.‘ frontiers ‘ Frontiers in Immunology

‘ @ Check for updates

OPEN ACCESS

EDITED BY

Wen Cheng,

The First Affiliated Hospital of China
Medical University, China

REVIEWED BY

Xianggi Meng,

Harbin Medical University, China
Xiao Hu,

Xuanwu Hospital, Capital Medical
University, China

Feng Cao,

Xuanwu Hospital, Capital Medical
University, China

Yihan Wang,

Harbin Medical University, China

*CORRESPONDENCE

Fan Zeng
zengfanjoyce@sina.com

Tao Jiang
taojiang1964@163.com

Guanzhang Li
liguanzhangl22@163.com

SPECIALTY SECTION

This article was submitted to
Cancer Immunity

and Immunotherapy,

a section of the journal
Frontiers in Immunology

RECEIVED 04 November 2022
ACCEPTED 23 December 2022
PUBLISHED 11 January 2023

CITATION
Yu M, Chang Y, Zhai Y, Pang B,
Wang P, Li G, Jiang T and Zeng F
(2023) TREMZ2 is associated with
tumor immunity and implies

poor prognosis in glioma.

Front. Immunol. 13:1089266.

doi: 10.3389/fimmu.2022.1089266

COPYRIGHT

© 2023 Yu, Chang, Zhai, Pang, Wang, Li,

Jiang and Zeng. This is an open-access
article distributed under the terms of
the Creative Commons Attribution
License (CC BY). The use, distribution
or reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Immunology

TYPE Original Research
PUBLISHED 11 January 2023
Dol 10.3389/fimmu.2022.1089266

TREM_?Z is associated with tumor
immunity and implies poor
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Triggering receptor expressed on myeloid cells 2 (TREM2) is expressed in
myeloid cells of the central nervous system (CNS), which mediate the
immunological response in a variety of diseases. Uncertain is the function of
TREM2 in glioma and tumor immune responses. In this research, the expression
patterns of TREM2 in glioma were analyzed, along with its prognostic value and
functional roles. TREM2 expression is increased in glioblastomas, gliomas with
a mesenchymal subtype, gliomas with wild-type isocitrate dehydrogenase, and
gliomas without 1p/19q deletion, all of which suggest the aggressiveness and
poor prognosis of gliomas. Gene ontology, KEGG, and Gene set variation
analyses indicated that TREM2 may serve as an immune response mediator.
However, the function of T cells against tumor cells was negatively correlated
with TREM2, suggesting that TREM2 may suppress tumor immunity. Further
investigation demonstrated a correlation between TREM2 expression and
immune checkpoint expression. CIBERSORT research revealed a link
between a higher TREM2 expression level and the enrichment of tumor-
associated macrophages, especially M2 subtype. Single-cell analysis and
multiple immunohistochemical staining results showed that microglia and
macrophage cells expressed TREM2. Immunofluorescent staining indicated
that knocking down the expression of TREM2 would result in a decrease in M2
polarization. TREM2 was discovered to be an independent prognostic factor in
glioma. In conclusion, our findings revealed that TREM2 was significantly
expressed in microglia and macrophage cells and was intimately associated
with the tumor immune microenvironment. Thus, it is expected that small-
molecule medications targeting TREM2 or monoclonal antibodies would
enhance the efficacy of glioma immunotherapy.
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1 Introduction

Glioma is the most prevalent primary brain tumor and is
notorious for its aggressiveness, recurrence, and poor prognosis
(1). It constitutes 81% of malignancies of the central nervous
system, with a median survival duration of fewer than 15 months
and a 5-year survival rate of 10% (2). In recent decades, glioma
treatment has progressed from basic surgical resection to
personalized treatment, involving safe resection guided by a
neuro-navigation system, postoperative radiation, and
chemotherapy guided by molecular pathology (3, 4). Despite
the modified treatment, glioma does have an unfavorable
prognosis. Due to their contribution to malignancy, the tumor
microenvironment and noncancerous cells that are recruited
into the tumor microenvironment have garnered growing
interest (5). Immune cells are of particular concern owing to
their dominance as glioma components (6). Immunotherapy is a
novel treatment approach with promising potential applications.
Recent successes of immune checkpoint inhibitors and chimeric
antigen receptor T cell therapy in the treatment of other solid
tumors demonstrate the potential of immunotherapy in the
treatment of glioblastoma (7, 8). Concurrently, efforts have
been made to identify the immunological features of gliomas
to develop novel immunotherapeutic strategies (9). It will be
effective to enhance the prognosis of glioma patients by
searching for novel immunotherapeutic targets.

TREM2 is a transmembrane receptor in the immunoglobulin
superfamily and a major pathologically induced immune
signaling center (10). It consists of an extracellular domain with
a V-type immunoglobulin domain and a short ligand peptide, a
single transmembrane helix, and a short intracellular domain
without a signal transduction motif (11). TREM2 is widely
expressed on the surface of the microglia cell membranes, and
its ligands contain various free and bound anionic molecules,
bacterial products, DNA, lipoproteins, and phospholipids (12,
13). After binding to the ligand, TREM2 transmits intracellular
signals through the DNAX-activating protein (DAP12) (14).
DAPI12, also known as TYRO protein tyrosine kinase binding
protein, is a signal transduction connector protein expressed
predominantly in microglia and other cells involved in innate
immune responses (15). DAP12 is phosphorylated on tyrosine by
protein kinase SRC, which recruits the tyrosine-protein kinase
SYK, and that in turn recruits various signaling mediators and
adapters, resulting in intracellular signal transmission (16).

In physiological states, TREM2 signals from various
environments induce significant changes in cell phenotype and
biological function, including induction of phagocytosis, lipid
metabolism and metabolic metastasis, promotion of cell survival,
and anti-inflammatory activation (17). Previous studies have
shown that TREM2 coding variations enhance the risk of
Alzheimer’s disease and other neurodegenerative diseases (18).
In addition, an increasing number of research show that TREM2
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plays a role in tumor progress (19, 20). TREM2 is expressed in
cancer cells and directly promotes survival in esophageal cancer,
according to studies (21). Moreover, some researchers found
that TREM2 is highly expressed in TAMs in non-small cell lung
cancer and liver cancer patients (22, 23), suggesting that the high
expression of TREM2 is associated with poor prognosis of tumor
patients. However, the role of TREM2 in glioma and tumor
immune responses remains unclear.

In this study, we systematically investigated TREM2
expression and its role in glioma prognosis using clinical
samples and RNA sequencing data from the Cancer Genome
Atlas (TCGA) and the Chinses Glioma Genome Atlas (CGGA),
focusing on the molecular characteristics, immunological
characteristics, and prognostic significance of TREM2. We also
evaluated the correlation between TREM2 expression and key
immune-related components. A series of bioinformatic analysis
methods, including gene ontology analysis, KEGG analysis, gene
set variation analysis, and CIBERSORT, were employed to find
out the role of TREM2 in the glioma immune process in our
study. Immunostaining was performed to confirm the
expression pattern of TREM2 and its correlation with M2
subtype macrophages, suggesting that TREM2 was intimately
related to the tumor immune microenvironment. These results
indicated that TREM2 was a potential independent prognostic
factor and immunotherapeutic target, which might provide
novel insights into the treatment of glioma.

2 Results

2.1 High expression of TREM2 was
associated with glioma malignancy

To investigate whether TREM2 was an oncogene, we
compared the expression levels of TREM2 in 31 distinct
tumors and their corresponding normal tissues using GEPIA
(Gene Expression Profiling Interactive Analysis). The results
showed that TREM2 was highly expressed in GBM and LGG
tissues rather than normal tissues or any other tumor types,
indicating that TREM2 may play a carcinogenic role in glioma
(Supplementary Figure 1). To investigate the significance of
TREM2 in glioma progression, we analyzed the RNA-seq data
of bulk tumor tissues from patients with different molecular
pathological backgrounds obtained from TCGA and CGGA
databases. CGGA databases were divided into two
independent cohorts, each including 325 and 693 patients.
First, compared to WHO II and WHO III gliomas, we found
that WHO IV GBM patients had relatively higher TREM2
expression in the three databases (Figures 1A, B and
Supplementary Figure 2A), demonstrating that high TREM2
expression was predictive of high malignancy of glioma. Next,
we explore the expression of TREM2 in glioma tissues through
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FIGURE 1

High expression of TREM2 was associated with malignant glioma. (A, B) TREM2 was significantly increased in GBM (WHO grade 1V) in CGGA and
TCGA databases. (C, D) TREM2 was significantly increased in IDH wildtype gliomas in CGGA and TCGA databases (Mut: IDH mutation; WT: IDH
wildtype). (E, F) TREM2 was significantly increased in 1p/19g non-codeletion gliomas in CGGA and TCGA databases (Codel: 1p/19q codeletion;
Non-Codel: 1p/19q non-codeletion). (G) The representative photos of IHC staining of TREM?2 in different glioma grades. (H) The
Immunohistochemical Scores of TREM2 were measured in different grades. 19, 30 and 25 patients were from Grade Il, Grade Ill and Grade IV,
respectively. A, Astrocytoma; O, Oligodendroglioma; OA, Oligoastrocytoma; AA, Anaplastic astrocytoma; AO, Anaplastic oligodendroglioma;
AOA, Anaplastic Oligoastrocytoma; GBM, Glioblastoma. ns, *, *** and **** indicate no statistical significance, p < 0.05 and p < 0.0001, respectively.

THC staining. Consistent with the RNA-seq data, we found that instability in the TCGA database, we discovered that the low
TREM2 was enriched in GBM tissues (Figures 1G, H). expression level of TREM?2 is usually accompanied by 1p/19q co-

In addition, we investigated TREM2 expression independently deletion, whereas the high expression level of TREM2 is typically
in each of the three databases, with IDH mutation status and 1p/ accompanied by amplification of chromosome 7 and deletion of
19q codeletion status considered. IDH mutation status was the chromosome 10 (Supplementary Figure 3). These results indicated
classical biomarker for predicting prognosis in gliomas, and that the high expression of TREM2 predicted a high
patients with IDH mutations typically had longer overall survival. malignant glioma.

Moreover, 1p/19q codeletion status was a signature to predict the

radiotherapy sensitivity. Patients with low-grade

oligodendroglioma who had the 1q/19q chromosomal codeletion 2.2 TREM2 was an indicator for

benefited more from radiation. Patients with wild-type IDH or 1p/ mesenchymal glioma

19q non-codeletion showed the highest TREM2 expression level

across all databases (Figures 1C-F, and Supplementary Figures 2B, To investigate the molecular expression pattern of TREM2,
C). Furthermore, through evaluating the status of chromosome we explored the distribution of TREM2 expression in different
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molecular subtypes of glioma, which were identified by the
TCGA network based on transcriptomic and genomic
dimensions. As a result, TREM2 was dramatically upregulated
in the mesenchymal subtype compared to the other three
subtypes, in CGGA, CGGA(2019) and TCGA databases
(Figures 2A, B and Supplementary Figure 2D). To further
validate this finding, ROC curves were used to evaluate the
discrimination ability of TREM2 expression for mesenchymal
subtype in all grades of glioma. The area under the curve (AUC)
of TREM2 expression was surprisingly up to 80.7%, 76.9%, and
83.5% in CGGA, CGGA (2019) and TCGA databases,
respectively (Figures 2C, D and Supplementary Figure 2E).
According to these observations, TREM2 may serve as a
biomarker for mesenchymal subtype glioma due to its highly
specific expression in mesenchymal subtype gliomas.
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2.3 TREM2 was correlated with immune
functions in glioma

To explore biological processes related to TREM2 expression
in glioma, we performed Pearson’s correlation analysis to screen
genes strongly positively correlated with TREM2 (Pearson R>
0.5, p<0.0001). 597, 430, and 786 genes were identified in CGGA,
CGGA (2019) and TCGA databases, respectively. Then, we
entered these gene lists into DAVID Bioinformatics Resources
6.8 to perform Gene Ontology and KEGG analysis. Finally, the
gene function was sorted by p-value in increasing order.
Positively correlated genes in three databases were primarily
enriched in biological processes such as immunological
response, defense response, innate immune response, cytokine
generation, and inflammatory response, according to the results
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TREM2 was an indicator of mesenchymal glioma. (A, B) TREM2 was highly expressed in the Mesenchymal subtype in the CGGA database and
TCGA database. (C, D) ROC curve analysis showed that TREM2 was high sensitivity and specificity to predict the Mesenchymal subtype in the
CGGA database and TCGA database. Differences between groups were tested by Tukey's multiple comparisons test. **** indicates p < 0.0001.
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(Figures 3A, D and Supplementary Figure 4A). In addition, we
further investigated the relevant signaling pathway of TREM2-
related genes through KEGG analysis. Results in Figures 3B, E
and Supplementary Figure 4B showed that related genes were
strongly connected with immune response pathways, including
FcyR-mediated phagocytosis, B cell receptor signaling pathway,
phagosome, chemokine signaling pathway, and NF-kB signaling
pathway. These results revealed that TREM2-related genes
mainly participated in the immune response of glioma.

2.4 TREM2-related immune response

To validate further the significance of TREM2 in glioma
immune response, we first drew a heatmap to illustrate the
correlation between TREM2 and several genes involved in
immune function. The results showed a distinct positive
correlation between them. Then we created a landscape of
TREM?2 expression and corresponding clinical patient features
(Supplementary Figures 4D-F). Interestingly, we discovered that
a high TREM2 expression level indicated high immunological
activity, but a poor prognosis for patients. These results
suggested that TREM2 may play a complicated role in the
immune response to glioma. Finally, we conducted GSVA to
assess their relationship. Downloaded from the AmiGO2 web
portal, 7334 identified biofunctions were categorized into 12
groups, including immune system process, death and apoptosis,
angiogenesis, metabolic process, signaling, cellular process,
homeostasis regulation, transportation, proliferation and cell
cycle, modification, development and differentiation, and
others. Pearson correlation analysis was performed to analyze
the correlation between TREM?2 and these GO terms. In CGGA,

10.3389/fimmu.2022.1089266

CGGA (2019) and TCGA databases, 80.46%, 80.87%, and
81.90% of biological functions of immune system processes
were positively correlated with TREM2, respectively
(Figures 3C, F and Supplementary Figure 4C). These results
demonstrated conclusively that TREM2 was essential for the
glioma immune response.

2.5 TREM2 was associated with T cell
immune response and inhibitory immune
checkpoints

Various immune cells, including T cells, B cells, NK cells,
macrophages, dendritic cells, and others, mediated the
immunological response. These immune components
infiltrated the tumor microenvironment and either directly
destroyed tumor cells or facilitated them in evading
immunological surveillance. Considering the correlation
between high TREM2 expression and poor prognosis, we
hypothesized that TREM2 may enhance tumor immune
evasion. To determine the precise function of TREM2, we
analyzed the correlation coefficient between TREM2 and 11
types of immune system processes contained in three
databases (Figures 4A, C and Supplementary Figure 5A). As
anticipated, TREM2 was positively related with the majority of
tumor immune functions, with the exception of “T cell-mediated
immune response to tumor cell.” To avoid T cell-mediated
immune response, tumor cells frequently upregulate immune
checkpoint genes, such as PD-L1, PD-L2, and Galectin-9. Based
on our findings, we hypothesized that TREM2 might modulate
the expression of immunological checkpoints to assist glioma
cells in maintaining malignant phenotypes. By investigating the

A CGGA Database B CGGA Database Cc CGGA Database
[ cenehumser . Gepe Counts Immune system process
Immune response | L L A . ° Proliferation and Death and apoptosis
Reguiation of mmune o o" Osteoctast diferentiation NI Gsll cycle
system process o w Fc gamma R-mediated . Modification Angiogenesis
Defense response | @ phagocytosis
Envichment Score B cell receptor . -
Innate immune| o = signaling pathway Development and 5 Metabolic
response 4 Phagosome NN differentiation . process
Cytokine production{ o . Chemokine signaing ey e
pathway >
Inflammatory response{ « 38 Others Signaling

60 80 100 120 140

NF-kappa B
signaiing patiay I

Transpotation Homeostasis regulation

-Log10(P-value) Cellular process
D TCGADatabase . E TCGA Database F TCGA Database
.5 - \”; P Immune system process | -- sive
Immune response- [ 0 5 10 5 30 Developmentand 2 Death and apoptosis
Reaustionlimmurs o |on Ostocist iterentaton NI - Rerias
system process .
: :;2 Phagosome _ . Modification Angiogenesis
Defense response {
Enrichment_Score Fc gamma rl‘?—medlaled _ .
Innate immune response | ° . phagocytosis Proliferation and Metabolic
B cell receptor [ cell cycle b process
a8 signaling pathway @ .
Cytokine productiony a8 Chemokine signaling | R
. . i pathway Transpotation oueee® Signaling
nflammatory response-{ NF-kappa B signalin
52 PPa B SSiay I

40 60 80 100 120
-Log10(P-value)

FIGURE 3
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TREM2 was correlated with immune functions in glioma. (A, D) Gene ontology analysis showed that TREM2 was mostly associated with immune
response, regulation of immune system process, defense response, and inflammatory response in both the CGGA database and TCGA database.
(B, E) KEGG pathway analysis showed that TREM2 was mostly involved in immune response related pathway in both CGGA database and TCGA
database. (C, F) TREM2 had positive correlation with 80.46% and 81.90% of biological functions of the immune system process in CGGA and

TCGA databases, respectively.
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correlation between TREM?2 and a series of immune checkpoints
in three databases, we validated that TREM2 was positively
correlated with inhibitory immune checkpoints (Figures 4B, D
and Supplementary Figure 5B). These results demonstrated that
TREM2 may inhibit T cell-mediated immune response through
immune checkpoints.

2.6 TREM2 was associated with tumor-
associated macrophages

To further investigate the influence of TREM2 in glioma
immune response, we analyzed the correlation between TREM2
and inflammatory response. TREM2 was consistently positively
correlated with the expression of HCK, interferons, MHC-I,
MHC-II, STAT1, and STAT2, and negatively associated with the
expression of IgG in three databases (Figures 5A, C and
Supplementary Figure 5C). TREM2 was implicated in a variety
of immune processes, including biofunctions mediated by T
cells, NK cells, dendritic cells, neutrophils, and macrophages, but
it inhibited B cell activation, according to these findings. To infer
the fraction of immune and stromal cells of each patient, the
immune score and stromal score were evaluated in CGGA and
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TCGA databases. Immune and stromal scores were found to be
favorably correlated with the TREM2 expression
(Supplementary 6A, B, D, E). In addition, gliomas with limited
tumor purity demonstrated elevated TREM2 expression
(Supplementary Figures 6C, F). These results revealed a
significant correlation between the abundance of immune cells
and TREM2 expression. Therefore, to determine which types of
immune cells were tightly correlated with TREM2 in the tumor
microenvironment, we performed a CIBERSORT analysis in
three databases (Figures 5B, D, and Supplementary Figure 5D).
The results revealed that M2 macrophage was dramatically
correlated with TREM2 in three databases. Considering the
substantial link between TREM2 and macrophages, we
hypothesized that TREM2 might be expressed in tumor-
infiltrated macrophages. To validate our hypothesis, we
conducted single-cell sequencing analysis from glioma patients
of different grades in CGGA, GSE70630, GSE89567, and
GSEB4465 databases (Figures 6A-D). The results showed that
microglia cells and macrophages express TREM2. Moreover,
polychromatic immunohistochemical staining demonstrated
that TREM2 was co-localized with the surface markers of
microglia and macrophages (Figures 6E, F). These findings
suggested that TREM2 may remodel the microenvironment
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TREM2 was associated with inflammatory response and infiltrated immune cells. (A, C) The relationship between TREM2 and inflammatory
activities in glioma. The correlation between TREM2 and other functions was analyzed by Pearson correlation analysis. ns, and **** indicate no
statistical difference and p < 0.0001, respectively. (B, D) The relationship between TREM2 and infiltrated immune cells in both CGGA and TCGA
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no significance.

via macrophages. Immunofluorescent assay showed that
polarized TREM2-knockdown THP-1 cells expressed less
CD163 (M2-phenotype marker) compared to control group
(Figures 6G, H, I). We found glioma cells that co-cultured with
TREM2-knockdown THP-1 cells exhibited reduced invasive
capacity compared with control group (Figure 6]). These
results indicated that TREM2 reshaped the microenvironment
through regulating macrophages polarization and altered the
glioma invasiveness through TAMs.

2.7 TREM2 predicted worse survival
in glioma

As TREM2 played a pivotal role in the glioma immune
response, we analyzed its potential for predicting patient
prognosis. Kaplan-Meier curve was used to analyze the
prognosis of all grades of glioma patients in CGGA and
TCGA databases (Figures 7A, B). As expected, increased
TREM2 expression was associated with shorter overall
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survival. This result indicated that TREM2 may be a
malignant biomarker. Furthermore, Cox regression analysis
was done on three databases to determine whether TREM2
was an independent clinical predictive factor. TREM2
expression, WHO Grade, age at diagnosis, IDH status, and 1p/
19q co-deletion status were found to be significantly associated
with glioma patients’ overall survival. Multivariate analysis
further confirmed that the TREM2 expression was a
significant predictor after adjusting for the aforementioned
clinical factors (Figures 7C, D). These findings suggested that
TREM2 may serve as an indicator of the poor prognosis
in gliomas.

3 Discussion

Despite many efforts to reduce mortality, glioma remains the
most aggressive intracranial tumor type in the central nervous
system and has a severe impact on patient health (1, 2, 4). Over
the past decades, radiotherapy and chemotherapy has been

frontiersin.org


https://doi.org/10.3389/fimmu.2022.1089266
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

10.3389/fimmu.2022.1089266

GSE70630 Database
(Oligodendrocytes IDHmut&1p/19q Codel)

Tumor oo

g 00 25

*mmian o e
GSEB84465 Database
(GBM IDHwt)

unap_1

Yu et al.
A CGGA Database
(All Grade)
H . e
-
S * oo
C GSE89567 Database
(Astrocytoma IDHmut)
I:gm
o
s Grdoon
§ [ SE—
j—s Ofigodendrocyles. —
woue
o » N
Otgoadgrocytes ©
15 0 5 [ 5 o Nma“”‘on 05 10 15 20 25
) Exprosson of TREM?
E WHO Il WHO Il
G si_NC si_TREM2
1 si_NC + - - -
si_ TREM2.1 - + - -
siTREM2 2 - - + -
si_ TREM23 - - - 4+
FIGURE 6

g ‘e
" (N
o
ey Sorson oo
WHO IV F
,, 1007 M2 Macrophage
§ ~=— Microgla """
2 75+
3 .
2
S 504
= s
Z 25 1/" i
5 ns
£ o
oomv
H TREM2 cD163
» 30 > 409 e
2 2
2 2 304 g
E £
g g
8 g 20+
9 2
8 10 14
5 5
2 2 104
c c
§ §
= 0 = 0-
\eo &
27 L
&7
J 600
2
8
_ c
si_NC S 400
8
£
2 200
@
2
€
z
si_TREM2 0
R
57 &

BV

TREM2 was associated with tumor-associated macrophages. (A—D) The relationship between TREM2 and different immune cells in CGGA,
GSE70630, GSE89567, and GSE84465 databases. The correlation between TREM2 and infiltrated immune cells was analyzed by Pearson
correlation analysis. (MG: Microglia; MDMs: Macrophages) (E) The representative photos of polychromatic immunohistochemical staining of
SOX2, CD3, CD163, TMEM119, TREM2, and DAPI in different grades of glioma tissue (aqua: SOX2; green: CD3; gold: CD163; red: TMEM119;
white: TREM2; dark blue: cell nuclei). The scale bar is 100um. (F) The bar chart shows the TREM positive cell proportion in microglia cells and
M2 macrophage images. (G) The representative photos of IF staining of TREM2 in M2 macrophages. The left three photos are normal M2
macrophages. The right three photos are M2 macrophages which are polarized from si-TREM2 THP-1 cells. Green fluorescence is TREM2 and
red fluorescence is CD163. Above is the merged photo of the below two. Cell nuclei are stained with DAPI. The scale bar is 50um. (H) The bar
chart shows the mean fluorescence intensity of TREM2 and CD163 positive cells in M2 macrophage IF images. (I) After knocking down TREM2
by siRNA, western blot assay was performed to detect the expression of TREM2 and CD163. (J) The representative images and bar chart of
invasion transwell assay after co-culture. The scale bar is 100um. ns, *, *** and **** indicate no statistical difference, p < 0.05, p<0.001 and

p<0.0001, respectively.

considered as the most effective treatment besides neurosurgical
procedures (24). As the only clinical first-line chemotherapy
drug, temozolomide has shown obvious resistance (25).
Therefore, the prognosis for patients with glioma is still
dismal. With the development of targeted therapy and
immune therapy, a series of new treatments have been
introduced into the comprehensive treatment of glioma.
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Bevacizumab is one of the VEGF inhibitors and has been
reported to relieve the edema caused by glioma (26). But
bevacizumab only prolonged progression-free survival (PFS),
and the improvement of overall survival (OS) was not been
observed. Meanwhile, immunomodulatory therapy has also been
widely studied in glioma. Although researchers have reported
that PD-1 antibody therapy could not prolong the overall
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survival of recurrent GBM patients, neoadjuvant PD-1 antibody
therapy could stimulate the infiltration of T cells in the tumor
microenvironment and induce immune responses to enhance
the effect of immunotherapy (27, 28). Therefore, searching for a
new target that can influence the glioma immune
microenvironment is expected to enhance the effect
of immunotherapy.

As a member of the immunoglobulin superfamily, TREM2 can
regulate inflammatory response and plays an important role in the
process of innate and adaptive immune response (29). An
increasing number of studies have shown that TREM-2 is
involved in the progression of inflammatory diseases such as
pulmonary inflammatory diseases, liver inflammatory diseases,
periodontitis, inflammatory bowel disease, sepsis, Alzheimer’s
disease, and other inflammatory-related diseases, playing a
pivotal role in weakening or aggravating the development of the
disease (12, 13, 18, 23). Meanwhile, most studies have shown that
TREM?2 is a negative regulator of inflammation, which can inhibit
the secretion of cytokines, regulate the development and function of
dendritic cells, microglia and osteoclasts, regulate phagocytosis,
eliminate bacteria, promote anti-inflammatory effects, and protect
the body (30, 31). However, some studies have shown that TREM-2
plays a dual role in inflammatory-related diseases, causing adverse
effects on the body (32, 33). In summary, more and more evidence
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show that TREM-2 participates in the regulation of inflammatory
response and plays a key role in the immune response.

Our findings have shown that TREM2 expression is related to
glioma malignant phenotype. TREM2 is highly expressed in
mesenchymal subtype glioma which is characterized by stronger
immunosuppression. Moreover, it is highly enriched in the
phenotype of known malignant molecules, such as IDH wildtype
status and 1p/19q co-deletion status. All these results indicated that
TREM2 expression was associated with more malignant biologic
processes. Through an in-depth analysis of the biological functions
of TREM2 in glioma, we found that TREM2 played an important
role in glioma-induced immune suppression. GSV A analysis results
revealed that TREM2 suppressed T cell-mediated immune
response. A previous study has reported the enhanced expression
of immune checkpoints in mesenchymal subtype cancers. Based on
this, we performed Pearson correlation analysis and found that
TREM2 expression was consistent with the expression of inhibitory
immune checkpoints. These results further verified our hypothesis
that TREM2 may improve glioma cell immune escape by
enhancing the expression of immune checkpoints. By interacting
with tumor-infiltrating components, glioma cells evade immune
surveillance. CIBERSORT analysis has shown that TREM2 is
significantly correlated with M2 macrophages. M2 macrophages
are derived from myeloid cells and play a role in tumor support
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compared with pro-inflammatory M1 macrophages (34, 35).
Single-cell sequencing analysis and polychromatic
immunohistochemical staining demonstrated that TREM2 was
expressed on M2 macrophages and microglia, and TREM2 may
remodel the microenvironment via macrophages. Furthermore,
macrophage polarization experiment and co-culture system have
shown that knocking down TREM2 decreased the M2 polarization,
and inhibited the co-cultured glioma cells invasiveness. These
findings suggested that TREM2 was expressed in M2
macrophages. Meanwhile, TREM2 regulated the M2 phenotype
polarization and augmented co-cultured glioma invasiveness.

Importantly, high expression of TREM2 was associated with
poor patient prognosis. Univariate and multivariate analyses
indicated that high expression of TREM2 predicted lower
survival. As a result, TREM2 may serve as a potential
prognostic predictor for glioma patients.

Combination therapy will be the mainstream treatment for
glioma in the future (36, 37). Neurosurgery, radiotherapy,
chemotherapy, targeted therapy, and immunotherapy will be
integrated with glioma comprehensive treatment. Our study has
proposed a novel potential biomarker TREM2. Inhibition of its
expression may enhance the efficacy of immune checkpoint
inhibitors and provide a new perspective for immunotherapy.

4 Materials and methods
4.1 Data collection

All RNA sequencing data and clinical information of
patients with diffuse glioma were obtained from three
independent data sets, including 699 TCGA-sourced samples
(http://cancergenome.nih.gov/), 325 CGGA-sourced samples
(http://www.cgga.org.cn) and 693 CGGA2019-sourced
samples (http://www.cgga.org.cn).

Molecular pathological results of each glioma patient,
including isocitrate dehydrogenase (IDH) mutation and
chromosome 1p/19q co-deletion were evaluated in our
previous works (38, 39). Paraffin sections of glioma tissue were
obtained from the CGGA database. Overall survival of patients
was estimated from diagnosis to death or the last follow-up. The
single-cell databases GSE70630, GSE89567, and GSE84465 were
downloaded from Gene Expression Omnibus (GEO) database.
All clinical information of patients was presented in Table 1.

4.2 Receiver operator characteristic
curve

The expression of TREM2 and glioma transcriptome

subtype was used for ROC analysis. We used the pROC
package of R software to draw the sensitive-specificity curve.
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Area Under Curve (AUC) represented the accuracy of TREM2
to predict the mesenchymal gliomas (40).

4.3 Gene ontology and kyoto
encyclopedia of genes and
genomes analysis

First, Pearson correlation analysis was performed to generate
a gene list that was most related to TREM2. Then, the gene list
was uploaded to the DAVID bioinformatics resource (version
6.7) to explore the biological functions and related signaling
pathways (41). Finally, GO results of this gene list were
visualized by heat map after Spearman correlation analysis.

4.4 Gene set variation analysis

We have described this method in our previous study (42).
We investigated all identified biological functions to find out the
most relevant type to TREM2.

4.5 CIBERSORT

To estimate the relative abundance of tumor-infiltrating
immune cells in tumor mass from CGGA and TCGA
databases, we used a reference set with 22 identified signature
gene profiles of immune cell subtypes by the online analysis
platform CIBERSORT (https://cibersort.stanford.edu) (43).

4.6 Uniform manifold approximation and
projection analysis

UMAP analysis estimated a topology of the high-
dimensional data and uses this information to construct a low-
dimensional representation that preserves relationships present
in the data (44). Firstly, the R package Seurat was carried out to
cluster cells in different grades of glioma patients’ databases.
Meanwhile, the batch effect was removed before the clustering.
After normalizing the single-cell data, UMAP analysis was
performed to reduce the dimensionality of cells with default
parameters. Finally, cluster biomarkers were used to identify
each cell group.

4.7 Kaplan-Meier plotter
We analyzed the prognostic value of TREM2 expression

level in all grades of glioma by using the Kaplan-Meier survival
curve and Cox regression analysis in two databases. We
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TABLE 1 Sample information.

Characteristics (CGGA)

No. of Patients (n=325)

TABLE 1 Continued

Characteristics (CGGA)

10.3389/fimmu.2022.1089266

No. of Patients (n=325)

e Methylation 130
a5 191 Unmethylation 112
NA 64
>45 134
. Characteristics (CGGA(2019)) No. of Patients (n=693)
Male 203 Age
Female 122 <45 382
WHO Grade >45 310
Grade 1T 103 NA 1
Grade III 79 Gender
Grade IV 139 Male 398
NA 4 Female 295
TCGA Subtypes WHO Grade
Proneural 102 Grade II 188
Neural 81 Grade III 255
Classical 74 Grade IV 249
Mesenchymal 68 NA 1
Radiotherapy+TMZ Chemotherapy TCGA Subtypes
Yes 154 Proneural 296
No 24 Neural 167
Radiotherapy Classical 83
Yes 258 Mesenchymal 147
No 51 Radiotherapy+TMZ Chemotherapy
NA 16 Yes 413
TMZ Chemotherapy No 67
Yes 178 Radiotherapy
No 124 Yes 509
NA 23 No 113
IDH1/2 mutation NA 71
Mutation 175 TMZ Chemotherapy
Wildtype 149 Yes 457
NA 1 No 151
1p/19q codeletion NA 85
Codeletion 67 IDH1/2 mutation
Non-codeletion 250 Mutation 356
NA 8 Wildtype 286
MGMT methylation NA 51
(Continued) (Continued)
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TABLE 1 Continued TABLE 1 Continued

Characteristics (CGGA(2019)) No. of Patients (n=693) Characteristics (TCGA) No. of Patients (n=699)

1p/19q codeletion MGMT methylation

Codeletion 145 Methylation 492

Non-codeletion 478 Unmethylation 168

NA 70 NA 39

MGMT methy|ation Number of glioma patients engaged in our study was listed. All patients were stratified
with age, clinicopathological characteristics and treatment options respectively.

Methylation 127

Unmethylation 73 computed the log-rank p-value and HR with 95%

NA 492 confidence intervals.

Characteristics (TCGA)

No. of Patients (n=699)

4.8 Immunohistochemical staining

Age

<5 2% Five-micrometer-thick sections were placed in a 65°C oven

245 340 to deparaffinized for 3 hours. Then the samples were dewaxed in

NA & xylene, rehydrated in graded ethanol, and rinsed in distilled
water sequentially. Subsequently, antigen retrieval was

Gender performed with Tris-EDTA buffer (PH=9.0) and treated with

Male 368 hydrogen peroxide for 10 minutes. After blocking 1 hour, the

Female 268 tissue samples were incubated with primary TREM2 (CST,
91068S, 1:200) antibody at 4°C overnight. Then, the samples

NA 3 were rinsed, and incubated with HRP goat-rabbit IgG H&L

WHO Grade (Abcam, ab97051) secondary antibody at 1/500. The samples

Grade II 3 were counter-stained with hematoxylin and photographed with
an optical microscope.

Grade I1I 245

Grade IV 168

A o 4.9 Opal polychromatic
immunohistochemical staining

TCGA Subtypes

Proneural 250 Samples preparation and processing were the same as those

Neural s of normal immunohistochemical staining. Each stain cycle
began with blocking. Primary antibodies were CD3 (Abcam,

Classical 2 ab16669, 1:100), SOX2 (Abcam, ab93689, 1:100), CD163

Mesenchymal 105 (Abcam, ab156769, 1:100), TMEM119 (Abcam, ab209064,

NA 137 1:200) and TREM2 (CST, 91068S, 1:200) in sequence.
Secondary antibodies were Opal HRP Polymer MS+Rb.

(A2 e Fluorescence-enhanced dyes were Opal 520, Opal 540, Opal

Mutation 443 570, Opal 620, and Opal 650. Vectra 3 software was used to

Wildtype 246 generate images.

NA 10

1p/19q codeletion 4.10 Cell culture and macrophages

Codeletion 172 pOlarlzatlon

Non-codeletion 520 THP-1 cells were cultured in RPMI1640 media

NA 7 supplemented with L-glutamine, 1% penicillin and

(Continued) streptomycin, B-mercaptoethanol and 10% fetal bovine serum
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at 37°C under a humidified, 5% CO2 atmosphere. THP-1 cells
were differentiated to MO macrophages by successively treated
with 25 nM phorbol 12-myristate 13-acetate (PMA) for 48h,
washed and incubated with normal RPMI1640 media for 24h,
and then incubated with recombinant human GM-CSF for 96h.
For M2 polarization, 50% of the complete RPMI1640 medium
was added and incubated for 48 h. Then the M2 macrophages
were obtained by removing the culture medium and culturing
cells for an additional 48h in the M2 medium with recombinant
human M-CSF (5, 34). Meanwhile, 10nmol si-RNA-TREM2 was
added to the control group for 48h and then replaced with
normal RPMI1640 media for another 24h. Then the M2
macrophage polarization process was repeated. Co-culture
System: The THP-1 derived M2 macrophages were generated
in a 0.4 mm transwell insert for 6-well plate (2*10° cells/well)
and washed with fresh DMEM media. The glioma cells were co-
cultured with differentiated THP-1 cells for 5 days and were
harvested for subsequent assays.

4.11 Transwell invasion assay

The transwell invasion assay was performed in 24-well plates
with a 6.5mm insert transwell chamber with 8um polycarbonate
membrane (Corning) pre-coated Matrigel (Corning). The single
cell suspension was added into to upper chamber with 5*10* cells
in 200ul culture medium with 2% FBS, and 500ul culture
medium with 20% FBS was added into the lower chamber.
After 48 h, discarded the solution in the upper chamber and
wiped the upper layer of the membrane. Move the chamber into
4% PFA to fix for 5 min. Stain the membrane with crystal violet
for 5 min. Finally, obtained the photographs on the microscope.
All experiments were performed in triplicate.

4.12 Western blot assay

total protein was extracted after cells transfected with siRNA.
After BCA quantification, proteins were denatured by boiling in
5x protein loading buffer. PVDF membrane was employed for
transferring following electrophoresis at 80V in Tris-Glycine-
SDS buffer. Blocking in 5% skim milk powder at room
temperature for two hours. Prepared primary antibody
solutions targeting TREM2 (CST, 91068S, 1:1000), CD163
(Abcam, ab156769,1:1000), and GAPDH (Proteintech, 60004-
1-Ig, 1:2000) and incubated overnight at 4 degrees Celsius. The
next day, wash three times for 10 minutes with TBST buffer.
Incubate HRP-conjugated Affinipure Goat Anti-Mouse/Rabbit

Frontiers in Immunology

13

10.3389/fimmu.2022.1089266

IgG (H+L) (Proteintech, 1:4000) for 1 hour at room temperature
and wash 3 times with TBST buffer for 10 minutes each time.
Chemical imaging was performed with a Bio-Rad imaging
system. Image was processed using Image Lab (Version 6.0.1).

4.13 Immunofluorescence staining

Cells were washed with PBS several times and then fixed
with 4% paraformaldehyde for another 10min. Then 0.3%
Triton was added to confocal dishes for 15min. After blocking
with 5% BSA for 1h, primary antibodies were added to the dishes
(TREM2, CST, 910688, 1:200; CD163, Abcam, ab156769, 1:100)
and incubated overnight at 4°C. Secondary antibodies (DyLight
488 goat anti-rabbit polyclonal antibody, Abcam, ab96899,
1:200; DyLight 594 goat anti-mouse polyclonal antibody,
Abcam, ab96881, 1:200) were used for 1h at ambient
temperature. The cells were washed three times. Finally,
Prolong'" Diamond Antifade Mountant with DAPI
(Invitrogen, P36962) was added to the dish, and images were
taken with confocal microscopy.

4.14 Statistical analysis

All statistical analysis and figures were performed with R
packages, including ggplot2, pheatmap, corrgram, circlize, and
survival, in the statistical software environment R (version 3.5.1).
Data collected from at least three independent experiments were
expressed as mean * standard deviation. P < 0.05 was considered
statistically significant. The prognostic value of TREM2 was
estimated by univariate and multivariate Cox models using SPSS
statistical software (version 25.0).

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found within the article/
Supplementary Materials.

Ethics statement

Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable
images or data included in this article.

frontiersin.org


https://doi.org/10.3389/fimmu.2022.1089266
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Yu et al.

Author contributions

MY, YC: data analysis, laboratory work and manuscript
writing. YZ, BP: data collection and organization of CGGA
database. PW: data collection and organization of TCGA
database. GL, TJ, FZ: conception, supervision, and design of
the manuscript. All authors contributed to the article and
approved the submitted version.

Funding

This work was supported by grants from the National
Natural Science Foundation of China (No. 82272870 and
82192894), and the China Postdoctoral Science Foundation
(No. 2022M712218). Brain Tumor Precision Diagnosis and
Treatment and Translational Medicine Innovation Unit,
Chinese Academy of Medical Sciences (2019-12M-5-021).

Acknowledgments

We thank Ms. Kun Yao and Hua Huang for tissue sample
collection and clinical data retrieval.

References

1. Jiang T, Nam DH, Ram Z, Poon WS, Wang ], Boldbaatar D, et al. Clinical
practice guidelines for the management of adult diffuse gliomas. Cancer Lett (2021)
499:60-72. doi: 10.1016/j.canlet.2020.10.050

2. Hu H, Mu Q, Bao Z, Chen Y, Liu Y, Chen J, et al. Mutational landscape of
secondary glioblastoma guides met-targeted trial in brain tumor. Cell (2018)
175:1665-78 €18. doi: 10.1016/j.cell.2018.09.038

3. LiG LI L Li Y, Qian Z, Wu F, He Y, et al. An mri radiomics approach to
predict survival and tumour-infiltrating macrophages in gliomas. Brain (2022)
145:1151-61. doi: 10.1093/brain/awab340

4. Van Meir EG, Hadjipanayis CG, Norden AD, Shu HK, Wen PY, Olson JJ.
Exciting new advances in neuro-oncology: The avenue to a cure for malignant
glioma. CA Cancer ] Clin (2010) 60:166-93. doi: 10.3322/caac.20069

5. Chang Y, Li G, Zhai Y, Huang L, Feng Y, Wang D, et al. Redox regulator glrx
is associated with tumor immunity in glioma. Front Immunol (2020) 11:580934.
doi: 10.3389/fimmu.2020.580934

6. von Roemeling CA, Wang Y, Qie Y, Yuan H, Zhao H, Liu X, et al.
Therapeutic modulation of phagocytosis in glioblastoma can activate both innate
and adaptive antitumour immunity. Nat Commun (2020) 11:1508. doi: 10.1038/
541467-020-15129-8

7. Bagley SJ, Desai AS, Linette GP, June CH, O'Rourke DM. Car t-cell therapy
for glioblastoma: Recent clinical advances and future challenges. Neuro Oncol
(2018) 20:1429-38. doi: 10.1093/neuonc/noy032

8. Zhai Y, Li G, Jiang T, Zhang W. Car-armed cell therapy for gliomas. Am J
Cancer Res (2019) 9:2554-66.

9. Wei ], Chen P, Gupta P, Ott M, Zamler D, Kassab C, et al. Immune biology of
glioma-associated macrophages and microglia: Functional and therapeutic
implications. Neuro Oncol (2020) 22:180-94. doi: 10.1093/neuonc/noz212

10. Zhou Y, Song WM, Andhey PS, Swain A, Levy T, Miller KR, et al. Human
and mouse single-nucleus transcriptomics reveal trem2-dependent and trem2-
independent cellular responses in alzheimer's disease. Nat Med (2020) 26:131-42.
doi: 10.1038/s41591-019-0695-9

11. Cignarella F, Filipello F, Bollman B, Cantoni C, Locca A, Mikesell R, et al.
Trem2 activation on microglia promotes myelin debris clearance and

Frontiers in Immunology

14

10.3389/fimmu.2022.1089266

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The reviewers XH, FC declared a shared affiliation with the
author(s) to the handling editor at the time of review.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fimmu.2022.1089266/full#supplementary-material

remyelination in a model of multiple sclerosis. Acta Neuropathol (2020)
140:513-34. doi: 10.1007/s00401-020-02193-z

12. Nugent AA, Lin K, van Lengerich B, Lianoglou S, Przybyla L, Davis SS, et al.
Trem?2 regulates microglial cholesterol metabolism upon chronic phagocytic
challenge. Neuron (2020) 105:837-854 €9. doi: 10.1016/j.neuron.2019.12.007

13. Yeh FL, Hansen DV, Sheng M. Trem2, microglia, and neurodegenerative
diseases. Trends Mol Med (2017) 23:512-33. doi: 10.1016/j.molmed.2017.03.008

14. Molgora M, Esaulova E, Vermi W, Hou J, Chen Y, Luo J, et al. Trem2
modulation remodels the tumor myeloid landscape enhancing anti-pd-1
immunotherapy. Cell (2020) 182:886-900.e17. doi: 10.1016/j.cell.2020.07.013

15. Haure-Mirande JV, Audrain M, Ehrlich ME, Gandy S. Microglial tyrobp/
dap12 in alzheimer's disease: Transduction of physiological and pathological signals
across trem2. Mol Neurodegener (2022) 17:55. doi: 10.1186/s13024-022-00552-w

16. Zou W, Reeve JL, Liu Y, Teitelbaum SL, Ross FP. Dap12 couples c-fms
activation to the osteoclast cytoskeleton by recruitment of syk. Mol Cell (2008)
31:422-31. doi: 10.1016/j.molcel.2008.06.023

17. Amos PJ, Fung S, Case A, Kifelew J, Osnis L, Smith CL, et al. Modulation of
hematopoietic lineage specification impacts trem2 expression in microglia-like cells
derived from human stem cells. ASN Neuro (2017) 9:1759091417716610. doi:
10.1177/1759091417716610

18. Ulland TK, Song WM, Huang SC, Ulrich JD, Sergushichev A, Beatty WL,
et al. Trem2 maintains microglial metabolic fitness in alzheimer's disease. Cell
(2017) 170:649-663.e13. doi: 10.1016/j.cell.2017.07.023

19. Katzenelenbogen Y, Sheban F, Yalin A, Yofe I, Svetlichnyy D, Jaitin DA,
et al. Coupled scrna-seq and intracellular protein activity reveal an
immunosuppressive role of trem2 in cancer. Cell (2020) 182:872-885.19. doi:
10.1016/j.cell.2020.06.032

20. Nakamura K, Smyth MJ. Trem2 marks tumor-associated macrophages.
Signal Transduct Target Ther (2020) 5:233. doi: 10.1038/s41392-020-00356-8

21. Duggan SP, Garry C, Behan FM, Phipps S, Kudo H, Kirca M, et al. Sirna
library screening identifies a druggable immune-signature driving esophageal
adenocarcinoma cell growth. Cell Mol Gastroenterol Hepatol (2018) 5:569-90.
doi: 10.1016/j.jcmgh.2018.01.012

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2022.1089266/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.1089266/full#supplementary-material
https://doi.org/10.1016/j.canlet.2020.10.050
https://doi.org/10.1016/j.cell.2018.09.038
https://doi.org/10.1093/brain/awab340
https://doi.org/10.3322/caac.20069
https://doi.org/10.3389/fimmu.2020.580934
https://doi.org/10.1038/s41467-020-15129-8
https://doi.org/10.1038/s41467-020-15129-8
https://doi.org/10.1093/neuonc/noy032
https://doi.org/10.1093/neuonc/noz212
https://doi.org/10.1038/s41591-019-0695-9
https://doi.org/10.1007/s00401-020-02193-z
https://doi.org/10.1016/j.neuron.2019.12.007
https://doi.org/10.1016/j.molmed.2017.03.008
https://doi.org/10.1016/j.cell.2020.07.013
https://doi.org/10.1186/s13024-022-00552-w
https://doi.org/10.1016/j.molcel.2008.06.023
https://doi.org/10.1177/1759091417716610
https://doi.org/10.1016/j.cell.2017.07.023
https://doi.org/10.1016/j.cell.2020.06.032
https://doi.org/10.1038/s41392-020-00356-8
https://doi.org/10.1016/j.jcmgh.2018.01.012
https://doi.org/10.3389/fimmu.2022.1089266
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Yu et al.

22. Zhang H, Liu Z, Wen H, Guo Y, Xu F, Zhu Q, et al. Immunosuppressive
trem2(+) macrophages are associated with undesirable prognosis and responses to
anti-pd-1 immunotherapy in non-small cell lung cancer. Cancer Immunol
Immunother (2022) 71:2511-22. doi: 10.1007/s00262-022-03173-w

23. Esparza-Baquer A, Labiano I, Sharif O, Agirre-Lizaso A, Oakley F,
Rodrigues PM, et al. Trem-2 defends the liver against hepatocellular carcinoma
through multifactorial protective mechanisms. Gut (2021) 70:1345-61. doi:
10.1136/gutjnl-2019-319227

24. Nicholson ]G, Fine HA. Diffuse glioma heterogeneity and its therapeutic
implications. Cancer Discovery (2021) 11:575-90. doi: 10.1158/2159-8290.CD-20-
1474

25. van den Bent MJ, Tesileanu CMS, Wick W, Sanson M, Brandes AA,
Clement PM, et al. Adjuvant and concurrent temozolomide for 1p/19q non-co-
deleted anaplastic glioma (catnon; eortc study 26053-22054): Second interim
analysis of a randomised, open-label, phase 3 study. Lancet Oncol (2021) 22:813—
23. doi: 10.1016/S1470-2045(21)00090-5

26. Wick W, Gorlia T, Bendszus M, Taphoorn M, Sahm F, Harting I, et al.
Lomustine and bevacizumab in progressive glioblastoma. N Engl ] Med (2017)
377:1954-63. doi: 10.1056/NEJMoal707358

27. Cloughesy TF, Mochizuki AY, Orpilla JR, Hugo W, Lee AH, Davidson TB,
et al. Neoadjuvant anti-pd-1 immunotherapy promotes a survival benefit with
intratumoral and systemic immune responses in recurrent glioblastoma. Nat Med
(2019) 25:477-86. doi: 10.1038/s41591-018-0337-7

28. Zhao J, Chen AX, Gartrell RD, Silverman AM, Aparicio L, Chu T, et al.
Immune and genomic correlates of response to anti-pd-1 immunotherapy in
glioblastoma. Nat Med (2019) 25:462-9. doi: 10.1038/s41591-019-0349-y

29. Wu Y, Wu M, Ming S, Zhan X, Hu S, Li X, et al. Trem-2 promotes thl
responses by interacting with the cd3zeta-zap70 complex following mycobacterium
tuberculosis infection. J Clin Invest (2021) 131(17):e137407. doi: 10.1172/JCI137407

30. Filipello F, Morini R, Corradini I, Zerbi V, Canzi A, Michalski B, et al. The
microglial innate immune receptor trem2 is required for synapse elimination and normal
brain connectivity. Immunity (2018) 48:979-991.e8. doi: 10.1016/j.immuni.2018.04.016

31. Mulder K, Patel AA, Kong WT, Piot C, Halitzki E, Dunsmore G, et al. Cross-
tissue single-cell landscape of human monocytes and macrophages in health and
disease. Immunity (2021) 54:1883-1900.e5. doi: 10.1016/j.immuni.2021.07.007

32. HuLY, Zhou Y, Cui WQ, Hu XM, Du LX, Mi WL, et al. Triggering receptor
expressed on myeloid cells 2 (trem2) dependent microglial activation promotes
cisplatin-induced peripheral neuropathy in mice. Brain Behav Immun (2018)
68:132-45. doi: 10.1016/j.bbi.2017.10.011

33. Pillai JA, Khrestian M, Bena ], Leverenz JB, Bekris LM. Temporal ordering of
inflammatory analytes stnfr2 and strem2 in relation to alzheimer's disease biomarkers

Frontiers in Immunology

15

10.3389/fimmu.2022.1089266

and clinical outcomes. Front Aging Neurosci (2021) 13:676744. doi: 10.3389/
fnagi.2021.676744

34. Gabrusiewicz K, Rodriguez B, Wei J, Hashimoto Y, Healy LM, Maiti SN,
et al. Glioblastoma-infiltrated innate immune cells resemble m0 macrophage
phenotype. JCI Insight (2016) 1(2):e85841. doi: 10.1172/jci.insight.85841

35. Muller S, Kohanbash G, Liu SJ, Alvarado B, Carrera D, Bhaduri A, et al.
Single-cell profiling of human gliomas reveals macrophage ontogeny as a basis for
regional differences in macrophage activation in the tumor microenvironment.
Genome Biol (2017) 18:234. doi: 10.1186/s13059-017-1362-4

36. McKinnon C, Nandhabalan M, Murray SA, Plaha P. Glioblastoma: Clinical
presentation, diagnosis, and management. BMJ (2021) 374:n1560. doi: 10.1136/
bm;j.n1560

37. Wen PY, Weller M, Lee EQ, Alexander BM, Barnholtz-Sloan JS, Barthel FP,
et al. Glioblastoma in adults: A society for neuro-oncology (sno) and
european society of neuro-oncology (eano) consensus review on current
management and future directions. Neuro Oncol (2020) 22:1073-113. doi:
10.1093/neuonc/noaal06

38. Wang HY, Tang K, Liang TY, Zhang WZ, Li JY, Wang W, et al. The
comparison of clinical and biological characteristics between idhl and idh2
mutations in gliomas. ] Exp Clin Cancer Res (2016) 35:86. doi: 10.1186/s13046-
016-0362-7

39. Chai RC, Zhang KN, Chang YZ, Wu F, Liu YQ, Zhao Z, et al. Systematically
characterize the clinical and biological significances of 1p19q genes in 1p/19q
non-codeletion glioma. Carcinogenesis (2019) 40:1229-39. doi: 10.1093/carcin/
bgz102

40. Verhaak RG, Hoadley KA, Purdom E, Wang V, Qi Y, Wilkerson MD, et al.
Integrated genomic analysis identifies clinically relevant subtypes of glioblastoma
characterized by abnormalities in pdgfra, idh1, egfr, and nfl. Cancer Cell (2010)
17:98-110. doi: 10.1016/j.ccr.2009.12.020

41. Huang da W, Sherman BT, Lempicki RA. Systematic and integrative
analysis of large gene lists using david bioinformatics resources. Nat Protoc
(2009) 4:44-57. doi: 10.1038/nprot.2008.211

42. Li G, Wang Z, Zhang C, Liu X, Cai J, Wang Z, et al. Molecular and clinical
characterization of tim-3 in glioma through 1,024 samples. Oncoimmunology
(2017) 6:¢1328339. doi: 10.1080/2162402X.2017.1328339

43. Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, et al. Robust
enumeration of cell subsets from tissue expression profiles. Nat Methods (2015)
12:453-7. doi: 10.1038/nmeth.3337

44. Becht E, McInnes L, Healy ], Dutertre CA, Kwok IWH, Ng LG, et al.
Dimensionality reduction for visualizing single-cell data using umap. Nat
Biotechnol (2018) 37:38-44. doi: 10.1038/nbt.4314

frontiersin.org


https://doi.org/10.1007/s00262-022-03173-w
https://doi.org/10.1136/gutjnl-2019-319227
https://doi.org/10.1158/2159-8290.CD-20-1474
https://doi.org/10.1158/2159-8290.CD-20-1474
https://doi.org/10.1016/S1470-2045(21)00090-5
https://doi.org/10.1056/NEJMoa1707358
https://doi.org/10.1038/s41591-018-0337-7
https://doi.org/10.1038/s41591-019-0349-y
https://doi.org/10.1172/JCI137407
https://doi.org/10.1016/j.immuni.2018.04.016
https://doi.org/10.1016/j.immuni.2021.07.007
https://doi.org/10.1016/j.bbi.2017.10.011
https://doi.org/10.3389/fnagi.2021.676744
https://doi.org/10.3389/fnagi.2021.676744
https://doi.org/10.1172/jci.insight.85841
https://doi.org/10.1186/s13059-017-1362-4
https://doi.org/10.1136/bmj.n1560
https://doi.org/10.1136/bmj.n1560
https://doi.org/10.1093/neuonc/noaa106
https://doi.org/10.1186/s13046-016-0362-7
https://doi.org/10.1186/s13046-016-0362-7
https://doi.org/10.1093/carcin/bgz102
https://doi.org/10.1093/carcin/bgz102
https://doi.org/10.1016/j.ccr.2009.12.020
https://doi.org/10.1038/nprot.2008.211
https://doi.org/10.1080/2162402X.2017.1328339
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.1038/nbt.4314
https://doi.org/10.3389/fimmu.2022.1089266
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	TREM2 is associated with tumor immunity and implies poor prognosis in glioma
	1 Introduction
	2 Results
	2.1 High expression of TREM2 was associated with glioma malignancy
	2.2 TREM2 was an indicator for mesenchymal glioma
	2.3 TREM2 was correlated with immune functions in glioma
	2.4 TREM2-related immune response
	2.5 TREM2 was associated with T cell immune response and inhibitory immune checkpoints
	2.6 TREM2 was associated with tumor-associated macrophages
	2.7 TREM2 predicted worse survival in glioma

	3 Discussion
	4 Materials and methods
	4.1 Data collection
	4.2 Receiver operator characteristic curve
	4.3 Gene ontology and kyoto encyclopedia of genes and genomes analysis
	4.4 Gene set variation analysis
	4.5 CIBERSORT
	4.6 Uniform manifold approximation and projection analysis
	4.7 Kaplan-Meier plotter
	4.8 Immunohistochemical staining
	4.9 Opal polychromatic immunohistochemical staining
	4.10 Cell culture and macrophages polarization
	4.11 Transwell invasion assay
	4.12 Western blot assay
	4.13 Immunofluorescence staining
	4.14 Statistical analysis

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


