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Abstract

TREMS2 is a receptor that interacts with a diverse range of ligands, many of which are characteristic indicators of tissue injury. TREM2 activity is limited
to a few specific areas in physiological, but in pathological conditions, the TREM2 pathway becomes crucial for detecting tissue damage and preventing
its spread. The TREM2 receptor is a crucial signaling hub in myeloid cells that is activated in response to tissue damage. It plays a key role in immune
reprogramming. Studies have demonstrated that TREM2 is involved in regulating immunosuppressive, phagocytosis, survival, and healing functions in
myeloid cells associated with neurodegenerative and metabolic pathologies. Although the significance of TREM2 in various diseases is well recognized,
there is a lack of study on the relationship between TREM2 and human malignancies. Hence, our understanding of the connection between TREM2
and cancer is currently limited. In this study, we conduct a comprehensive analysis of TREM2 in several datasets including Protein Alta, Blood Alta,
The Cancer Genome Atlas (TCGA), and single cell RNA Alta. We investigate the expression of TREM?2, analyze its clinical aspects, and perform survival
analysis on a variety of cancer patients. This study provides valuable insights into the potential of targeting TREM2 for cancer treatment in the future.
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Introduction

Recently, the scientific community has focused on the significant
functions of myeloid cells in several diseases. Triggering receptor
expressed on myeloid cells-2 (TREM2) has been identified as a crucial
immunological signaling hub that is activated in these diseases [1-
6]. Scientists and biotechnology businesses are working towards
activating TREM2 to induce microglia to engulf and eliminate
amyloid-beta (Ab) plaques. The effectiveness of these strategies,
currently being evaluated as a therapy for neurodegenerative disease
[7,8], may also extend to autoimmune diseases and obesity-related
comorbidities [6,9]. For instance, in conditions like atherosclerosis,
where TREM2+ macrophages encircle aortic plaques, reactivating
these macrophages can promote the engulfment of plaques and
regulate inflammation [10]. TREM2 functions by suppressing NF-
kappa-B signaling upon exposure to lipopolysaccharide. It enhances
phagocytosis [11], reduces the production of pro-inflammatory
cytokines and nitric oxide [12], prevents apoptosis, and increases the
expression of IL10 and TGFB [13]. During periods of oxidative stress,
it enhances the activation of anti-apoptotic NF-kappa-B signaling
and ERK signaling [14]. The fundamental concept behind these
tactics is to amplify TREM2 signaling through the use of agonistic
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drugs in order to augment the reparative functions of macrophages
and microglia.

In addition to being expressed on immunosuppressive myeloid
cells [15-18], there have been reports indicating that tumor cells
also express TREM2 [19,20]. TREM2 expression on tumor cells
may contribute to the formation of an immunosuppressive and
pro-growth niche, working in coordination with myeloid cells for
immune inhibition. As a result, T cell infiltration is excluded [21] and
the efficacy of immune checkpoint inhibitors is downregulated [21].
Tumor cells also affect, influence, and educate myeloid cells, which
in turn favor tumor growth. This interaction creates a cooperative
and immunosuppressive environment. The expression and activities
of TREM2 on microglia cells have been well elucidated [8,17,22].
Zhang et al. demonstrated that the levels of TREM2 mRNA and
protein expression were markedly elevated in gastric cancer samples
compared to normal gastric tissues [20,23]. However, they did not
attribute the expression of TREM2 to any specific cell type. TREM2
has been proposed as a potential target in glioma and hepatocellular
carcinoma. Studies have demonstrated that increased expression of
TREM2 is linked to progression and advanced stage of tumors in these
types of cancer [24,25].
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In this research article, we hypothesized that the expression
of TREM2 on tumor cells holds significant implications for tumor
treatment and prognosis. Here we present a comprehensive analysis
of TREM2 expression across many types of malignancies and normal
tissues, with a focus on pan cancer. Our data shows that TREM2
has significant upregulation in various cancer types, particularly in
metastatic tumors. Moreover, elevated levels of TREM2 are indicative
of unfavorable prognosis outcomes in patients’ overall survival of
many tumor types.

Results

TREM2 has Differential Expression Among Tissue Types
and Cell Lines

Firstly, we made an all-tissue types expression analysis of TREM2
(Figure 1A). The Consensus Normalized expression (NX) levels
were derived by integrating data from three transcriptomics datasets
(HPA, GTEx, and FANTOM5) using an internal normalization
workflow. These data include in total 55 tissue types and 6 blood
cell types. The color-coding system is established according to tissue
groups, which are composed of tissues that share similar functional
characteristics. The color-coding system is established according
to tissue groups, which are composed of tissues that share similar
functional characteristics. We found that adipose tissue has the
highest degree of TREM2 positivity, followed by brain, and lung,
which is in accordance with the knowledge that TREM2 functions for
lipid metabolism and M2 type macrophage functions.

Secondly, we wanted to know whether TREM2 are also expressed
by blood cell types. The transcript expression levels obtained from
the internal normalization pipeline for 18 blood cell types and
total peripheral blood mononuclear cells (PBMC) are referred to as
Normalized expression (NX). The color-coding system is determined
by the lineage of blood cell types, which includes B-cells, T-cells, NK-
cells, monocytes, granulocytes, dendritic cells, and total PBMC. An
overview of the single cell RNA (NX) data encompassing all sorts of
single cells. The process of color-coding involves categorizing cells into
groups depending on their functional properties. Cell type analysis
shows that Hoffbauer cells have the highest expression of TREM2,
followed by Kupffer cells, blood and immune cells, monocytes (Figure
1B). The RNA expression summary provides a consensus of RNA
data based on normalized expression (NX) data from three distinct
sources: internally generated Human Protein Atlas (HPA) RNA-seq
data, RNA-seq data from the Genotype-Tissue Expression (GTEx)
project, and CAGE data from the FANTOMS5 project.

In order to have a more detailed information of TREM2
expression among different cell types, we made a heatmap to
show TREM2 expression in different cell types including B cells,
macrophages, neutrophils, T cells and NK cells. Cell type markers
were represented by the logarithm of transcripts per million
(log(pTPM)) and their corresponding z-scores. The heatmap in this
section displays the expression of the currently selected gene (at
the top) and well-established markers for different single cell type
clusters in this tissue. The left panel displays the cell type with which
each marker is connected. The process of color-coding involves
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grouping cell types based on their shared functional properties
(Figure 1C).

The concept of a Z-score involves transforming a variable so that
its standard deviation becomes 1 and its mean becomes 0. Therefore,
comparing all the genes is simplified due to their shared center and
spread (Figure 1).

TREM?2 are Highly Expressed by a Variety of Tumors

There are some studies which indicates that TREM2 are expressed
by tumor cells. In order to have a more comprehensive idea of TREM2
expression on a variety of tumor types, we made a pan-cancer analysis
of TREM2 expression among tumors and normal counterparts. We
find that TREM2 are much highly expressed by tumors than the
normal counterparts (Figure 2A). The pan-cancer analysis page
presents the spectrum of gene expression for TREM2 gene across
all tissues, utilizing RNA Seq data obtained from both normal and
cancerous tissues. Mechanically, TREM2 promote tumor growth
by upregulating PI3K-mTOR. We thus made a correlation between
TREM2 and MTOR (Figure 2B). Compared with normal tissues,
tumor cells have higher TREM2 and MTOR, supporting the idea that
TREM2 facilitate tumor growth by upregulating MTOR and anabolic
process.

Metastatic tumors differ from the original tumor site in many
ways, usually the metastatic tumor cells are more aggressive and had
high capacity for invasion and migration [26,27]. However, whether
TREM2 plays a role in tumor metastasis is not clear. We made a
comparison of TREM2 gene RNA expression level among normal,
tumor and metastatic tumors (Figure 2C-2K). For all tumor types,
the metastatic tumor has the highest level of TREM2, compared
with the original tumor site, while the normal tissue has the lowest
TREM2 RNA level. The Normal, Tumor, and Metastatic analysis offers
comprehensive analysis of TREM2 in a specific tissue type utilizing
gene chip-based data. Figure 2C-2K are esophageal squamous cancer,
skin cancer, ovarian cancer, prostate cancer, thyroid cancer, colon
cancer, kidney renal cancer, breast cancer, pancreatic ductal cancer
(Figure 2).

TREM?2 has Different Staining Intensity Among Tumors

Although tumor cells usually have higher TREM2 expression
level than the normal tissues, there are still some differential TREM2
staining intensity on tumor samples, and we classified them into
negative, moderate, and strong. A selection of four standard cancer
tissue samples that are representative of the overall staining pattern
summarizes antibody staining in 20 distinct malignancies.

We get the TREM2 protein expression data from the Human
Protein Atlas, from the immunohistochemical staining results of 4
types of tumors, we can see that tumors exhibit a differential staining
intensity of TREM2 (Figure 3A-3D). Moderate cytoplasmic positivity
was observed in malignant cells. Numerous cases of breast and
colorectal cancer were significantly stained with TREM2 antibody.
Several cases exhibited additional membranous positivity.

The percentage of patients (maximum 12 patients) with high and
median protein expression levels is indicated by color-coded bars for
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TREM2 has differential expression among tissue types and cell lines. A Pan-tissue type expression analysis of TREM2, different tissue types have a differential expression of TREM2, with

adipose has the highest TREM2 expression, followed by brain, and lung. We integrate data from three transcriptomics datasets (HPA, GTEx, and FANTOMS5) using an internal normalization

workflow. These data include in total 55 tissue types. B TREM2 are also expressed by blood cell types. We showed the transcript expression levels obtained from the internal normalization
pipeline for 18 blood cell types. Hoffbauer cells have the highest expression of TREM2, followed by Kupffer cells, blood and immune cells, monocytes. C Heatmap analysis to show TREM2
expression in different cell types including B cells, macrophages, neutrophils, T cells and NK cells.
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Figure 2: TREM2 are highly expressed by a variety of tumors. A Pan-cancer analysis of TREM2 expression among tumors and normal counterparts. The pan-cancer analysis page presents the
spectrum of gene expression for TREM2 gene across all tissues, utilizing RNA Seq data obtained from both normal and cancerous tissues. In most tumors, TREM2 is higher than normal tissues.
B Correlation analysis between TREM2 and MTOR shows a positive correlation between the two genes, supporting the idea that TREM2 facilitate tumor growth by upregulating MTOR and
anabolic process. C-K TREM2 expression in normal, tumor, and metastatic parts. From C-K they are esophageal squamous cancer, skin cancer, ovarian cancer, prostate cancer, thyroid cancer,

colon cancer, kidney renal cancer, breast cancer, pancreatic ductal cancer.
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Figure 3: TREM2 has different staining intensity among tumors. All THC data are from the Human Protein Atlas. A Immunohistochemical staining of TREM2 protein in breast tumor, from
left, middle, right they are negative, moderate, and strong TREM2 staining. B Immunohistochemical staining of TREM2 protein in lung squamous carcinoma, from left, middle, right they are
negative, moderate, and strong TREM2 staining. C Immunohistochemical staining of TREM2 protein in prostate cancer, from left, middle, right they are negative, moderate, and strong TREM2
staining. D Immunohistochemical staining of TREM2 protein in hepatocellular carcinoma, from left, middle, right they are negative, moderate, and strong TREM2 staining.
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each cancer. The cancer varieties are color-coded based on the type of
normal organ from which they originate (Figure 3).

High TREM2 Indicates Short Overall Survival in Many
Cancer Types

The Survival Scatter plot displays the clinical outcome (i.e., whether
the individual is deceased or alive) for all people in the patient cohort,
using the same data as the related Kaplan-Meier plots. The x-axis
displays the expression levels (FPKM) of the studied gene in the tumor
tissue during the initial diagnosis. The y-axis represents the duration
of time that has passed since the diagnosis, measured in years. Patients
were categorized into two categories, namely “low” (below the cut-oft
point) or “high” (above the cut-off point), based on their degree of
expression (Figure 4A-4H). Figure 4A-4H are breast cancer, esophageal
squamous cancer, head and neck cancer, kidney renal cancer, lung
adenocarcinoma, pancreatic ductal cancer, stomach adenocarcinoma,
testicular germ cell tumor. This survival analysis indicated that high
TREM2 expression of tumor cells could predict poor prognosis and
short overall survival of patients for many cancer types. The x-axis
represents the time of surviving in years, whereas the y-axis represents
the likelihood of survival. They present a summary of the link between
mRNA expression level and patient survival using Kaplan-Meier plots.

Both axes are accompanied with kernel density curves that
illustrate the density of the data along the axes. The density map on the
right displays the distribution of data density for the years of survival
of deceased patients with both high and low expression levels. The
data is divided based on the cutoff indicated by the vertical dashed line
in the Survival Scatter plot (Figure 4).
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Discussion

TREM2 gene is responsible for encoding an innate immune
receptor that belongs to the immunoglobulin family [28]. In humans,
this gene is located on chromosome 6, while in mice, it is positioned
on chromosome 17 [28]. TREM2 is present on macrophages, dendritic
cells, osteoclasts, and microglia [29,30]. The ligands that bind to
TREM2 include ApoE, phosphatidylserine, sphingomyelin, A, dead
neurons, and damaged myelin [2,31]. TREM2 associates with the
adaptor protein TyroBP or DAPI2 to create a signaling complex.
The process of ligand binding to TREM2 initiates phagocytosis and
chemotaxis, while also exerting a negative regulatory effect on TLR-
induced inflammatory responses [32,33]. Microglia create a network
that covers the central nervous system (CNS) and perform functions
such as sensing, maintaining the environment, and protecting against
harmful internal and external stimuli. This helps prevent long-lasting
inflammation in the brain, which can lead to damage and degeneration
of nerve cells [22,34]. The extracellular domain of TREM2 can be
secreted as a soluble protein known as sSTREM2 (soluble TREM2).
The levels of sSTREM2 rise with age and under pathological situations.

Microglia lacking the TREM2 protein exhibit heightened
autophagy in a mouse model of Alzheimer’s disease [35]. The absence
of TREM2 inhibited mTOR activation and triggered compensatory
AMPK and ULK1 activation, as well as autophagy, in BMDMs when
faced with metabolic stress [36]. The integration of metabolic and
RNA-seq data analysis uncovered abnormalities in metabolites and
enzymes associated with glycolysis, TCA cycle, and pentose phosphate
pathway in TREM2-/- BMDMs.
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Figure 4 High TREM2 indicates short overall survival in a variety of tumor types. Kaplan-Meier plots analysis of TREM2 expression and patients’ overall survival. Patients were categorized
into two categories, namely “low” (below the cut-off point) or “high” (above the cut-off point), based on their degree of expression. From A-D are breast cancer, esophageal squamous cancer,
head and neck cancer, kidney renal cancer. From E-H are lung adenocarcinoma, pancreatic ductal cancer, stomach adenocarcinoma, testicular germ cell tumor.

Cancer Stud Ther ], Volume 9(2): 6-8, 2024



Jinggiu Zhang (2024) Pan Cancer Analysis Indicates TREM2 as a Target for Cancer Treatment

In contrast to AD, cancer presents a contrasting difficulty.
TREM?2’s pro-inflammatory and immunosuppressive effects have a
negative impact, facilitating tumor development and evasion of the
immune system [18]. The approach in cancer treatment involves
inhibiting the signaling of TREM2 or removing TREM2* myeloid
cells from the tumor microenvironment. This enables the reactivation
of the T cell driven immune response against the tumor. Utilizing
anti-TREM2 antibody-dependent cellular cytotoxicity (ADCC)
or monoclonal antibodies that function as TREM2 antagonists
to reverse the immune-suppressive milieu of myeloid cells is a
prominent and promising approach in cancer immunotherapy. Shi-
Ting Li discovered that the expression of TREM2 was considerably
higher in glioma tissues compared to non-tumorous brain tissues.
Moreover, the expression of TREM2 exhibited a strong correlation
with the pathological grade and overall survival of glioma patients
[17].

CD8* cytotoxic T lymphocytes play a crucial role in regulating
tumor growth by eliminating cancer cells that display major
histocompatibility complex class I molecules. Nevertheless, there is
a communication of immune suppression occurring between cancer
cells and other cell types present in the tumor microenvironment
(TME), including cancer-associated fibroblasts, regulatory T cells,
and M2-polarized macrophages. This communication leads to the
inhibition of the immune response carried out by CD8* T cells.
Analysis of human tumor samples from various primary carcinomas,
such as skin, liver, lung, breast, bladder, colon, stomach, pancreas,
and kidney, has revealed the presence of TREM2* macrophages in
75% of the samples. This suggests that TREM2 expression may play
a role in the development of an immunosuppressive phenotype.
TREM?2 promotes phagocytosis and decreases the release of pro-
inflammatory cytokines by macrophages, hence playing a role in
regulating the immune response during infection. Existing evidence
indicates that the expression of TREM2 on cells of the monocyte-
macrophage lineage may have an immunoregulatory function in
cancer by promoting an immunosuppressive environment [21].

TREM2 is expressed by many cell types present in the tumor
microenvironment (TME). TREM2 may possess tumor cell intrinsic
capabilities, in addition to its role in stromal cells and fibroblasts,
that can either suppress or promote tumor growth, depending on the
specific kind of cancer. Hence, it is crucial for us to gain a deeper
comprehension of the processes by which TREM2 influences tumor
suppression or oncogenic behavior in various cancer types.

The inhibition of TREM2 in the U87 and U373 glioma cell lines led
to a substantial decrease in cell proliferation, migration, and invasion.
The absence of TREM2 in glioma resulted in a notable upregulation
of cleaved caspase 3 and Bax, accompanied by a downregulation of
Bcl2, MMP2, MMP9, CXCL10, and CXCR3.

Our work unveils a universal expression of TREM2 by many
tissues and cell types, by tumor cells and especially metastatic tumors.
Furthermore, high expression of TREM2 is often indicative of short
overall survival for many cancer types. Tumors with high TREM2
usually have high MTOR activity and hence promote tumor growth
in this way. By gaining more knowledge about the signaling pathway,
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the genes that are affected by it, and the regulators of TREM2
expression, we may discover new targets and different approaches by
targeting TREM2.
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