
O R I G I N A L  R E S E A R C H

Comprehensive Analyses of the Infiltrating 
Immune Cell Landscape and Its Clinical 
Significance in Hepatocellular Carcinoma

Zeyu Zhang 
Zhiming Wang 
Yun Huang

Department of Hepatobiliary Surgery, 
Xiangya Hospital, Central South 
University, Changsha, Hunan, People’s 
Republic of China 

Background: Immunotherapy has gradually played a significant role in treating cancer over 
the past 10 years. Meanwhile, significant connections have been found between infiltrating 
immune cells and prognosis, as well as the development of immunotherapy in hepatocellular 
carcinoma (HCC). Thus, analyses of the immune cell landscape are urgently needed for the 
future development of immunotherapy in HCC.
Methods: Expression data of HCC and normal liver tissue were searched and downloaded 
from The Cancer Genome Atlas. The fraction of various immune cells was estimated by 
CIBERSORT, which is a computational analysis tool. Comparisons of the fractions of 22 
types of immune cells were performed between HCC and normal tissues, as well as survival 
analyses and clinical significance. xCell was used to validate the results.
Results: The fractions of 12 types of immune cells, including follicular helper T (Tfh) cells, 
monocytes, M0, and M2 macrophages, were significantly different between tissues. In 
survival analyses, higher fractions of Tfh cells (P=0.037), M0 (P=0.001), and M2 macro-
phages (P=0.045) were associated with a poorer prognosis, and monocytes with a better 
prognosis (P=0.040). Furthermore, a higher fraction of M0 macrophages (P=0.001), lower 
fraction of monocytes (P=0.031), and M2 macrophages (P=0.018) were found as risk factors 
of a poorer histological grade of HCC. Only M0 macrophages showed a significant associa-
tion with the clinical stage of HCC. Meanwhile, xCell showed monocytes and M2 macro-
phages significantly reduced in tumor tissues, which validated the results.
Conclusion: Tfh cells, monocytes, M0 and M2 macrophages may play an indicator role in 
carcinogenesis, progression, and clinical outcomes of HCC. Our research can serve as 
a reference contributing to future immunotherapy strategies of HCC.
Keywords: infiltrating immune cell, hepatocellular carcinoma, immunotherapy, 
CIBERSORT

Background
Hepatocellular carcinoma (HCC) is the leading cause of cancer-related deaths 
worldwide with significant influences on patient’s quality of life, as well as massive 
economic costs.1–3 The global burden of HCC is gradually raising and about to 
reach an annual incidence of one million cases.4 For early-stage HCC, the treat-
ments are based on curative approaches: image-guided ablation, liver resection, 
liver transplantation and etc.5,6 However for intermediate and advanced stage HCC, 
there are limited treatments with relatively poor prognosis even after decades of 
development of molecular therapies.7 As a brand-new cancer treatment, 
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immunotherapy has attracted much attention in recent 
years. Up to now, there are various solid tumors where 
immunotherapy is developed and approved as an advanced 
therapy,8 including HCC.9–11

The development of immunotherapy vastly depends on 
the recognition of immune microenvironment of the tumor. 
Rohr-Udilova et al investigated deviations of immune cell 
landscape between healthy liver and HCC using Gene 
Expression Omnibus database, showing different compo-
sitions of immune cells between healthy liver and HCC 
tissues.12 On the other hand, the functions of T cells in 
treating HCC were well elucidated by PD-1-associated 
therapies.13 However, these studies failed to investigate 
the associations between the immune cell landscape and 
clinical characteristics or outcomes of HCC.

CIBERSORT is a computational technique to charac-
terize cell composition from gene expression data of 
tissues,14 which is proven to be effective and accurate 
for identifying infiltrating immune cells with high- 
resolution properties from various tumor tissue.15 Unlike 
immunohistochemistry or flow cytometry suffering from 
limitations in phenotypic markers practical implement and 
standardization, CIBERSORT is a versatile computational 
method with higher feasibility. Furthermore, the accuracy 
of CIBERSORT has been verified by flow cytometry.16

To better recognize the role of the various types of 
immune cells in the tumor microenvironment, in this 
study, we analyzed the differences of the infiltrating 
immune cell landscape as well as its clinical significance 
in HCC.

Methods
RNA-sequencing (RNA-Seq) data and clinical data of 
HCC tissues and normal adjacent tissues were searched 
and downloaded from The Cancer Genome Atlas (TCGA, 
http://cancergenome.nih.gov/). A total of 374 HCC tissues 
and 50 normal adjacent tissue were finally found and 
included in this study.

RNA-Seq datasets of HCC and normal adjacent tissues 
were analyzed using CIBERSORT (https://cibersort.stan 
ford.edu) to identify immune cell composition through 
LM22, an original CIBERSORT gene signature file defin-
ing 22 types of immune cells including naïve B cells, 
memory B cells, plasma cells, CD8+ T cells, naïve CD4+ 
T cells, resting CD4+ memory T cells, activated CD4+ 
memory T cells, follicular helper T (Tfh) cells, regulatory 
T cells (Tregs), gamma delta T cells, resting NK cells, 
activated NK cells, monocytes, M0 macrophages, M1 

macrophages, M2 macrophages, resting dendritic cells, 
activated dendritic cells, resting mast cells, activated 
mast cells, eosinophils, neutrophils.

R 3.3.0 and Statistical Package for Social Sciences 
23.0 for Windows (SPSS Inc., Chicago, IL, USA) were 
used to perform statistical analyses, and GraphPad Prism 
software to generate pictures. One-way analysis of var-
iance (ANOVA) was used, with homogeneous variance, to 
analyze differences in immune cell components between 
normal and HCC tissues, while Welch’s ANOVA was 
applied when variance was heterogeneous. Kaplan-Meier 
curve was used for survival analysis, where the Log rank 
test was for comparison between groups.

Results
Adaptive Immune Cells
Comparisons of adaptive immune cells landscape between 
HCC and normal adjacent tissues are shown in Figure 1. 
The differences were statistically insignificant in the frac-
tion of naive B cells, memory B cells, plasma cells or total 
B cells between tissues. Furthermore, no difference was 
detected in fraction of naive CD4+ T cells or CD8+ 
T cells. However, there was an increase of resting CD4+ 
memory T cells, activated CD4+ memory T cells, Tfh cell 
and Tregs in HCC tissue compared to normal control, 
while gamma delta T cells decreased in HCC. Overall, 
the total fraction of T cells was more frequent in HCC 
than in normal controls.

Innate Immune Cells
Comparisons of innate immune cells landscape between 
tissues were shown in Figure 2. It showed statistically 
insignificant differences in resting NK cells, activated 
NK cells, M1 macrophages, activated dendritic cells or 
eosinophils. Meanwhile, monocytes, M2 macrophages, 
activated mast cells and neutrophils significantly reduced 
in tumor tissues, while M0 macrophages, resting dendritic 
cells and resting mast cells were upregulated in HCC 
tissues.

Immune Cell Patterns
The fractions of immune cells in both types of tissues are 
shown in Table 1 and Figure 3A. Two leading types of 
immune cells were M2 macrophages and resting CD4+ 
memory T cells in both normal tissues (30.0% and 13.9%) 
and HCC tissues (18.4% and 17.0%). M1 macrophages 
were the third leading type in normal tissues (9.1%), while 
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Figure 1 Comparisons of adaptive immune cells between HCC and normal tissues. Median with 95% confidence interval were shown as red lines. (A) naive B cells; (B) 
memory B cells; (C) plasma cells; (D) total B cells; (E) CD8+ T cells; (F) naive CD4+ T cells; (G) resting CD4+ memory T cells; (H) activated CD4+ memory T cells; (I) 
follicular helper T cells; (J) regulatory T cells; (K) gamma delta T cells; (L) total T cells. *P<0.05; **P<0.001.

Figure 2 Comparisons of innate immune cells between HCC and normal tissues. Median with 95% confidence interval were shown as red lines. (A) resting NK cells; (B) 
activated NK cells; (C) monocytes; (D) M0 macrophages; (E) M1 macrophages; (F) M2 macrophages; (G) resting dendritic cells; (H) activated dendritic cells; (I) resting mast 
cells; (J) activated mast cells; (K) eosinophils; (L) neutrophils. *P<0.05; **P<0.001.
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M0 macrophages in HCC tissues (12.4%). The heatmap 
and correlation heatmap of 22 immune cells were shown 
in Figure 3B and C, respectively. The most positive corre-
lation in HCC was detected between CD8+ T cells and 
activated CD4+ memory T cells (Pearson correlation coef-
ficient = 0.46). On the other hand, CD8+ T cells and Tfh 
cells and were shown as having equally negative correla-
tion with resting CD4+ memory T cells (Pearson correla-
tion coefficient = −0.43).

Prognostic Assessment of Infiltrating 
Immune Cells
Clinical data of 377 patients retrieved from TCGA are 
shown in Table 2. Among them, a total of 370 patients 
with adequate clinical data were divided into the high 
group or low group according to the medium fraction 
of each variety of immune cell. Statistically significant 
differences in survival analyses were found in 4 types 
of immune cells including Tfh cell, Monocytes, M0 
macrophages, and M2 macrophages, shown in 
Figure 4, while the rest are shown in the Supplement 
Material. HCC patients with a lower fraction of Tfh 

cell, M0, and M2 macrophages tended to have a better 
prognosis, while HCC with a lower proportion of 
monocytes had a poorer prognosis.

Relationship Between Clinical Features 
and Infiltrating Immune Cells
Toward the four types of immune cells associated with 
prognosis, further analyses were performed to investigate 
its potential relationships with clinical features. 366 
patients with known histologic grades were enrolled and 
the results are shown in Figure 5. M2 macrophages and 
Monocytes were decreasing, and M0 macrophages were 
increasing with histological grade deteriorating from G1 to 
G4. However, the fraction of Tfh cell was not associated 
with histological grade.

347 patients with known clinical classification (8th 
Edition of The AJCC Cancer Staging Manual) were 
enrolled and the results are shown in Figure 5. The frac-
tions of Tfh cell, M2 macrophages and Monocytes had no 
difference between various stages. M0 macrophages were 
significantly lower in stage I, while no difference was 
found between stage II, III, and IV.

Table 1 Fraction of Immune Cells

Immune Cell Type Normal (n=50) HCC (n=374) P-value

Naive B cells 0.0336±0.0209 0.0368±0.0360 0.360*
Memory B cells 0.0008±0.0049 0.0005±0.0037 0.724

Plasma cells 0.0291±0.0260 0.0199±0.0344 0.071

CD8+ T cells 0.0885±0.0502 0.0999±0.0956 0.192*
Naive CD4+ T cells 0.0000±0.0000 0.0009±0.0061 0.295

Resting CD4+ memory T cells 0.1392±0.0605 0.1701±0.1130 0.004*

Activated CD4+ memory T cells 0.0005±0.0017 0.0060±0.0180 <0.001*
Follicular helper T cells 0.0087±0.0108 0.0145±0.0215 0.003*

Regulatory T cells 0.0166±0.0207 0.0509±0.0399 <0.001*
Gamma delta T cells 0.0462±0.0347 0.0140±0.0243 <0.001*

Resting NK cells 0.0065±0.0144 0.0082±0.0227 0.590

Activated NK cells 0.0509±0.029 0.0550±0.0351 0.431
Monocytes 0.0722±0.0609 0.0232±0.0321 <0.001*

M0 macrophages 0.0356±0.0470 0.1240±0.1128 <0.001*

M1 macrophages 0.0914±0.0536 0.0830±0.0424 0.296*
M2 macrophages 0.2995±0.0982 0.1837±0.0876 <0.001

Resting dendritic cells 0.0112±0.0181 0.0302±0.0429 <0.001*

Activated dendritic cells 0.0003±0.0018 0.0011±0.0092 0.552
Resting mast cells 0.0425±0.0424 0.0708±0.0635 <0.001*

Activated mast cells 0.0118±0.0243 0.0015±0.0104 0.005*

Eosinophils 0.0002±0.0012 0.0005±0.0027 0.399
Neutrophils 0.0149±0.0232 0.0051±0.0147 0.005*

Notes: (%) Mean±SD; *using Welch’s ANOVA.

https://doi.org/10.2147/IJGM.S326535                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2021:14 4698

Zhang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=326535.pdf
https://www.dovepress.com/get_supplementary_file.php?f=326535.pdf
https://www.dovepress.com
https://www.dovepress.com


xCell
In the meantime, xCell was used to confirm the differences 
of the fraction of these four prognostic immune cell types 
between two tissues.17 However, Tfh cell and M0 macro-
phages were not contained by xCell. Thus, we compared the 
fractions of monocytes and M2 macrophages between two 
tissues, and the results are shown in Figure 6. Monocytes 
and M2 macrophages significantly reduced in tumor tissues, 
which was consistent with the result from CIBERSORT.

Discussion
In the present study, we used CIBERSORT to identify and 
compare the infiltrating immune cells composition 
between HCC and normal adjacent tissues. Furthermore, 
associations of these immune cells with patient prognosis 
and tumor characteristics were also investigated. Our 

results suggested that Tfh cell, Monocytes, M0 macro-
phages, and M2 macrophages had significant roles in 
carcinogenesis, progression, and prognosis of HCC.

Follicular helper T cells, which prime B cells to initiate 
extrafollicular and germinal center antibody responses, are 
recognized as highly expressing CXCR5 and driven by 
a transcription factor, BCL6.18 It has been suggested that 
infiltration of Tfh cells is associated with progression of 
lymphoid tumors,19 however the role that Tfh cells have in 
solid tumors is little researched with incompatible results. 
Studies showed Tfh cells infiltrating was linked with 
improved survival in breast cancer and colorectal 
cancer.20,21 On the other hand, the high number of Tfh 
cells could cause further immunosuppression and lead to 
tumor development in non-small cell lung cancer,22 which 
is consistent with our results. In addition, our results also 

Figure 3 (A) A bar plot of the fractions of 22 types of immune cells in HCC and normal control tissues; (B) a heatmap of 22 types of immune cells in HCC and normal 
control tissues; (C) a correlation heatmap of 22 types of immune cells in HCC tissues.
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suggested that the effect of Tfh cells on carcinogenesis and 
prognosis of HCC was independent of histological grade 
and clinical stage.

Monocytes, members of the mononuclear phagocyte 
system including macrophages and dendritic cells, are 
a crucial part of the human innate immune system with 
complex functions both within blood and after their 
migration into various tissues.23 Currently, monocytes 
are mainly recognized as promoters in the development 
of cancer affecting widely from the initiation of vessel 
growth to immune escape and metastasis.24 

Interestingly, our results presented that the proportion 
of infiltrating monocytes were lower in HCC than nor-
mal tissues, and higher infiltrating monocytes was 
shown as a protective factor with better patient prog-
nosis and histological grade of tumor, indicating mono-
cytes as inhibitors in HCC. A few studies revealed that 
patrolling monocytes can contribute to cancer immuno-
surveillance and reduction of metastasis, however the 
associated mechanism of the protective effect remains 
unclear.25,26 It was considered to be a balance between 
the anti-tumor activity of monocytes and pro-tumor 
function of macrophages,27 which may explain the situa-
tion. Future studies should be performed to confirm the 
results and explore further mechanisms.

Macrophages are now recognized as the main compo-
nent in microenvironment of tumors, with either promot-
ing or inhibiting effects on carcinogenesis and metastasis 
according to their state.28 In many solid tumor types, 
a number of studies suggest high densities of macrophage- 
associated markers have been reported to associate with 
progressing of tumor and poor clinical outcome, through 
affecting the regulation of tumor cell survival pathways, 
tumor angiogenesis, immune suppression, and tumor 
metastasis.29 However, conflicting data are reported with 
both positive and negative prognosis associations in var-
ious tumors.30 In the present study, M0 macrophages were 
undoubtedly connected with development, progression, 
and poor prognosis of HCC, while complicated results 
were shown about M2 macrophages. On the one hand, 
a lower fraction of M2 macrophages was detected in 
HCC compared with normal tissue, and associated with 
poorer histological grade. On the other hand, a better 
prognosis was found in the group with lower M2 macro-
phages, indicating the effect of M2 macrophages in pro-
moting tumors may be independent of carcinogenesis and 
histological differentiation. Overall, macrophages function 
complicatedly in HCC with both promoting and potential 
inhibiting effects, which remains to be investigated in 
further researches.

CD4+ T cells were reported to be associated with 
hepatocarcinogenesis in non-alcoholic fatty liver 
disease.31 Moreover, it has been suggested that HCC 
patients with a higher fraction of CD4+ T cells had 
a preferred survival data.32 However, in our study, no 
significant difference was shown between patients with 
a lower fraction of CD4+ T cells and those with a higher 
fraction of CD4+ T cells. Meanwhile, the functions of 
Tregs were facing controversies. On the one hand, Tregs 
might upregulate checkpoint inhibitors and contribute to 
systemic immune dysfunction and antitumoural activity by 
several inhibitory pathways.33 On the other hand, Tregs 
could also be recruited by tumor-associated neutrophils to 
promote progression of HCC and resistance to sorafenib.34 

These previous studies might explain that the Tregs were 
not associated with survival data in this research, because 
these effects of Tregs on HCC patient survival might 
cancel each other out.

There were some studies investigating impacts of 
immune cell landscape on HCC that showed consistent 
and inconsistent results. Rohr-Udilova et al investigated 
deviations of immune cell landscape between healthy 
liver and HCC using Gene Expression Omnibus 

Table 2 Patient Baseline and Tumor Characteristics

Variable Number of Patients %

Age
<60 172 45.6

≥60 204 54.1

Missing 1 0.3

Gender
Female 122 32.4

Male 255 67.6

Histologic Grade

G1 55 14.6

G2 180 47.7
G3 124 32.9

G4 13 3.5

Missing 5 1.3

AJCC Stage

Stage I 175 46.4
Stage II 87 23.1

Stage III 86 22.8

Stage IV 5 1.3
Missing 24 6.4
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database.12 Their results showed gamma delta T cells, 
activated mast cells, monocytes were decreased in HCC 
while resting CD4+ memory T cells, activated CD4+ 
memory T cells, Tfh cells, M2 macrophages, resting 
mast cells were increased compared with normal adja-
cent tissues, which was most consistent with our results 

except macrophages. For studies involving clinical out-
comes, Tang et al focused on immune cell landscape in 
HCC patients with different degrees of fibrosis and 
revealed that PVRIG involved in immune cells and 
significantly associated with the outcome of HCC 
patients was identified, however without investigations 

Figure 4 Kaplan-Meier curves of follicular helper T cells (A), monocytes (B), M0 (C) and M2 macrophages (D) for overall survival in HCC patients.

Figure 5 Differences of the fraction of follicular helper T cells, monocytes, M0 and M2 macrophages in each histological grade (A–D) and clinical stage (E–H) of HCC.
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about impacts of various immune cells on survival 
data.35 Furthermore, we also used xCell to confirm the 
results and explored the relationship between immune 
cell landscape and clinical characteristics to show the 
significances of immune cell landscape in HCC.

There were still limitations in the present study. 
Firstly, the relatively small cohort of normal control 
tissue might reduce the reliability of our results. 
Secondly, CIBERSORT was a convenient computa-
tional method to determine the fractions of infiltrating 
immune cells, but it was still less exact than immuno-
histochemistry or flow cytometry, which might cause 
inaccuracy of fractions of immune cells. Thirdly, mye-
loid-derived suppressor cells (MDSC), which sup-
presses T cell functions, could not be predicted by 
CIBERSORT. Fourthly, we failed to confirm the frac-
tion of Tfh cells and M0 macrophages using xCell 
because it did not contain the two types of immune 
cells. Lastly, the immune cell landscape and its signifi-
cance might alter in different subtypes of HCC. This 
study failed to classify subtypes of HCC, and subse-
quently failed to demonstrate the significances of 
immune cells in distinct subtypes of HCC, which 
should be a focus in future studies.

Conclusion
In summary, we analyzed tissue expression data using 
CIBERSORT to provide explicit information about infil-
trating immune cells in HCC. Tfh cells, monocytes, M0, 
and M2 macrophages may play an indicator role in carci-
nogenesis, progression, and clinical outcomes of HCC. 
Our research can serve as a reference for future immu-
notherapy strategies of HCC.

Abbreviations
HCC, hepatocellular carcinoma; Tfh cells, follicular helper 
T cells; RNA-Seq, RNA-sequencing; TCGA, the cancer 
genome atlas; Tregs, regulatory T cells; NK cells, natural 
killer cells; ANOVA, one-way analysis of variance.
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lines. **P<0.001.
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