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Background: Hepatocellular carcinoma has been identified to be among the most prevalent 
malignancies in the world and has an unfavorable prognosis. Immune checkpoints perform 
an essential function in many biological processes and are associated with the survival of 
cancer patients. The function of immune checkpoints remains unknown.
Methods: We used bioinformatic methods to examine the prognostic value of immune 
checkpoints and the corresponding link to immune infiltration in HCC. qRT-PCR was used 
to validate the expression of immune checkpoints and their prognostic significance in HCC.
Results: The level of mRNA of SIGLEC15, PDCD1LG2, LAG3, PDCD1, CTLA4 as well 
as PDCD1LG2 was increased in HCC tissues as opposed to liver tissues. Immune check-
points were shown to participate in the activation of the apoptotic pathway in HCC patients. 
The elevated expression of PDCD1 and PDCD1LG2 were shown to have a favorable 
recurrence-free survival (RFS), progression-free survival (PFS), disease-specific survival 
(DSS), and overall survival (OS). PDCD1, PDCD1LG2, and pT stage were independent 
variables that affect the HCC patients’ prognoses as revealed by the multivariate and 
univariate analyses. A prediction nomogram indicated that the calibration plots for OS 
rates over three and five years had a stronger predictive performance in the TCGA HCC 
cohort in contrast with an ideal model. Positive correlations were observed between the 
PDCD1 and PDCD1LG2 expression and immune biomarkers, immune cells, chemokine 
receptors, as well as chemokines.
Conclusion: The present research performed a thorough examination of the prognostic 
significance of immune checkpoints in HCC and its correlation with immune infiltration, 
which suggested that PDCD1 and PDCD1LG2 were prognostic biomarkers in HCC and 
related to the immune infiltration.
Keywords: HCC, PDCD1, PDCD1LG2, immune checkpoints, prognosis biomarker

Introduction
Owing to its high prevalence and poor prognosis, hepatocellular carcinoma (HCC) has 
caused the second-highest cancer fatality rate globally.1 HCC is associated with 
a number of known risk factors, such as metabolic liver disease (especially nonalco-
holic fatty liver disease), alcoholism, chronic hepatitis B and C infection, and exposure 
to food toxins that include aristolochic and aflatoxins acid. Treatment options for HCC 
include thermal ablation (heat treatment), surgical resection, radiotherapy (radiation 
therapy), and liver transplantation (for individuals with early-stage disease).2 Patients 
with middle-stage HCC are treated with catheter-based locoregional therapy. In 
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addition, for patients with advanced-stage HCC, it has been 
established that kinase and immune checkpoint inhibitors 
are viable therapy alternatives.3

Immune checkpoint molecules that include both stimu-
latory and inhibitory immune checkpoint molecules are 
considered ligand-receptor combinations that block or sti-
mulate immune responses. A growing body of research 
evidence has illustrated that immune checkpoint molecules, 
regardless of stimulatory or inhibitory ones, are signifi-
cantly expressed in high proportion in distinct types of 
tumors. Despite the fact that the primary role of immune 
checkpoint molecules associated with tumor cells is consid-
ered to be the facilitation of immune escape, it was recently 
demonstrated that these molecules perform essential func-
tions in the maintenance of a variety of mechanisms, such as 
drug resistance, improved energy metabolisms, self- 
renewal, metastasis, anti-apoptosis, angiogenesis, or even 
the epithelial-mesenchymal transition.4 Moreover, another 
study suggested that loss of histone macroH2A1 could 
activate CD4 + CD25 + FoxP3 + regulatory T cells and 
improve paracrine-mediated chemoresistance in HCC.5 

Recently, inhibitory checkpoints, such as cytotoxic 
T lymphocyte-associated antigen 4 (CTLA-4), programmed 
cell death protein-1 (PD-1), and also programmed cell death 
ligand 1 (PD-L1), have been discovered to attenuate anti- 
tumor immune responses in solid tumors. In addition, B7-1 
and B7-2 are the co-stimulatory immune checkpoints in 
HCC that have attracted much attention.6 However, there 
has been no thorough and systematic research on the prog-
nostic significance of immune checkpoint inhibitors as well 
as their corresponding correlation with immune infiltration 
in HCC.5

Immune checkpoints and their relative association with 
immune infiltration in human hepatocellular cancer (HCC) 
are investigated in the present using bioinformatics methods. 
This may provide new ideas for screening therapeutic targets 
for HCC.

Materials and Methods
Dataset and Preprocessing
The immune checkpoint gene expression profile was 
obtained from The Cancer Genome Atlas (TCGA) data-
base (https://cancergenome.nih.gov/). To perform addi-
tional investigations, the TCGA HCC dataset (n=374) 
and related clinical features of HCC patients were 
acquired. The levels of immune checkpoints mRNA were 

analyzed and visualized by R (version 4.0.3) with 
packages ggplot2 and pheatmap.

Drug Sensitivity, Genetic Mutation, and 
Cancer-Related Pathway Analysis
Using the gene mutation data collected from the TCGA 
HCC dataset, we visualized the genetic mutation of eight 
immune checkpoints utilizing the “maftools” package in 
R. Using the Genomics of Drug Sensitivity in Cancer 
(GDSC), we obtained data on a sum of 265 small moles 
or drugs. Using Pearson correlation analysis, we then 
determine the correlation coefficient between immune 
checkpoints and these small compounds or drugs. The 
HCC cohort was classified into two groups with 
a medium level of immune checkpoints expression. in 
the case when PAS (immune checkpoint group High) > 
PAS (immune checkpoint group Low), we hypothesized 
that immune checkpoints may either activate or block 
a pathway. According to Ye et al, the approach of cancer- 
related pathway analysis was conducted.7

Prognosis Analysis and Predictive 
Nomogram
Kaplan-Meier survival analysis was utilized to delve into the 
prognostic significance of immune checkpoints in HCC. The 
p-values as well as a hazard ratio (HR) having 95% con-
fidence intervals (CI)were analyzed using the Log rank test. 
The variables influencing the prognosis of HCC patients 
were found using univariate and multivariate cox regression 
analyses, and a prediction nomogram was developed on the 
basis of these factors. The “forestplot” R tool was utilized to 
depict the HR, P-value, and 95% CI of these components.

The Human Protein Altas
The Human Protein Altas (https://www.proteinatlas.org/) 
is a web-based database for performing extensive protein 
analyses in human malignancy.8 The tissue atlas and 
pathology atlas modules were used in the present research 
to examine the protein levels of immune checkpoints in 
liver and HCC tissues.

qRT-PCR
Tianjin Medical University Cancer Institute and Hospital’s 
Ethics Committee approved the present research. A total of 
40 HCC samples and normal liver tissues was acquired from 
patients who had provided informed consent. Three qualified 
pathologists assessed the tumor grade and histological 
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diagnosis using the American Joint Committee on Cancer 
(AJCC) staging method released in 2010. We used the 
TRIzol reagent (from Invitrogen) for the purpose of extract-
ing whole-cell RNA from clinical tissues. cDNA was gen-
erated utilizing PrimeScript RT-polymerase in accordance 
with the manufacturer’s specifications (Vazyme). 
Subsequently, SYBR-Green Premix (Qiagen GmbH) was 
utilized to conduct RT-qPCR with the internal control used 
in the present study selected as Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH). The 2−ΔΔCt technique was used to 
determine the target genes expression.

Infiltration of the Immune Checkpoints
TIMER (https://cistrome.shinyapps.io/timer/), a web-based 
platform that allows for in-depth analyses of tumor- 
infiltrating immune cells,9 was employed to evaluate the 
immune infiltration of immune checkpoints in HCC. The 
association between immune checkpoints and immune cell 
infiltration, as well as the expression of immune biomarkers, 
chemokines, and chemokines receptors, was examined by 
means of Pearson analysis, with a p-value of 0.05 serving as 
the cut-off value.

Functional Enrichment Analysis
HCC immune checkpoints were analyzed using LinkedOmics 
(http://www.linkedomics.org/adminphp), a web server that 
allows for extensive analyses.9 With a false discovery rate 
(FDR) of 0.05, these immune checkpoints were submitted to 
the gene isolation service LinkedOmics for subsequent ana-
lysis. Subsequently, Gene Set Enrichment Analysis (GSEA) 
was utilized for the purpose of identifying immune 

checkpoint-related activities, such as analyses on gene ontol-
ogy (GO) and Kyoto encyclopedia of genes and genomes 
(KEGG) pathways. In the present research, the minimum 
number of genes (Size) was set at three whereas the maximum 
number of simulations was set at five hundred.

Results
The Expression of Immune Checkpoints 
in HCC
Initial detection of immune checkpoint expression in HCC 
enabled us to better understand the function of immune check-
points in this disease. According to the TCGA HCC cohort 
data, immune checkpoint mRNA expression demonstrated 
that the expression of SIGLEC15(p=2.39e-5), PDCD1LG2 
(p=2.39e-13), LAG3 (p=1.94e-3), PDCD1 (p=5.64e-3), 
CTLA4 (p=1.52e-6) and PDCD1LG2 (p=4.54e-7) was ele-
vated in HCC tissues in contrast with liver tissues (Figure 1). 
Therefore, extensive alteration of immune checkpoints 
in HCC.

Analyses of Immune Checkpoints in HCC 
Using Cancer Hallmarks
Furthermore, we used cancer signature analysis to probe 
into the function of immune checkpoints in HCC. The 
genetic alteration immune checkpoints in TCGA HCC 
patients were comprised of missense mutations, and Del 
mutations (Figure 2A). SNPs were the most prevalent 
variation type whereas C>A was the most prevalent SNV 
type, according to the data (Figure 2A). Across all the 
immune checkpoints, LAG3 was the most common gene 

Figure 1 The mRNA level of immune checkpoints in KIRC. The graph shows the mRNA level of immune checkpoints in HCC tissues compared with normal tissues. **P < 
0.01, ***P < 0.001.
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and about 15% of TCGA HCC cases experience LAG3 
genetic mutation (Figure 2B). The hallmark pathways of 
cancer, such as RTK, Cell Cycle, Hormone ER, PI3K/ 
AKT, Hormone AR, RAS/MAPK, DNA Damage 
Response, EMT, TSC/mTOR, as well as apoptosis 

pathways, perform a significant function in the onset and 
progression of tumors. According to a correlation study 
between immune checkpoints and cancer hallmark path-
ways, immune checkpoints in HCC participated in the 
activation of the apoptotic, Hormone ER, EMT, as well 

Figure 2 Cancer hallmark of immune checkpoints in HCC. (A and B) Oncoplot displaying genetic mutation landscape of immune checkpoints in TCGA HCC cohort. (C) 
The activation or inhibition of immune checkpoints in famous cancer-related pathways. (D) Correlation analysis between each member of immune checkpoints. (E) The 
correlation between immune checkpoints and drug or small molecules. The positive correlation means that the gene high expression is resistant to the drug, vise verse. *P < 
0.05, **P < 0.01.
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as the DNA damage inhibition response pathways 
(Figure 2C). Furthermore, co-expression analysis indicated 
a strong association among every member of immune 
checkpoints except for SIGLEC15 (Figure 2D). In general, 
one of the most important steps in the development of 
therapeutic drugs is to examine the relationship between 
the genes and the drug targets that already exist. A drug 
sensitivity analysis performed in the present research 
demonstrated that some immune checkpoints were suscep-
tible to certain small molecules or medicines from the 
GDSC (negative association) (Figure 2E).

Prognostic Significance of Immune 
Checkpoints in HCC
Previous study had revealed that some immune check-
points might act as prognostic biomarker in many malig-
nances. In our study, prognosis analysis indicated that 
PDCD1 and PDCD1LG2 were related to the progression 
free survival (PFS), disease-specific survival (DSS), over-
all survival (OS), and recurrence-free survival (RFS) of 
HCC patients (Tables 1 and 2 and Figure 3). Specifically, 
HCC patients that exhibited elevated PDCD1 expression 
showed a better OS (p=0.043, HR (95% CI) =0.68 (0.46– 
0.99)), better RFS (p=0.0031, HR (95% CI) =0.61 (0.44– 
0.85)), better PFS (p=0.0027, HR (95% CI) =0.63 (0.47– 
0.86)), and better DSS (p=0.013, HR (95% CI) =0.56 
(0.35–0.89)) (Tables 1 and 2 and Figure 3A). Moreover, 
HCC patients with high PDCD1LG2 expression showed 
a better OS (p=0.00022, HR (95% CI) =0.5(0.34–0.73)), 
better RFS (p=0.51e-5, HR (95% CI) =0.51 (0.36–0.71)), 
better PFS (p=1e-5, HR (95% CI) =0.52 (0.38–0.7)), and 
better DSS (p=0.0025, HR (95% CI) =0.48 (0.29–0.78)) 
(Tables 1 and 2 and Figure 3B). Thus, PDCD1 and 

PDCD1LG2 may serve as prognostic biomarkers in the 
treatment of HCC.

The Development of a Prediction 
Nomogram Predicated on 
Clinicopathologic Characteristics and 
Immune Checkpoints
Univariate and multivariable analyses demonstrated that 
PDCD1, PDCD1LG2, and the stage pT were all indepen-
dent variables influencing the prognosis of HCC patients 
(Figure 4A and B). Based on clinicopathologic character-
istics (pT stage) as well as potential prognostic biomar-
kers (PDCD1 and PDCD1LG2), we then used the cox 
regression technique to generate a predictive nomogram 
for OS over one, three, and five years in the discovery 
group. Furthermore, the calibration plots for OS over 
three and five years were anticipated more accurately in 
comparison with an ideal model in the TCGA HCC 
cohort (Figure 4C and D).

Association Between Immune 
Checkpoints and Clinical Characteristics 
in HCC
To thoroughly examine the role of PDCD1 and 
PDCD1LG2 in HCC, we conducted a correlation analysis 
between PDCD1/PDCD1LG2 and the clinical characteris-
tics of HCC. It was discovered that HCC patients with 
a strong tumor grade expressed more PDCD1 as opposed 
to individuals with a lower tumor grade (Supplementary 
Figure 1A, p=0.0017). As shown in Supplementary 
Figure 1B, patients with HCC who had distant tumor 
metastases exhibited a significantly elevated level of 

Table 1 Prognosis Value of Immune Checkpoints in STAD for Overall Survival and Recurrence-Free Survival

Genes Overall Survival Recurrence-Free Survival

p-value HR (95% CI) p-value HR (95% CI)

SIGLEC15 0.02 0.65 (0.45–0.94) 0.11 0.79 (0.59–1.05)
IDO1 0.21 0.8 (0.57–1.13) 0.054 0.7 (0.49–1.01)

CD274 0.095 0.71 (0.47–1.06) 0.23 0.81 (0.56–1.15)

HAVCR2 0.23 1.28 (0.86–1.92) 0.02 0.66 (0.47–0.94)
PDCD1 0.043 0.68 (0.46–0.99) 0.0031 0.61 (0.44–0.85)

CTLA4 0.018 0.65 (0.46–0.93) 0.018 0.65 (0.46–0.93)

LAG3 0.022 0.6 (0.39–0.93) 0.016 0.67 (0.48–0.93)
PDCD1LG2 0.00022 0.5 (0.34–0.73) 5.1e-05 0.51 (0.36–0.71)

TIGIT 0.067 0.71 (0.5–1.03) 0.0012 0.58 (0.42–0.81)
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PDCD1LG2 expression than those who did not develop 
distant tumor metastases (p=0.0036).

Validation of PDCD1 and PDCD1LG2 
Expression and Overall Survival in HCC
The expression of PDCD1 and PDCD1LG2 proteins in HCC 
and normal liver tissues were then investigated. As expected, 
PDCD1 was high staining in HCC tissues while it was low 
staining in normal liver tissues (Figure 5A). PDCD1LG2 was 
low staining in HCC tissues while it was high staining in 
normal liver tissues (Figure 5B). As shown in Figure 6A and 

B, the result of qRT-PCR revealed that the mRNA level of 
PDCD1 (p < 0.001) was upmodulated as the levels of mRNA 
of PDCD1LG2 was downmodulated in HCC versus liver 
tissues (p < 0.001). Further prognosis indicated that HCC 
patients with elevated levels of PDCD1 (Figure 6C, 
p=0.0142) and PDCD1LG2 (Figure 6D, p=0.0252) expres-
sion showed improved overall survival. Moreover, the multi-
variate and univariate analyses demonstrated PDCD1, 
PDCD1LG2 as well as clinical stage as prognosis factors 
influencing the OS of HCC patients (Figure 6E and F). These 
data were consistent with findings in other studies.

Table 2 Prognosis Value of Immune Checkpoints in STAD for Progression Free Survivial and Disease-Specific Survival

Genes Progression Free Survival Disease-Specific Survival

p-value HR (95% CI) p-value HR (95% CI)

SIGLEC15 0.029 0.69 (0.49–0.96) 0.011 0.54 (0.33–0.87)

IDO1 0.019 0.68 (0.49–0.94) 0.21 1.35 (0.85–2.13)
CD274 0.27 0.84 (0.62–1.14) 0.095 0.64 (0.38–1.09)

HAVCR2 0.02 0.7 (0.51–0.95) 0.34 0.79 (0.48–1.29)

PDCD1 0.0027 0.63 (0.47–0.86) 0.013 0.56 (0.35–0.89)
CTLA4 0.04 0.71 (0.52–0.99) 0.31 0.78 (0.49–1.25)

LAG3 0.0073 0.66 (0.48–0.9) 0.16 0.68 (0.4–1.17)

PDCD1LG2 1e-05 0.52 (0.38–0.7) 0.0025 0.48 (0.29–0.78)
TIGIT 0.0015 0.6 (0.44–0.83) 0.044 0.62 (0.39–0.99)

Figure 3 The prognosis analysis of immune checkpoints in HCC. (A) Survival curve of HCC patients with high and low PDCD1 expression in overall survival, recurrence- 
free survival, progression free survival, and disease-specific survival analysis. (B) Survival curve of HCC patients with high and low PDCD1LG2 expression in overall survival, 
recurrence-free survival, progression free survival, and disease-specific survival analysis. 
Abbreviations: OS, overall survival; RFS, recurrence-free survival; PFS, progression free survival; DSS, disease-specific survival.
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Figure 4 Univariate and multivariate cox regression of immune checkpoints in HCC. (A and B) Univariate and multivariate cox regression of clinical parameters and 
immune checkpoints in HCC. (C and D) The predictive nomogram to predict the 1-y, 3-y and 5-y overall survival of HCC patients.

Figure 5 The protein expression of PDCD1/PDCD1LG2 in HCC and normal liver tissues. (A) The protein expression of PDCD1 in HCC and normal liver tissues. (B) The 
protein expression of PDCD1LG2 in HCC and normal liver tissues.
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The Relationship Between PDCD1/ 
PDCD1LG2 and Immune Infiltration in 
Human Colorectal Cancer (HCC)
With respect to cancer patients, immune infiltration might 
serve as a indicator to predict the condition of sentinel lymph 
nodes and the likelihood of survival.10–12 Hence, we probed 
into the relationship between PDCD1/PDCD1LG2 expres-
sion and immune cell infiltration in HCC, which indicated 
a positive relationship between PDCD1 and the abundance of 
CD8+ T cells (p=1.64e-32, Cor=0.583), B cells (p=2e-30, 
Cor=0.565), CD4+ T cells (p=4.51e-12, Cor=0.362), 
Neutrophils (p=6.91e-12, Cor=0.358), Macrophage 
(p=1.32e-15, Cor=0.415) and Dendritic cells (p=1.04e-30, 
Cor=0.57) (Figure 7A). As illustrated in Figure 7B, 

PDCD1LG2 had a positive association with abundance of 
B cells (p=1.31e-18, Cor=0.451), CD4+ T cells(p=5.26e-06, 
Cor=0.243), CD8+ T cells (p=8.07e-31, Cor=0.57), 
Macrophage (p=2.57e-16, Cor=0.424), Dendritic cells 
(p=1.59e-37, Cor=0.62) and Neutrophils (p=2.43e-24, 
Cor=0.511). Somatic cell copy number alteration of 
PDCD1/PDCD1LG2 had little impact on the level of 
immune cell infiltration (Figure 7C and D). Moreover, 
further investigation demonstrated a favorable association 
between the expression of PDCD1/PDCD1LG2 and the 
expression of immune indicators, such as the indicators of 
T cells (general), B cells, follicular helper T (Tfh) cells, 
TAMs, monocytes, dendritic cells (DCs), neutrophils, M2 
macrophages, T-helper 1 (Th1) cells, T-helper 2 (Th2) cells, 
M1 macrophages, T-helper 17 (Th17) cells, natural killer 

Figure 6 Validation of the expression and overall survival of PDCD1 and PDCD1LG2 in HCC. (A and B) The mRNA level of PDCD1 was upregulated while the mRNA 
level of PDCD1LG2 was downregulated in HCC versus liver tissues. (C and D) HCC patients with high PDCD1 and PDCD1LG2 expression had a better overall survival. 
(E and F) Univariate and multivariate analysis demonstrated PDCD1, PDCD1LG2 and clinical stage as prognosis factor affecting the OS of HCC patients. ***P < 0.001.
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(NK) cells, CD8+ T cells, Tregs, and exhausted T cells 
(Table 3). Moreover, we also analyzed the correlation 
between chemokines and PDCD1/PDCD1L as well as che-
mokines receptors, indicating that PDCD1/PDCD1LG2 had 
a positive association with the content of chemokines recep-
tors and chemokines (Figure 7E and F). These findings 
suggested a potential association between PDCD1/ 
PDCD1LG2 and immune infiltrates in HCC.

PDCD1/PDCD1LG2 Associated 
Functions
In order to explore PDCD1/PDCD1LG2 associated func-
tions, we then detected the genes correlated with PDCD1/ 
PDCD1LG2 in HCC and the result was shown in 
Supplementary Figure 2A and B. GSEA was performed 
based on PDCD1/PDCD1LG2 and correlated genes. As 
a result, we found that PDCD1 in GO analysis was 

Figure 7 The correlation between immune checkpoints and immune infiltration in HCC. (A and B) The correlation between the expression of PDCD1/PDCD1LG2 and the 
abundance of CD8+ T cells, CD4+ T cells, Macrophage, Neutrophils and Dendritic cells. (C and D) The correlation between SCNA of PDCD1/PDCD1LG2 and immune cell 
infiltration. (E and F) The correlation between the expression of PDCD1/PDCD1LG2 and chemokine and chemokine receptor expression. *P < 0.05, ** P < 0.01, ***P < 0.001. 
Abbreviation: SCNA, somatic copy number alterations.
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Table 3 Correlation Analysis Between PDCD1/PDCD1LG2 and Gene Biomarkers of Immune Cells in LIHC

Description Gene Markers LIHC

PDCD1 PDCD1LG2

Cor P-value Cor P-value

CD8+ T cell CD8A 0.808 *** 0.666 ***

CD8B 0.763 *** 0.601 ***

T cell (general) CD3D 0.801 *** 0.567 ***
CD3E 0.8 *** 0.678 ***

CD2 0.806 *** 0.655 ***

B cell CD19 0.57 *** 0.451 ***
CD79A 0.708 *** 0.546 ***

Monocyte CD86 0.675 *** 0.754 ***

CD115(CSF1R) 0.58 *** 0.743 ***
TAM CCL2 0.411 *** 0.496 ***

CD68 0.495 *** 0.551 ***

IL10 0.534 *** 0.61 ***
M1 Macrophage INOS (NOS2) −0.024 0.641 0.135 **

IRF5 0.235 *** 0.199 ***

COX2(PTGS2) 0.353 *** 0.465 ***
M2 Macrophage CD163 0.431 *** 0.762 ***

VSIG4 0.401 *** 0.652 ***

MS4A4A 0.487 *** 0.76 ***
Neutrophils CD66b (CEACAM8) 0.085 0.103 0.091 0.0813

CD11b (ITGAM) 0.377 *** 0.502 ***

CCR7 0.605 *** 0.569 ***
Natural killer cell KIR2DL1 0.076 0.143 0.188 ***

KIR2DL3 0.306 *** 0.321 ***

KIR2DL4 0.47 *** 0.452 ***
KIR3DL1 0.142 ** 0.335 ***

KIR3DL2 0.395 *** 0.353 ***

KIR3DL3 0.214 *** 0.189 ***
KIR2DS4 0.199 *** 0.247 ***

Dendritic cell HLA-DPB1 0.649 *** 0.714 ***

HLA-DQB1 0.61 *** 0.636 ***
HLA-DRA 0.594 *** 0.726 ***

HLA-DPA1 0.604 *** 0.743 ***

BDCA-1(CD1C) 0.456 *** 0.451 ***
BDCA-4(NRP1) 0.235 *** 0.337 ***

CD11c (ITGAX) 0.582 *** 0.598 ***

Th1 T-bet (TBX21) 0.648 *** 0.676 ***
STAT4 0.476 *** 0.414 ***

STAT1 0.483 *** 0.527 ***

IFN-g (IFNG) 0.642 *** 0.537 ***
TNF-A (TNF) 0.569 *** 0.513 ***

Th2 GATA3 0.647 *** 0.634 ***
STAT6 0.068 0.194 0.169 **

STAT5A 0.484 *** 0.571 ***

IL13 0.144 ** 0.095 0.0683
Tfh BCL6 0.097 0.0632 0.128 *

IL21 0.259 *** 0.252 ***

Th17 STAT3 0.167 ** 0.351 ***
IL17A 0.1 0.054 0.048 0.354

(Continued)
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involved in T cell activation, adaptive immune response, 
leukocyte proliferation, B cell activation, transcription 
factor activity, monooxygenase activity, cytokine receptor 
activity, and cytokine binding (Figure 8A–C). PDCD1 in 
KEGG analysis was involved in Th17 cell differentiation, 
T cell receptor signaling pathway, Hematopoietic cell line-
age, Drug metabolism, Chemical carcinogenesis, and Th1 
and Th2 cell differentiation, (Figure 8D). Moreover, we 

found that PDCD1LG2 in GO analysis was involved in 
cellular defense response, cytokine metabolic process, 
interferon-gamma production, leukocyte proliferation, 
adaptive immune response, coreceptor activity, cytokine 
binding, antigen binding, and cytokine receptor activity 
(Supplementary Figure 3A–C). PDCD1LG2 in KEGG 
analysis was implicated in TNF signaling pathway, Th1 
and Th2 cell differentiation, NOD-like receptor signaling 

Table 3 (Continued). 

Description Gene Markers LIHC

PDCD1 PDCD1LG2

Cor P-value Cor P-value

Treg FOXP3 0.294 *** 0.499 ***

CCR8 0.546 *** 0.534 ***
STAT5B −0.016 0.756 0.153 **

TGFb (TGFB1) 0.55 *** 0.404 ***

T cell exhaustion PD-1 (PDCD1) 1 *** 0.539 ***
CTLA4 0.8 *** 0.556 ***

LAG3 0.675 *** 0.494 ***

TIM-3 (HAVCR2) 0.654 *** 0.699 ***
GZMB 0.583 *** 0.564 ***

Notes: *p<0.05, **p<0.01, ***p<0.001.

Figure 8 Functional enrichment analysis of PDCD1 HCC. (A) The enriched item in biological processes analysis. (B) The enriched item in cellular components analysis. (C) 
The enriched item in molecular functions analysis. (D) The enriched item in Kyoto Encyclopedia of Genes and Genomes analysis.
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pathway, cell adhesion molecules (CAMs), Th17 cell dif-
ferentiation, as well as chemokine signaling pathway 
(Supplementary Figure 3D).

Discussion
Immune checkpoints are essential in a variety of biological 
processes and have been shown to improve cancer 
patients’ clinical outcomes.13,14 In addition, they have 
also been reported in a growing body of research to be 
prognostic indicators in a variety of malignancies, includ-
ing renal cell carcinoma and lung carcinoma.15–17 Whether 
immune checkpoints might function as a prognostic bio-
marker in HCC and their relationship to immune infiltra-
tion were still unknown. Hence, the objective of the 
present research was to determine the significance of 
these immune checkpoints in both immune infiltration 
and prognosis of HCC patients.

First, we explored the mRNA expression of these 
immune checkpoints in HCC, indicating that the mRNA 
levels of SIGLEC15, PDCD1LG2, LAG3, PDCD1, 
PDCD1LG2, and CTLA4 were increased in HCC tissues 
as opposed to liver tissues. Notably, the majority of these 
immune checkpoints were changed in HCC, suggesting 
that they may perform a critical function in the occurrence 
and progression of HCC. Furthermore, additional investi-
gations demonstrated that immune checkpoints in HCC 
were related to the activation of the apoptotic signaling 
pathway. Apoptosis is an orderly and coordinated cellular 
process that occurs under physiological and pathological 
conditions.18 Activation of apoptosis could inhibit the 
carcinogenesis and progression of cancer.

Prognosis analysis revealed that PDCD1 and 
PDCD1LG2 were prognostic biomarkers for HCC and 
high PDCD1 and PDCD1LG2 expression had a better 
RFS, OS, DSS, and PFS. A growing body of research 
evidence has demonstrated that some immune checkpoints 
may serve as markers for predicting the prognosis of 
cancers patients. PDCD1 was a prognosis biomarker in 
multiple cancers and the high PDCD1 expression was 
related to an unfavorable OS, uveal melanoma, and DSS 
in brain glioma.19 PDCD1 was shown to be an immu-
notherapy target and a prognostic marker in non-small 
cell lung cancer.20 HAVCR2 was reported to be 
a predictive biomarker for gastric cancer and was discov-
ered to be adversely correlated with OS.21

Our study also found that PDCD1/PDCD1LG2 showed 
a favorable relationship with CD8+ T cells, B cells, 
Macrophage, CD4+ T cells, Dendritic cells, and 

Neutrophils. These immune cells were a vital part of 
tumor microenvironments and exert a central role in 
tumor immune infiltration as well as biological mechan-
isms. Neutrophils could predict poor prognosis in HCC 
and promote tumor progression through p53 and STAT3 
signaling pathways.22 Moreover, tumor-associated 
Neutrophils recruit Macrophages that might facilitate the 
HCC progression and the formation of sorafenib 
resistance.23 Positive associations were discovered 
between the expression of PDCD1/PDCD1LG2 and the 
expression of immune biomarkers, chemokines, and che-
mokine receptors. Actually, these immune biomarkers, 
chemokine, and chemokine receptors could serve as 
a prognostic biomarker and performs an essential function 
in tumor immune infiltration. CCL2 is a prognostic bio-
marker and blockade of CCL2/CCR2 signaling in HCC, 
could inhibit tumor growth by activating T cell anti-tumor 
immune response.24 Furthermore, in the case of HCC, 
CCL14 is a predictive biomarker that has been shown to 
be associated with immune infiltrates.25

Our study also has some limitations. First of all, most 
of the analysis of our study was performed on mRNA 
level, without protein level. Moreover, animal and 
in vitro studies should be performed to validate the func-
tion of PDCD1/PDCD1LG2 in the occurrence and pro-
gression of HCC, as well as its correlation with the 
infiltration of the immune cells into the microenvironment 
of the tumor.

Conclusion
To conclude, the present research performed a thorough 
investigation of the prognostic significance of immune 
checkpoints in HCC as well as their correlation with 
immune infiltration, which suggested that PDCD1 and 
PDCD1LG2 were prognostic biomarkers in HCC and 
related to immune infiltration.

Abbreviations
HCC, hepatocellular carcinoma; GO, Gene Ontology; 
KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, 
biological processes; CC, cellular components; MF, mole-
cular functions; GSEA, Gene Set Enrichment Analysis; 
OS, overall survival.
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