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Background: Triggering receptors expressed by myeloid cells-1 (TREM1) is a receptor belonging to the immunoglobulin super-
family and plays an important role in pro-inflammation in acute and chronic inflammatory disorders. However, the understanding of 
the immunomodulatory roles of TREM1 in the tumor microenvironment remains incomplete.
Methods: The expression patterns of TREM1 mRNA in tumors and adjacent normal tissues were compared by analyzing data 
obtained from the Genotype-Tissue Expression and The Cancer Genome Atlas datasets. Survival analysis was performed to determine 
the prognostic value of TREM1. Functional enrichment analysis was applied to decipher the discrepancy in biological processes 
between high- and low-TREM1 groups across various cancers. The correlation between TREM1 and immune cell infiltration 
determined by using multiple algorithms was evaluated with the Pearson method. Four independent immunotherapy cohorts were 
adopted to validate the role of TREM1 as a biomarker.
Results: TREM1 was elevated in most cancers as verified with clinical samples. Overexpression of TREM1 was linked with 
undesirable prognosis in patients. Further analysis revealed that TREM1 was positively correlated with immune response, pro- 
tumor pathways, and myeloid cell infiltration, while being negatively correlated with CD8+ T cell (including infiltration level and 
biological processes). Concordantly, tumors with high TREM1 levels were more resistant to immunotherapy. Through connective map 
analysis, therapeutically potential compounds like tozasertib and TPCA-1 were identified, which can be used synergistically with 
immunotherapy to improve the poor prognosis of patients with high TREM1 levels.
Conclusion: Through a systematic and comprehensive pan-cancer analysis, we demonstrated that overexpression of TREM1 in 
tumors correlated closely with unfavorable outcome, infiltration of immune-suppressive cells, and immune regulation, which high-
lights its potential use as a tumor prognostic biomarker and a novel target for immunotherapy.
Keywords: triggering receptors expressed by myeloid cells-1, pan-cancer, prognostic biomarker, tumor microenvironment, clear cell 
renal cell carcinoma, immunotherapy

Introduction
The tumor microenvironment (TME) is a collective term that includes tumor cells and the non-neoplastic components 
with which they interact. Changes in the TME often affect multiple biological functions in tumors.1 Although “inflam-
matory” type tumors characterized by high immune cell infiltration are considered to have a better prognosis and a better 
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response to immunotherapy, chronic inflammation is inextricably linked with tumor development and immune escape.2 

Studies have confirmed that the presence of long-term chronic infection is highly related to the risk of tumors at the same 
location, and many cancers occur at the sites of chronic inflammation.3 Cancer-related inflammation is even considered 
the seventh hallmark of cancer.4 Therefore, the potential role of inflammation in TME deserves further study.

Triggering receptors expressed on myeloid cells (TREM) are a group of activated receptors specifically expressed in 
bone marrow-derived cells. There are five subtypes in the TREM family: TREM1-5.5 TREM1 subtype is the most 
characteristic protein of its family, and promotes inflammatory response in many ways.6 An increase in the levels of 
TREM1 was observed in pneumonia, inflammatory bowel disease, intraperitoneal infection, and other inflammatory 
diseases.7,8 In, addition, TREM1 was overexpressed in some solid tumors and the elevated levels of TREM1 seem to be 
associated with a poor prognosis of tumors.9,10 These observations imply that TREM1 may participate in the develop-
ment and progress of tumors by involving in tumor-related inflammation.

Considering these important roles played by TREM1 in inflammation and tumor, pan-cancer data were analyzed to 
explore the abnormal expression, predictive value, and immunosuppressive role of TREM1 in a variety of tumors, 
especially in kidney renal clear cell carcinoma (KIRC). By analyzing the transcriptome data of Genotype-tissue 
Expression (GTEx) database and The Cancer Genome Atlas (TCGA) cohorts, the differential level of TREM1 expression 
between tumor tissues and adjacent tissues was revealed. With clinical samples, quantitative real-time PCR (qRT-PCR), 
Western blot, and immuno-histochemistry (IHC) were conducted to assess the expression level of TREM1 in tumor and 
adjacent normal tissue. The prognostic role of TREM1 in solid tumors was determined through Kaplan–Meier (K-M) 
survival analysis, univariate Cox regression (UniCox), and multivariate Cox regression (MultiCox) analysis. The 
correlations between immune cell abundance quantified by multiple methods and TREM1 were determined in pan- 
cancer. Finally, the reliability of TREM1 as a prognostic biomarker in immunotherapy was explored through four 
immune checkpoint inhibitor (ICI) treatment cohorts. In short, the results indicated that TREM1 could serve as 
a promising biomarker and a therapeutic target across multiple cancer types.

Materials and Methods
TREM1 Expression Profiles in Normal Tissues and Tumors
RNA-seq data in transcripts per million (TPM) of GTEx and TCGA Pan-Cancer were downloaded from the UCSC Xena 
(https://xenabrowser.net/datapages/). The difference in TREM1 mRNA expression between tumor and adjacent normal 
tissues was analyzed for multiple cancer types using the TIMER2.0 database (http://timer.cistrome.org/).11 The abbrevia-
tions of various cancers are given in Table S1.

Clinical Samples Collection
Bladder urothelial carcinoma (BLCA), breast invasive carcinoma (BRCA), and KIRC samples and corresponding para- 
carcinoma normal tissues were resected from patients hospitalized in the First Affiliated Hospital of Sun Yat-sen 
University from 2020 to 2022. Patients are between the ages of 18 and 80. Prior to surgery, none of the patients received 
neoadjuvant chemotherapy or radiotherapy. This study was reviewed and approved by the Institutional Ethics Committee 
for Clinical Research and Animal Trials Ethical of the First Affiliated Hospital of Sun Yat-sen University. Written 
informed consent was obtained from participated patients. All experiments were performed in accordance with the ethical 
standards of the Helsinki Declaration.

RT-qPCR, Western Blot and IHC
After extracting total RNA by TRIzol, PrimeScript RT reagent kit (EZBioscience, China) and SYBR Green PCR reagent 
(EZBioscience, China) were used for reverse transcription and further qRT-PCR according to the manufacturer’s 
instruction. ACTB was used as an internal control. The primer sequences are presented in Table S2. The expression 
levels of TREM1 were quantified relatively using 2-ΔΔCT. The following primary antibodies were used in Western blot 
or IHC: anti-Vinculin rabbit polyclonal antibody (26520-1-AP, Proteintech), anti-TREM1 rabbit polyclonal antibody 
(11791-1-AP, Proteintech). The concentration of primary antibody was adjusted according to the manufacturer’s 
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recommendation and the actual application. The Western blot and IHC assays were performed following the manufac-
turer’s protocol.

Analysis of the Relationship Between TREM1, Clinical Progression and Prognostic of 
Pan-Cancer
Based on the expression levels of TREM1 above, we next explored its relationship with tumor stages through 
The University of Alabama at Birmingham Cancer data analysis Portal (UALCAN) (http://ualcan.path.uab.edu) in pan- 
cancer.12 Corresponding clinical data including overall survival (OS) and disease-specific survival (DSS) for each sample 
from TCGA Pan-Cancer were also obtained from the UCSC Xena database. Based on the optimal cut-off point, which 
was calculated using the “surv_cutpoint” function of the R package “survminer”, patients were assigned to the high- or 
low-TREM1 expression subgroups. K-M analysis, UniCox, and MultiCox were conducted to explore the impact of 
TREM1 on the prognostic of patients.

Mutation Profiles of TREM1 in Pan-Cancer
The cBioPortal (www.cbioportal.org) was used to investigate the mutation landscapes of TREM1 in pan-cancer.13,14 

Correlation analysis was performed to investigate the association between TREM1 expression and DNA methylation, 
tumor mutation burden (TMB), microsatellite instability (MSI), and tumor neoantigen (NEO) in various cancers with 
Pearson method.

Functional Enrichment Analysis
Differential expression analysis with the “limma” R package was performed between high and low TREM1 expres-
sion groups in the indicated tumor types. The criteria of adjusted P value <0.05 and |Fold Change| ≥1 was applied to 
screen the differentially expressed genes (DEGs). Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) analyses were carried out and visualized according to these DEGs using the “clusterProfiler” 
package.15 Gene lists sorted by log (Fold Change) generated by differential expression analysis were inputted for 
Gene Set Enrichment Analysis (GSEA) to determine whether 50 hallmark gene sets differ significantly between high- 
and low-TREM1subgroups.16 Hallmark gene sets (h.all.v7.5.1.symbols.gmt) was downloaded from the Molecular 
Signatures Database (http://www.gsea-msigdb.org/).17 The results of GSEA were summarized and presented in 
a bubble plot.

Association Between TREM1 Expression and Immunity
ESTIMATE algorithm was applied to calculate the immune and stromal scores which portrayed the abundance of 
stromal and immune cells in TME through the R package “ESTIMATE”.18 The immune infiltration scores of TCGA 
Pan-cancer, which were calculated with different quantitative methods, were obtained from the TIMER2.0 dataset. 
Pearson correlation analysis was conducted to evaluate the correlation between TREM1 and immune cell infiltration 
abundance. The results containing subsets of macrophages, monocytes, dendritic cells (DCs), myeloid-derived 
suppressor cells (MDSCs), neutrophils, eosinophils, CD4+ T cells, CD8+ T cells, T-regulatory lymphocytes 
(Tregs), NK cells, B cells, mast cells and cancer-associated fibroblasts (CAFs) across cancers were presented in 
a heatmap. Twenty-nine TME-related signatures, which represented the major functional components of TME 
(including anti-tumor microenvironment, pro-tumor microenvironment, angiogenesis fibrosis, and malignant cell 
properties), were obtained from Bagaev, A19 (Table S3). The scores of these signatures were calculated through 
single-sample gene set enrichment analysis (ssGSEA) algorithm. Signature scores of GO terms, KEGG terms, 
hallmark and TME gene sets were computed with ssGSEA using the “IOBR” R package20 The associations between 
TREM1 expression and gene sets scores in TCGA-KIRC or Pan-Cancer were evaluated by Pearson correlation 
analysis.
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Prognostic Role of TREM1 in Immunotherapy
Transcriptomic data and matched clinical data from four ICIs therapy cohorts were collected to validate the prognostic 
predictive ability of TREM1 in immunotherapy. The IMmotion150 cohort (renal cell carcinoma, RCC) included 162 
patients undergoing atezolizumab (anti-PDL1) or atezolizumab + bevacizumab (anti-VEGF) treatment.21 The 
IMmotion151 cohort (RCC) included 407 patients treated with atezolizumab + bevacizumab.22 The CheckMate cohort 
(RCC) contained 170 patients undergoing treatment with nivolumab (anti-PD-1).23 The IMvigor210 cohort (metastatic 
urothelial cancer, mUC) contains 298 patients treated with atezolizumab.24 Patients were classified into the high- or low- 
TREM1 expression subgroups according to the optimal cut-off value. The distribution difference of responders between 
high- and low-TREM1 subgroups was tested through Chi-squared test.

Drug Sensitivity Analysis in Pan-Cancer
To explore the difference in response to commonly used inhibitors and chemotherapeutics drug in high- and low-TREM1 
subgroups, we conducted a drug prediction analysis. Based on the RNA-seq TPM matrix of TCGA-KIRC, the semi- 
inhibitory concentrations (IC50) of 237 commonly used anticancer drugs were estimated with the “pRRopheticPredict” 
function of the R package “pRRophetic”.25 Connectivity Map (CMap) database (https://clue.io/) is an online public tool 
for users to explore relationships between diseases and drugs according to the gene expression profile changes to 
perturbation.26 Three hundred DEGs (150 upregulated and 150 downregulated) between high- and low-TREM1 sub-
groups in indicated TCGA cohorts were inputted to predict potential compounds associated with TREM1 expression 
using the function “query”.

Statistical Analysis
Statistical differences between two groups were determined by a Wilcoxon rank-sum test. Statistical difference of the 
TREM1 mRNA expression levels between tumor and adjacent normal tissues was determined by a paired t-test. 
Kaplan–Meier survival analysis with Log rank test and UniCox analysis were applied to evaluate the prognostic role of 
TREM1 in TCGA Pan-cancer. Pearson correlation analysis was conducted to evaluate the correlation between TREM1 
expression and immune cell infiltration abundance, ssGSEA scores, etc. P values were corrected with the adjustment 
method “Benjamini-Hochberg”. The Chi-squared test was used to assess the distribution difference of responders and 
non-responders between high- and low-TREM1 groups in immunotherapy cohorts. P value less than 0.05 was 
considered significant, and all P values were two-sided. All statistical data analyses were performed using 
R software, version 4.1.0.

Result
Expression Profiles of TREM1 in Different Tumors
Firstly, the GTEx and TCGA databases were integrated to compare the expression profiles of TREM1 in tumors and 
corresponding normal tissues. We found that TREM1 levels were significantly elevated in ACC, BLCA, BRCA, CESC, 
CHOL, COAD, ESCA, GBM, HNSC, KIRC, KIRP, LGG, OV, PAAD, READ, SKCM, STAD, TGCT, THCA, UCEC, 
and UCS, while decreased in ALL, KICH, LAML, LIHC, LUAD, LUSC, and PRAD (Figure 1A). Similar results were 
observed in paired tumors and adjacent normal tissues in the TCGA database. TREM1 was overexpressed in tumors in 
most cancer types except for LIHC, LUAD, and LUSC (Figure S1A). qRT-PCR was then applied to compare the mRNA 
transcript levels of TREM1 in paired tumor and adjacent normal tissues from clinical samples of KIRC, BLCA, and 
BRCA. The results acquired revealed that the expression of TREM1 was significantly upregulated in tumor samples 
(Figure 1B). Western blot and IHC staining were conducted to confirm these mRNA expression patterns at the protein 
level (Figure 1C–E). Through the UALCAN database, we further investigated the association between TREM1 expres-
sion and American Joint Committee on Cancer (AJCC) stage. The results demonstrated that the expression of TREM1 
was significantly upregulated in advanced AJCC stages in BLCA, COAD, ESCA, HNSC, KIRC, KIRP, READ, STAD, 
THCA, and UCEC (Figure S1B).
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Prognostic Role of TREM1 in Pan-Cancer
To investigate the prognostic value of TREM1 in pan-cancer, we conducted K-M and UniCox analysis to reveal the 
association between patients’ OS or DSS and the expression of TREM1 in primary solid tumor. The results of 
K-M analysis suggested that an elevated TREM1 expression significantly related to the worse OS in several cancers, 
including CESC, ESCA, GBM, HNSC, KIRC, KIRP, LGG, LIHC, LUSC, MESO, OV, PAAD, SARC, SKCM, STAD, 
and UCEC (Figure 2). Unicox results suggested that TREM1 was a risk factor for OS of CESC, GBM, KIRC, LIHC, 
LGG, LUSC, OV, and PAAD tumors. In addition, a high TREM1 expression indicated a worse DSS in patients with 
CESC, GBM, KIRC, LIHC, LGG, LUSC, OV, PAAD, PRAD, and UCEC (Figure S2A). Of note, TREM1 was 

Figure 1 TREM1 expression profiles in normal tissues and tumors. (A) Expression level of TREM1 between tumor and normal tissues in pan-cancer according to the 
integrated data from GTEx and TCGA datasets. (B) mRNA expression of TREM1 in KIRC, BLCA and BRCA patients assessed by qRT-PCR analysis. (C) Protein expression 
of TREM1 detected by Western blot in paired KIRC and adjacent normal tissues. (D) Western blot protein detection of theTREM1 expression levels in paired normal tissues 
and BLCA (left panel), BRCA (right panel) tissues. (E) IHC of TREM1 in paired KIRC and adjacent normal tissues. 
Notes: *P < 0.05, **P < 0.01, ***P < 0.001. Abbreviation list of tumor cohorts from TCGA is given in Table S1. 
Abbreviations: BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; GTEx, Genotype-Tissue Expression; IHC, immunohistochemistry; TCGA, The 
Cancer Genome Atlas; TPM, transcripts per million.
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a protective factor for DSS of LUAD (Figure S2B). Further multiCox analysis revealed that TREM1 was an independent 
prognostic factor in CESC, KIRC, LGG, LIHC, LUSC, and OV (Figure S2C–J). These results confirmed that the 
abnormal expression of TREM1 in tumor was linked with the unfavorable outcome of patients with various cancers.

Figure 2 Prognostic value of TREM1 in TCGA pan-cancer. K-M curves of overall survival stratified by the low- and high-expression of TREM1 in indicated cancers. Log rank 
test was applied to calculate the P values. 
Note: Abbreviation list of tumor cohorts from TCGA is given in Table S1. 
Abbreviation: TCGA, The Cancer Genome Atlas.
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Landscape of TREM1 Gene Mutation in Pan-Cancer
In consideration of the possibility that aberrant expression of TREM1 in tumors might be induced by gene alterations, we 
explored the mutation landscape of TREM1 in TCGA pan-cancer employing cBioPortal database. Figure 3A and 
B showed that TREM1 altered less than 6% in most cancers. Amplification was the primary alteration type, while 
deep deletion was rare. Notably, the alteration frequency of TREM1 in KIRC was approximately 0%. A total of 63 
mutations were detected in TREM1 (including 51 missense, 8 truncating, and 4 splice) (Figure 3C). Furthermore, 
a negative correlation between expression level and promoter methylation level of TREM1 was observed (Figure 3D). 
Additionally, we discovered a positive association between the expression level of TREM1 and TMB, MSI, and NEO in 
several cancers (Figure 3E–G).

Figure 3 Mutation landscape of TREM1 in pan-cancer. (A and B) Mutation frequency (A) and general mutation count (B) of TREM1 in multiple TCGA pan-cancer studies 
according to the cBioPortal database. (C) Mutation diagram of TREM1 across protein domains in various cancers. (D) Correlations between TREM1 expression and DNA 
methylation in pan-cancer. (E–G) Correlations between TREM1 expression and TMB (E), MSI (F), and NEO (G) in pan-cancer. 
Note: Abbreviation list of tumor cohorts from TCGA is given in Table S1. 
Abbreviations: MSI, microsatellite instability; NEO, neoantigen; TCGA, The Cancer Genome Atlas; TMB, tumor mutation burden.
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Enrichment Analysis of TREM1
To further explore the potential biological characteristics with TREM1-related genes, we screened the DEGs based on 
TREM1 expression and conducted enrichment analysis on DEGs in KIRC. For GO results, TREM1 expression was 
correlated with regulation of immune effector process, acute inflammatory response, myeloid leukocyte migration, 
complement activation, immune receptor activity, collagen-containing extracellular matrix, etc. (Figure S3A). For 
KEGG results, TREM1 was related to complement and coagulation cascades, IL-17 signaling pathway, TNF signaling 
pathway, and NF-κB signaling pathway (Figure S3B). Based on the result of differential expression analysis between 
high- and low-TREM1 groups across 16 indicated cancer types, GSEA analysis was conducted to dissect the underlying 
biological processes/pathways associated with TREM1 in various cancers. The result displayed that pathways related to 
immune regulation, including inflammatory response, TNFα-signaling-via-NFκB, IFN-α/IFN-γ response, IL2-STAT5- 
signaling, IL6-JAK-STAT3 signaling, and complement were enriched in the high-TREM1 group (Figures S3C and S4), 
with a high degree of consistency across various tumor types. Moreover, the high-TREM1 group showed a remarkable 
enrichment in angiogenesis, epithelial–mesenchymal transition (EMT), hypoxia, glycolysis, and TGF-β signaling in pan- 
cancer (Figures S3D and S4). Additionally, TREM1 had a significant negative correlation with oxidative phosphorylation 
and correlated moderately with adipogenesis and fatty acid metabolism in certain kinds of tumors, especially in KIRC 
(Figures S3E and S4). In brief, these results demonstrated that TREM1 played an important role in the processes of the 
immune response and tumor progression.

Immune Cell Infiltration Analysis of TREM1 in Pan-Cancer
Based on the data downloaded from the TIMER database, we dug into the correlation between TREM1 expression and 
immune cell infiltration abundance in various cancers. TREM1 was found positively associated with the abundance of 
Macrophage.M2, Macrophage.M0, Neutrophils, and Tregs, but inversely correlated with the abundance of immune killer 
cells including Macrophage.M1, CD8+ T cells, and activated NK cells in pan-cancer, especially in KIRC (Figure 4A). 
Furthermore, the TME scores calculated with ESTIMATE algorithm, including the Immune and Stromal scores, were 
positively correlated with TREM1 levels across multiple cancers (Figure 4B). A similar trend was also observed with 
infiltration levels computed using other algorithms, like XCELL, MCPCOUNTER, EPIC, QUANTISEQ, and TIDE 
(Figure S5). Through Pearson correlation analysis, we then assessed the association between TREM1 and immune- 
modulatory genes across multiple cancer types. Figure S6A showed that TREM1 was positively correlated with 
a majority of immune co-inhibitory markers (such as CD274, CD276, CTLA4, and HAVCR2) in most cancers except 
in UCS and UVM. In addition, the TREM1 expression levels were positively correlated with cell surface molecules: 
ICAM1, and ITG, and proinflammatory cytokine: IL1A, IL1B, and IL2RA in pan-cancer (Figure S6B). A positive 
correlation was also observed between the expression of TREM1 and the most of immune stimulatory genes in COAD, 
GBM, LGG, KICH, OV, PAAD, PRAD, READ and, THCA; while a negative correlation was found only in LUAD 
(Figure S6B). Collectively, these results revealed that TREM1 might be involved in TME shaping and the immune 
suppression induced by T cell exhaustion.

Exploration of the Relationship Between TREM1 and Immune Components Based on 
ssGSEA
In the analysis of 29 TME-related signatures, TREM1 exhibited a significant positive association with most of the signatures, 
which reflected the pro-tumor microenvironment, angiogenesis fibrosis, and malignant cell properties (Figure 5A). Intriguingly, 
TREM1 showed a positive association with section of the signatures in anti-tumor microenvironment (Figure 5A). TREM1 was 
also positively correlated with multiple pro-tumor signaling pathways and biological processes of immune response related to 
macrophages, while exhibited a negative association with biological processes involved in anti-tumor immunity, including 
antigen processing and presentation, T cell-mediated cytotoxicity, and response to cancer cell and others (Figure 5A). In addition, 
in ssGSEA of hallmark terms, TREM1 showed a strong positive correlation with immune-related gene sets and pro-tumor gene 
sets (Figure 5B) in pan-cancer, which was consistent with the results obtained from GSEA in KIRC as described in the previous 
section. Moreover, scatter plots of TREM and signature scores of MDSC, T cell exhaustion, immune checkpoint, and CAF in 
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various cancers exhibited a significant positive correlation (Figure 5C). These results in conjunction revealed that a higher 
expression of TREM1 represented a more malignant pro-tumor environment with characteristics of immune exhaustion and 
fibrosis.

Relationship Between TREM1 and the Outcome of Immunotherapy
The results from the correlation analysis between TREM1 and TMB, MSI, and NEO implied that TREM1 could serve as 
a biomarker in predicting the effects of ICIs. Therefore, we evaluated the predictive efficiency of TREM1 for prognosis 
and response in patients who received ICIs. However, elevated TREM1 was linked to a worse progression-free survival 
in patients with RCC in the IMmotion150 cohort (P < 0.001, HR = 1.93) and IMmotion151 cohort (P = 0.02, HR = 1.35) 
(Figure 6A and B). A similar tendency was seen in patients with RCC which received anti-PD1 therapy in the 

Figure 4 Correlations between TREM1 expression and immune cell infiltration abundance in cancers. (A) Heatmap displaying the correlations between TREM1 expression 
and infiltration levels of 22 immune cells calculated by CIBERSORT in pan-cancer. (B) Heatmap displaying the correlations between TREM1 expression and estimate scores 
in pan-cancer. *P < 0.05, **P < 0.01, ***P < 0.001. Abbreviation list of tumor cohorts from TCGA is given in Table S1.
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Figure 5 Exploration of the relationship between TREM1 and immune components based on ssGSEA algorithm. (A) Butterfly plot displaying the correlation between 
TREM1 and TME-related signatures (left panel), KEGG terms, and GO terms (right panel) in KIRC. (B and C) Correlations between TREM1 expression and ssGSEA scores 
of hallmark (B) or TME (C) gene sets in TCGA pan-cancer. 
Note: Abbreviation list of tumor cohorts from TCGA is given in Table S1. 
Abbreviations: KIRC, Kidney renal clear cell carcinoma; ssGSEA, single-sample gene set enrichment analysis; TCGA, The Cancer Genome Atlas; TME, tumor 
microenvironment.
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Figure 6 Predictive value of TREM1 in immunotherapy efficacy. (A and B) Kaplan–Meier survival curve of PFS between high- and low-TREM1 subgroups in the IMmotion150 cohort (A) 
and the IMmotion151 cohort (B). (C and D) Kaplan–Meier survival curve of OS between high- and low-TREM1 subgroups in the CheckMate cohort (C) and the IMvigor210 cohort (D). 
Log rank test was applied to calculate the P values. (E) Bar charts representing the proportion of patients in high- and low-TREM1 subgroups that responded to immunotherapy in the 
IMmotion150 cohort. (F) Bar charts representing the proportion of patients in high- and low-TREM1 subgroups that responded to immunotherapy in the IMvigor210 cohort. 
Abbreviations: CR, complete response; OS, overall survival; ORR, objective response rate; PD, progressive disease; PFS, progression-free survival; PR, partial response; 
SD, stable disease.
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CheckMate cohort (P = 0.13, HR = 1.35) (Figure 6C). In addition, in the mUC of the IMvigor210 cohort, patients with 
high-TREM1 levels presented decreased survival time than those with low-TREM1 levels (P = 0.031, HR = 1.40) 
(Figure 6D). Furthermore, there was a significant difference in responders and non-responders to anti-PDL1 therapy 
between high- and low-TREM1 subgroups in the IMmotion150 cohort (P < 0.001) (Figure 6E). Elevated rates of 
response to immunotherapy were observed in patients with low TREM1 expression (77% vs 45%). A similar trend was 
observed in the IMvigor210 cohort (P = 0.057, 29% vs 19%) (Figure 6F). It was concluded that patients with high 

Figure 7 Therapeutic response prediction based on pRRopheticPredict and Connectivity Map analysis. (A) Boxplot displaying difference of the sensitivities to the 
chemotherapy drugs between patients with a high expression of TREM1 and a low expression of TREM1 in KIRC. (B) Heatmap showing predicted score (positive in red, 
negative in blue) of top 60 compounds (30 negatively correlated and 30 positively correlated) from the Connectivity Map for indicated cancer type. KIRC, Kidney renal clear 
cell carcinoma. Abbreviation list of tumor cohorts from TCGA is given in Table S1.
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TREM1 expression did not benefit from anti-PD1/PDL1 immunotherapy, which implied TREM1 might impinge on anti- 
tumor immunity through other ways.

Identification of Potential Inhibitors/ Compounds Targeting TREM1 in Pan-Cancer
To explore the potential regimen for the treatment of patients in the high-TREM1 subgroup, we estimated the IC50 of 
commonly used inhibitors or chemotherapy drugs according to the transcription profile. The result showed that the IC50 
values for seven inhibitors (ie, sunitinib, tivozanib, linifanib, foretinib, cetuximab, gefitinib, and lapatinib) were lower in 
the patients from the high-TREM1 subgroup (Figure 7A). In addition, the IC50 values of 3 broad-spectrum chemother-
apeutic drugs (ie, cisplatin, vinblastine, and mitomycin) was found relatively lower in the high-TREM1 group 
(Figure 7A). Next, the TREM1-associated drugs in various cancers were screened using the “query” function of the 
CMap dataset. The result of top 60 compounds (30 negatively correlated and 30 positively correlated) are summarized 
and presented in the heatmap (Figure 7B). The higher predicted score indicated that the changes in the gene expression 
profile induced by drugs were more similar to the expression profile characteristic in high-TREM1 subgroup. The 
compounds like tozasertib, TPCA-1, BRD-K30351863, fostamatinib, and selumetinib, which showed a high degree of 
consistency across various cancer types, may attenuate the functional changes associated with high TREM1 expression. 
Therefore, patients with high expression of TREM1 may benefit from treatment with a combination of compounds with 
low predicted scores and ICIs. Collectively, the results of collated from the drug-efficiency prediction analysis provide 
a new perspective on the clinical decision-making for the treatment of patients with high TREM1 expression. However, 
further experiments are required to investigate the correlations between these drugs and TREM1.

Discussion
Inflammation seems to play a very complex role in tumors. It is generally believed that hot tumors characterized by high 
lymphocyte infiltration have better prognosis and immune response than cold tumors. However, an expanding body of 
evidence suggest that chronic inflammation is an important factor in the occurrence and development of tumors. As early 
as 1863, it was proposed that tumors originated from chronic inflammation.27 Some studies have found that about 90% of 
tumors are induced by acquired factors, and the commonness is that persistent chronic inflammation occurs after the 
homeostasis of the internal environment is broken.28 The roles of some anti-inflammatory drugs in inhibiting tumors have 
also been explored. For example, long-term aspirin treatment can prevent lung cancer, while flurbiprofen can signifi-
cantly inhibit tumor metastasis.3 Although the relationship between chronic inflammation, TME and tumor progression 
has been well established, its mechanism is complex as numerous factors are involved. Chronic inflammation is 
a repetitive wound repair process, accompanied by instability of genome repair; a variety of inflammatory chemokines 
cause the aggregation of a variety of immune cells; chronic infection induces T cell exhaustion due to prolonged exposure 
of T cells to antigens.29,30

Among the above inducements, myeloid cells recruited into the microenvironment also play an important role in 
tumor progression.31 TREM family receptors, especially TREM1, have attracted more and more researchers’ attention. 
The TREM family of receptors is expressed only in bone marrow cells. TREM1 is the most characteristic receptor of the 
TREM family, which is expressed on the cell surface of monocytes and neutrophils.32 TREM1, as an amplifier and 
promoter of inflammatory reaction, promotes and maintains chronic inflammation.33 TREM1 is also a biomarker for 
numerous inflammatory diseases, and the increased expression of TREM1 in biological fluids represents inflammatory 
damage to the corresponding organs.34 At the same time, there is increasing evidence suggesting that TREM1 plays 
a role in the development of solid tumors. The overexpression of TREM1 in lung, breast, and colon cancer indicates 
a poor prognosis.35–37 Since TREM1 is expressed only in myeloid cells, its tumor-promoting and immunosuppressive 
effects do not seem to be affected by tumor heterogeneity, thus providing the dual possibility of using TREM1 as 
a prognosis biomarker and a therapeutic target in pan-cancer. Through collection and analysis of pan-cancer transcrip-
tome and related data, we investigated the association between TREM1 and tumor prognosis as well as immunity, 
thereby providing important information regarding its potential applicability in tumor diagnosis and treatment.

First, we found that TREM1 was up-regulated significantly in 20 tumor tissues and down-regulated in 6 tumor tissues 
based on the GTEx and TCGA datasets. Additionally, the expression of TREM1 in KIRC, THCA, UCEC, KIRP, and 
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READ was closely related to the clinical stage. In the evaluation of TREM1 and patients’ clinical prognosis, TREM1 was 
recognized as a prognostic risk factor for OS in 16 tumors.

Next, we explored the mutation landscape of TREM1 in pan-cancer. We found the alteration frequency of TREM1 
was lower than 6% and the expression level of TREM1 was inversely correlated to DNA methylation in a majority of 
cancers. Thus, these results demonstrated that the aberrant expression of TREM1 in tumors might be ascribed to the 
decrease of DNA methylation of the TREM1 promoter. Functional enrichment analysis revealed that elevated expression 
of TREM1 was closely related to immune response signaling pathways (ie, IL6-JAK-STAT3 signaling, IL2-STAT5- 
signaling, and TNFα-signaling-via-NFκB) and pro-tumor gene sets (ie, EMT, hypoxia, angiogenesis, and glycolysis) in 
diverse cancers, especially in KIRC. In addition, we observed that TREM1 is correlated with myeloid-derived cells (ie, 
M0 macrophage, M2 macrophage, dendritic cell, neutrophil, MDSC, excluding M1 macrophage) and the several pro- 
tumor microenvironment components (ie, exhausted T cell, Treg, and CAF) in most cancers. Moreover, TREM1 showed 
a significant negative association with anti-tumor microenvironment components (ie, M1 macrophage, NK cell, CD4+ 
T cell, CD8+T cell, and γδ T cell) and gene sets scores reflecting anti-tumor immunity (ie, antigen processing and 
presentation, T cell-mediated cytotoxicity, and response to cancer cells). These observations imply that TREM1 is crucial 
for immunosuppression and may act by dampening the activity of T cells. Collectively, these results demonstrate that 
excessive inflammatory activation and chronic inflammation in the TME are not conducive to anti-tumor immunity and 
may lead to the depletion of T cells and promote tumor progression, which was consistent with previous studies.38–42

Then we investigated the association between TREM1 and the effect of anti-PD1/PDL1 immunotherapy using four 
independent ICIs treatment cohorts. The results suggested that the higher the expression of TREM1, the worse the 
prognosis of and response to anti-PD1/PDL1 treatment. The above results indicate that TREM1 has a strong predictive 
value for immunotherapy efficacy. According to the previous research results, blocking TREM1 might be a promising 
strategy for the reinvigoration of CD8+ T cell to exert its anti-tumor activity and improve the efficiency of anti-PD1 
/PDL1 immunotherapy in RCC and mUC.43

Lastly, we identified inhibitors or compounds related to TREM1 expression through drug sensitivity analysis aimed to 
improve the prognosis of high-TREM1 patients. The high-TREM1 group in KIRC was speculated more sensitive to 
inhibitors (ie, sunitinib, tivozanib, linifanib, foretinib, gefitinib), whose effectiveness in KIRC and other tumors have 
been substantiated.44–47 Through CMap analysis, several compounds like tozasertib, TPCA-1, BRD-K30351863, fosta-
matinib, and selumetinib were identified, which might inhibit the transcriptional changes and immunosuppression 
induced by TREM1 across multiple cancers. However, the anti-tumor activities of these drugs should be further 
investigated in vitro and vivo.

This study does have certain limitations. Being a retrospective study, our data are mainly obtained from public 
databases which inevitably leads to internal bias. Large-scale clinical studies are required to further verify. In addition, 
the specific mechanism of TREM1 needs to be further elucidated and verified experimentally. Moreover, the specific 
mechanisms by which the potential drugs identified interact with TREM1 need to be further clarified and studied to 
provide direct evidence for their applicability.

In summary, TREM1 was explored in tumor development and immunosuppression by conducting a comprehensive 
and systematic analysis of its role in pan-cancer. The abnormal expression of TREM1 closely correlates with the 
undesirable prognosis, immune cell infiltration, and immune regulation in many tumors, which highlights its potential 
as a tumor prognosis biomarker and a new target for immunotherapy.

Abbreviation
AJCC, American Joint Committee on Cancer; CAFs, cancer-associated fibroblasts; CMap, The Connectivity Map; DCs, 
dendritic cells; DSS, disease-specific survival; DEGs, differentially expressed genes; EMT, epithelial–mesenchymal transition; 
GO, Gene Ontology; GSEA, Gene Set Enrichment Analysis; GTEx, Genotype-tissue expression; IC50, semi-inhibitory 
concentration; ICI, immune checkpoint inhibitor; IHC, immunohistochemistry; KEGG, Kyoto Encyclopedia of Genes and 
Genomes; K-M, Kaplan-Meier; MDSCs, myeloid-derived suppressor cells; MSI, microsatellite instability; mUC, metastatic 
urothelial cancer; MultiCox, multivariate Cox regression; NEO, tumor neoantigen; OS, overall survival; qRT-PCR, quantitative 
real-time PCR; RCC, renal cell carcinoma; ssGSEA, single-sample gene set enrichment analysis; TCGA, The Cancer Genome 
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Atlas; TMB, tumor mutation burden; TME, tumor microenvironment; TPM, transcripts per million; Tregs, T-regulatory 
lymphocytes; TREM1, triggering receptors expressed by myeloid cells-1; UniCox, univariate Cox regression; UALCAN, 
The University of Alabama at Birmingham Cancer data analysis Portal. Abbreviation list of cancers in TCGA are in Table S1.
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