression of the three genes and the infiltration
scores of six immune cell types. In both the analyses, the
GBP5 gene showed a strong correlation with the degree of
immune infiltration (Figure 6B). Next, the ssGSEA algorithm
was used to evaluate RNA-Seq expression profile data to detect
the infiltration of immune cells in tumor tissues of HCC.
The correlation analysis between the expression of CASKIN1,
EMR3, and GBP5 genes and the immune infiltration scores of
29 immune cell types was performed (Figure 6C). The results
showed that GBP5 gene expression exhibited strong positive
correlation with 12 kinds of immune cells (R > 0.3, p <

0.5), which verified the results in Figures 6A,B, suggesting that
GBP5 may be an important target for targeted immunotherapy
of HCC.

In summary, our study identified three TME-related
prognostic markers in HCC. CASKIN1 was overexpressed in
tumor and its high expression was associated with poor OS,
while high expression of EMR3 and GBP5 were associated with
better survival. However, the prognostic value of the three genes
warrants further validation by more clinical data. Importantly,
the GBP5 gene was highly expressed in HCC and strongly
correlated with immune cell infiltration. It holds a great potential
as a candidate for targeted immunotherapy of HCC.
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Supplementary Figure 1 | Analysis of clinicopathological indicators associated

with immune/stromal/Estimate scores and tumor purity. Clinical parameters

include metastasis (M0, M1), overall survival (OS) (alive, dead), grade (G1, G2, G3,

and G4), tumor (T1, T2, T3, and T4) and pathological stage (Stage I; Stage II,

Stage III, Stage IV). Student’s t-test was used for comparison between the two

groups of data, and a one-way ANOVA was applied to compare multiple groups.

Supplementary Figure 2 | Validation of prognostic genes in the gene expression

omnibus (GEO) and the International Cancer Genome Consortium (ICGC)

database. (A) The expression levels and verification of CASKIN1, EMR3, and

GBP5 genes in HCC tissues and adjacent normal tissues from GSE76427 dataset

in the GEO database. ∗p < 0.05, ∗∗p < 0.01, and ∗∗∗p < 0.001 between the two

groups. (B) Survival verification of the three prognostic genes by gene expression

omnibus (GEO) database in hepatocellular carcinoma (HCC) (p < 0.05 in Log-rank

test). (C) The expression levels and verification of CASKIN1, EMR3, and GBP5

genes in HCC samples and adjacent samples from LIRI-JP dataset in the ICGC

database. ∗p < 0.05, ∗∗p < 0.01, and ∗∗∗p < 0.001 between the two groups. (D)

Survival validation of the three prognostic genes using data from ICGC database

in HCC (p < 0.05 in Log-rank test).

Supplementary Table 1 | The immune/stromal/Estimate scores and tumor purity

of HCC were calculated by using ESTIMATE algorithm.

Supplementary Table 2 | The sample information of overall survival (OS),

disease-specific survival (DSS), disease-free interval (DFI), and progression-free

interval (PFI).

Supplementary Table 3 | The immune/stromal/Estimate scores and tumor purity

with the clinical parameters of hepatocellular carcinoma (HCC), including tumor,

metastasis, OS, grade, stage, and cancer status.

Supplementary Table 4 | The results of univariate COX regression analysis.
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