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Abstract
Glioma is a complex tumor composed of both neoplastic and non-neoplastic cells, including tumor-
in�ltrating leukocytes (TILs), and each cell type contributes to tumor formation and malignant
progression. Among TILs, tumor-associated macrophages (TAMs) are of great importance and play a key
role in the immune response to cancer. In this study, 22 types of adaptive and innate TILs were evaluated
in gliomas. TAMs, which account for 38.7% of all these cells, are the most abundant immune in�ltrates in
the tumor microenvironment (TME). In addition, we observed different immune cell patterns in low-grade
glioma (LGG) and glioblastoma (GBM). Our research indicated that there was a connection between TILs,
and 13 of 22 TILs were signi�cantly associated with patient outcomes. Finally, the prognosis and
diagnostic value of TAMs were revealed using Kaplan-Meier analysis. We identi�ed the optimal cut-off
point of TAMs at an in�ltrating level of 0.47 to predict patient prognosis, with a median overall survival
(OS) of 448 days in patients with higher TAM in�ltration levels and 2660 days in patients with lower TAM
in�ltration levels. These �ndings provide a new idea for glioma to regulate tumor-speci�c immunity,
clarify the potential effects of TAMs on disease pathology, and provide a theoretical basis for immune
intervention treatment of gliomas.

1. Introduction
Gliomas, including glioblastoma and low-grade gliomas, are the most common intracranial malignant
brain tumors [1]. Although there is a high chance of recurrence and unsatisfactory life expectancy,
neurosurgical resection, adjuvant chemotherapy, and radiation therapy have signi�cant potential to
reduce discomfort and extend survival time. It is noteworthy that practically all glioma patients survive
less than one year, and only approximately 5% of patients do so after undergoing the best course of
treatment [2]. The therapeutic effects on glioma have not improved signi�cantly despite years of study
and investigation [3]. Consequently, there is a signi�cant need to develop more focused and effective
therapeutic strategies.

In recent years, the TME has gradually become a focus of tumor research. Likely many solid tumors,
gliomas are composed of highly heterogeneous cell populations [4] interacting in complex networks, in
which the heterogeneity of tumor cells is considered as a key challenge for therapeutic effectiveness.
Moreover, the interplay between tumor and immune cells in the TME is crucial for tumorigenesis.
Furthermore, cancer cells must overcome the immune surveillance barrier to achieve their �nal escape.
While TAMs are a vital component of the TME, increasing evidence suggests that TAMs play a critical role
in fueling cancer progression by inducing tumor cell proliferation and invasion [5–8]. Nevertheless, despite
their being an essential constituent element of the immune system, the functions of TAMs in tumor
immune evasion are largely unknown. With the emergence of immunotherapy, it is increasingly important
to further understand the mechanism of action of TAMs in tumors and use the immune system to �ght
cancer [9]. A current primary approach is immune checkpoint blockade (ICB), which has exhibited
signi�cant clinical success. Despite promising outcomes, their curative effect was apparent in only a
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subset of patients [10, 11], not including glioma patients. However, immunotherapy is limited mainly by the
dysfunction of tumor-induced immune cells and the collapse of immune T cells [12]. Intriguingly, recent
research has revealed that TAMs play a critical role in the immune checkpoint axis. Functionally,
macrophages can remove the anti PD1 antibody from the surface of T cells and weaken the anti-tumor
effect of T cells [13]. In addition, macrophages can express PD1 protein on their cell surface, which
weakens their phagocytic function [14]. Thus, TAM inhibition is very important in cancer treatment,
improving the success rate of ICB treatment. Moreover, numerous previous studies have shown that
increased TAMs densities correlate with shorter overall survival in many human cancer types, including
breast cancer, lung cancer, and Hodgkin's lymphoma [15–17]. However, the exact relationship between TAM
in�ltration, glioma grade, tumor progression, and patient outcome has yet to be established and merits
further investigation.

For the past few years in the �eld of glioma research, advances in tumor related molecular research
bene�t from the availability and reliability of the public dataset of The Cancer Genome Atlas (TCGA) [18–

23], which contains molecular features, including gene expression and DNA methylation related to
prognosis [24–26]. For example, mutations in isocitrate dehydrogenase genes 1 and 2 (IDH1/IDH2) can
distinguish between different subsets of the hypermethylation phenotype (G-CIMP) and glioblastoma
(GBM) with good prognosis [24, 27]. In contrast, deletion of the IDH mutation in low-grade glioma (LGG)
indicates poor prognosis [19, 23]. This example fully illustrates TCGA’s crucial role in translating scienti�c
payoffs from bench to bedside and implies a better application potential.

In this study, we assembled the TCGA dataset, comprising 529 LGG patients and 169 GBM patients, and
analyzed the in�ltration of 22 types of immune cells in gliomas using the CIBERSORT method. First, we
investigated TAM in�ltration levels in different glioma patients. Subsequently, the association between
TAM density and glioma grade was evaluated, and the correlation between different in�ammatory
immune cellular constituents in the glioma microenvironment was constructed to identify their
interrelationships. Survival and prognostic analyses were performed to elucidate the prognostic value of
TAMs in patients with gliomas. Herein, we provide valuable information that may assist in the
investigation of potential candidate cell populations for prognosis and drug targets for gliomas.

2. Materials And Methods

2.1. Data mining of TCGA cohort
The analyzed TCGA data for LGG, GBM gene expression pro�les, and corresponding clinical features were
downloaded from the Broad Institute TCGA Genome Data Analysis Center
(https://cancergenome.nih.gov). A total of 698 samples, including 169 GBM and 529 LGG tumor samples,
were collected.

2.2. Acquisition of tumor-in�ltrating immune cells
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The CIBERSORT method was used to calculate the relative abundance of various immune cells [47]. Gene
expression-based methodology was used to examine 22 immune cell phenotypes. These cell types
included macrophages, B cells, T cells, dendritic cells, plasma cells, natural killer cells, and mast cells.
RNA sequencing data from TCGA were used as the input for the deconvolution technique, which was then
applied using the CIBERSORT program. The P-value cut-off was set to 0.05. The predicted immune cell-
type fractions for each sample totaled 1.

2.3. Correlation analysis of macrophage markers (CD68)
with immune molecules
We used the Gene Expression Analysis Interactive Analysis (GEPIA) [48] database to analyze the
correlation and prognosis between the expression of CD68 and other immune molecules. GEPIA provides
a powerful capacity for analysis based on the sequencing data in TCGA and GTEx databases [49],
including correlation analysis, differential expression analysis, and patient survival analysis.

2.4. Statistical analysis
We used the Kaplan-Meier curves and log-rank test to analyze and evaluate associations between
immune cell in�ltration and the corresponding clinical follow-ups. The best critical value and a plot of the
different Youden indices were constructed using ROC curve analysis. All statistical analyses were
performed using R (version 3.5.2), SPSS 16.0, statistical software (SPSS, Chicago, IL, USA), and
GraphPad Prism (GraphPad Software Inc., San Diego, CA). All experimental procedures were approved by
the Department of Cerebrovascular Disease of Huizhou First People's Hospital (Huizhou, China).

3. Results

3.1. The degree of in�ltration of different immune cells in
glioma
We identi�ed the degree of in�ltration of several immune cell populations in the TME of glioma using
data from 22 immune cell types by CIBERSORT analysis.A few important cell types associated with
adaptive immunity are represented in this population, including plasma cells, activated memory CD4 T
cells, T follicular helper cells (Tfh), memory B cells, naive B cells, resting memory CD4 T cells, naive CD4 T
cells, regulatory T cells, CD8 T cells and gamma delta T (Tgd) cells. In addition, innate immunity-related
cell types, including monocytes, neutrophils, resting natural killer (NK) cells, resting mast cells,
eosinophils, activated mast cells, activated NK cells, and macrophages (M0-M2) were also included
(Fig. 1A).

Tumor-associated macrophages (TAMs, M0-M2, 38.7%) were the most prevalent immune in�ltrates in
glioma, followed by monocytes (22.4%), resting memory CD4 T cells (13.0%), activated mast cells (6.8%),
and activated NK cells (2.3%), according to the results of cellular characterization of the tumor-in�ltrating
immune cells (Fig. 1B). Furthermore, we found a correlation between glioma grade and immune cell
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invasion levels. Our data suggest that speci�c types of immune cells may function as crucial regulators
in the glioma immune microenvironment, since glioma, particularly GBM, is one of the most
immunotherapy-resistant tumor types. We also examined in�ammatory cell in�ltration in LGG and GBM.
The �ndings revealed that TAMs cells, monocytes, and resting memory CD4 T cells constituted majority
of the invading in�ammatory cells in LGG and GBM (Fig. 1C-D). Therefore, we focused on the
pathophysiology of in�ammatory cells in gliomas in TAMs in subsequent analyses and research. Thus,
we investigated whether there were any differences in the degree of immune cell in�ltration between LGG
and GBM.

3.2. LGG and GBM speci�c immune cells in�ltration
patterns
The heatmap shows the immune cell in�ltration status in LGG and GBM patients in TCGA dataset
(Fig. 2A). We observed a signi�cant difference in in�ltration levels of different cell types between the two
groups. The in�ltration levels in gliomas showed in Fig. 2B, such as TAMs (P < 0.001), monocytes (P < 
0.001), activated NK cells (P < 0.001), CD8 T cells (P < 0.001), eosinophils (P < 0.001), and neutrophils (P < 
0.001) (Fig. 2B). In GBM, the proportion of TAMs was signi�cantly higher than that in LGG. More
speci�cally, TAMs were related to the degree of malignancy of glioma and drive the malignant
progression of tumors. As a non-immuno-privileged organ, the immunologic features of the brain and
subtypes of tumor-in�ltrating lymphocytes have been investigated over the past decade. For example,
studies have found that CD8+, CD4 + T cells and regulatory T cells play an important role in suppressing
the tumor invasion andTAMs also play crucial roles in supporting tumor growth in GBM [9, 13]. However,
the speci�c relationships between different TILs in gliomas are poorly understood and further
investigation is needed.

A correlation analysis among different subtypes of tumor-in�ltrating lymphocytes was applied to
illustrate the nature of tumor-in�ltrating immune cell interactions and offer some clues to elucidate the
mechanisms of the co-evolution of tumor cells and their microenvironment. The results demonstrated
that there was a strong negative correlation (|r|>0.5) between M0 macrophages and monocytes, and the
coe�cient of association was − 0.73. Similarly, resting NK cells and activated NK cells, M2 macrophages,
and activated mast cells also showed strong negative correlations, and their separate co-e�ciencies of
association ranged from − 0.6 to -0.5. Tregs and resting NK cells had a strong positive correlation, with a
coe�cient of association of 0.57. These data suggest that the four pairs of cells may have the potential
to in�uence each other in a speci�c manner. Furthermore, we found moderate correlations (0.3<|r|<0.5)
between eosinophils and activated mast cells (r = 0.49), activated mast cells and activated NK cells (r = 
0.41), resting mast cells and activated mast cells (r = 0.41), activated memory CD4+ cells and plasma
cells (r = 0.4) and other paired cells subsets, implying there exists some regulatory mechanisms
underlying these correlations (Fig. 2C). Furthermore, we characterized the prognostic landscapes of all 22
tumor-in�ltrating immune cells in patients with glioma to identify cell types that are of great importance
in tumor progression from a macroscopic perspective.
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3.3. The prognostic signi�cance of tumor-in�ltrating
immune cells in glioma
In gliomas, 13 of the 22 tumor-in�ltrating immune cells were signi�cantly associated with patient
outcome in the Kaplan-Meier analysis (Fig. 3A-M). In the groups of eosinophils, macrophages (M0),
activated mast cells, monocytes, activated NK cells, CD8+ T cells, and gamma delta T cells, the log-rank
P-value was ≤ 0.001. In the groups of plasma cells and activated memory CD4+ cells, 0.001 < log-rank P-
value ≤ 0.01. In the groups of activated dendritic cells, macrophages (M1), macrophages (M2), and
resting NK cells, 0.01 < a log-rank P-value ≤ 0.05. We observed that high tumor-in�ltrating levels displayed
markedly longer survival in the groups of activated dendritic cells, eosinophils, activated mast cells,
monocytes, activated NK cells, and plasma cells (Fig. 3A-F).

Low tumor-in�ltrating levels displayed markedly longer survival in the groups of macrophages (M0),
macrophages (M1), macrophages (M2), resting NK cells, activated memory CD4+ cells, CD8+ T cells, and
gamma delta T cells (Fig. 3G-M). Intriguingly, the positive in�ltrates of all three types of macrophages,
M0, M1, and M2, could provide independent predictive factors for glioma. Generally, these macrophages
represent different phenotypes: M0 (unstimulated phenotype), M1 (pro-in�ammatory phenotype), and M2
(alternative phenotype). However, the current literature has reported that the current M0, M1, and M2
classi�cation schemes are not absolute, but only constitute relative de�nitions when studying TAMs in
vivo. Consequently, we investigated whether TAMs, which contain various phenotypes of macrophages
and microglia, could serve as a better prognostic predictor of clinical outcomes in glioma.

3.4. Optimal cut-off points of TAM in�ltrating levels in
relation to patient outcome
To characterize the best critical value, we built a receiver operating characteristic (ROC) curve, area under
the curve (AUC), and a plot of different Youden indices of the different levels of TAM in�ltration. The
maximum Youden index of 0.4722 was obtained for TAMs in�ltration levels (Fig. 4B). The sensitivity,
speci�city, and AUC of this cut-off were 0.56, 0.8, 0.67, respectively (Fig. 4A). Therefore, the critical value
was set to 0.47. The median OS was 448 days in patients with high TAM in�ltration levels (> 0.47) and
2660 days in patients with low TAM in�ltration levels (< 0.47). The difference between the two groups
was statistically signi�cant (P < 0.0001) (Fig. 4C).

Thus, TAMs proportion in TME is an independent prognostic factor in patients with glioma. In�ltration
levels exceeding 0.47 of TAMs in the glioma microenvironment are related to a signi�cant increase in
poor outcome risk.

3.5. Correlation analysis of macrophage marker (CD68) with
immune molecules
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Immune regulatory molecules play an important role in tumor immunity. In particular, CD274, IDO1, LAG3,
and PDCD1 proteins play important regulatory roles in glioma prognosis. Therefore, we further analyzed
the correlations between macrophage-speci�c expression of CD68 and CD274, IDO1, LAG3, and PDCD1
genes. We found that the expression of CD68 was positively correlated with these immune molecules
(Fig. 5A-D). Moreover, survival curve analysis demonstrated that patients with high expression of CD274,
IDO1, LAG3, and PDCD1 genes had poor prognosis (Fig. 5E-H). Therefore, we further determined that TAM
in�ltration predicted poor prognosis in patients.

4. Discussion
The application of immunotherapy in clinical oncology has greatly improved the prognosis of many
patients with malignant tumors. Immuno-targeted therapy using antibodies that block immune
checkpoints, including cytotoxic T lymphocyte–associated protein 4 (CTLA-4) and programmed death 1
(PD-1), is a proven effective treatment in a variety of solid tumors. Thus, immunotherapy has become the
standard treatment for non-small cell lung cancer (NSCLC) and blood malignancies, including other solid
tumors with advanced malignancies, regardless of their pathology [28]. Previous research has shown that
the combination of traditional therapy and immunotherapy can further improve the remission rate of
patients. However, the e�cacy of this combination therapy remains limited, and more than 50% of tumor
patients fail to achieve clinical remission, which may be due to the presence of highly heterogeneous and
non-responsive lesions in these tumors [29]. For instance, because of the high heterogeneity and adaptive
drug resistance of glioblastoma, less than 10% of patients responded to immunotherapy [30, 31]. At
present, preclinical model data show that immunotherapy is a feasible method for GBM, but this has not
been con�rmed in clinical trials of GBM patients [32]. With the development of some clinical studies, the
e�cacy of immune checkpoint inhibitors in glioma has been preliminarily proven in clinical application
[33–37]. However, a clinical trial found that nivolumab (a monoclonal antibody to PD-1) could not improve
the overall survival rate of patients with GBM (clinical trial NCT02017717). Therefore, the third phase
clinical trial in which nivolumab and bevacizumab (a monoclonal antibody to the growth factor VEGF-A),
were used as recurrent GBM therapy, was also forced to stop. Therefore, there is an urgent need to
determine the mechanism of resistance against the antitumor immune response in GBM. By analyzing
the TCGA dataset, we determined the composition of the immune microenvironment of glioma, which 22
immune cell types and their in�ltration levels were analyzed in different glioma patients. Furthermore, we
revealed that TAMs are the most abundant immune in�ltrates in gliomas.

TAMs in GBM are derived from either microglia or peripheral macrophages, which are myeloid cells that
have recently become the focus of intense research [38]. In adults, the unin�amed CNS comprises almost
exclusively tissue-resident microglia, whereas in the in�ammatory setting, increased permeability of the
blood-brain barrier, combined with upregulation of in�ammatory chemokines in intracranial tumors,
promotes the entry of monocytes to the brain from peripheral blood [38]. In return, M2 type TAMs promote
tumorigenesis and progression via several mechanisms, including cancer stem cell support, genetic
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instability sustaining, adaptive immunity inhibition, and the promotion of epithelial-to-mesenchymal
transition [39].

In our study, we demonstrated broad connections between tumor-in�ltrating immune cells in glioma, in
which M0 macrophages and monocytes, M2 macrophages, and activated mast cells showed strong
correlations, highlighting that a direct interaction between TAMs and other immune cells play an
important role in glioma immune monitoring and tumor recurrence. While an increasing number of
studies have found that the presence of TILs can serve as a prognostic indicator of clinical outcome [40,

41], including the prognostic accuracy of an ‘immuno-score’ based on intratumoral density of CD3+ and
CD8+ T cells in colorectal cancer, the prognostic value of TILs in glioma is not consistent [42–46]. This may
be attributed to the scarcity of lymphocytes in glioma [38]. However, according to our �ndings, TAMs
constitute the most abundant immune in�ltrate in gliomas. Considering the association of TAMs with
clinical outcomes, we assumed that TAMs can predict clinical behavior. As expected, we found that the
level of TAMs in�ltration could be an independent predictive factor in glioma, and we further
demonstrated that 0.47 could be chosen as the optimal cut-off point of the level of TAMs in�ltration in
relation to patient outcome with high sensitivity and speci�city.

In conclusion, our study sheds new light on the importance of TAMs in evaluating glioma progression
and provides clues for studying the mechanisms of immune resistance of the antitumor response in
glioma. Moreover, our �ndings are valuable for guiding clinical practice in terms of individualized therapy
for patients.

5. Conclusion
This study revealed 22 immune cell types in the glioma microenvironment; LGG and GBM had speci�c
immune cell in�ltration patterns. Additionally, different tumor-in�ltrating immune cells have inextricable
connections. In addition, 13 of all 22 tumor-in�ltrating immune cells were signi�cantly associated with
patients’ clinical outcomes, and TAMs proportion measurement in TME can serve as a valuable
prognostic factor in patients with glioma using the optimal cut-off point of TAMs in�ltration level of 0.47.

Declarations
ACKNOWLEDGMENTS

The authors declare that there are no sources of funding to be acknowledged.

CONFLICT OF INTERESTS

The authors declare that there is no con�ict of interests.

AUTHOR CONTRIBUTIONS



Page 10/18

Conception and study supervision: Y. X. Development of methodology and analyses: Y. S. Assisted
analysis of data: D. Z, D. H, B. M, C. C, W. C. Prepared the manuscript and revision: Y. S, J. Z, J. L, D. X, Y. Z,
Z. W, G. J and Y. X. All authors read and approved the �nal manuscript.

DATA ACCESSIBILITY

The data sets used and/or analyzed during the present study are available from the TCGA dataset.

References
1. Jones DTW, Banito A, Grunewald TGP, Haber M, Jager N, Kool M, Milde T, Molenaar JJ, Nabbi A, Pugh

TJ et al: Molecular characteristics and therapeutic vulnerabilities across paediatric solid tumours.
Nature reviews Cancer 2019, 19(8):420–438.

2. Ostrom QT, Gittleman H, Truitt G, Boscia A, Kruchko C, Barnholtz-Sloan JS: CBTRUS Statistical
Report: Primary Brain and Other Central Nervous System Tumors Diagnosed in the United States in
2011–2015. Neuro Oncol 2018, 20(suppl_4):iv1-iv86.

3. Lapointe S, Perry A, Butowski NA: Primary brain tumours in adults. Lancet (London, England) 2018,
392(10145):432–446.

4. Quail DF, Joyce JA: Microenvironmental regulation of tumor progression and metastasis. Nature
medicine 2013, 19(11):1423–1437.

5. Klemm F, Joyce JA: Microenvironmental regulation of therapeutic response in cancer. Trends in cell
biology 2015, 25(4):198–213.

�. Biswas SK, Mantovani A: Macrophage plasticity and interaction with lymphocyte subsets: cancer as
a paradigm. Nature immunology 2010, 11(10):889–896.

7. Noy R, Pollard JW: Tumor-associated macrophages: from mechanisms to therapy. Immunity 2014,
41(1):49–61.

�. Ruffell B, Coussens LM: Macrophages and therapeutic resistance in cancer. Cancer cell 2015,
27(4):462–472.

9. Mellman I, Coukos G, Dranoff G: Cancer immunotherapy comes of age. Nature 2011,
480(7378):480–489.

10. Hodi FS, Butler M, Oble DA, Seiden MV, Haluska FG, Kruse A, Macrae S, Nelson M, Canning C, Lowy I
et al: Immunologic and clinical effects of antibody blockade of cytotoxic T lymphocyte-associated
antigen 4 in previously vaccinated cancer patients. Proceedings of the National Academy of
Sciences of the United States of America 2008, 105(8):3005–3010.

11. Topalian SL, Sznol M, McDermott DF, Kluger HM, Carvajal RD, Sharfman WH, Brahmer JR, Lawrence
DP, Atkins MB, Powderly JD et al: Survival, durable tumor remission, and long-term safety in patients
with advanced melanoma receiving nivolumab. Journal of clinical oncology: o�cial journal of the
American Society of Clinical Oncology 2014, 32(10):1020–1030.



Page 11/18

12. Schietinger A, Philip M, Krisnawan VE, Chiu EY, Delrow JJ, Basom RS, Lauer P, Brockstedt DG,
Knoblaugh SE, Hammerling GJ et al: Tumor-Speci�c T Cell Dysfunction Is a Dynamic Antigen-Driven
Differentiation Program Initiated Early during Tumorigenesis. Immunity 2016, 45(2):389–401.

13. Arlauckas SP, Garris CS, Kohler RH, Kitaoka M, Cuccarese MF, Yang KS, Miller MA, Carlson JC,
Freeman GJ, Anthony RM et al: In vivo imaging reveals a tumor-associated macrophage-mediated
resistance pathway in anti-PD-1 therapy. Science translational medicine 2017, 9(389).

14. Gordon SR, Maute RL, Dulken BW, Hutter G, George BM, McCracken MN, Gupta R, Tsai JM, Sinha R,
Corey D et al: PD-1 expression by tumour-associated macrophages inhibits phagocytosis and tumour
immunity. Nature 2017, 545(7655):495–499.

15. DeNardo DG, Brennan DJ, Rexhepaj E, Ruffell B, Shiao SL, Madden SF, Gallagher WM, Wadhwani N,
Keil SD, Junaid SA et al: Leukocyte complexity predicts breast cancer survival and functionally
regulates response to chemotherapy. Cancer discovery 2011, 1(1):54–67.

1�. Zhang BC, Gao J, Wang J, Rao ZG, Wang BC, Gao JF: Tumor-associated macrophages in�ltration is
associated with peritumoral lymphangiogenesis and poor prognosis in lung adenocarcinoma.
Medical oncology (Northwood, London, England) 2011, 28(4):1447–1452.

17. Steidl C, Lee T, Shah SP, Farinha P, Han G, Nayar T, Delaney A, Jones SJ, Iqbal J, Weisenburger DD et
al: Tumor-associated macrophages and survival in classic Hodgkin's lymphoma. The New England
journal of medicine 2010, 362(10):875–885.

1�. Brennan CW, Verhaak RG, McKenna A, Campos B, Noushmehr H, Salama SR, Zheng S, Chakravarty D,
Sanborn JZ, Berman SH et al: The somatic genomic landscape of glioblastoma. Cell 2013,
155(2):462–477.

19. Eckel-Passow JE, Lachance DH, Molinaro AM, Walsh KM, Decker PA, Sicotte H, Pekmezci M, Rice T,
Kosel ML, Smirnov IV et al: Glioma Groups Based on 1p/19q, IDH, and TERT Promoter Mutations in
Tumors. The New England journal of medicine 2015, 372(26):2499–2508.

20. Frattini V, Trifonov V, Chan JM, Castano A, Lia M, Abate F, Keir ST, Ji AX, Zoppoli P, Niola F et al: The
integrated landscape of driver genomic alterations in glioblastoma. Nature genetics 2013,
45(10):1141–1149.

21. Kim H, Zheng S, Amini SS, Virk SM, Mikkelsen T, Brat DJ, Grimsby J, Sougnez C, Muller F, Hu J et al:
Whole-genome and multisector exome sequencing of primary and post-treatment glioblastoma
reveals patterns of tumor evolution. Genome research 2015, 25(3):316–327.

22. Suzuki H, Aoki K, Chiba K, Sato Y, Shiozawa Y, Shiraishi Y, Shimamura T, Niida A, Motomura K, Ohka
F et al: Mutational landscape and clonal architecture in grade II and III gliomas. Nature genetics
2015, 47(5):458–468.

23. Brat DJ, Verhaak RG, Aldape KD, Yung WK, Salama SR, Cooper LA, Rheinbay E,Miller CR, Vitucci M,
Morozova O et al: Comprehensive, Integrative Genomic Analysis of Diffuse Lower-Grade Gliomas.
The New England journal of medicine 2015, 372(26):2481–2498.

24. Noushmehr H, Weisenberger DJ, Diefes K, Phillips HS, Pujara K, Berman BP, Pan F, Pelloski CE,
Sulman EP, Bhat KP et al: Identi�cation of a CpG island methylator phenotype that de�nes a distinct



Page 12/18

subgroup of glioma. Cancer cell 2010, 17(5):510–522.

25. Sturm D, Witt H, Hovestadt V, Khuong-Quang DA, Jones DT, Konermann C, Pfaff E, Tonjes M, Sill M,
Bender S et al: Hotspot mutations in H3F3A and IDH1 de�ne distinct epigenetic and biological
subgroups of glioblastoma. Cancer cell 2012, 22(4):425–437.

2�. Verhaak RG, Hoadley KA, Purdom E, Wang V, Qi Y, Wilkerson MD, Miller CR, Ding L, Golub T, Mesirov
JP et al: Integrated genomic analysis identi�es clinically relevant subtypes of glioblastoma
characterized by abnormalities in PDGFRA, IDH1, EGFR, and NF1. Cancer cell 2010, 17(1):98–110.

27. Yan H, Parsons DW, Jin G, McLendon R, Rasheed BA, Yuan W, Kos I, Batinic-Haberle I, Jones S,
Riggins GJ et al: IDH1 and IDH2 mutations in gliomas. The New England journal of medicine 2009,
360(8):765–773.

2�. Gong J, Chehrazi-Ra�e A, Reddi S, Salgia R: Development of PD-1 and PD-L1 inhibitors as a form of
cancer immunotherapy: a comprehensive review of registration trials and future considerations.
Journal for immunotherapy of cancer 2018, 6(1):8.

29. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, Schadendorf D, Dummer R,
Smylie M, Rutkowski P et al: Combined Nivolumab and Ipilimumab or Monotherapy in Untreated
Melanoma. The New England journal of medicine 2015, 373(1):23–34.

30. Weller M, Butowski N, Tran DD, Recht LD, Lim M, Hirte H, Ashby L, Mechtler L, Goldlust SA, Iwamoto F
et al: Rindopepimut with temozolomide for patients with newly diagnosed, EGFRvIII-expressing
glioblastoma (ACT IV): a randomised, double-blind, international phase 3 trial. The Lancet Oncology
2017, 18(10):1373–1385.

31. Omuro A, Vlahovic G, Lim M, Sahebjam S, Baehring J, Cloughesy T, Voloschin A, Ramkissoon SH,
Ligon KL, Latek R et al: Nivolumab with or without ipilimumab in patients with recurrent
glioblastoma: results from exploratory phase I cohorts of CheckMate 143. Neuro Oncol 2018,
20(5):674–686.

32. McGranahan T, Therkelsen KE, Ahmad S, Nagpal S: Current State of Immunotherapy for Treatment of
Glioblastoma. Current treatment options in oncology 2019, 20(3):24.

33. Mathios D, Kim JE, Mangraviti A, Phallen J, Park CK, Jackson CM, Garzon-Muvdi T, Kim E, Theodros
D, Polanczyk M et al: Anti-PD-1 antitumor immunity is enhanced by local and abrogated by systemic
chemotherapy in GBM. Science translational medicine 2016, 8(370):370ra180.

34. Hung AL, Maxwell R, Theodros D, Belcaid Z, Mathios D, Luksik AS, Kim E, Wu A, Xia Y, Garzon-Muvdi
T et al: TIGIT and PD-1 dual checkpoint blockade enhances antitumor immunity and survival in GBM.
Oncoimmunology 2018, 7(8):e1466769.

35. Kim JE, Patel MA, Mangraviti A, Kim ES, Theodros D, Velarde E, Liu A, Sankey EW, Tam A, Xu H et al:
Combination Therapy with Anti-PD-1, Anti-TIM-3, and Focal Radiation Results in Regression of
Murine Gliomas. Clinical cancer research: an o�cial journal of the American Association for Cancer
Research 2017, 23(1):124–136.

3�. Zeng J, See AP, Phallen J, Jackson CM, Belcaid Z, Ruzevick J, Durham N, Meyer C, Harris TJ,
Albesiano E et al: Anti-PD-1 blockade and stereotactic radiation produce long-term survival in mice



Page 13/18

with intracranial gliomas. International journal of radiation oncology, biology, physics 2013,
86(2):343–349.

37. Wu A, Maxwell R, Xia Y, Cardarelli P, Oyasu M, Belcaid Z, Kim E, Hung A, Luksik AS, Garzon-Muvdi T et
al: Combination anti-CXCR4 and anti-PD-1 immunotherapy provides survival bene�t in glioblastoma
through immune cell modulation of tumor microenvironment. J Neurooncol 2019, 143(2):241–249.

3�. Chen Z, Hambardzumyan D: Immune Microenvironment in Glioblastoma Subtypes. Frontiers in
immunology 2018, 9:1004.

39. Mantovani A, Marchesi F, Malesci A, Laghi L, Allavena P: Tumour-associated macrophages as
treatment targets in oncology. Nature reviews Clinical oncology 2017, 14(7):399–416.

40. Brooks WH, Markesbery WR, Gupta GD, Roszman TL: Relationship of lymphocyte invasion and
survival of brain tumor patients. Annals of neurology 1978, 4(3):219–224.

41. von Hanwehr RI, Hofman FM, Taylor CR, Apuzzo ML: Mononuclear lymphoid populations in�ltrating
the microenvironment of primary CNS tumors. Characterization of cell subsets with monoclonal
antibodies. Journal of neurosurgery 1984, 60(6):1138–1147.

42. El Andaloussi A, Lesniak MS: An increase in CD4 + CD25 + FOXP3 + regulatory T cells in tumor-
in�ltrating lymphocytes of human glioblastoma multiforme. Neuro Oncol 2006, 8(3):234–243.

43. Waziri A, Killory B, Ogden AT, 3rd, Canoll P, Anderson RC, Kent SC, Anderson DE, Bruce JN: Preferential
in situ CD4 + CD56 + T cell activation and expansion within human glioblastoma. Journal of
immunology (Baltimore, Md: 1950) 2008, 180(11):7673–7680.

44. Lohr J, Ratliff T, Huppertz A, Ge Y, Dictus C, Ahmadi R, Grau S, Hiraoka N, Eckstein V, Ecker RC et al:
Effector T-cell in�ltration positively impacts survival of glioblastoma patients and is impaired by
tumor-derived TGF-beta. Clinical cancer research: an o�cial journal of the American Association for
Cancer Research 2011, 17(13):4296–4308.

45. Kim YH, Jung TY, Jung S, Jang WY, Moon KS, Kim IY, Lee MC, Lee JJ: Tumour-in�ltrating T-cell
subpopulations in glioblastomas. British journal of neurosurgery 2012, 26(1):21–27.

4�. Yue Q, Zhang X, Ye HX, Wang Y, Du ZG, Yao Y, Mao Y: The prognostic value of Foxp3 + tumor-
in�ltrating lymphocytes in patients with glioblastoma. J Neurooncol 2014, 116(2):251–259.

47. Wu Wei,Wang Xin'an,Le Wei et al. Immune microenvironment in�ltration landscape and immune-
related subtypes in prostate cancer. [J].Front Immunol, 2022, 13: 1001297.

4�. Tang Zefang,Li Chenwei,Kang Boxi et al. GEPIA: a web server for cancer and normal gene expression
pro�ling and interactive analyses. [J].Nucleic Acids Res, 2017, 45: W98-W102.

49. Barbeira Alv the data of 22 immune cell types, which are present in the TCGA dataset aro
N,Bonazzola Rodrigo,Gamazon Eric R et al. Exploiting the GTEx resources to decipher the
mechanisms at GWAS loci.[J].Genome Biol, 2021, 22: 49.

Figures



Page 14/18

Figure 1

The proportion of tumor-in�ltrating immune cells in glioma.

(A) The percentage of 22 types of adaptive and innate immune cells in glioma at the individual level; (B-
D) The percentage of 22 types of adaptive and innate immune cells in glioma at the population level,
representing glioma patients (B); LGG patients (C); and GBM patients (D); respectively.
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Figure 2

Patterns of LGG and GBM speci�c immune cell in�ltration.

(A-B) A heatmap and the violin plot showing the in�ltration levels of different immune cells in LGG and
GBM; (C) The correlation of tumor-in�ltrating immune cells in glioma.
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Figure 3

The Kaplan-Meier survival curve of tumor-in�ltrating immune cells in glioma.

(A-F) Patients with high in�ltration levels of immune cells have a longer survival period; (G-M) patients
with low in�ltration level of immune cells have a longer survival period.
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Figure 4

The prognostic value of TAMs in patients with glioma.

(A) ROC curves showed the predictive e�ciency of the levels of TAMs; (B) Youden index for each possible
cut-off point for the level; (C) Based on the expression level of TAM, patients were divided into high-risk
and low-risk groups, and the overall survival curve of patients was calculated using the Kaplan–Meier
method.
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Figure 5

Correlation analysis of macrophage markers (CD68) with immune molecules.

(A-D) Correlation analysis between CD68 with CD274, IDO1, LAG3, and PDCD1; (E-H) survival curve
analysis of CD274, IDO1, LAG3, and PDCD1 in glioma.


