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Background: Thus far, few studies have systematically analyzed the profiles of immune cells infiltrated 
in the tumor microenvironment (TME) of hepatocellular carcinoma (HCC). Therefore, the purpose of 
our study was to comprehensively analyze the 22 tumor-infiltrating immune cells (TIICs) and the immune 
subtypes of HCC, as well as the factors associated with the prognosis of HCC patients. 
Methods: In this study, we evaluated the abundance of 22 tumor-infiltrating immunocytes of 371 HCC 
patients from The Cancer Genome Atlas (TCGA) database by using the CIBERSORT algorithm, and 
defined immune subtypes of HCC according to unsupervised cluster analysis. The immune score of HCC 
patients was calculated by the prognostic regression model, while the survival analysis was evaluated by the 
Kaplan-Meier method. In addition, the consistency index of TIICs and principal component analysis (PCA) 
of immunomodulator genes were estimated. 
Results: The results of this study showed that three distinct immune subtypes of HCC were stratified, and 
the C1 subtype and C3 subtype were correlated with a good prognosis. The cellular composition of three 
immune subtypes was different. Moreover, immunomodulator gene and programmed cell death protein 1/
programmed death-ligand 1 (PD-1/PD-L1) expression in the C1 subtype was significantly higher (P<0.05).
Conclusions: This suggested that the low immune score of HCC patients is associated with better 
clinical outcomes. In addition, the interaction network of cluster of differentiation CD8+ T cells was mainly 
concentrated in the C1 subtype. Taken together, this study showed that tumor-infiltrating immune cells can 
perhaps be an important determinant of clinical outcomes of patients with HCC and may provide biomarkers 
to reflect the immunotherapy response. Notably, the C1 subtype of HCC may be used as an important 
predictive factor for immunotherapy response. 
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Introduction

Liver cancer is the sixth most common malignant tumor 
and the fourth leading cause of death from tumors in the 
world. In 2018, there were 841,080 new cases of liver 
cancer, with 781,631 patients dying from this disease (1). 
Hepatocellular carcinoma (HCC) is the most common type 
of liver cancer. The main treatment strategies for HCC 
are surgery, radiotherapy, chemotherapy, and palliative 
therapies, such as radiofrequency ablation (2). However, the 
efficacy of these treatments in most patients with recurrence 
or distant metastasis is limited (3). Therefore, it is necessary 
to explore a new feasible treatment strategy for HCC.

Tumor microenvironment (TME) plays a crucial role in 
the growth, metastasis, and prognosis of tumors (4,5). The 
TME-infiltrating immune cells (TIICs) are immunocytes 
that transfer from peripheral blood to tumor tissue and 
are closely related to the antitumor response (6,7). The 
number of immune cells varies from tissue to tissue, so the 
different tissues in hepatocellular carcinoma have different 
immune response. TIICs are major players in promoting 
anti-cancer immune responses, and are recognized as a 
crucial prognostic factor of the patients with malignant 
tumors , especially since their levels can predict therapeutic 
effectiveness and survival, so it have garnered increased 
attention in recent research (8-10). 

T h e  e x i s t i n g  e x p e r i m e n t a l  m e t h o d s  o f 
immunohistochemical and flow cytometry for detecting 
TIICs cannot investigate the diversity of immune cells 
infiltrating the same tissue sample at the same time and 
cannot comprehensively evaluate the role of immune cells 
in TME. Therefore, cell-type identification by estimating 
relative subsets of RNA transcripts (CIBERSORT), 
an algorithm that uses gene expression data from bulk 
tumor to accurately calculate the abundance of various 
immunocyte types infiltrating the TME, has been widely 
used to evaluate the abundance of 22 immune cell types (11). 
Through this technology, we can obtain a huge number of 
Gene expression data at once and allowing us to identify 
prognostic and therapeutic markers based on immune 
cells. Research published in the past few years has mainly 
focused on the abundance of TIICs in HCC, but there have 
been no further comprehensive analyses (12). However, 
systematic studies on immune subtypes of HCC and the 
degree of corresponding immune cell infiltration, survival 
analysis, and the analysis of immuno score have not been 
explored. Thus, the comprehensive profile of immune cell 
infiltration of the TME in HCC has still not been fully 

elucidated. There fore our study aimed to comprehensively 
characterize tumor-infiltrating immune cells (TIICs) and 
immune subtypes in HCC to identify associations with the 
prognosis of HCC patients.

Therefore, in the present study, we used the transcriptional 
sequence samples of 371 patients with HCC from The 
Cancer Genome Atlas (TCGA) database, employed the 
CIBERSORT algorithm to estimate the proportion of 
22 immune cell types in HCC, and used unsupervised 
cluster analysis to define the immunological subtypes of 
HCC. We further investigated the relationship of immune 
subtypes with the clinical outcome, immunomodulator 
(IM) gene expression, programmed cell death protein 1/
programmed death-ligand 1 (PD-1/PD-L1) expression, 
and the interaction network of immunocytes. In addition, 
the immune scores of HCC patients and their relationship 
with survival rates were evaluated. We present the following 
article in accordance with the REMARK reporting checklist 
(available at https://dx.doi.org/10.21037/jgo-21-291).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Data sources and processing

The RNA-sequencing data and corresponding clinical 
follow-up information of patients with HCC were 
downloaded from TCGA database (https://cancergenome.
nih.gov/). Patients without clinical information were 
removed. Finally, 371 patients with HCC were included in 
this study.

Abundance of TME-infiltrating immune cells in HCC

To elucidate the immune infiltration landscape of HCC, 
the CIBERSORT algorithm was used to estimate the 
relative abundance of 22 human immune cell types. The 
CIBERSORT algorithm can evaluate the infiltration 
proportions of immunocyte types in tumor tissues by using 
the LM22 gene signature based on deconvolution (11).  
We loaded 371 eligible RNA-sequencing data of TCGA 
samples into the CIBERSORT website (https://ciber 
fortstanford.edu/), and the threshold value was set to a 
P value <0.05. Then, we obtained the Is cores (Immune 
Score) of 22 immune cells, and further studies were 
performed.

https://dx.doi.org/10.21037/jgo-21-291
https://cancergenome.nih.gov/
https://cancergenome.nih.gov/
https://ciber fortstanford.edu/
https://ciber fortstanford.edu/
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Analysis of HCC immune subtypes

According to  the  5  representat ive  immune gene 
sets, including macrophages (13), interferon gamma  
(IFN-γ) (14), transforming growth factor (TGF-β) (15), 
wound-healing (16), and leukocyte infiltration (17), 
single-sample gene set enrichment analysis (ssGSEA) was 
performed to analyze the enrichment of immune cells and 
calculate the ssGSEA score (18,19). Then, the expectation-
maximization (EM) algorithm from the “mclust” R package 
(The R Foundation for Statistical Computing) was used 
to perform unsupervised cluster analysis on the results 
of ssGSEA. The K value corresponding to the maximum 
Bayesian Information Criterion (BIC) was selected, and 
finally, the HCC was categorized into three immune 
subtypes.

Consistency index 

The consistency index (C-index) was calculated to compare 
the accuracy of the predicted value of the Cox regression 
model. With survival analysis, for example, if the predicted 
survival rate of one patient with a longer survival time 
is higher than that of the other, this indicates that the 
predicted value is consistent with the real value, which 
is called consistency. The normal value of the C-index is 
between 0.50 and 1.00. In general, the value of the C-index 
is in the range between 0.50 and 0.70, indicating that the 
accuracy of the predicted value of the Cox regression model 
is low. The value of the C-index that is in the range of 0.70 
to 0.90 indicates medium accuracy, while a value higher 
than 0.90 represents high accuracy.

Tumor immune score

According to the abundance of immune cells in HCC 
estimated by the CIBERSORT algorithm, the immune 
scores were calculated by using the prognosis-related 
regression models constructed by Zeng et al. in gastric 
cancer samples and Li et al. in liver cancer samples (20,21). 
The thresholds of prognosis-related immune score were 
–0.37 and 0.10, respectively. All patients with HCC 
were divided into a high immuno score group and a low 
immuno score group. Then, the Kaplan-Meier analysis was 
performed to evaluate the survival rates of patients with 
different immune scores.

Principal component analysis (PCA) 

PCA is a mathematical dimensionality reduction method, 
which uses an orthogonal transformation to transform 
a series of linearly related variables to a new set of 
linearly unrelated variables (also called the principal 
component). These new variables are then used to show the 
characteristics of the data in a smaller dimension. 

The principal component is a linear combination of the 
original variables, and the number of principal components 
is not more than the number of original variables. After the 
combination, we obtained a set of new observation data. 
The meaning of these new data was different from that of 
the original data. These new data not only contain most of 
the characteristics of the previous data but also have a lower 
dimension, which is convenient for further analysis.

Statistical analysis

The Kaplan-Meier method was used to draw the survival 
curves, while the log-rank test was used to determine 
whether the differences were statistically significant. 
Continuous variables are shown as mean ± SD and were 
examined by t test or Kruskal-Wallis test. All statistical 
analyses were conducted using R v.3.6.2 software (https://
www.r-project.org/). The P values were 2-sided, and a P 
value <0.05 was considered statistically significant. 

Results

The abundance of 22 TME-infiltrating immune cells types 
in HCC 

TIICs are associated with the clinical outcome of patients 
and are likely to be used as immunotherapy targets to 
improve the survival rate of patients with tumors. We used 
the CIBERSORT algorithm to estimate the abundance of 
TIICs in HCC. The results of the CIBERSORT analysis 
revealed that macrophages (M0, M1, and M2), resting 
mast cells, resting memory CD4 T cells, and CD8 T cells 
represented a greater proportion of infiltration compared 
with other immunocytes types (Figure 1A). Furthermore, 
C-index was used to analyze the effects of 22 immune cell 
types on the prognosis of patients with HCC. The results 
showed that C-index values of 22 TIICs were all less than 
0.7, indicating that all TIICs had little predictive effect on 
the prognosis of patients with HCC (Figure 1B).

https://www.r-project.org/
https://www.r-project.org/
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Figure 1 The abundance of 22 TME-infiltrating immune cell types in HCC. (A) The fraction of infiltrating immunocytes in the TME of 
HCC. The horizontal axis represents 22 immune cell types, and the vertical axis represents the distribution of the relative abundance of the 
immune cells predicted by CIBERSORT method. Each scattered dot represents TME immunocytes expression values. The bottom and 
top edges of the box represent the 25th and 75th percentile, and the central bar within the box represents the median value. (B) Correlation 
between immune cell types and prognosis of HCC (C-index). The abscissa represents 22 immune cell types, and the vertical coordinate 
represents C-index. The value of C-index is in the range of 0.50–0.70, indicating that the accuracy is low and the model has little predictive 
effect. TME, tumor microenvironment; HCC, hepatocellular carcinoma.
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The immune subtypes of TME in HCC

To further explore the immunological subtypes of immune 
cell infiltration in HCC, cluster analysis was performed 
according to five immune gene sets (macrophages, IFN-γ, 
TGF-β, wound healing, and leukocyte infiltration). The 
cluster analysis revealed three distinct immune subtypes of 
HCC. Immune subtype 1 (C1 subtype) was characterized by 
increases in the expression of macrophages, IFN-γ, TGF-β, 
wound healing, and leukocyte infiltration. Immune subtype 
2 (C2 subtype) exhibited a high expression of TGF-β and 
wound healing. Immune subtype 3 (C3 subtype) showed 
significant increases in IFN-γ expression (Figure 2A). 

To investigate whether there are differences in immune 
cell types and immune activation among different immune 
subtypes, we conducted unsupervised cluster analysis for 
all samples according to immune cell types and the relative 
abundance of these immunocytes. It was found that C1 
subtype was characterized by increases in the infiltration 
of macrophages (M0 and M2), resting mast cells, resting 
memory CD4 T cell, and CD8 T cells (Figure 2B). We 
further calculated the abundance of TIICs in the three 
different immune subtypes using the CIBERSORT 
algorithm (Figure 2C), and the results were consistent with 
those depicted in Figure 2B.

Survival analysis of immune subtypes of HCC

To further explore the relationship between immune 
subtypes of HCC and the prognosis of patients, we used the 
Kaplan-Meier method to analyze the survival rates. This 
revealed that the survival time of the C1 subtype and C3 
subtype was longer than that of the C2 subtype, although 
there was no significant difference in survival rate among 
the three distinct immune subtypes (P>0.05; Figure 3A).

Immune checkpoint inhibitors (ICIs), such PD-1 and 
PD-L1 are important immunosuppressive molecules. 
Accumulating evidence indicates that the level of PD-1/
PD-L1 expression is closely related to the antitumor 
immune response, and immunotherapy based on the PD-1/
PD-L1 has shown remarkable success in some patients. 
Therefore, we analyzed the expression of PD-1/PD-L1 in 
these immune subtypes and found that increased expression 
of PD-1/PD-L1 was associated significantly with different 
immune subtypes (P<0.05; Figure 3B,C). This indicated that 
the C1 subtype may be more responsive to immunotherapy 
based on ICIs, which may also explain the relatively higher 
survival rate of the patients with the C1 subtype.

The expression of immunomodulator genes in the three 
distinct immune subtypes

Immunomodulators (IMs) are essential  for tumor 
immunotherapy (22), and many clinical trials have been 
carried out to evaluate the efficacy of IM agonists and 
antagonists in tumor patients. Therefore, it was particularly 
important to analyze the differences in the expression of 
IM genes in three distinct immune subtypes, so as to select 
suitable IM agonists and antagonists for further antitumor 
immunotherapy. By estimating the IM gene expression of 
the patients with HCC, we found that there were significant 
differences in the expression level of IM genes in different 
immune subtypes (Figure 4A). The expression of IM genes 
in the C1 subtype was significantly higher than that in 
the C2 subtype and C3 subtype. Further PCA of IM gene 
expression showed that PCA, to some extent, could also 
distinguish between different immune subtypes of HCC 
(Figure 4B).

The survival analysis of patients with different tumor 
immune scores

Previous studies have shown TME score to be a prognostic 
biomarker that could predict  immunotherapeutic 
efficacy (23). Therefore, we calculated the prognosis-
related immune scores of patients with HCC according 
to the relative abundance of 22 kinds of immune cells. 
Subsequently, we divided 371 HCC patients into a high 
immuno score group and a low immuno score group to 
investigate the relationship between survival probability 
and immune score. The results showed that the survival 
rate of patients with low immune score was higher than 
that of patients with a high immune score (as calculated 
by the regression model of Zeng et al.), but this difference 
was not statistically significant (P>0.05; Figure 5A). The 
survival time of patients with low immuno score was longer 
compared that of the high immuno score group (according 
to the regression model constructed by Li et al.) and the 
difference was statistically significant (P<0.01, Figure 5B).

Analysis of the interaction network of immune cells in 
HCC

The communication relationship between immune and 
nonimmune stromal cells in different TMEs is very 
complex. By analyzing the interaction of immune cells 
in tumor tissues, we may be able to find a significantly 
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Figure 2 The landscape of TME in HCC. (A) Analysis of immune subtypes of HCC. By means of unsupervised cluster analysis, the HCC 
samples were divided into three immune subtypes: C1, C2 and C3. Different colors at the top indicate that the samples belong to different 
immune subtypes. The color of heatmap represents the enrichment status of five representative gene sets (macrophages, IFN-gamma, 
TGF-beta, wound-healing and leukocyte-infiltration). (B) Tumor immune subtypes and immune cell cluster analysis. The horizontal axis 
represents all samples, the top color represents the immune subtype of the sample, the vertical axis is 22 tumor-infiltrating immune cell types 
, and the color of the heatmap represents the relative abundance of immunocyte predicted by CIBERSORT algorithm. (C) Comparisons of 
infiltrating immunocytes in three different immune subtypes of HCC. TME, tumor microenvironment; HCC, hepatocellular carcinoma.
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Figure 3 The survival analysis of three distinct immune subtypes of HCC. (A) Kaplan-Meier curves for OS of 371 patients with HCC from 
TCGA database. The horizontal axis represents survival time (month), and the vertical axis represents survival rate (Log-rank test, P<0.05). 
(B,C) The expression of PD-1 and PD-L1 in three immune subtypes of HCC. The horizontal axis represents immune subtypes, and the 
vertical axis represents the level of PD-1 and PD-L1 expression. Each scattered dot represents PD-1and PD-L1 expression values. The 
bottom and top edges of the box represent the 25th and 75th percentile, and the central bar within the box represents the median value. The 
whiskers encompass 1.5 times the interquartile range. HCC, hepatocellular carcinoma; OS, overall survival.

enriched cellular interaction network in different 
immune subtypes that may play a guiding role in tumor 
immunotherapy. Figure 6 shows the interaction network of 
CD8+ T cells, indicating that CD8+ T cell communication 
was mainly concentrated in the C1 subtype, reflecting the 
immune activation of the C1 subtype, which was consistent 
with the results of the previous analysis of the relative 
abundance of TIICs and immune subtypes in HCC.

Discussion

Analysis of the profiles of tumor immune infiltration can be 
used to predict the clinical outcome of tumor patients and 
provide a more effective strategy for tumor immunotherapy. 
Although Rohr-Udilova et al. analyzed the fraction of 
TIICs in HCC in detail and completed a prognostic 
correlation analysis (12), there have been no further 
comprehensive analyses of TIICs in HCC. Therefore, on 
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Figure 4 Analysis of IM gene expression. (A) Expression of IM genes in three immune subtypes of HCC. The horizontal axis represents 
three immune subtypes, the vertical axis represents the IM genes, and the color of the heatmap represents the expression levels of the IM 
genes. (B) PCA of IM gene expression. Three different colors represent different immune subtypes of the sample. HCC, hepatocellular 
carcinoma.

1000

0

–1000

–2000

P
C

2

PC1

–5000               –2500                  0

Subtype

C1

C2

C3

C1 C2 C3

1

0.5

0

–0.5

–1

Antigen presentation
Cell adhesion 
co-inhibitor
co-stimulator 
Ligand 
Other
Receptor

Inhibitory

Stimulatory

Immune checkpoint

Super category

A

B



1160 Meng et al. Immune infiltration in the TME of HCC

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2021;12(3):1152-1163 | https://dx.doi.org/10.21037/jgo-21-291

the basis of estimating the relative abundance of TIICs in 
HCC, we further analyzed the expression of genes related 
to the prognosis and immunotherapy responsiveness of 
patients. The interaction network of immunocytes was also 
investigated, and the immune scores of HCC patients were 
calculated to provide an even more comprehensive analysis.

The CIBERSORT analysis of TIICs showed that there 
were more tumor-infiltrating macrophages in HCC and 
that the macrophages (M0 and M2) were mainly enriched 
in the C1 subtype. However, several studies have shown 
that tumor-associated macrophages are able to promote 
the growth of liver cancer by promoting angiogenesis, and 
the infiltration of macrophages in tumor tissue is closely 
related to the poor prognosis of patients (24,25). Our 
results are not consistent with previous studies, and this 
should be clarified by further experiments and clinical trials. 
Moreover, resting mast cells were also abundant in HCC 
and significantly enriched in the C1 subtype. Since mast 
cells are the key regulatory cells of immune effector cells, 
activating mast cells is likely to provide a treatment target 
for immunotherapy. Recently, studies by Fleischmann  
et al. have shown that a high density of mast cells in prostate 
cancer is associated with good prognosis (26). Another 

study has demonstrated that activated mast cells have 
a protective effect on the development of tumors (27). 
Therefore, inactivating mast cells in HCC may promote 
tumor immune escape, thus facilitating tumor growth. The 
results of our study verified the previous research results. In 
addition, it has been reported that there is high infiltration 
of CD8+ T cells in the tissue of HCC and that this CD8+ 
T cell infiltration is an independent prognostic factor for 
patient outcome (28-30). The results of interaction network 
analysis of the present study also showed that CD8+ T cell 
communication was mainly concentrated in the C1 subtype, 
reflecting the immune activation of the C1 subtype, which 
is consistent with the results of previous studies.

IMs are substances that can regulate the immune system 
and activate or inhibit the immune response, and include 
immune stimulators and immunosuppressants, which can 
be used in antitumor immunotherapy (31). We found that 
the expression of IM genes in the C1 subtype was higher 
than that in the other two subtypes, indicating that the C1 
subtype might have a good response to immunotherapy 
based on IMs.

The application of immunotherapy based on ICIs 
has completely changed the clinical landscape of tumor 

Figure 5 Kaplan-Meier curves of prognostic regression models based on immune scores in. (A) Effect of immune score on survival rate 
calculated by the predictive regression of Zeng D. (B) Effect of immune score on survival rate calculated by model of Li W. The horizontal 
axis represents survival time (month), and the vertical axis represents survival rate (Log-rank test, P<0.05). 
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treatment strategies and greatly improved the survival of 
patients with advanced cancer. Immune checkpoint blockade 
plays an important role in regulating TME and antitumor 
immune response. ICIs are mainly expressed on the surface 
of activated T cells and can initiate the programmed death 
of T cells by binding to corresponding specific ligands. At 
present, ICIs have been approved for the clinical treatment 
of various tumors, including pancreatic cancer, lung cancer, 
breast cancer, and others (32-34). Our results showed that 
the expression of PD-1/PD-L1 in the C1 subtype was 
significantly higher than that in the other two immune 
subtypes, indicating that the C1 subtype would be more 
responsive to ICIs, thus providing evidence for anti-HCC 
immunotherapy based on ICIs.

By calculating the immune score, the infiltration of 
immune cells in HCC can be judged accurately. The results 
of this study suggested that the prognosis of the patients 
with a low immuno score was better than that of patients 

with a high immuno score. However, previous studies 
have shown that the high immune score of liver cancer is 
related to a better outcome (35-37), which is not in line 
with findings of the present study. This discrepancy may 
be attributable to the fact that the scoring system used in 
our study to calculate the immune score was different from 
those used in prior studies. Therefore, a more reasonable 
algorithm for calculating the immune score needs to be 
developed. Further research is also needed to elucidate this 
inconsistency. Nonetheless, immune score has potential as a 
prognostic marker for HCC and could help clinicians better 
understand the immune status of patients.

Taken together, the evaluation of TIICs in HCC patients 
and the definition of immune subtypes of HCC provided 
useful predictors for clinical outcome. The C1 subtype 
of HCC may show better immunoactivity in antitumor 
immunotherapy. However, there is a limitation in our study 
that should be specifically mentioned. The results of our 

Figure 6 Interaction network analysis of CD8+ T cells in HCC. Three different color nodes represent different types, in which light blue 
represents immunocytes, red represents receptors, yellow represents ligands. Three different color arrows represent the network belongs to 
different immune subtypes. The thickness of the arrow represents the score of the reliability, the higher the score, the more reliable. HCC, 
hepatocellular carcinoma.



1162 Meng et al. Immune infiltration in the TME of HCC

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2021;12(3):1152-1163 | https://dx.doi.org/10.21037/jgo-21-291

research were obtained from mining data that had not been 
fully verified by experiments and clinical trials. Therefore, 
the role of TIICs in HCC should be further validated in 
future studies. 
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