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Abstract: Objective: Prostate adenocarcinoma (PRAD) is one of the most common cancers, with high morbidity and 
mortality. Triggering receptors expressed on myeloid cells 2 (TREM2) is upregulated in various malignancies, how-
ever its effect on PRAD remains unknown. This study aimed to investigate the prognostic value of TREM2 in PRAD. 
Methods: PRAD samples were collected from The Cancer Genome Atlas (TCGA), the Gene Expression Omnibus 
(GEO), Oncomine, and the Human Protein Atlas (HPA) to analyze the differences in TREM2 expression between 
normal and tumor tissues. The influence of TREM2 on the clinicopathological characteristics and its prognostic 
value were evaluated using the Kaplan-Meier curve, Cox regression analysis, ROC (receiver operating characteristic) 
plot, and nomogram. Gene Ontology (GO), gene set enrichment analysis (GSEA), and protein-protein interaction 
(PPI) were conducted to screen biological functions and pathways. The relationship between TREM2 and tumor 
microenvironment (TME) characteristics was explored. The TREM2 expression in PRAD specimens and cell lines was 
assessed by immunohistochemistry staining and western blot. TREM2-specific siRNAs were used to evaluate the 
effects of TREM2 on cell function. Results: TREM2 was upregulated and positively associated with poor clinicopath-
ologic characteristics. Overexpression of TREM2 is an independent biomarker for the prognosis of PFI (progression-
free interval). Moreover, TREM2 expression was positively correlated with various TME characteristics. Knockdown 
of TREM2 inhibited the migration of PRAD cell lines via the PI3K/AKT axis. Conclusion: High TREM2 expression may 
represent a novel diagnostic and prognostic biomarker and serve as a potential target gene for PRAD therapy. 
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Introduction

Prostate cancer (PCa), namely prostate adeno-
carcinoma (PRAD), is the second major cause 
of cancer-associated death among men in the 
Western countries [1, 2]. According to the avail-
able data, PCa remains the main health risk 
among men, with an estimated 191,930 new 
cases and 33,330 PCa-related deaths in 2020 
in the United States [3]. Although clinicians 
have used prostate-specific antigen (PSA), 
Gleason score, and other pathological makers 
to facilitate the early screening of PCa and esti-
mate the prognosis after treatment, its morbid-
ity and mortality are still extremely high 
because of the lack of reliable and effective 

biomarkers and therapeutic approaches for 
PCa. Additionally, there is considerable evi-
dence suggesting that PCa is highly heteroge-
neous [4]. Therefore, personalized manage-
ment represents a promising strategy for cor-
recting the associated diagnosis and treatment 
defects. Consequently, further identification of 
specific biomarkers for the early detection of 
PCa is needed to improve diagnostic accuracy, 
assess treatment response, and explore new 
therapeutic targets [5].

The tumor microenvironment (TME) comprises 
a dynamic, interconnected network of malig-
nant cells, tumor-infiltrating immune cells 
(TIICs), and stromal cells, as well as insoluble 
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factors such as chemokines and cytokines [6]. 
Within the TME infrastructure, the recruitment 
of immune and nonimmune cell types, as well 
as their secreted factors, is the potential driv-
ing force behind the development of chronic 
inflammatory and immunosuppressive state 
[7]. Malignant cells elicit multiple mechanisms 
of immunosuppression to counteract eradica-
tion by host immunosurveillance [8, 9]. Patients 
with metastatic PCa show disrupted cellular 
immunity, with a largely immunosuppressed 
TME [10, 11]. Immunotherapy is one approach 
having the potential to revolutionize the treat-
ment of various tumors [12]. It exploits the abil-
ity of the immune system to target and kill car-
cinoma cells. Unfortunately, the clinical efficacy 
of immunotherapy is limited to varying degrees 
due to immunosuppressive TME and tumor-
mediated immune escape mechanisms [9]. As 
such, elucidating the molecular mechanisms of 
tumor immunity will not only further enhance 
our understanding of how the TME regulates 
cancer but also provide novel immunotherapy 
targets for PRAD. 

Triggering receptors expressed on myeloid cells 
2 (TREM2), which was first identified as a novel 
activating receptor superfamily with a V-type 
extracellular domain [13], expresses mainly in 
dendritic cells (DCs) [14]. It is also found in 
nuclear cells [15], osteoclasts [16], macro-
phages [17], and microglia [18]. TREM2 
depends on binding to the DNAX-activating pro-
tein 12 cytosolic linker to exert a pivotal func-
tion in regulating the secretion of proinflamma-
tory cytokines and suppressing inflammation 
[15]. Recently, increasing evidence has illus-
trated that the aberrant TREM2 expression is 
significantly related to multiple malignancies, 
including renal cell carcinoma [19], gastric can-
cer [20, 21], and gliomas [22, 23], indicating 
that TREM2 can function as a prognostic mark-
er due to its unique role in tumorigenesis. 
Importantly, TREM2, as an immunosuppressive 
receptor in modulating the TME [24], can stimu-
late suppressive cells such as myeloid-derived 
suppressor cells and tumor-associated macro-
phages (TAMs) [25, 26], while also curbing the 
antitumor immune response [27]. Therefore, 
reprogramming the TREM2 signaling pathway 
in the TME is essential to achieve a stronger 
antitumor effect. 

Despite growing evidence of an association 
between TREM2 and various tumors, the under-

lying mechanisms by which TREM2 is regulated 
in PCa remain unclear. Therefore, the role of 
TREM2-mediated immune regulation should be 
elucidated through further studies. This study 
used integrated bioinformatics approaches 
and in vitro experiments to analyze the TREM2 
expression in PRAD tissues and cell lines. 
Moreover, we used the tumor-immune system 
interactions and drugbank (TISIDB) database 
combined with the Tumor Immunity Estimation 
Resource (TIMER) database to explore the 
effect of TREM2 on TIIC and immune marker 
sets in PRAD. We also studied the potential 
mechanism underlying the regulation of TREM2 
in PRAD.

Materials and methods

Data sources

We obtained the pan-cancer RNA-sequencing 
(RNA-seq) data from the Genotype-Tissue 
Expression (GTEx) portal and The Cancer 
Genome Atlas (TCGA) via the University of 
California Sata Cruz Xena (https://xenabrows-
er.net/datapages/) and processed them uni-
formly. The source of PRAD RNA-seq raw counts 
(tumor = 499, normal = 52) and relevant clini-
cal data was TCGA (https://portal.gdc.cancer.
gov/). The data downloaded from the database 
were in units of three high-throughput sequenc-
ing (HTSeq) fragments per kilobase, which were 
converted into transcripts per million for per-
forming subsequent analysis. This study evalu-
ated the TREM2 expression using the Oncomine 
database, Gene Expression Omnibus (GEO) 
database and the Human Protein Atlas (HPA) 
database. 

Survival analysis

The association of TREM2 expression with dis-
ease prognosis was examined using a one-way 
Cox assessment method. This study also used 
Kaplan-Meier (KM) approach to analyze the 
relation of differential TREM2 expression with 
disease prognosis. Hence, we classified TREM2 
expression in carcinoma and noncarcinoma 
samples as high and low TREM2 expression. 
One-way Cox survival results were visualized 
using the R package “Forest plot” with the sur-
vival software.

Gene ontology enrichment analysis

The differentially expressed genes (DEGs) relat-
ed to TREM2 from TCGA were extracted to 
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acquire the gene expression pattern in PRAD. 
The thresholds used in the feature enrichment 
analysis were |logFC| > 1.0 and Padj < 0.05. The 
Gene Ontology (GO) analysis comprising biolog-
ical processes, molecular functionality, and cel-
lular composition [28] was performed in this 
study using the clusterProfiler package in the 
statistical software R. A P value of < 0.05 indi-
cated a statistically significant difference.

Protein-protein interaction network (PPI) analy-
sis

The software Cytoscape (version 3.7.1) was 
applied to map the protein-protein interaction 
network of TREM2-related DEGs extracted from 
the STRING (Search Tool for the Retrieval of 
Interaction Gene/Proteins) database (http://
string-db.org) (interaction score > 0.4) [29].

Gene set enrichment analysis

The underlying mechanisms of TREM2-related 
functionalities and pathways were elucidated in 
this study using clusterProfiler [30]. The enrich-
ment of gene sets was considered significant 
when the normalized enrichment score was ≥ 
1.0, the false discovery rate (FDR) was < 0.25, 
and the adjusted P was < 0.25.

Statistical analysis

The statistical analyses were carried out using 
the statistical software R ver. 3.6.3. In this 
study, the TREM2 gene expression was com-
pared using the independent- and paired-sam-
ple t tests in the unpaired and paired samples, 
respectively. We assessed the correlation 
between the TREM2 expression and the clinico-
pathological features of PRAD based on the 
Wilcoxon rank-sum test combined with the 
independent-samples t test. The log-rank test 
was performed on the data in this study using 
the KM plot to explore the correlation between 
the TREM2 gene and progression-free interval 
(PFI) among the patients with PRAD. The receiv-
er operating characteristic (ROC) and time-
dependent curves were created using the pROC 
package to assess the diagnostic value of the 
TREM2 gene, wherein the specificity and accu-
racy of the ROC curves were predicted using 
the area under the curve (AUC). Moreover, we 
evaluated how the TREM2 expression impact-
ed the PFI and other clinical characteristics 
using the single- and multi-variable Cox mod-

els. The R package regression modeling strate-
gies (rms) and survival package were used to 
create the calibration plots and nomograms. A 
P value of < 0.05 indicated a statistically signifi-
cant difference.

Collection of PRAD specimens and ethics 
statement

In this study, we collected 40 pairs of sample 
tissues from patients with PRAD who had 
undergone surgical resection between May 
2020 and December 2021 at the Urology 
Department of the Hebei Medical University 
Second Hospital. The research protocol was 
approved by the ethics committee of the afore-
mentioned hospital, and informed consent was 
acquired from all patients before participation 
in this study.

Immunohistochemistry (IHC) staining

This study assessed the TREM2 protein expres-
sion in 40 pairs of carcinoma and normal para-
carcinoma tissues using IHC staining. Briefly, 
the tissue samples were immobilized in 10% 
formalin for 48 h, and the soaked tissue sam-
ples were embedded in paraffin. Then, the 
resulting samples were cut into 4-µm-thick slic-
es for IHC staining using the Histostain-Plus kit 
(SP-9000, Zsgb Bio, China) following the manu-
facturer’s protocols. Xylene was used to depar-
affinize these sections, and gradient concen-
trations of ethanol were used for their rehydra-
tion. 3% H2O2 was used to quench the activity 
of endogenous peroxidase. Then, 0.1% trypsin 
was used to retrieve the antigens, and normal 
goat serum was used for 30 min of blockage. 
Following overnight incubation with anti-TREM2 
primary antibody (13483-1-AP, 1:200 dilution; 
Proteintech) at 4°C, the sections were incubat-
ed with anti-rabbit immunoglobulin G polymer 
(enzyme-labeled) at 25°C for further 30 min. 
Thereafter, the chips were rinsed in phosphate-
buffered saline (PBS) and incubated in diami-
nobenzidine for 5 min before immunostaining. 
The chip was then washed, dehydrated with 
alcohol and xylene, and mounted with a perma-
nent medium. We examined the prepared chips 
under a microscope (Olympus, BX43). Two 
pathologists, who were blinded to the clinical 
data, evaluated the IHC scores independently. 
The intensity of staining was scored as 0, 1, 2, 
and 3, suggesting negative, weak, moderate, 
and strong interactions, separately. The posi-
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tively stained cell ratio was scored as 0, 1, 2, 3, 
or 4, which indicated < 1%, 1-25%, 26-50%, 
51-75%, and 76-100%, respectively. The num-
ber of positively stained cells P (0-4) was multi-
plied by the intensity of staining I (0-3). The val-
ues ranged from 0 to 12.

Cell culture and transfection

The human benign prostatic hyperplasia 1 
(BPH-1) and PCa (PC-3, C4-2) cells used in this 
study were acquired from the American Type 
Culture Collection (VA, USA). The Roswell Park 
Memorial Institute 1640 medium (Gibco, MD, 
USA), containing 10% FBS (Gemini Foundation, 
USA), 100 µg/mL streptomycin, and 100 U/mL 
penicillin, was used for cellular growth and 
maintenance. The cells were cultured at 37°C 
in a humidified atmosphere with 5% CO2. The 
TREM2-targeting small interfering RNA (si-RNA) 
and the corresponding negative control were 
obtained from GenePharma (Shanghai, China). 
The PC-3 and C4-2 cells were transfected 
based on Lipofectamine 2000 (Invitrogen) fol-
lowing the manufacturer’s protocols, and the 
cells were harvested and lysed for Western 
blotting.

Transwell invasion assay 

In this study, the cellular invasive potential was 
assessed using a 24-well Transwell chamber 
(Millipore, MA, USA), in which the pore size of 
the membrane was 8 µm. Matrigel (BD 
Biosciences, NJ, USA) was used to coat the 
upper membrane surface. In the upper cham-
ber, a serum-free medium was used to resus-
pend the PC-3 and C4-2 cells (1 × 105 cells/
well) to facilitate up to 36 h of cellular migration 
toward the lower chamber, which was filled with 
10% fetal bovine serum (FBS). The chambers 
were subjected sequentially to washing with 
PBS twice, immobilization with 4% paraformal-
dehyde for 15 min, and staining using 0.1% 
crystal violet for 10 min. Then, the noninvasive 
cells on the upper membrane were removed 
using cotton swabs. Finally, the numbers of 
invasive cells in 10 random fields were deter-
mined on each membrane under an Olympus 
BX43 microscope.

Wound healing assay

In this study, the migratory capacity of the cells 
was determined using the wound healing assay. 
Briefly, after plating onto six-well microplates, 

the PC-3 and C4-2 cells were grown to 70% con-
fluence. Then, the adherent monolayer of cells 
was scraped using a sterilized pipette tip. The 
PBS tablets were rinsed twice to remove the 
floating cells, and a fresh medium was supple-
mented. After 36 h of further preparation, the 
number of transferred cells was counted with 
an inverted microscope (CKX41; Olympus, 
Tokyo, Japan).

Quantitative real-time polymerase chain reac-
tion

The TRIzol reagent (Invitrogen, CA, USA) was 
used to extract total RNAs from the PC-3, C4-2, 
and BPH-1 cells, which were then reverse-tran-
scribed into complementary DNA using the 
PrimeScript reverse transcription kit (TaKaRa) 
following the manufacturer’s protocol. Then, 
quantitative real-time polymerase chain reac-
tion was performed using the SYBR Green 
assay (V azyme) on the StepOnePlus system 
(Life Technologies, CA, USA). The primer se- 
quences of TREM2 were as follows: forward, 
5’-GGAGCACAGCCATCACAGAC-3’; reverse, 5’- 
CACATGGGCATCCTCGAAGC-3’. GAPDH was 
applied as the internal control. The expression 
levels were estimated using relative 2-ΔΔCt 
quantification. 

Western blotting

After washing with PBS, the cells were placed in 
a mixture containing the protease inhibitor 
(Sigma-Aldrich) at 4°C for 20 min. The Coo- 
massie protein assay reagent (Pierce) was used 
for determining the total protein concentration 
in cellular lysates. Aliquots of the proteins were 
isolated on SDS-PAGE gels (10%) and then elec-
tro-transferred onto polyvinylidene fluoride 
membranes (Millipore). Next, the membranes 
were blocked for 2 h in TTBS using skimmed 
milk (5%) at ambient temperature, following 
which overnight probing was performed at 4°C 
using the designated primary antibodies such 
as anti-TREM2 (13483-1-AP, 1:1000 dilution; 
Proteintech, IL, USA), anti-matrix metallopepti-
dase (MMP)-9 (10375-2-AP, 1:500; Pro- 
teintech), anti-vimentin (10366-1-AP, 1:1000; 
Proteintech), anti-β-catenin (51067-2-AP, 1: 
1000; Proteintech), anti-PD-L1 (66248-1-Ig, 
1:1000; Proteintech), anti-p-Akt (66444-1-Ig, 
1:1000; Proteintech), anti-Akt (10176-2-AP, 
1:1000; Proteintech), anti-p-phosphoinositide 
3-kinases (PI3K) (ab182651, 1:500; Protein- 
tech), anti-PI3K (20584-1-AP, 1:1000; Protein- 
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tech), or anti-GAPDH (60004-1-Ig, 1:5000; 
Proteintech). Following incubation for 1 h using 
horseradish peroxidase-labeled secondary 
antibody (1:10,000, Rockland) at ambient tem-
perature, the ECL system (Thermo Fisher 
Scientific, NY, USA) was applied for visualizing 
the blots. 

Results

Baseline characteristics of patients with PRAD

The RNA-seq data and clinical characteristics 
of 499 patients were acquired based on TCGA. 

the TREM2 expression in patients with PRAD. A 
markedly elevated mRNA level of TREM2 was 
observed in the PRAD tissues compared with 
the normal prostate tissues (Figure 1B). We 
also examined the TREM2 mRNA expression in 
PRAD tissues and corresponding para-carcino-
ma tissues in the TCGA dataset, and verified 
that TREM2 was highly expressed in tumor tis-
sues (P < 0.05; Figure 1C). Consistent with the 
above findings, the expression of TREM2 was 
elevated relative to normal tissue controls from 
the Oncomine and GEO databases (dataset 
GSE46602) (P < 0.001; Figure 1D, 1E). Finally, 

Table 1. The clinical features of PRAD patients
Characteristic levels Overall
n 499
T stage, n (%) T2 189 (38.4%)

T3 292 (59.3%)
T4 11 (2.2%)

N stage, n (%) N0 347 (81.5%)
N1 79 (18.5%)

M stage, n (%) M0 455 (99.3%)
M1 3 (0.7%)

Primary therapy outcome, n (%) PD 28 (6.4%)
SD 29 (6.6%)
PR 40 (9.1%)
CR 341 (77.9%)

Race, n (%) Asian 12 (2.5%)
Black or African American 57 (11.8%)

White 415 (85.7%)
Age, n (%) ≤ 60 224 (44.9%)

> 60 275 (55.1%)
Residual tumor, n (%) R0 315 (67.3%)

R1 148 (31.6%)
R2 5 (1.1%)

Zone of origin, n (%) Central Zone 4 (1.5%)
Overlapping/Multiple Zones 126 (45.8%)

Peripheral Zone 137 (49.8%)
Transition Zone 8 (2.9%)

PSA (ng/ml), n (%) < 4 415 (93.9%)
≥ 4 27 (6.1%)

Gleason score, n (%) 6 46 (9.2%)
7 247 (49.5%)
8 64 (12.8%)
9 138 (27.7%)

10 4 (0.8%)
PFI event, n (%) Alive 405 (81.2%)

Dead 94 (18.8%)
CR, complete response; PD, progressive disease; SD, stable disease; PR, partial 
response; PSA, prostate-specific antigen; PFI, progression-free interval.

The detailed clinical charac-
teristics, including age, eth-
nicity, T, N, and M stages, 
Gleason score, primary prog-
nosis, tumor residue, region 
of origin, PSA, and PFI, are 
presented in Table 1.

TREM2 upregulation in pa-
tients with different cancers 
and PRAD

To identify the status of 
TREM2 expression in multi-
ple tumors, we first analyzed 
the transcription levels of 
TREM2 based on TCGA da- 
tabase. The TREM2 mRNA 
expression was upregulated 
in nearly all tumor types, in- 
cluding invasive breast can-
cer, bladder urothelial car- 
cinoma, cervical squamous 
cell carcinoma, endocervi- 
cal adenocarcinoma, esoph-
ageal cancer, cholangiocarci-
noma, colon adenocarcino-
ma, head and neck squa-
mous cell carcinoma, glio-
blastoma multiforme, hepa-
tocellular carcinoma, renal 
papillary cell carcinoma, rec-
tal adenocarcinoma, renal 
clear cell carcinoma, gastric 
adenocarcinoma, pulmonary 
adenocarcinoma, and uter-
ine corpus endometrial carci-
noma (P < 0.001; Figure 1A). 
The expression patterns of 
TREM2 mRNA were predicted 
using the TCGA to further 
determine the significance of 
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we also investigated the protein expression 
patterns according to the Human Protein  
Atlas (HPA). Significant TREM2 upregulation 
was observed in patients with PRAD (P < 0.001; 
Figure 1F). These results indicate that TREM2 
may facilitate prostate carcinogenesis.

Relationship between TREM2 upregulation 
and poor clinicopathological characteristics in 
patients with PRAD

To explore the relationship between TREM2 
expression and clinicopathological characteris-

tics of PRAD, 499 PCa samples were collected 
from TCGA database. The TREM2 upregulation 
showed a significant correlation with the clini-
cal T (P < 0.001; Figure 2A), N (P < 0.001; 
Figure 2B), and M stages (P < 0.05; Figure 2C), 
Gleason score (P < 0.001; Figure 2D), primary 
treatment outcome (P < 0.001; Figure 2E), 
residual tumor (P < 0.001; Figure 2F), age (P < 
0.001; Figure 2G), and PFI (P < 0.001; Figure 
2H). Therefore, an increase in TREM2 expres-
sion was probably linked to poorer clinicopatho-
logical features and more aggressive behavior 
in PRAD. 

Figure 1. TREM2 expression in patients with PRAD. A. TREM2 mRNA expression in various human carcinomas in the 
TCGA database; B. TREM2 mRNA expression in PRAD and normal samples in the TCGA database; C. TREM2 mRNA 
expression in PRAD and normal samples, as well as in matched adjacent samples in the TCGA database; D. TREM2 
mRNA expression in PRAD and normal samples in the Oncomine data set; E. TREM2 mRNA expression in PRAD and 
normal samples in the GSE46602 data set; F. TREM2 protein expressions in PRAD and normal samples in the Hu-
man Protein Atlas (*P < 0.05, ***P < 0.001).
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TREM2 upregulation: an independent prognos-
tic factor in patients with PRAD

Next, we explored whether TREM2 served as an 
independent factor for the prognosis of patients 
with PRAD. The KM survival assessment (Figure 
3A) revealed that the TREM2 upregulation in 
patients with PRAD was linked to shorter PFI, 
with a hazard ratio (HR) of 2.04 and a confi-
dence interval (CI) of 1.32-3.13 (P = 0.001). In 
the clinical T stage (HR = 1.99, CI = 1.29-3.06, 
P = 0.002; Figure S1A), N stage (HR = 2.03, CI 
= 1.29; Figure S1B), M stage (HR = 2.06, CI = 
1.33-3.20, P = 0.001; Figure S1C), PSA (HR = 
2.09, CI = 1.34-3.26, P = 0.001; Figure S1D), 
Gleason score (HR = 1.63, CI = 1.00-2.63, P = 

0.048; Figure S1E), and residual tumor (HR = 
2.00, CI = 1.29-3.09, P = 0.002; Figure S1F), 
the subgroups with high TREM2 expression had 
worse PFI. We used the ROC curve to demon-
strate the diagnostic value of TREM2 expres-
sion (Figure 3B) and observed that TREM2 
expression exhibited significantly high specific-
ity and sensitivity (AUC = 0.746) for the diagno-
sis of PRAD. We predicted the 1-, 3-, and 5-year 
PFIs by creating the time-dependent survival 
ROC curves of TREM2 (Figure 3C), with AUCs of 
0.667, 0.645, and 0.613, respectively, indicat-
ing that TREM2 was a suitable predictive mark-
er. Furthermore, we performed a Cox regres-
sion analysis of representative clinical out-
comes. It was observed that the TREM2 level 

Figure 2. Correlations between 
TREM2 mRNA expression and 
clinicopathological features in the 
TCGA-PRAD cohort. (A) T stage, (B) 
N stage, (C) M stage, (D) Gleason 
score, (E) primary therapeutic out-
come, (F) residual tumor, (G) age, 
and (H) PFI event. CR, complete re-
sponse; PD, progressive disease; 
PFI, progression-free interval; PR, 
partial response; SD, stable dis-
ease (*P < 0.05, ***P < 0.001).
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was an independent risk factor for PFI, with an 
HR of 1.340 and a CI of 1.056-1.700 (P = 
0.016) in both univariate and multivariate Cox 
regression analyses (Figure 3D, 3E). Based on 
the multivariate Cox analysis, the 1-, 3-, and 
5-year PFIs of the patients were predicted by 
incorporating the clinical T and N stages, PSA, 
Gleason score, and TREM2 into the nomogram 
with a C-index of 0.732 (Figure 3F). The effi-
ciency of the nomogram was examined using 
the calibration curve (Figure 3G), revealing the 

consistency between the actual and predicted 
survival probabilities. Therefore, the TREM2 
upregulation was an independent marker of PFI 
prognosis in patients with PRAD.

Constructing protein-protein interaction net-
works and functional annotation of genes as-
sociated with TREM2 in patients with PRAD

We first divided the PRAD samples into high- 
and low-expression groups depending on the 

Figure 3. Diagnostic value of TREM2 expression in PRAD from the TCGA database. A. KM assessments for the cor-
relation of TREM2 expression level with PFI. B. ROC plots for TREM2 in PRAD, healthy, and matched para-carcinoma 
samples. C. ROC plots against time at 1-, 3-, and 5-year PFIs. D and E. Associations of the TREM2 expression and 
other clinicopathological features with PFI among the patients with PRAD based on the single- and multi-variable 
Cox assessments. F. Probability forecasting nomograms at 1-, 3-, and 5-year PFIs in patients. G. Calibration curve of 
the nomogram for predicting PFI after 1, 3, and 5 years.
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median TREM2 mRNA expression in the TCGA 
database (|logFC| > 1.0, adjusted P value < 
0.05) to effectively evaluate the biological func-
tions of TREM2-related DEGs. The volcano plot 
demonstrated 732 DEGs, among which 557 
were upregulated and 175 downregulated 
(Figure 4A) (P < 0.01). Then, we used the clus-
terProfiler package to analyze GO function 
enrichment. The results confirmed the associa-
tion of TREM2 co-expressing genes with the 
regulation of leukocyte proliferation, mono-
cytes and lymphocytes (Figure 4B). We per-
formed a PPI analysis using the STRING online 
database to further explore the interaction of 
differentially expressed TREM2 in PRAD and 
screened out the 30 most important genes 
using the Cytoscape software (Figure S2). 

TREM2-associated signaling pathway enrich-
ment analysis based on gene set enrichment 
analysis

It is of critical importance to elucidate the 
mechanism of TREM2-associated signaling 
pathways governing its activity and regulation 
in the progression of PRAD. Therefore, the gene 
set enrichment analysis (GSEA) dataset with 
high TREM2 expression differed significantly 
from that with low expression based on the 
MsigDB collection (c2.cp.v7.2.2) (adjusted P < 
0.05; FDR < 0.05). Significant enrichments of 
the PI3 K/Akt axis and cancer pathways were 
observed in the group with high TREM2 expres-

sion (Figure 5A, 5B). Several immune-related 
signaling pathways were significantly associat-
ed with the TREM2 overexpression, including 
cytokine-cytokine receptor interactions, cyto-
kines, inflammatory responses, B cell receptor 
signaling, and chemotaxis factor signaling 
pathway (Figure 5C-F).

Analysis of the association between the 
TREM2 expression and the TME in patients 
with PRAD

TME has now been recognized to induce a criti-
cal function in regulating the progression of 
carcinoma, while TIIC is an independent factor 
in predicting the sentinel node status or sur-
vival among patients with cancer [31, 32]. 
Considering these key roles, we investigated 
the association of TREM2 with the immune infil-
tration in PRAD acquired from the TIMER data-
base [33]. The results demonstrated that the 
TREM2 level was negatively associated with 
the purity of the tumor (r = -0.16) and positively 
related to the infiltration level of B cells (r = 
-0.273), CD8+ T cells (r = 0.069), CD4+ T cells (r 
= 0.344), macrophages (r = 0.323), neutrophils 
(r = 0.281), and dendritic cells (DCs) (r = 0.433) 
(Figure 6A). Moreover, we investigated the 
immune infiltration at different levels of TREM2 
expression in PRAD based on the single-sam-
ple GSEA (ssGSEA) algorithm and confirmed 
that the TREM2 upregulation in the patients 
with PRAD was related to markedly higher infil-

Figure 4. PPI network and assessment of TREM2 gene enrichment in PRAD. A. Volcano plot illustrating the DEGs 
between the groups with TREM2 downregulation and upregulation. B. GO term analyses for genes associated with 
TREM2. 
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tration levels of CD8+ T, NK, B, and DCs, as well 
as macrophages, compared with that in the 
patients with low TREM2 expression (Figure 
S3A). We used the ssGSEA algorithm to further 
analyze the TREM2 correlation with the immune 
infiltration in PRAD, and found that the TREM2 
expression showed a positive association with 
the infiltration levels of CD8+ T cells (r = 0.225, 
P < 0.001), B cells (r = 0.214, P < 0.001), DCs 
(r = 0.437, P < 0.001), neutrophils (r = 0.293, P 
< 0.001), and macrophages (r = 0.574, P < 
0.001) (Figures 6B-D and S3B, S3C). Then, we 
analyzed various immune cell markers using 
the TIMER database and observed the associa-
tion of these markers with TREM2 expression 
in PRAD (Table 2).

Chemokines and their receptors are emerging 
as a critical regulators of the remodeling of the 
TME [34, 35]. Therefore, we further analyzed 
the association of the TREM2 expression with 
the chemokines and their receptors. As shown 
in Figure S3D & S3E, there were significant 
associations between multiple tumor cell-asso-
ciated chemokine receptors and chemokines 
and the TREM2 expression, including CCL3 (r = 
0.437, P < 0.001), CL17 (r = 0.405, P < 0.001), 
CCL18 (r = 0.445, P < 0.001), CCR2 (r = 0.359, 
P < 0.001), CCR5 (r = 0.429, P < 0.001), and 
CXCR4 (r = 0.359, P < 0.001) (Figures 6E-J and 
S3D, S3E).

The use of the Immune Score, Stromal Score 
and Estimate Score are possible strategies to 
assess and quantify immune and matrix com-
ponents in PRAD [36]. Obviously, the TREM2 
expression was closely related to the Estimated 
Score (r = 0.590), immune Score (r = 0.540), 
and stromal Score (r = 0.530) (Figure 7A-C).

Emerging evidence has indicated the critical 
role of immune checkpoints in tumor immune 
escape, which was also an important predictor 
of the immune checkpoint inhibitor (ICI) treat-
ment effect. In the PRAD samples of the TCGA, 
TREM2 was positively associated with the lev-
els of Programmed Death 1 (PD-1) (r = 0.280), 
Programmed Cell Death-Ligand 1 (PD-L1) (r = 

0.260), and Cytotoxic T Lymphocyte-associated 
Protein 4 (CTLA4) (r = 0.320) (Figure 7D-F). 
Subsequently, the association between the 
presence of immunomodulators and the 
TREM2 level in pan-cancer was analyzed using 
the TISIDB database (Figure 8A). Figure 8B-G 
showed the highest correlation between TREM2 
and the six immunomodulators in PRAD. 

TREM2 upregulation in PRAD tissue and sta-
ble cell lines

To further validate the results of the HPA data-
bases at the experimental level, we examined 
the TREM2 protein expression in 40 pairs of 
carcinoma and normal para-carcinoma tissues 
using IHC and Western blotting. Contrary to the 
para-carcinoma tissues, the PRAD tissues 
demonstrated a significantly elevated TREM2 
protein level (P < 0.001) (Figure 9A, 9B). 
Howover, although a high TREM2 level was 
linked to the Gleason score, it was not statisti-
cally significant (data not shown). Besides, the 
mRNA and protein levels of TREM2 in the PRAD 
cells were validated, revealing significantly ele-
vated levels in the C4-2 and PC-3 cells com-
pared with the BPH-1 cells (Figure 9C, 9D).

TREM2 knockdown suppressed the migration 
and invasion of PRAD cell lines 

The above studies verified a significant increase 
in TREM2 expression in PRAD, indicating that 
TREM2 could function as an oncogene. 
Therefore, we transfected the TREM2-siRNA 
into C4-2 and PC-3 cells to better evaluate the 
role of TREM2 in cell function. Clearly, com-
pared with the controls, the TREM2 protein 
level was significantly downregulated following 
the treatment of TREM2-siRNA (Figure 9G). 
Subsequently, the wound healing and Transwell 
assays revealed that the TREM2 knockdown 
suppressed the invasive and migratory poten-
tials of C4-2 and PC-3 cells after 36 h (Figure 
9E, 9F). Western blotting further demonstrated 
that the TREM2 knockdown inhibited the 
expression of epithelial-mesenchymal transi-
tion (EMT)-related proteins, such as β-catenin, 

Figure 5. Enrichment plots based on the GSEA. Differential enrichment of a few pathways was noted in PRAD ac-
cording to TREM2 upregulation and downregulation. FDR, false discovery rate; NES, normalized enrichment score; 
P adj, adjusted P value.
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MMP-9, and vimentin. More importantly, the 
PD-L1 expression decreased along with the 
lowered TREM2 protein levels (Figure 9G). 
Further studies demonstrated that TREM2 pro-
moted the progression of PRAD via the PI3K/
Akt pathway (Figure 9H). 

Discussion

PCa remains the second major cause of can-
cer-associated deaths among men in western 
developed countries [1, 2]. Although serum PSA 
screening has been introduced to detect PCa in 

Figure 6. Association of TREM2 expression level with TIICs, chemokines and/or their receptors in PRAD. (A) Associa-
tion of the TREM2 expression with the immune infiltration levels based on the TIMER database. (B-D) Association 
of the TREM2 expression with the immune infiltration in PRAD: (B) DCs; (C) macrophages; (D) neutrophils. (E-J) As-
sociations of the TREM2 expression levels with chemokines and/or their receptors in PRAD: (E) CCL3, (F) CCL17, 
(G) CCL18, (H) CCR2, (I) CCR5, and (J) CXCR4. ***P < 0.001. C-C Motif Chemokine Ligand, CCL; C-C Motif Chemokine 
Receptor, CCR; C-X-C Motif Chemokine Receptor, CXCR. 
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an early stage, it has low sensitivity and speci-
ficity, which results from the considerable het-

revealed that TREM2 upregulation predicted 
the worse PFI in patients with PRAD, suggest-

Table 2. Correlation analysis between TREM2 and 
markers of immune cells in TIMER

Cell type Gene 
maker

None Purity
Cor P Cor P

B cell CD19 0.175 *** 0.126 ***
CD38 -0.18 *** -0.23 ***

Tfh CXCR5 0.266 *** 0.226 ***
ICOS 0.361 *** 0.348 ***
BCL-6 0.034 *** -0.053 ***

Th1 IL12RB2 0.218 *** 0.203 ***
WSX-1 0.252 *** 0.21 ***
T-BET 0.398 *** 0.388 ***

Th2 CCR3 0.26 *** 0.262 ***
STAT6 0.006 *** -0.024 ***
GATA-3 0.181 *** 0.159 ***

Th9 TGFBR2 0.285 *** 0.243 ***
IRF4 0.332 *** 0.32 ***

Th17 IL-23R 0.169 *** 0.156 ***
IL-21R 0.397 *** 0.385 ***
STAT3 0.031 *** -0.012 ***

Th22 CCR10 0.287 *** 0.24 ***
AHR 0.289 *** 0.276 ***

Treg FOXP3 0.373 *** 0.35 ***
CCR8 0.297 *** 0.286 ***
CD25 0.414 *** 0.39 ***

T Cell exhaustion PD-1 0.283 *** 0.253 ***
CTLA4 0.343 *** 0.321 ***

Macrophage CD68 0.762 *** 0.763 ***
CD11b 0.531 *** 0.524 ***

M1 NOS2 0.077 *** 0.035 ***
ROS 0.154 *** 0.154 ***

M2 ARG1 0.115 *** 0.109 ***
MRC1 0.356 *** 0.338 ***

TAM HLA-G 0.199 *** 0.164 ***
CD80 0.431 *** 0.415 ***
CD86 0.644 *** 0.66 ***

Monocyte CD14 0.637 *** 0.63 ***
CD16 0.673 *** 0.667 ***

NK XCL1 0.325 *** 0.302 ***
KIR3DL1 0.143 *** 0.13 ***

CD7 0.345 *** 0.323 ***
Neutrophil CD15 -0.035 *** -0.047 ***

MPO 0.235 *** 0.186 ***
DC CD1C 0.301 *** 0.3 ***

CD141 0.247 *** 0.17 ***
Th, T-helper type; Tregs, regulatory T cells; M, macrophage; TAM, 
tumor-associated macrophages; NK, natural killer cell; DC, dendritic 
cell.

erogeneity of PCa [4]. Therefore, further 
identification of specific early-detection 
biomarkers is urgently needed to improve 
the accuracy of the prediction of the inva-
siveness of PCa. In this study, using an 
integrated bioinformatics approach and in 
vitro experiments, we confirmed the signifi-
cant TREM2 upregulation in PRAD tissues 
and cell lines, and its close association 
with adverse clinicopathological features. 
Based on the results of KM survival and 
multivariate Cox regression analysis, we 
predicted that TREM2 upregulation could 
lead to worse PFI in patients with PRAD, 
indicating its possible role as an indepen-
dent biomarker for prognosis. Moreover, 
the TREM2 upregulation was positively 
linked to the immune infiltration levels of 
CD8+ T, CD4+ T, B cells, DCs, macrophages, 
and neutrophils. Furthermore, the TREM2 
level was closely associated with diverse 
immune biomarkers in PRAD. Finally, the 
TREM2 knockdown significantly impaired 
the invasive and migratory potentials of 
PC-3 and C4-2 cells via the Akt/PI3K sig-
naling pathway.

Recently, the critical effect of TREM2 on 
the progression of carcinoma and its pos-
sible role as a biomarker have attracted 
widespread attention [37]. TREM2 expres-
sion abnormalities have been observed in 
a series of malignant tumors, and its 
expression increases and functions to pro-
mote carcinogenesis in glioma [22], lung 
cancer [25], and gastric cancer [20]. 
Based on the TCGA, Oncomine, HPA, and 
Gene Expression Omnibus databases 
(data set GSE46602), our results showed 
that the mRNA level of TREM2 was upregu-
lated in almost all tumor types compared 
with normal tissues, particularly PRAD. 
Nevertheless, TREM2 shows decreased 
expression in both colorectal cancer [38] 
and hepatocellular carcinoma [39], in 
which it demonstrates antitumor effects. 
This heterogeneity could be accounted for 
by tumor cell biodiversity. In this study, we 
observed that the TREM2 upregulation 
was related to worse clinicopathological 
features such as age, Gleason score, T, N, 
and M stages, primary prognosis, tumor 
residue, and PFI. Moreover, both KM sur-
vival and multi-variable Cox assessments 
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ing its value as an independent prognostic 
marker. Unfortunately, very few studies have 
unraveled the underlying biological mecha-
nisms of TREM2 in PRAD.

Increasing evidence has revealed that TMEs 
can reprogram cancer biology in various 
aspects and have the potential as therapeutic 
targets, especially in immunotherapy. However, 
tumors often establish an immunosuppressive 
environment by recruiting tolerant immune 
cells and releasing immunosuppressive cyto-
kines that promote immune tolerance and 
resistance to immunotherapy [9]. In terms of 
TREM2, current evidence demonstrates that 
TREM2 plays an essential role as a main patho-
logically induced immune signaling hub for 
remodeling the TME [27, 40]. Upregulation of 
TREM2 has been observed in peripheral blood 
mononuclear cells and TAMs isolated from 
patients with lung cancer and tumor-bearing 
mice compared to healthy controls. Moreover, 
TREM2+ myeloid cells are effectively inhibitory 
to T cell proliferation in vitro, while the levels of 
TREM2+ macrophages around tumor cells 
showed a positive correlation with tumor pro-
gression. As such, identification of TREM2 sig-

naling pathways may reshape the TME and pro-
duce a robust antitumor effect. In this study, 
GO annotation and pathway enrichment analy-
ses were carried out using the GSEA. The 
results confirmed the implication of the TREM2-
related genes in regulating the proliferation of 
leukocytes, mainly monocytes, and lympho-
cytes. The GSEA also revealed a significant  
correlation of some immune-related signaling 
pathways with TREM2 upregulation. These in- 
cluded cytokine-cytokine receptor interactions, 
cytokines, inflammatory responses, B cell 
receptor signaling, and chemokine signaling.

TIIC, a prominent constituent of the TME, are 
thought to be a consequence of immunosup-
pression that contributes to neoplastic pro-
gression and poor prognosis, including PCa 
[41, 42]. The survival analysis suggests that 
high intra-tumoral infiltration of CD4+ or CD8+ 
lymphocytes predicts not only worse biochemi-
cal failure-free survival but also PCa-specific 
survival [43-45]. TAMs are recruited into the 
TME via CCL2-CCR2 signaling, and their pres-
ence is associated with poorer prognosis and 
higher Gleason scores [46, 47]. Moreover, M2 
CD68+ macrophages favor the progression of 

Figure 7. Correlations of the TREM2 expression levels with the stromal-immunity scores in PRAD. (A) Estimate score, 
(B) Immune score, (C) Stromal score, (D) PD-1, (E) PD-L1, and (F) CTLA4. 
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androgen dependent prostate cancer (ADPC)  
to castration-resistant prostate canc (CRPC) 
during treatment with androgen deprivation 
therapy (ADT) [48]. Interestingly, PCa is highly 

enriched in immature myeloid DCs (iDCs), the 
presence of which may support tumor progres-
sion [49]. Consistent with these findings, we 
found that the TREM2 expression was positive-

Figure 8. Analysis of correlation between TREM2 and immuno-inhibitors in PRAD. (A) Heatmap outcomes describing 
the associations between TREM2 and immuno-inhibitors in PRAD. (B-G) Associations between the TREM2 expres-
sion and immuno-inhibitors in PRAD: (B) HAVCR2, (C) LGALS9, (D) TGF-B1, (E) CSF1R, (F) ADORA2R, and (G) LAG3. 
HAVCR2, the hepatitis A virus cellular receptor 2; LGALS9, Galectin 9; TGF-B1, Transforming Growth Factor Beta 1; 
CSF1R, Colony Stimulating Factor 1 Receptor; ADORA2R, Adenosine A2 Receptor; LAG3, Lymphocyte Activating 3.
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ly associated with the levels of infiltration by 
CD8+ T, CD4+ T, and B cells, and DCs, macro-
phages, and neutrophils in PRAD based on 
TIMER database. Moreover, TCGA-based obser-
vation also revealed correlations of higher infil-
tration levels with TREM2 upregulation in CD8+ 
T cells, NK cells, B cells, DCs, and macro-
phages. Besides, the TREM2 expression also 
showed a strong correlation with the Immune 
Score, Stromal Score and Estimate Score. The 
results obtained collectively indicated that 

TREM2 might play an important role in regulat-
ing TIIC in the TME.

Chemokines and chemokine receptors are key 
regulators of the recruitment of immune cells 
into tumors, serving to reshape the TME 
immune system to a pro-tumor state [50, 51]. 
For example, the CCL2-CCR2 axis plays a cen-
tral role in attracting immunosuppressive cells 
into the TME [52], and the blockade of CCL2-
CCR2 hinders tumor growth, creates metasta-

Figure 9. TREM2 knockdown inhibited the motility and invasion of PRAD cells via the PI3K/Akt pathway. A. TREM2 
protein expression level in PRAD tissue samples was examined using IHC images. B. Western blot outcomes for 
TREM2 protein expression in four pairs of PRAD tissues. N, normal tissue; T, tumor tissue. C. Western blot outcomes 
for protein levels of TREM2 in various PRAD cells. D. qPCR outcomes for mRNA levels of TREM2 in various PRAD 
cells. E. TREM2 knockdown suppressed the migratory potentials of C4-2 and PC-3 cells. F. TREM2 knockdown sup-
pressed the invasive ability of PC-3 and C4-2 cells. G. Western blot assay revealed that TREM2 knockdown inhibited 
β-catenin, MMP-9, vimentin, and PD-L1 levels in the C4-2 and PC-3 cells. H. Western blot assay indicated that 
TREM2 knockdown suppressed the PI3K/Akt pathway.
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sis obstacles, reduces postoperative recur-
rence and prolongs survival [53]. The CCL5-
CCR5 axis boosts antitumor immune respons-
es and PC progression [54], whereas the 
CXCL12-CXCR4 axis elicits the metastasis, 
angiogenesis, and viability of PCa cells [55]. In 
this study, we observed that there were positive 
associations of TREM2 with various chemo-
kines and their receptors.

In the past decade, immunotherapy with ICIs 
has achieved tremendous success for treating 
many tumor types [56]. However, multiple clini-
cal trials demonstrated that the ICIs yielded 
unsatisfactory efficacy for patients with meta-
static castration-resistant PCa, with very limit-
ed survival benefit [57-59]. Recently, multiple 
studies have shown that TREM2 acts as a cru-
cial signal hub mediating antitumor immunity, 
which is emerging as a new candidate for tumor 
immunotherapy. Anti-PD-1 immunotherapy has 
been reported to be more effective in TREM2-
deficient mice than in wild-type tumor-bearing 
mice [27]. The findings of this study were con-
sistent with previous findings, in that a positive 
association was observed between TREM2 
expression and CTLA4, PD-1, and PD-L1 in 
PRAD samples from the TCGA database.

In In vitro experiments, we demonstrated the 
significant TREM2 upregulation in the tissues 
and cells of PRAD, indicating that TREM2 may 
facilitate prostate carcinogenesis. However, 
the underlying mechanism by which TREM2 
may influence PRAD progression remains poor-
ly understood. The evidence suggested that 
TREM2 could promote the EMT of gastric can-
cer via the PI3K/Akt axis [20]. Li et al. provided 
evidence that the proliferation and invasion of 
glioma cells were strengthened by TREM2 over-
expression [20]. Consistent with previous find-
ings, our results showed that the TREM2 knock-
down significantly impaired the invasive and 
migratory ability of PC cell lines after transfec-
tion with TREM2 siRNA. Further investigations 
indicated that TREM2 contributed to the pro-
gression of PRAD via the EMT-mediated PI3K/
Akt pathway, which was consistent with the pre-
dictive findings of the GSEA. Additionally, along 
with the lowered TREM2 protein levels, we 
observed a significant decrease in PD-1 expres-
sion, suggesting that TREM2 might participate 
in the immune response of PRAD via PD-L1.

Despite the aforementioned novel findings, our 
study has some limitations. First, we did not 

use an animal model to further validate the car-
cinogenesis of TREM2. Second, although our 
study observed a correlation between TREM2 
upregulation and the Gleason score, it did not 
reach statistical significance. Therefore, further 
studies are needed to determine the prognos-
tic value of TREM2 using a larger number of 
cases.

Conclusions 

The results of this study demonstrated a signifi-
cant increase in TREM2 expression in PRAD. 
We observed that high TREM2 expression is 
closely related to unfavorable clinicopathologic 
characteristics, indicating that TREM2 is an 
independent biomarker for PFI prognosis 
among patients with PRAD. Our data also indi-
cated a prominent correlation between TREM2 
and multiple immune marker sets, highlighting 
the potential of TREM2 as a modulator for  
the tumor immune microenvironment. Finally, 
knockdown of TREM2 significantly impaired the 
migration capability of PC cells lines via the 
AKT/PI3K signal pathway. In summary, TREM2 
may represent a potential predictive biomarker 
and antitumor strategies, especially immuno- 
therapy.
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Figure S1. High-expression levels of TREM2 had a worse PFI in the subgroup of clinical features in TCGA-PRAD co-
hort. A. T stage; B. N stage; C. M stage; D. PSA; E. Gleason score; F. Residual tumor.

Figure S2. PPI network assessment of TREM2 in PRAD. PPI network of TREM2 was constructed using STRING.
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Figure S3. Association of TREM2 expression level with TIICs, chemokines and/or their receptors in PRAD. (A) Dif-
ferential distributions of immunocytes among patients with downregulation versus upregulation. (B, C) Association 
of the TREM2 expression with the immune infiltration in PRAD: (B) B cells, (C) CD8+ T cells. (D, E) Correlations of the 
TREM2 expression levels with chemokines and/or their receptors. (D) Heatmap outcomes describing the TREM2-
chemokine receptors associations in PRAD. (E) Heatmap outcomes describing the TREM2-chemokine associations 
in PRAD. 


