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Abstract

Object: Glioma is a common malignant tumours in the central nervous system (CNS), that exhibits high morbidity,

a low cure rate, and a high recurrence rate. Currently, immune cells are increasingly known to play roles in the

suppression of tumourigenesis, progression and tumour growth in many tumours. Therefore, given this increasing

evidence, we explored the levels of some immune cell genes for predicting the prognosis of patients with glioma.

Methods: We extracted glioma data from The Cancer Genome Atlas (TCGA). Using the Cell-type Identification by

Estimating Relative Subsets of RNA Transcripts (CIBERSORT) algorithm, the relative proportions of 22 types of

infiltrating immune cells were determined. In addition, the relationships between the scales of some immune cells

and sex/age were also calculated by a series of analyses. A P-value was derived for the deconvolution of each

sample, providing credibility for the data analysis (P < 0.05). All analyses were conducted using R version 3.5.2. Five-

year overall survival (OS) also showed the effectiveness and prognostic value of each proportion of immune cells in

glioma; a bar plot, correlation-based heatmap (corheatmap), and heatmap were used to represent the proportions

of immune cells in each glioma sample.

Results: In total, 703 transcriptomes from a clinical dataset of glioma patients were drawn from the TCGA database.

The relative proportions of 22 types of infiltrating immune cells are presented in a bar plot and heatmap. In

addition, we identified the levels of immune cells related to prognosis in patients with glioma. Activated dendritic

cells (DCs), eosinophils, activated mast cells, monocytes and activated natural killer (NK) cells were positively related

to prognosis in the patients with glioma; however, resting NK cells, CD8+ T cells, T follicular helper cells, gamma

delta T cells and M0 macrophages were negatively related to prognosis in the patients with glioma. Specifically, the

proportions of several immune cells were significantly related to patient age and sex. Furthermore, the level of M0

macrophages was significant in regard to interactions with other immune cells, including monocytes and gamma

delta T cells, in glioma tissues through sample data analysis.

Conclusion: We performed a novel gene expression-based study of the levels of immune cell subtypes and

prognosis in glioma, which has potential clinical prognostic value for patients with glioma.
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Background

Accumulating studies have revealed that glioma is asso-

ciated with high mortality, a high recurrence rate and a

poor prognosis [1]. Although significant advances in the

treatment of gliomas, including surgery, radiotherapy

and chemotherapy, have occurred, the prognosis of

glioma remains unsatisfactory, with the average survival

of glioblastoma (GBM) patients being 15months [2]. It

still seems difficult for patients to comply with the treat-

ment for glioma. Thus, there is an urgent need for re-

searchers to develop novel strategies for glioma treatments.

Immune cells, as the base units of the immune system, in

analysed samples are often heterogeneous with respect to

cell subsets. In addition, extracted cell subset-specific infor-

mation can be determined directly from heterogeneous

samples via computational deconvolution techniques, such

as the Cell-type Identification by Estimating Relative

Subsets of RNA Transcripts (CIBERSORT) algorithm,

thereby capturing both cell-centred and whole-system level
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contexts. Researchers have conducted numerous studies to

verify the effectiveness of computational methods. The

composition of immune cells in cancer tissues has been

well validated and successfully evaluated by flow cytometry

and other approaches [3]. Tumour-infiltrating immune

cells (TIICs) include immune cells that migrate from the

periphery to tumour tissues and exert a positive or negative

effect; these cells have vital functional roles in promoting

and/or regulating tumour progression and growth [4]. Ac-

cording to the varieties of cells, combined with their func-

tional interactions, immune cells can play a main role in

resisting tumour growth or in accelerating tumour growth

in patients through their behaviours, such as defending or

obliterating potential hazards [5]. In malignant gliomas, the

immune system consists of several components, such as

macrophages, natural killer (NK) cells, T cells, activated

dendritic cells (DCs), eosinophils, activated mast cells, and

monocytes. Various cytokines and chemokines are pro-

duced by these intratumoural immune cells, and these

molecules are necessary for infiltrating immune cells to play

inflammatory or anti-inflammatory roles with strong influ-

ences on glioma progression and resistance to therapeutic

intervention [6]. Some studies have shown that microglia

attract T-regulated lymphocytes to tumour sites, inhibit NK

cell-mediated cytotoxicity, and block the functions of cyto-

toxic CD8+ T cells and the activation of tumour-reactive

CD4+ T helper cells. With increases in tumour grade, the

proportions of both CD8+ and CD4+ tumour-infiltrating T

cells improve. In addition, patient survival may be improved

by increasing the numbers of CD3+ and CD8+ cells but not

CD4+ cells in tumours [7]. Compared to glioma patients

with few CD8+ cells, patients with numerous CD8+ T cells

at the time of diagnosis always have better survival [8]. Wu

et al. recognized a significant difference between nontu-

mour and GBM samples in several immune checkpoint

modulators based on the expression levels of the corre-

sponding genes. These differences could provide a valuable

resource for identifying the involvement of these modula-

tors in tumour escape mechanisms and the response to

therapy in GBM [9].

Recently, significant advances have been made in im-

mune cell infiltration into central nervous system (CNS)

tumours, but the functions of these immune cells in

tumour initiation and immune defence or tolerance still

remain poorly understood. Some results have shown that

blocking the programmed cell death-1 (PD-1)/pro-

grammed cell death-Ligand 1 (PD-L1) pathway in mel-

anoma with brain metastasis may achieve a clinical cure

through the roles of antibodies [10, 11]. This finding also

suggests some novel therapeutics for tumours.

Over the past few years, several studies have addressed

the abilities of immunotherapies, including (but not limited

to) antibody-dependent cellular cytotoxicity (ADCC),

chimeric antigen receptor T cell (CAR-T) therapy, cytokine

treatment, cancer vaccination, checkpoint blockade, oncoly-

tic virus treatment, and DC therapy. Immune cells, which

are exposed to many cytokines and chemokines, are shown

to be involved in the progression, invasion and therapeutic

resistance of glioma through inflammatory responses or

anti-inflammatory functions [6]. TIICs are likely to be ef-

fective targets for drugs to improve clinical outcomes.

In this study, we summarized current information

about 22 kinds of TIICs generally recognized in the field

that may prevent and/or boost the progression of gli-

oma, as well as their proportions related to prognosis in

glioma patients.

Methods

Workflow presentation

We comparatively operated the CIBERSORT algorithm to

analyse 703 cases from a TCGA dataset. Using the CIBER-

SORT algorithm, the relative proportions of 22 types of

infiltrating immune cells were extracted. After combining

the proportion data with clinical data, the relationships

between the proportions of immune cells and the age or

sex of the patients with glioma were analysed for statisti-

cally significant differences. A P-value was derived for the

deconvolution of each sample, providing credibility for the

results (P < 0.05). All analyses were conducted using R ver-

sion 3.5. The effectiveness and prognostic value of each

proportion of immune cells in glioma were confirmed by

evaluating 5-year overall survival (OS); a bar plot,

correlation-based heatmap (corheatmap), and heatmap

were used to represent the proportions of immune cells in

each sample of glioma (Fig. 1).

Data acquisition

The expression profiles of immune cells and correspond-

ing prognostic information of glioma patients were

drawn from 703 samples (698 glioma samples vs. 5 nor-

mal control samples) in the TCGA. Among these pa-

tients, GBM and low-grade glioma (LGG) were included

in the clinical pathology type. The expression profile of

each sample and corresponding clinical dataset were

logically organized. Second, there were strict exclusion

criteria covering vague datasets for age, clinical path-

ology type, and time of disease progression. For the clin-

ical data, there were a total of 1108 patients with G2/G3

disease (248 of them are G2), consisting of 459 women

and 649 men with an age range of 10 to 89 years (590 of

them were older than 50 years old). Among these

patients, 559 died with their lifespan post-diagnosis

ranging from 3 to 5166 days.

CIBERSORT and assessment of TIICs

CIBERSORT, a computational method, is a deconvolution

algorithm based on gene expression that was reported to

predict the fractions of multiple cell types in the gene
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expression profiles (GEPs) of admixtures [12, 13]. The cel-

lular composition of complex tissues can be estimated

based on standardized gene expression data, which indi-

cates the abundances of specific cell types [14–16]. For

this study, the gene composition of each cell was deter-

mined by calculating the expression level of each gene in

each immune cell, thereby performing a gene expression

group analysis of 22 kinds of immune cells. In other

words, CIBERSORT transformed the expression of genes

into the levels of immune cells by analysing the composi-

tions and proportions of 22 kinds of TIICs in tumour tis-

sue samples.

A P-value was also derived for the deconvolution of

each sample. Using the filtered data, the proportions of

immune cells in each glioma sample were displayed in

the form of a bar plot, corheatmap, and heatmap.

Statistical analysis

In the survival analysis, CIBERSORT and a P-value <

0.05 were needed. Relationships between inferred per-

centages of immune cell varieties and survival are shown

in a diagram. Kaplan-Meier curves showed the relation-

ships between immune cell infiltrates and homologous

disease-free survival. All analyses were conducted using

R version 3.5.2, and P values < 0.05 were considered sta-

tistically significant.

Results

The distribution of immune infiltration in glioma

The distribution of immune infiltration in glioma has

not been fully displayed owing to technical limitations

and small cell populations. We first explored immune

infiltration in glioma tissue in 22 subpopulations of im-

mune cells by using the CIBERSORT algorithm. Figure 2

shows the proportions of immune cells in each glioma

sample in different colours, and the lengths of the bars

in the bar chart indicate the levels of the immune cell

populations. Next, we inferred that divergence in TIIC

proportions might serve as an essential characteristic of

individual differences and have prognostic value. From

the chart, we identified that glioma tissue had relatively

high percentages of M0, M1 and M2 macrophages and

monocytes, accounting for approximately 60% of the 22

subpopulations of immune cells. Conversely, B cell and

neutrophil percentages were relatively low, accounting

for approximately 10% (Fig. 2). Indeed, the percentages

of different TIICs subsets were not obviously correlated,

as shown by the corheatmap (Fig. 3). The populations

with a significantly negative relation included activated

mast cells and M2 macrophages (− 0.52); monocytes and

M0 macrophages (− 0.76); and activated NK cells and

resting mast or NK cells (− 0.58). The populations with a

significantly positive relation were eosinophils and acti-

vated mast cells (0.43); activated NK cells and activated

Fig. 1 Genomic and transcriptomic data and clinical glioma information were extracted from the TCGA database. The proportions of immune

cells in each glioma sample are displayed in a bar plot, corheatmap, and heatmap generated by using CIBERSORT. The associations between

immune cell infiltrates and corresponding disease-free survival were evaluated by Kaplan-Meier analysis
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mast cells (0.41) or eosinophils (0.3); gamma delta T

cells and M0 macrophages (0.42); and resting NK cells

and regulatory T cells (Tregs) (0.43). In Fig. 4, using un-

supervised hierarchical clustering according to the above

cell subsets, the levels of M2 macrophages, monocytes,

activated mast cells and resting CD4+ memory T cells

were relatively high in the samples of tumours included

in the heatmap. Together, as a regulated process, abnor-

mal immune cell infiltration in glioma and its heterogen-

eity may have special guiding significance in the clinic.

The clinical features of the dataset and immune cells in

glioma

In this study, we have drawn clinical datasets of glioma

with some clinical features (age, sex, clinical pathology

type, and the time of disease progression) from the

TCGA database. After performing analytical studies, we

found that the proportions of several immune cells were

significantly related to patient age and sex but not to

clinical pathology type. Monocytes, M0 macrophages,

eosinophils, activated NK cells, M1 macrophages, acti-

vated DCs, activated mast cells, Tregs, and M2 macro-

phages were observably related to patient age in glioma

(50 years old as the age cut-off). Among these popula-

tions, monocytes, eosinophils, activated NK cells, and ac-

tivated mast cells were found in high proportions in the

patients with glioma less than or equal to 50 years old.

The other populations were found at high levels in the

patients over 50 years old (Fig. 5). In addition, activated

DCs and plasma cells usually were found at high levels

in female patients with glioma (P < 0.05) (Fig. 6).

The relationships between prognosis and TIICs in glioma

From our study, prognosis was partly reflected by discrep-

ancies in TIIC subpopulation levels among individuals.

Kaplan-Meier curve analysis for the above-identified TIIC

subsets and others are shown in Fig. 7. Activated DCs, eo-

sinophils, activated mast cells, monocytes and activated

NK cells were positively related to 5-year OS in patients

with glioma (Fig. 7a). However, resting NK cells, CD8+ T

cells, T follicular helper cells, gamma delta T cells and

M0 macrophages were negatively related to 5-year OS

(Fig. 7b). These findings mean that TIIC subpopula-

tions could provide additional prognostic value for the

operating therapeutic method.

Discussion

Glioma is one of the most aggressive brain tumours.

Due to infiltration of adjacent brain tissues, gliomas tend

to be incurable, even when treatments are combined.

Emerging evidence suggests that TIICs play main roles

in the diagnosis and treatment of patients with glioma.

As an advancement in molecular research, TIICs can

promote and/or regulate tumour progression and

growth by means of the types of cells and their interac-

tions. Recently, in CNS tumours, many developments

have been achieved for immune cell infiltrates, but their

roles in tumour origination and patient prognosis re-

main poorly understood. Therefore, we focused on a

gene expression-based study of immune infiltration and

the clinical prognosis of glioma to offer a possible

immune treatment.

Monocytes are found in the bone marrow, blood,

and spleen of vertebrates at the time of homeostasis

and can be recruited to injured or infected tissue to

function as effectors and particularly as progenitors of

DCs and macrophages [17, 18]. Monocytes exist in

three forms, persisting as monocytes, repolarizing into

a different monocyte subset, and differentiating into

macrophages [19].

Fig. 2 The proportions of immune cells in each glioma sample are indicated with different colours, and the lengths of the bars in the bar chart

indicate the levels of the immune cell populations
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During tissue injury and regeneration, monocytes and

macrophages can be the first reactors among immune

cells [20]. They are regulators of inflammation and the

immune response, representing the critical parts of the

immune system. In addition, during infection or inflam-

mation, monocytes mobilize from the bone marrow,

transit to the required destination and differentiate into

effector cells, and monocytes may perform multiple roles

depending on the local tissue environment, which makes

them an important component of the body’s immune

defence system. Moreover, in tissue homeostasis, devel-

opment, and tissue repair following injury, macrophages

also have various roles. During an infection or inflamma-

tory reactions, adult bone marrow monocytes can

undergo self-replication and give rise to tissue-resident

macrophages [21]. Wang et al. found a decrease in in-

vading monocyte numbers and a subtype-dependent in-

crease in the numbers of macrophages/microglia upon

glioma recurrence according to a gene signature-based

tumour microenvironment inference. Hypermutation at

diagnosis or recurrence of glioma was associated with

CD8+ T cell enrichment. Notably, M2 macrophages were

also associated with short-term relapse after radiation

therapy in glioma [22]. Glioma-associated macrophages/

monocytes (GAMPs), as tumour-supporting cells, can

invade into gliomas from the blood circulation, which

has been shown to promote glioma growth and inva-

sion [23]. Given the significantly negative relationship

Fig. 3 Correlation matrix for all 22 immune cell proportions. Some immune cells were negatively related, represented in blue, and others were

positively related, represented in red. The darker the colour, the higher the correlation was (P < 0.05)
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between monocytes and M0 macrophages, which has

a ratio of − 0.76, in addition to macrophages M0 be-

ing negatively related to OS, we hypothesized that

M0 macrophages play an important role in the devel-

opment of glioma following the transformation of

monocytes.

Gamma delta T cells, which are a small population

within the overall T lymphocyte population (0.5–5%),

have a variable tissue distribution in the body [24]. They

act as a line of primary defence to resist invading patho-

gens during early life, secreting various chemokines to

attract neutrophils to the site of inflammation and

Fig. 4 Heat map of the 22 immune cell proportions. Each column represents a sample, and each row represents one of the immune cell

populations. The levels of the immune cell populations are shown in different colours, which transition from green to red with

increasing proportions

Fig. 5 These genes were obviously related to age in patients with glioma (50 years old as the age cut-off) (P < 0.05)

Zhong et al. BMC Cancer         (2019) 19:1116 Page 6 of 10



assisting in pathogen clearance [25]. Bryant et al. showed

that expanded/activated gamma delta T cells from both

patients and healthy volunteers killed the GBM cell lines

D54, U373, and U251, as well as primary GBM cells,

without cytotoxicity to primary astrocyte cultures. In

addition, gamma delta T cell depletion and impaired

function occurred prior to or concurrent with tumour

growth in GBM patients [26]. In our data analysis,

gamma delta T cells were negatively related to OS, while

showing a positive correlation with M0 macrophages at

a ratio of 0.42. This finding could reveal that gamma

delta T cells and M0 macrophages promote develop-

ment via a synergistic effect.

NK cells exert cytolytic activity by secreting tumour

necrosis factor (TNF) and interferon (IFN) to kill sus-

ceptible target cells. They integrate or engage many

signalling pathways to distinguish between normal and ab-

normal cells (infected or transformed), which can protect

healthy cells from NK cell-mediated lysis by signalling via

NK cell inhibitory receptors activated by major histocom-

patibility complex (MHC) class I ligands [27–29]. Previous

research has reported that resting NK cells, which secrete

tumour necrosis factor α (TNF-α) and interferon γ (IFN-

γ), can kill target cells by specific paired receptor-ligand

binding [30]. As GBM tumours are frequently infiltrated

by NK cells, these immune cells are actively suppressed by

GBM cells through the expression of ligands for inhibitory

NK cell receptors and factors such as TGF-β [31]. GBM

cells also inhibit NK cell activity indirectly through mye-

loid cells that induce downregulation of the activating NK

cell receptor NKG2D [32]. Therefore, according to our

data analysis, resting NK cells, in contrast to activated NK

cells, were negatively related to OS and might play a role

in progressive glioma. From those findings, we may infer

that NK cells indeed have the ability to eliminate tumour

tissue through immune function.

DCs, which participate in the regulation of T cell im-

munity, are potent antigen-presenting cells. They en-

hance the immunogenicity of special antigens in patients

and are increasingly used in vaccination procedures [33].

DCs can induce tumour-specific cytotoxic T lympho-

cytes and enhance NK cell immunity [34]. Baur and col-

leagues showed that the function of DCs could be

negatively affected by denileukin diftitox, which pre-

vented the induction of tumour-specific cytotoxic T

lymphocytes by inducing a tolerogenic phenotype in

DCs and by promoting the survival of non-activated

Tregs [35]. This finding reminds us that DCs may play a

significant role in glioma by activating T lymphocytes.

Eosinophils contain a number of cytotoxic compounds

in their granules and are associated with an improved

prognosis in tumour patients by affecting tumour cell via-

bility [36]. Previous studies have shown that eosinophils

accumulate in various human CNS disorders, including

tumours of the brain (neuroblastoma, leiomyoma, and

GBM) [37]. In addition, eosinophilic meningitis was iden-

tified in a case of disseminated GBM [38]. In an in vivo

murine model, eosinophils were shown to be recruited to

necrotic tissue [39], which is also a primary determinant

of human GBM [40]. In some clinical trials, enhanced

GBM patient survival was associated with tissue eosino-

philia found after postoperative treatments with interleu-

kin (IL)-2) [37]. Youngil et al. also found that DCs might

contribute to ongoing eosinophilic inflammation in

asthmatic airways and vice versa [41]. In our research,

activated DCs and eosinophils were positively related to

the 5-year OS of patients with glioma, and they were

related to each other with a ratio of 0.16. All of these find-

ings make us consider that DCs and eosinophils are

cooperative partners in the killing of glioma cells.

Immune checkpoints provide a common mechanism

for different cancers to avoid immunosurveillance and

have roles in the immune system. In lung cancer, anti-

CTLA-4 and anti-PD-1/PD-L1 blocking antibodies have

shown therapeutic success. In addition, there are also

identifying markers of early response in lung cancer,

such as the TCR repertoire, the CD4+/CD8+ T cell pro-

file, the cytokine signature, and immune checkpoint

Fig. 6 These genes were obviously related to sex in patients with glioma (P < 0.05)
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Fig. 7 Survival curves for the specific immune cell populations whose levels showed significant correlations with survival are shown (P < 0.05).

Red lines indicate high expression, and blue lines indicate low expression. a. These five immune cell populations were positively related to 5-year

OS. b. These five immune cell populations were negatively related to 5-year OS
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molecule expression in tumour cells, macrophages or T

cells [42]. In breast cancer, immune suppressor cells, for

example, myeloid-derived suppressor cells (MDSCs) and

M2 macrophages, can release suppressive factors, such

as IL-10, indoleamine dioxygenase 1 (IDO1), reactive

oxygen species (ROS) and nitric oxide (NO), to suppress

T and NK cell functions and promote tumour growth and

metastasis [43, 44]. Another factor, PD-L1, is expressed in

most breast cancers, and high levels of PD-L1 expression

are associated with poor OS in breast cancer [45].

In conclusion, different types of infiltrating immune

cells vary not only among different types of cancers but

also in the same type of tumour or at different time

points in the same patient. Thus, it is imperative to

explore the heterogeneity of immune cell indicators for

prognostic prediction in glioma and even for individual-

ized treatment in the future.

Conclusion

In this study, we analysed the latest data for 22 kinds of

TIICs generally recognized in the field and the effects of

their levels on the prognosis of glioma patients, which

may offer help in the development of glioma treatments.
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