OncoTargets and Therapy Dove

ORIGINAL RESEARCH

High Expression of Triggering Receptor Expressed
on Myeloid Cells | Predicts Poor Prognosis in
Glioblastoma

Ke Ma ', Qiangian Guo', Xianwei Zhangz, Yanxin Li3

'Department of Medical Oncology, the First Affiliated Hospital of Zhengzhou University, Zhengzhou, Henan, 450052, People’s Republic of China;
2Department of Pathology, Henan Provincial People’s Hospital; People’s Hospital of Zhengzhou University; People’s Hospital of Henan University,
Zhengzhou, Henan, 450003, People’s Republic of China; 3Department of Neurosurgery, Henan Provincial People’s Hospital; People’s Hospital of
Zhengzhou University; People’s Hospital of Henan University, Zhengzhou, Henan, 450003, People’s Republic of China

Correspondence: Yanxin Li, Department of Neurosurgery, Henan Provincial People’s Hospital, People’s Hospital of Zhengzhou University, People’s
Hospital of Henan University, No. 7, Wei Wu Road, Zhengzhou, Henan, 450003, People’s Republic of China, Email 271039969@qq.com

Background: Glioblastoma (GBM) is a highly malignant tumor with poor prognosis, and new treatment strategies are urgently
needed. Currently, the role of triggering receptor expressed on myeloid cells 1 (TREM-1) in tumors has been studied, but the role of
TREM-1 in GBM remains unclear.

Methods: Immunohistochemical staining for TREM-1 was performed in 91 patients diagnosed with GBM. Clinicopathological
characteristics and survival times were recorded. TREM-1 expression and its effect on prognosis were analyzed using online
Gene Expression Profiling Interactive Analysis (GEPIA), The Cancer Genome Atlas (TCGA), and Chinese Glioma Genome
Atlas (CGGA) databases. The expression profile of TCGA-GBM cohort was used to perform functional enrichment analysis.
The CIBERSORT method and Tumor Immune Estimation Resource (TIMER) database were used to estimate the tumor-
infiltrating immune cells (TIICs). The ESTIMATE algorithm was used to estimate the immune-stromal scores. Finally, the
relationships of TREM-1 with TIICs, immune-stromal score, and immune checkpoint genes (ICGs) were analyzed.

Results: The expression of TREM-1 was upregulated in GBM, and high TREM-1 expression predicted a poor prognosis. TREM-1,
surgical resection, postoperative radiotherapy, and temozolomide (TMZ) chemotherapy were associated with the survival time of
patients with GBM, but only surgical resection and TREM-1 expression were independent prognostic factors. GBM with high TREM-
1 expression exhibited increased neutrophil and macrophage infiltration. TREM-1 was positively associated with the immune-stromal
score and multiple ICGs, and most of which were involved in immunosuppressive responses.

Conclusion: The present study revealed that high expression of TREM-1 in GBM is an independent poor prognosis factor and that
TREM-1 is associated with the immunosuppressive microenvironment. Thus, blocking TREM-1 may be a strategy for enhancing the
GBM immune response.
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Introduction
Glioblastoma (GBM) is a malignant glioma that is classified as grade IV according to the World Health
Organization (WHO) classification criteria. As GBM is invasive and has no obvious boundary with normal tissue,
it cannot be treated by surgery alone.! Postoperative radiotherapy and chemotherapy are generally administered,
but their overall clinical efficacy and prognosis are still unsatisfactory. The median overall survival (mOS) time of
GBM after standardized treatment is only 14.2 months.” Thus, it is urgent to seek new treatment methods to
improve the prognosis of GBM.

Tumor occurrence and development are determined by the tumor cells themselves as well as the inflammatory
and immune components in the tumor microenvironment.” The major features of cancer-related inflammation
include the infiltration of white blood cells, infiltration of prominent tumor-associated macrophages (TAMs), and
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the presence of polypeptide messengers of inflammation.* Inflammation favors carcinogenesis, malignant trans-
formation, tumor growth, invasion, and metastatic spread, but it also stimulates immune effector mechanisms that
may limit tumor growth.’

Triggering receptor expressed on myeloid cells 1 (TREM-1) plays an important role in the occurrence and amplifica-
tion of inflammatory reactions and innate immune responses.®’ Many studies have explored the significance of TREM-1
in infection and aseptic inflammation.* '° Recently, the role of TREM-1 in tumors has gained increasing attention, and
the prognostic significance of TREM-1 has been explored in various tumors.''

In hepatocellular carcinoma (HCC), TREM-1 is associated with the aggressive migratory ability of HCC cells, and
the high density of peritumoral TREM-1 is associated with poor OS and elevated risks of recurrence.'? The high
expression of TREM-1 in renal cell carcinoma (RCC) is associated with poor outcomes compared to patients with low or
negligible TREM-1 expression.'® Studies on breast cancer have indicated that increased TREM-1 expression is
a prognostic factor for inferior breast cancer outcomes and may contribute to myeloid-mediated breast cancer progression
and immune suppression.'* TREM-1 expression in papillary thyroid cancer (PTC) tissues is also significantly higher than
that in normal tissues, and it is associated with BRAFY®°°F profiles and advanced tumor stage. Overexpression of TREM-
1 in PTC cells promotes an immunosuppressive microenvironment by enhancing regulatory T cell (Treg) infiltration."” In
non-small-cell lung cancer (NSCLC), TREM-1 expression in TAMs is associated with cancer recurrence and poor
survival.'® Wu et al demonstrated that hypoxia-inducible factor la induces increased expression of TREM-1 in TAMs,
resulting in immunosuppression in HCC.'” TREM-1 also mediates macrophage polarization by regulating the phosphoi-
nositide 3-kinase (PI3K)/AKT signaling pathway in HCC.'"® TAMs (mainly M2 macrophages) are predominant inflam-
matory cells that are closely related to the immune response in the tumor microenvironment, and they are recognized as
antitumor suppressors.'” Thus, TREM-1 may promote tumor development and metastasis by promoting the tumor
immune microenvironment.

With the great success of immunotherapy in a variety of tumors, especially immune checkpoint inhibitors (ICIs),*
many studies have explored the application prospect of immunotherapy in GBM.?' However, owing to the high secretion
of transforming growth factor-p (TGF-B) and indoleamine 2,3-dioxygenase 1 (IDO), GBM has a significant immuno-

2223 wwhich may affect the efficacy of immunotherapy.>* Given the immunosuppressive

suppressive microenvironment,
microenvironment of GBM and the carcinogenic role of TREM-1 in mediating inflammatory immune responses, we
investigated the prognostic impact and immunological relevance of TREM-1 expression in GBM to identify a new

strategy to improve the efficacy of immunotherapy in GBM.

Materials and Methods

Database
mRNA sequencing data (in count format) of The Cancer Genome Atlas (TCGA)-GBM cohort were obtained from TCGA
database (https://portal.gdc.cancer.gov/). The mRNA microarray data of 301 glioma patients as well as mRNA sequen-

cing data of 693 glioma and 325 glioma patients were obtained from the Chinese Glioma Genome Atlas (CGGA) data
portal (http://www.cgga.org.cn/). Patients histologically classified as GBM were screened for subsequent analysis. The

online Gene Expression Profiling Interactive Analysis (GEPIA; http://gepia.cancer-pku.cn/) database was used to

compare the mRNA expression of TREM-1 in GBM and normal tissues.

Patients and Samples

Clinical and pathological data were retrospectively collected from 91 operative patients diagnosed with GBM at the
Henan Provincial People’s Hospital from January 2016 to December 2019. The patients included 53 males and 38
females aged 10-81 years old. All patients were classified according to the 2021 WHO classification system. The overall
survival (OS) was calculated from the date of diagnosis until death or the end of the study. Progression-free survival
(PFS) was calculated from the time of operation to the time of the first progression. Patients were followed up until death
or the end of the study (December 2021). At the end of the data analysis, the follow-up time was from 1 to 68.9 months,
and the median follow-up time was 12 months.
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Immunohistochemical Staining and Scoring

All specimen tissues were sectioned into 4-pum serial sections. After dewaxing, hydration, antigen repair, and blocking of
endogenous peroxidase, the sections were incubated with primary TREM-1 rabbit monoclonal antibody (ab225861;
Abcam, Cambridge, UK) at 4°C overnight. The sections were then washed with sterile phosphate-buffered saline (PBS)
and incubated with secondary antibodies for 1 h at room temperature. After adding substrate and hematoxylin staining,
the slides were observed using a microscope and interpreted by qualified pathologists. Previously reported staining
scoring criteria were used,”” and tissue sections with final staining scores >3 were considered positive.

Identification of Differentially Expressed Genes (DEGs) and Functional Enrichment

Analysis

The transcription data of 153 samples from TCGA were divided into low- and high-TREM-1 groups according to the
TREM-1 level. The analyses of DEGs, Gene Ontology (GO), and Encyclopedia of Genes and Genomes (KEGG) were
performed according to previously reported methods.>~° A volcano plot of DEGs was generated using the ggplot2
package in R. Gene set enrichment analysis (GSEA) was performed based on the JAVA platform using TREM-1 level as
the phenotype and “hallmark gene sets” as the reference gene set, which was obtained from the MSigDB database (http://
software.broadinstitute.org/gsea/msigdb/). The P values were adjusted by the false discovery rate (FDR) method, and

FDR <0.25 was considered a significantly enriched pathway.

CIBERSORT Algorithm

To understand the differential profiles of tumor-infiltrating immune cells (TIICs) between the low- and high-TREM-1
groups, we downloaded the CIBERSORT script (https://cibersort.stanford.edu/) and ran the CIBERSORT package with
1000 permutations.*® After the samples were filtrated according to p>0.03, a total of 57 samples were selected to analyze

the immune cells, including 29 low-TREM-1 samples and 28 high-TREM-1 samples. Box plots were utilized to visualize
the specific fractions of 22 immune cells in each GBM sample. The differential infiltrating density between the low- and
high-TREM-1 groups was analyzed by the Wilcoxon rank-sum test, and a violin plot was generated using the ggplot2
package in R.

Tumor Immune Estimation Resource (TIMER) Database
TIMER is a comprehensive resource for systematic analysis of immune infiltrates across multiple malignancies (https://
cistrome.shinyapps.io/timer/).>” Based on the publicly available resources, we analyzed the correlations between TREM-

1 and the infiltrating level of different subsets of immune cells, and Pearson’s correlation coefficient and the estimated
p-value were calculated.

ESTIMATE Score

Immune cells and stromal cells are the two main cell types in the tumor microenvironment, and they play important roles
in the occurrence and development of tumors. The ESTIMATE algorithm has been used to calculate immune scores and
stromal scores.”® We used R software to estimate the immune scores and stromal scores for each tumor sample, and we
then evaluated the relationship between TREM-1 expression and immune score in GBM.

Correlation Analysis of Immune Checkpoint Genes (ICGs)
We further analyzed the relationship between TREM-1 and 46 common ICGs based on TCGA database by using the
psych package in R. Pearson’s correlation coefficient and the estimated p-value were calculated.

Protein-Protein Interaction (PPI) Network Analysis
The STRING database is used to search for known and predicted interactions between proteins. In the present study, 26
ICGs associated with TREM-1 based on TCGA database were used to map the PPI network using the STRING online
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tool (https://www.string-db.org/). The PPI network was constructed by setting the medium confidence at 0.400. All
mentioned active interaction sources were included.

Statistical Analysis

For the statistical analyses, the Student’s t-test was used for continuous variables, while categorical variables were
compared by the y2 test. Cox analysis and the Log rank test were performed using the survival package in R. The
Wilcoxon rank-sum test was used to compare the two groups. All statistical analyses were performed in RStudio (version
3.6.3), and p<0.05 was considered statistically significant.

Results

TREM-1 is Upregulated in GBM

GEPIA revealed that the mRNA expression of TREM-1 in GBM was significantly higher than that in normal
tissues (Figure 1A). We next performed immunohistochemistry staining for TREM-1 in GBM and normal brain
tissues. Immunostaining of TREM-1 was observed in both the cytoplasmic and membranous regions (Figure 1B-
D). The protein expression of TREM-1 was significantly higher in GBM samples than in normal brain tissue (x> =
4.193, P = 0.041). The TREM-1 positive staining rate in GBM was 61.5% (56/91), while the TREM-1 positive
staining rate in normal brain tissues was 33.3% (5/15). Correlation analysis of TREM-1 expression with
clinicopathological features of GBM patients showed that TREM-1 expression was significantly associated with
the status of P53 (Table 1).

High Expression of TREM-1 Predicts Poor Prognosis

Data from both TCGA and CGGA showed that GBM patients with high TREM-1 expression exhibited significantly
worse survival time compared to those with low TREM-1 expression (Figure 2A-D). The mOS in the high-TREM-1
expression group was 10.5 months, while the mOS in the low-TREM-1 expression group was 18.5 months. The median
PFS (mPES) in the high-TREM-1 expression group was 6.0 months, while the mPFS in the low-TREM-1 expression
group was 13.5 months. GBM patients with high expression of TREM-1 had shorter mOS (Figure 2E) and mPFS
(Figure 2F) than those with low TREM-1 expression.

Univariate and Multivariate Survival Analyses
Univariate analyses showed that complete surgical resection, postoperative radiation therapy, postoperative temozolo-
mide (TMZ) chemotherapy, and low TREM-1 expression were beneficial prognostic factors (Figures 2E and 3A-C).

A —
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GEPIA GBM

Figure | TREM-I expression in GBM. (A) The mRNA expression of TREM-1 was significantly higher in GBM tissues compared to normal brain tissues. *p<0.05. (B-D)
Representative immunohistochemical staining of TREM-1 in GBM tissues (upper panels, 00x magnification; lower panels, 400x magnification). (B) Weak, (C) moderate, and
(D) intense immunostaining of TREM-1 in GBM tissues.

Abbreviations: TREM-I, triggering receptor expressed on myeloid cells |; GBM, glioblastoma.

334 https: OncoTargets and Therapy 2023:16

Dove!


https://www.string-db.org/
https://www.dovepress.com
https://www.dovepress.com

Dove Ma et al

Table 1 Associations Between TREM-I Expression and the
Clinicopathological Characteristics of Glioblastoma Patients

Variables No. Negative Positive %2 p-value
No. | % No. | %

Gender 0.072 | 0.788
Male 53 21 | 396 32 | 604
Female 38 14 | 36.8 24 | 63.2

Ages 0.361 | 0.548
<60 years 51 21 | 41.2 30 | 588
>60 years 40 14 | 35.0 26 | 65.0

T™Z 1.189 | 0.276
Yes 56 24 | 429 32 | 57.1
No 35 1| 314 24 | 686

Complete resection 0427 | 0514
Yes 64 26 | 40.6 38 | 59.3
No 27 9| 333 18 | 66.7

Radiation therapy 2.032 | 0.154
Yes 46 21 | 457 25 | 543
No 45 14 | 31.1 31 | 689

GFAP status 1.056 | 0.304
Positive 76 31 | 40.8 45 | 59.2
Negative 15 4| 267 1] 733

P53 status 18.356 | 0.000
Mutation 54 Il | 204 43 | 796
Wild 37 24 | 649 13 | 35.1

Ki-67 0.291 | 0.589
<50% 54 22 | 40.7 32 | 593
>50% 37 13 | 35.1 24 | 649

Note: Radiation therapy, postoperative radiation therapy.
Abbreviations: TREM-I, triggering receptor expressed on myeloid cells |; TMZ, temozolo-
mide; GFAP, glial fibrillary acidic protein; TMZ, postoperative temozolomide chemotherapy.

Moreover, complete surgical resection, postoperative radiotherapy, low TREM-1 expression, negative glial fibrillary
acidic protein (GFAP) expression, and wild-type P53 were associated with longer PFS (Figures 2F and 3D-G).
Multivariate analysis revealed that both TREM-1 expression and complete surgical resection were independent predictors
of OS and PFS (Table 2 and Table 3). These results demonstrated that complete surgical resection is an essential factor in
prolonging the survival of GBM patients.

Functional Enrichment Analysis

After dividing GBM patients from TCGA database into low- and high-TREM-1 expression groups according to the
medium value, 614 DEGs were identified (Figure 4A). GO enrichment analysis revealed that the DEGs mainly play roles
in receptor ligand and receptor regulator activity as well as participate in neutrophil activation and neutrophil mediated
immunity (Figure 4B). KEGG enrichment analyses showed that the DEGs are mainly involved in cytokine—cytokine
receptor interactions (Figure 4C). Using the TREM-1 level as the phenotype, GSEA was performed, and the major
signaling pathways are shown in Figure 4D and E.

Association of TREM-I with TIICs

TREM-1 has been identified as an immune-related signature (8). We utilized the CIBERSORT algorithm to
determine the estimated fractions of 22 immune cells in each sample (Figure 5A). M2 macrophages comprised
the largest fraction of immune cells in GBM followed by M0 macrophages and monocytes. Compared to the low-
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Figure 2 High expression of TREM-| predicts poor prognosis. (A) Kaplan—Meier curve of TREM-| based on TCGA database. (B-D) Kaplan—Meier curves of TREM-| based
on the CGGA database. (E and F) Kaplan-Meier curves of TREM-| for 91 GBM patients.

Abbreviations: TREM-1, triggering receptor expressed on myeloid cells |; GBM, glioblastoma; TCGA, The Cancer Genome Atlas; CGGA, Chinese Glioma Genome Atlas
(CGGA); OS, overall survival; PFS, progression free survival.

TREM-1 group, the Wilcoxon rank-sum test revealed that the infiltrating levels of neutrophils (P<0.001) and
activated mast cells (p=0.029) were significantly higher in the high-TREM-1 group, while the infiltrating levels of
M1 macrophages (p=0.031) and resting mast cells (p=0.017) were significantly lower in the high-TREM-1 group
(Figure 5B). According to the TIMER database, TREM-1 expression was significantly associated with infiltrating
neutrophils (p=4.44e-14), macrophages (p=3.33e-02), plasma B cells (3.88¢-02), and myeloid dendritic cells
(6.91e-05) (Figure 6A-F). The ESTIMATE algorithm indicated that both the stromal score (Figure 6G) and
immune score (Figure 6H) were positively associated with the expression of TREM-1. Furthermore, there was
a positive association between the sum of immune scores and stromal score (Figure 61).

Association of TREM-I with Immune Checkpoint Genes (ICGs)

Immune checkpoints are co-stimulators or co-suppressors that are required to maintain self-tolerance and produce an
immune response.”” Tumors may activate immune checkpoint pathways to prevent being recognized by the immune
system and inhibit immune responses.’® ICIs, which block immune checkpoints, represent a breakthrough for the
treatment of various malignant tumors.?® Figure 7 shows the relationship of TREM-1 with multiple ICGs based on the

gene expression from TCGA database.

PPl Network

To construct the PPI network, we selected 26 ICGs that correlated with the expression of TREM-1, which resulted in 27
nodes and 153 edges (p<1.0e-16) (Figure 8). Among the ICGs, only CD86 directly interacted with TREM-1.
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Figure 3 Univariate survival analyses of GBM. Univariate analyses showed that complete surgical resection (A), postoperative radiation therapy (B), and postoperative TMZ
chemotherapy (C) exhibited longer OS. Complete surgical resection (E), postoperative radiation therapy (F), wild-type P53 (G), and negative GFAP expression (H) were

less likely to develop disease progression.

Abbreviations: GBM, glioblastoma; TMZ, temozolomide; GFAP, glial fibrillary acidic protein; mOS, median overall survival; mPFS, median progression free survival.

Discussion

TREM-1, a novel inflammatory receptor, plays an important role in inflammatory and immune responses in the tumor
microenvironment.®” In the present study, we first demonstrated that the expression of TREM-1 in GBM was signifi-
cantly higher than that in normal brain tissue, and high expression of TREM-1 in GBM predicted a poor prognosis. These

Table 2 Multivariate Analysis of OS for Glioblastoma (N=91)

Variable B SE Wald p-value Hazard Rate (95% CI)
TMZ chemotherapy —0.355 0.247 2.060 0.151 0.702 (0.432, 1.138)
Complete resection —0.734 0.274 7.176 0.007 0.480 (0.281, 0.821)
Radiation therapy —0.423 0.261 2.630 0.105 0.655 (0.393, 1.092)
TREM-1 0.814 0.260 9.815 0.002 2.256 (1.356, 3.754)

Notes: TMZ chemotherapy, postoperative temozolomide chemotherapy; Radiation therapy, postoperative radia-

tion therapy.

Abbreviations: TMZ, temozolomide; TREM-I, triggering receptor expressed on myeloid cells I; OS, overall

survival time.

Table 3 Multivariate Analysis of PFS for Glioblastoma (N=91)

Variable B SE Wald p-value Hazard Rate (95% CI)
Complete resection —0.593 0.275 4.653 0.031 0.552 (0.322, 0.947)
Radiation therapy —0.438 0.260 2.835 0.092 0.645 (0.388, 1.074)
TREM-| 0.731 0.257 8.080 0.004 2.077 (1.255, 3.438)
GFAP 0.687 0.361 3.620 0.057 1.988 (0.979, 4.033)
P53 0.503 0.278 3.273 0.070 1.653 (0.959,2.849)

Note: Radiation therapy, postoperative radiation therapy.
Abbreviations: TREM-I, triggering receptor expressed on myeloid cells I; GFA|
progression free survival time.

P, glial fibrillary acidic protein; PFS,
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results were consistent with those of previous studies on HCC,'> RCC,"* and breast cancer.'* In NSCLC, high TREM-1
expression in TAMs and high soluble TREM-1 levels are also poor prognostic factors.'®>! Both in human lung cancer

xenografts and pancreatic cancer xenograft mouse models, TREM-1 inhibitors exhibit strong antitumor effects.**** In
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Abbreviations: TREM-I, triggering receptor expressed on myeloid cells |; GBM, glioblastoma.

pancreatic cancer, the antitumor effect of TREM-1 inhibitors is significantly correlated with increased survival and

suppressed TAM infiltration. TREM-1 blockade significantly reduces the serum levels of interleukin (IL)-1a, IL-6, and

macrophage colony-stimulating factor (M-CSF).*

In the present study, functional enrichment analysis showed that TREM-1 was predominantly involved in the

inflammatory response and tumor necrosis factor (TNF) signaling via nuclear factor kappa B (NF-kB) and Janus kinase
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Figure 6 Associations of TREM-I with tumor-infiltrating immune cells and immune scores. (A-F) TIMER was used to analyze the associations of TREM-1 with neutrophils
(A), macrophages (B), CD4+ T cells (C), plasma B cells (D), myeloid dendritic cells (F), and CD8+ T cells (F). (G-1) TREM-1 was positively related with the stromal score
(G), immune score (H) and ESTIMATE score (I).

Abbreviations: TREM-I, triggering receptor expressed on myeloid cells |; GBM, glioblastoma.

(JAK)/signal transducers and activators of transcription (STAT) signaling pathways, which was consistent with previous
reports on the function and mechanisms of TREM-1. TREM-1 stimulates neutrophil and monocyte-mediated inflamma-
tory responses through the transmembrane adapter protein, DAP12. Phosphorylation of DAP12 induces the secretion of
inflammatory chemokines and cytokines, such as TNF-a and IL-1p.**® NF-kB is a key orchestrator of innate immunity
and inflammation. Aberrant NF-kB regulation has been observed in many cancers.’” In both tumor and inflammatory
cells, NF-xB is activated downstream of the Toll-like receptor (TLR)/MyD88 pathway and the TNF-o and IL-1B
inflammatory cytokines. TREM-1 possesses the ability to amplify signaling via TLR4 or TLR2.*® STAT3 is a point of
convergence for numerous oncogenic signaling pathways.39 TREM-1 blockade prolongs the survival of rats with
polymicrobial sepsis and attenuates systemic inflammatory responses through the JAK2/STAT3 signaling pathway.'?
TNF, a major proinflammatory cytokine, promotes tumors via different pathways by enhancing tumor growth and
invasion as well as recruiting leukocytes, promoting angiogenesis, and facilitating epithelial-to-mesenchymal
transition.*>*' Caer et al showed that TNF correlates with TREM-1-expressing monocytes, and they suggested that the
TREM-1 pathway may act in concert with other factors, such as TNF, in the intestine of Crohn’s disease patients to
influence the inflammatory environment.**

Because inflammasome-dependent release of cytokines and antigens activates, shapes, or inhibits adaptive immune
responses,”> we explored the relationship among TREM-1, TIICs, and ICGs. Macrophages, as important antigen-
presenting cells, determine the T cell response, and the cytokine pattern secreted by activated T cells is determined by
the cytokine pattern secreted by M1/M2 macrophages.'” TAMs are closely related to the immune response in the tumor
microenvironment and are recognized as antitumor suppressors. In the present study, TIIC analysis showed that M2
macrophages comprised the largest proportion of immune cells in GBM. High macrophage infiltration mediates the

tumor immunosuppressive microenvironment through various mechanisms to promote tumor genesis, development, and
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Figure 7 TREM-| expression is significantly correlated with the expression of 26 common immune checkpoint genes based on TCGA database.
Abbreviations: TREM-I, triggering receptor expressed on myeloid cells I; Cl, confidence interval; TCGA, The Cancer Genome Atlas.

metastasis.'® Upregulation of TREM-1 has been frequently observed in dendritic cells and occasionally observed in
TAMs.'** Additionally, TREM-1 is associated with markers of M2 macrophage polarization in GBM,* and TREM-1
may mediate macrophage polarization by regulating the PI3K/AKT signaling pathway in HCC."® In the present study,
TREM-1 expression was positively associated with the infiltrating level of macrophages (TIMER) and negatively
associated with M1 macrophages (CIBERSORT algorithm), but TREM-1 expression was not associated with M2
macrophages. Therefore, the relationship between TREM-1 and M1/M2 macrophages in GBM needs to be further
verified in tissue specimens.

In addition to immune cells, the immune microenvironment also includes nonimmune stromal components, which are
associated with oncogenesis and malignant behaviors of tumors.*® In the present study, TREM-I was positively
associated with the stromal score and immune score. In TCGA-GBM cohort, the survival time of both the high stromal
and immune score groups is shorter than that of the low stromal and immune score groups, but there is no statistical
difference.*” Zeng et al showed that immune score is associated with favorable OS but that stromal score is associated
with unfavorable OS, while patients with low immune scores and high stromal scores exhibit worse survival.** Ren et al
reported that the interaction between stromal cells and epithelial cancer cells affects pancreatic cancer progression.49
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The present study demonstrated that TREM-1 was highly expressed in GBM. Immune therapies are less effective in
GBM due to the immune suppression microenvironment.>* Previous studies have found that in HCC, blocking the
TREM-1 pathway not only inhibits tumor development but also improves the efficacy of programmed cell death ligand 1
(PD-L1) by reducing the recruitment of C-C motif chemokine receptor 6 (CCR6)+forkhead box P3 (Foxp3)+ Tregs.'’
TREM-1 inhibitors may be an effective adjuvant that enhances anti-PD-1-mediated immunogenic cell death in micro-
satellite stable (MSS) colorectal cancer (CRC).”° Although these studies have suggested that TREM-1 may be involved
in the resistance of ICls, it remains unclear whether there are relationships between TREM-1 expression and immune
checkpoint genes or PD-L1. In the present study, analysis of TCGA-GBM cohort showed that TREM-1 significantly
correlated with not only PD-L1 (CD274) but also multiple ICGs. ICIs targeting programmed cell death protein 1 (PD-1)/
PD-L1 have been explored in GBM.?! The correlation between TREM-1 and multiple ICGs in the tumor microenviron-
ment suggests the potential immunosuppressive effect of TREM-1 in GBM. In the present study, the correlation analysis
and PPI network indicated that TREM-1 was significantly associated with the expression of CD86. Previous studies have
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shown that a TREM-1 inhibitory peptide attenuates the proinflammatory subtype transition of microglia as evidenced by
decreased levels of markers, including CD68, CD16, and CD86.!

In conclusion, the present study revealed that GBM patients with high expression of TREM-1 exhibit a worse
prognosis and that TREM-1 is associated with the immunosuppressive microenvironment of GBM. Thus, TREM-1
blockade or combining TREM-1 blockade and ICGs may be a strategy for enhancing GBM immune response.
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