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Abstract

Introduction: Triggering receptors expressed on myeloid cells (TREMs) are inflammatory 

amplifiers with defined pathophysiological role in various infectious diseases, acute and chronic 

aseptic inflammation, and a variety of cancers, depicting TREMs as prominent therapeutic targets.

Areas covered: Herein, updates from 2015–2020 are discussed to divulge the TREM ligands, as 

well as their peptide blockers, claimed to modulate their expression. The article also presents 

different strategies employed during the last five years to block interactions between TREMs and 

their ligands to treat various disease conditions by modulating their expression and activity.

Expert opinion: There has been significant progress in the discovery of novel ligands and 

modulators of TREMs in the last five years that mainly revolved around the function of TREM 

molecules. A few peptides showed encouraging results to modulate the expression and activity of 

TREMs in pre-clinical studies, and these peptides are currently in clinical investigation. Based on 

the findings so far in several careful studies, we expect novel therapeutics in the near future which 

could have the ability to treat various disease conditions associated with TREM expression.
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1. INTRODUCTION

A family of cell surface receptors, ‘TREM’ or ‘triggering receptor expressed on myeloid 

cells’ are group of activating receptors that are particularly expressed on myeloid cells, such 
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as monocytes, macrophages, neutrophils, mast cells and dendritic cells (DCs). TREMs are 

primarily transmembrane glycoproteins having an immunoglobulin (Ig)-type fold in their 

extracellular domain, thus belong to Ig-superfamily. These receptors have been found as 

important pathological hallmarks in various inflammatory disorders of infectious as well as 

non-infectious disease conditions such as myocardial infarction, atherosclerosis, sepsis, 

gout, renal fibrosis, pancreatitis, cancer etc. [1]. Structurally, these receptors contain three 

units: (i) extracellular immunoglobulin domain, (ii) a transmembrane region, and (iii) short 

cytoplasmic domain [2] (Figure 1). In their cytoplasmic domain, there are no signaling 

motifs, therefore, transmembrane domains associate with the immunoreceptor tyrosine-

based activation motif (ITAM)-containing molecule DAP12 (DNAX activation protein of 

molecular weight 12 kDa) to express their functions [3].

So far, five TREM isoforms, TREM-1 to TREM-5, have been discovered, and human TREM 

isoforms share low sequence homology with each other and are located on chromosome 

6P21.1 [2,4]. Various related receptors, TREM-like transcripts (TLT-1 to TLT-5) also map to 

this region of the genome and share V-domain of the Ig-superfamily. TLTs also consist of 

ITAM in their cytoplasmic tail to express their functions [5]. Among all five isoforms of 

TREM, TREM-1 and TREM-2 are the best-characterized receptors that play divergent roles 

in several infectious and inflammatory diseases. In this critical review article, we focused on 

these two receptors in significant details to highlight their expression, signaling and their 

modulatory significance in various diseases.

2. TREM-1 expression and signaling

TREM-1 isoform is the most characterized member of TREM family that is expressed on 

mature monocytes, macrophages and neutrophils and function as a crucial amplifier of 

inflammatory responses [6–8]. However, in addition to myeloid cells, TREM-1 is also 

present on the surface of non-myeloid cell types including epithelial and endothelial cells 

[9–11]. Several recent studies revealing the presence of TREM-1 in different cell types and 

species are presented in Table 1 [12–19]. Human immune cells expressing a high expression 

of TREM-1 are monocytes, neutrophils, DCs, granulocytes and natural killer (NK) cells. 

Immune cells expressing low levels of TREM-1 include T cells and all isoforms of B cells 

[5,20,21].

Multiple membrane-bound receptors exist in a soluble form in clinical samples of patients 

with inflammatory disease and soluble form of receptors of TREM family have also been 

identified [22]. A general belief is that the production of sTREM-1 (17.5 kDa) may occur 

through two alternate pathways, such as alternate splicing and proteolytic cleavage of 

membrane bound receptors by metalloproteinases (MMPs) [23,24]. sTREM-1 was first 

observed in the plasma of patients with sepsis and in the bronchial lavage of pneumonia 

patients [25,26]. So far, its elevated levels have been found in various inflammatory diseases 

including inflammatory bowel disease, inflammatory rheumatoid arthritis (RA), intra-

abdominal infections, pneumonia, pleural effusion, and lung cancer [27] (Table 1). Recent 

studies also indicate that TREM expression on monocytes in peripheral blood could help to 

predict the occurrence of disease in glioma patients [28]. In addition to the serum, an 

increased level of sTREM-1 was also found in the cerebral spinal fluid of patients with 
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bacterial meningitis suggesting the role of TREM-1 signaling in the underlying pathogenesis 

of central nervous system (CNS) infections [29,30].

Number of studies revealed its role in various disease conditions. The significant relation 

between TREM-1 and vitamin D receptors has also been observed by Nguyen et al. [31]. 

Elevated level of TREM-1 in keratinocytes in swine was observed when treated with vitamin 

D sufficient diet, which suggest a significant role of vitamin D in signaling of TREM-1 

pathway. Similarly, the relationship between elevated TREM-1 and plaque stability in 

symptomatic and asymptomatic patients with carotid stenosis was determined [32]. TREM-1 

expression was found significantly increased in atherosclerotic plaques from carotid arteries 

of symptomatic patients as compared to asymptomatic patients. Further, TREM-1 decoy 

receptor and TREM-1 antibodies reduced tumor necrosis factor alpha (TNF-α)-induced 

expression of TREM-1, suggesting its potential role in the destabilization of atherosclerotic 

plaque. Pathophysiological role of TREM-1 in obesity-induced insulin resistance has also 

been reported [34]. TREM-1 has also been found in the pathophysiology of various 

cardiovascular diseases [13,15,35]. The role of TREM-1 as a potential therapeutic target in 

various diseases is summarized in Table 1.

The transmembrane domain of human TREM-1 contains a lysine amino acid residue 217 

that interacts with amino acid aspartate in DAP12 and transduces downstream signaling 

[7,8]. TREM-1 signaling is activated by binding of various ligands that initiates the 

association and phosphorylation of ITAM of DAP12. Phosphorylation of DAP12 by Src 

family kinases results in the activation of non-receptor tyrosine kinase Syk that in turn, 

triggers the activation of signaling molecules phosphatidylinositol 3-kinases (PI3K), 

phospholipase C (PLC), extracellular signal-regulated kinases (ERK1/2) and mitogen-

activated protein (MAP) kinases regulating nuclear factor (NF-κB) activation and 

functioning of inflammatory genes [1,7,34]. The activation of inflammatory genes further 

increases the production of pro-inflammatory cytokines including interleukin (IL)-1β, IL-6, 

IL-8, TNF-α, monocyte chemoattractant protein (MCP)-1, and granulocyte-macrophage 

colony-stimulating factor (GM-CSF) [36] (Figure 1). TREM-1 signaling also regulates 

calcium influx via phosphorylation of Syk which further triggers MAPK/ERK pathway [37]. 

In addition to cytokines and chemokines, TREM-1 also controls the degranulation and 

production of reactive oxygen species (ROS). Specifically, TREM-1 accelerates TLT-2 

ligation that can increase the production of ROS in polymorphonuclear neutrophils [38]. A 

recent study indicated that TREM-1 is generally activated by multimerization which 

required a two-step process comprising of upregulation followed by aggregation of TREM-1 

at the cell surface. The study also confirmed that the ectodomain of TREM-1 can aggregate 

in a concentration-dependent manner and adapter protein DAP12 stabilizes TREM-1 

multimerization, which is also mediated via its various endogenous ligands [39].

3. TREM-1 ligands and peptide blockers

3.1. TREM-1 decoy receptors

The compounds or molecules that can bind to the surface of TREM-1 are still a matter of 

concern. Until 2006, no endogenous ligand of TREM-1 had been identified [40]. There was 

a general belief in biologists that the neutralization of TREM-1 with a TREM-1-Fc fusion 
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protein impaired the ability of serum samples of septic patients to activate monocytes in 
vitro and this activation can be blocked by using TREM-1 antibody [40,41]. TREM-1 can 

specifically bind to platelets from healthy patients and neutrophils from patients with sepsis, 

which suggest the presence of unknown TREM-1 ligands [38,40]. In 2006, Mariani et al. 
developed methods to detect various TREM-1 ligands of unknown identity [40].

To date, multiple putative ligands have been discovered that trigger TREM-1 signaling on 

the surface of platelets. Haselmayer et al. [38] identified membrane-bound ligand which can 

interact with TREM-1 and can amplify lipopolysaccharide (LPS) -induced neutrophil 

activation.

The hyperactivation of inflammatory responses can be mitigated by blocking TREM-1 

signaling using small molecules and peptide mimetics. Particularly, sTREM-1 can bind to 

TREM-1 ligands and further block their recruitment to membrane-bound TREM-1 [42,43]. 

However, due to the high degree of degradation of sTREM-1 their use as therapeutic agents 

is very limited. Intriguingly, sTREM-1 has been so far used to design small peptides to 

inhibit the interactions between the ligands and membrane-bound TREM-1. Although the 

concept of TREM/sTREM is known and developed within last two decades, its application 

in clinical practice is yet to be discovered. There is still a hope to develop novel therapeutics 

by targeting TREM-1 in chronic inflammatory diseases since the infiltration of macrophages 

with upregulated TREM-1 in the pathogenesis of chronic inflammatory diseases is a major 

hallmark of the disease process. These findings further support TREM-1 as a potential 

therapeutic target [28,44,45]. In view of no definitive therapy with high TREM-1 expression, 

it is imperative to design novel small molecules which effectively and efficiently target 

TREM-1 to suppress inflammation.

The classic examples of designed peptides are LR12 and LP17 that were derived from 

human or mouse TREM-1 complementarity determining regions (CDR) 2 and 3, 

respectively. CDR-3 corresponds to ‘F’ β strand of extracellular domain of TREM-1, 

tyrosine residue of which may be responsible to mediate TREM-1 homodimerization and 

thus disruption in the homeostasis of the physiological processes [4,43]. Peptides LR12 and 

LP17 block the binding of sTREM-1 to a ligand from mice peritoneal exudate cells [42–46]. 

Various clinical trials [47,48] have been completed in the recent past to access the safety, 

tolerability, and pharmacokinetics of LR12 (also known as Nangibotide) in healthy male 

subjects after its pre-clinical success [49–52]. Clinical studies revealed that LR12 is safe 

even at the highest dose tested (10 mg/kg) with mild adverse effects which were considered 

unrelated to the treatment. Pharmacokinetic studies indicated that its blood concentrations 

increased in a dose-dependent manner, with the clearance of 6.6 L/kg in healthy subjects of 

weight 70 kg and thus displayed short effective half-life of about 3 minutes. Even after 

peptide administration for 28 days, no anti-circulating anti-drug antibodies were found 

suggesting its safety [47].

Treatment with LP17 diminished LPS-mediated induction of pro-inflammatory mediators 

such as TNF-α and IL-1β suggesting that LP17 can significantly block cellular TREM-1 

signaling [43]. In vivo administration of LP17 also showed significant improvement in the 

treatment of sepsis, rheumatoid arthritis, inflammatory bowel disease, and cancer [46,53]. 
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The conservative addition of one or more amino acids in the amino acid sequence of LP17 

can also be referred to as putative peptide blockers of TREM-1 [42]. LL-37 has also been 

found to be a modulator of TREM-1 expression and inhibits microbial inflammation but 

only tested under in vitro conditions [54].

3.2. TREM-1 ligands

After the discovery of TREM-1 in 2000, no endogenous ligand of TREM-1 or sTREM-1 had 

been identified for several years. However, in last decade several potential ligands of 

TREM-1 have been proposed, as discussed below.

3.2.1. CD177—CD177 antigen is a glycosylphosphatidylinositol-linked N-glycosylated 

cell surface glycoprotein that was first identified by Lalezari et al. in 1971 in a case of 

neonatal alloimmune neutropenia and was also found to play a critical role in neutrophil 

activation [55]. In 2018, Colonna et al. provided evidence of CD177 as an endogenous 

sTREM-1 binding ligand [56]. To confirm the binding, HEK293 cells (human embryonic 

kidney cells) transfected with CD177 were incubated with sTREM-1 for 45 minutes 

followed by immediate analysis. The results revealed the binding of sTREM-1 to HEK293 

cells transfected with CD177. Anti-monoclonal antibody (R33) of CD177 blocked the 

binding of TREM-1 ligands to neutrophils and in vitro inhibited the transendothelial 

migration of human neutrophils [56].

3.2.2. Extracellular actin—Actin is a family of multi-functional globular proteins 

present in all eukaryotic cells which has been found to participate in various cellular 

processes, including muscle contraction, cell division and cytokinesis, cell motility, cell 

signaling etc. It was observed that actin could activate the inflammatory response by 

interacting through TREM-1 [57]. There was a controversy on the presence of actin on the 

cell surface since actin is a cellular cytoskeleton protein. Besides its presence in the 

cytoplasm, its distribution was also detected on the surface of platelets in the resting state 

[58]. Therefore, platelets provide surface actin for TREM-1 recognition to activate signaling. 

In 2017, Fu et al. found that recombinant actin can directly interact with the recombinant 

TREM-1 extracellular domain and enhance inflammatory response when injected in wild 

type mice but not in TREM-1−/− mice. This amplification of inflammatory response could be 

inhibited by peptide LP17. It was confirmed that the extracellular actin is co-localized with 

TREM-1 in the lung tissues of septic mice [57].

3.2.3. PGLYRP1, HMGB1 and HSP70—Peptidoglycan receptor protein 1 (PGLYRP1) 

is also a TREM-1 ligand identified by Read and colleagues [59]. These receptors are 

primarily found in bacterial wall and thus play a pivotal role in maintaining the bacterial 

morphology. PGLYRP1 also binds to sTREM-1. The crosslinking of PGLYRP1 by 

peptidoglycans is required to stimulate TREM-1 which signifies its importance as a 

TREM-1 ligand in various infectious diseases. Similar to TREM-1, PGLYRP1 mRNA 

expression is upregulated in tissues following the inflammatory diseases. Findings support 

the beneficial effect of its activation in various inflammatory diseases. Due to the 

antibacterial activity of PGLTYRP1, it maintains beneficial healthy intestinal microbiome 

and protecting mice from experimentally induced ulcerative colitis. PGLYRP1−/− mice were 
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found most sensitive to ulcerative colitis and variants in its gene are associated to ulcerative 

colitis in human [60,61]. It is still unclear if this is happening due to the bactericidal 

property of PGLYRP1 or involves TREM-1 signaling.

Stennicke and colleagues [62] identified TREM-1 antibodies that can specifically block the 

stimulation of TREM-1 and its functions by binding to human TREM-1 as well as other 

species of primates. These antibodies attenuate TREM-1 signaling by preventing the 

formation of functional complex between PGLYRP-1 and TREM-1 or by preventing the 

individual TREM-1 molecules to form dimers or multimers. Thus, these antibodies can 

block PGLYRP-1-induced activation of TREM-1 and can ultimately regulate pro-

inflammatory cytokine release from myeloid cells. Among the investigated monoclonal 

antibodies, mAb0170 efficiently can bind to human and cynomolgus TREM-1 with greater 

affinity as compared to commercially available TREM-1 antibodies and made it 

advantageous over other commercially available antibodies. The specific binding was further 

confirmed through humanization of human and cynomolgus TREM-1 which hindered the 

binding affinity with these antibodies. Further studies indicated that mAb0170 blocked the 

cytokine release from synovial tissue cells from rheumatoid arthritis patients stimulated by 

PGLYRP-1 which was further confirmed in mouse arthritis model by inducing single paw 

arthritis in female C57BL/6 mice. A significant reduction in inflammation was observed in 

the paw with monoclonal antibodies over control mice, suggesting that these antibodies 

show true TREM-1 blocking features and find utility in the treatment of inflammatory 

conditions [62].

Further, Griffin and colleagues [63] found the viscosity issue with the antibody discovered 

by Stennicke and colleagues [62]. They resolved the viscosity issue by applying specific 

negatively charged amino acid mutations of uncharged amino acids that are mainly involved 

in the TREM-1 antibodies self-interactions to reduce the viscosity and retain the original 

binding affinity towards TREM-1.

High mobility group box 1 (HMGB1) is a nuclear protein that interacts with nucleosomes, 

histones, and transcription factors to regulate transcriptional activity. During inflammatory 

conditions, HMGB1 is automatically released by damaged tissue and activated myeloid 

cells, and functions as a damage associated molecular protein (DAMP) molecule to induce 

inflammatory response. Wu et al. [64] first observed the direct interactions between HMGB1 

and TREM-1 by employing cross-linking and immunoprecipitation assays [64]. HMGB1 

needs co-activating molecules to trigger TREM-1 stimulation and thus reflected as an 

inducer of inflammation via activation of various pattern recognition receptors (PRR) [65]. 

The expression of HMGB1 is observed in inflammatory conditions like colitis, ischemia, 

fibrosis, arthritis, cancer, and pancreatitis.

Among potential DAMPs, heat shock protein 70 (HSP70) has also been considered as a 

TREM-1 ligand. HSP70 is present in the necrotic cell lysates of myeloid cells and are 

responsible for the induction of proinflammatory cytokine production. The HSP70 

expression was reduced by blocking the TREM-1, thus confirming the role of HSP70 as a 

potential endogenous ligand for TREM-1 [66,67].
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Interestingly, all endogenous ligands of TREM-1 identified to date are associated with 

inflammatory conditions. Various TREM-1 modulators and ligands are summarized in Table 

2.

3.2.4. eCIRP—Extracellular cold-inducible RNA-binding protein (eCIRP) is a recently 

discovered DAMP, mainly expressed on macrophages, lymphocytes, and neutrophils to 

amplify the production of cytokines [75]. Administration of recombinant murine CIRP 

developed acute lung injury (ALI) in healthy mice through the activation of macrophages, 

neutrophils, and endothelial cells, while CIRP−/− mice were protected from ALI [76,77]. 

The treatment of infected animals with eCIRP antibody attenuated ALI and prolonged the 

survival [75,78]. Consistent with these findings, eCIRP is considered as a novel and 

prominent contributing factor in the pathogenesis of sepsis. Denning et al. identified a strong 

binding affinity between eCIRP and TREM-1 which was confirmed via fluorescence 

resonance energy transfer assay in macrophages. These investigators also confirmed that 

LP17 peptide can block these interactions and eCIRP-induced inflammation is attenuated. 

They also produced a new 7-amino acid peptide M3 which also significantly inhibited 

eCIRP-induced systemic inflammation and tissue injury by blocking the interactions 

between CIRP and TREM-1 [74].

3.2.5. Copper labeled probe—Michelle and colleagues [79] reported for the first-time 

labeled probe (agonist antibody) by targeting TREM-1 for the detection of inflammatory 

disease conditions. The labeled probe was developed by using copper-64 (64Cu-DOTA 

TREM-1 probe) that can selectively bind to TREM-1 with high affinity in vitro and in vivo 
and can be detected by Positron Emission Tomography imaging. Particularly, it was revealed 

that the labeled probe can link directly to the extracellular domain of TREM-1 through 

lysine amino acid [79].

3.2.6. Non-endogenous ligands—Pathogen associated molecular patterns (PAMPs) 

are also considered as possible TREM-1 ligands. One well known PAMP is 

lipopolysaccharide (LPS) which is involved in TREM-1 activation and thus can be 

considered as its non-endogenous ligand [6,39], but it is still a quest whether LPS activates 

TREM-1 directly or indirectly through other receptors [80]. Other possible ligands of 

TREM-1 are microbe associated molecular patterns (MAMP), including zymosan, HIV 

gp41, Marburg virus glycoprotein and Schistosoma mansoni egg antigens. Administration of 

schistosoma egg homogenate antigen to a mouse macrophage cell line downregulated the 

expression of TREM-1 and lowered the macrophage-mediated inflammatory response of 

infected hosts [81]. HIV gp41-induced modulation of cytokines triggered the expression of 

MMP-1 and TREM-1 which also led to the conversion of surface TREM-1 into soluble 

TREM-1 [82]. The modulation was so specific that a single mutation within the conserved 

immunosuppressive domain of gp41 abrogated the cytokine response [83]. Stimulation of 

Kupffer cells with HIV or HCV induces the upregulation of TREM1 through NF-кB 

signaling and enhanced activation of the ERK1/2 signaling cascade. Moreover, silencing of 

TREM1 dampened the inflammatory immune responses elicited by HIV or HCV stimulation 

[84]. Marburg virus (MARV) and Ebola virus (EBOV), members of the viral family 

Filoviridae which causes fatal hemorrhagic fevers, activate TREM-1 on human neutrophils, 
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leading to various post activation sequelae including DAP12 phosphorylation, TREM-1 

shedding, mobilization of intracellular calcium and secretion of proinflammatory cytokines 

[85]. Zymosan is a potent ligand found on the surface of fungi like yeast. Transgene 

expression in the liver of soluble form of extracellular domain of TREM-1 to antagonize 

DAP12 signaling remarkably inhibited zymosan A-induced granuloma formation [86].

3.2.7. Targeting TREM-1 other than ligand binding domain—Besides targeting 

ligand-binding domain of TREM-1, Sigalov and colleagues [87] in 2006 made successive 

measures to inhibit TREM-1 function directing transmembrane domain. Therefore, ligand-

independent TREM-1 inhibition using signaling chain homo-oligomerization (SCHOOL) is 

a promising strategy to develop clinical therapeutics. In this strategy, ligand binding initiates 

receptor clustering of signaling oligomers that leads to the recruitment of tyrosine kinase to 

ITAM-bearing adaptors [87, 88]. Therefore, it is feasible to develop peptides and other 

compounds that can interfere with the interactions of TREM-1 and TREM-1 homodimers or 

TREM-1 and DAP12 complexes.

Various research groups are actively involved to design peptides or other molecules by 

employing SCHOOL approach. GF9, a small peptide sequence developed by Sigalov and 

colleagues in 2014 [53] was selected from the transmembrane core region of human 

(GFLSKSLVF) [53] and mouse (GLLSKSLVF) TREM-1 [88]. The significant reports on the 

use of this small peptide in various inflammatory conditions have been summarized 

previously [89]. Recent studies on mouse collagen-induced arthritis (CIA) model also 

provide the evidence of therapeutic use of GF9 in rheumatoid arthritis by blocking the 

TREM-1 pathway. Mice treated with GF9 in the dose of 25 mg/kg i.p. daily for 21 days 

showed significant delay in arthritis with reduced severity [90]. Similarly, in 2017, Shen and 

colleagues [91] reported anti-pancreatic cancer ability of GF9 via suppressing the specific 

inflammatory response through silencing the TREM-1-mediated signaling pathway when 

tested in three pancreatic cancer xenograft mouse model. Blocking TREM-1 pathway by 

injecting the peptide significantly halted the production of IL-1α, IL-6, and M-CSF. This 

anti-cancer effect was persisting even after stopping the peptide treatment. The peptide was 

also found well-tolerated in both free and in the formulated form with lipopeptide given to 

enhance the shelf-life [91]. Besides these studies, therapeutic efficacy of this peptide has 

also been tested in several in vitro and in vivo models of oxygen-induced retinopathy [92], 

alcohol-induced liver cirrhosis [93], and liver cancer [94], and confirmed its high efficacy. 

Furthermore, to enhance its stability, half-life, and target-specific delivery, Tornai and 

colleagues [93] modified the sequence of peptide chemically to produce two 31-amino acid 

long chain peptides, GA31 and GE31, which further demonstrated significant TREM-1 

inhibitory effect in vivo. These studies indicate that the inhibition of TREM-1 pathway using 

short synthetic peptides that employ a novel ligand-independent mechanism of action 

(SCHOOL peptides) may represent a steppingstone in the development of future drug 

candidates for various inflammatory conditions.

In addition to the peptides as modulators of TREM-1, Wang and colleagues [95] evaluated 

the TREM-1/DAP12 inhibitory effect of organically synthesized drug Pravastatin, which is a 

clinically used lipid-lowering drug [95] (Figure 1). The investigators found that pravastatin 

inhibits the complex formation between TREM-1 and DAP12 which further attenuates the 
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release of inflammatory cytokines (TNF-α and IL-1) and can reduce the area of 

atherosclerotic plaques, improve plaque formation by reducing lipid deposits and alleviate 

plaque inflammatory responses.

4. TREM-2 signaling and its potential therapeutic applications

TREM-2 is expressed on a wide range of cells, including myeloid cells [4,7,8], microglia 

[95], osteoclasts [96], and tissues including liver, kidney, heart, lungs, and brain [95]. In the 

recent past, researchers around the globe have focused their efforts to investigate the role of 

TREM-2 on various myeloid cells. Recent single-cell RNA sequencing (scRNA-seq) studies 

[97] suggested that TREM-2 is also expressed in a minor subset of tissue-specific 

macrophages. In addition to microglia, TREM-2 is expressed in macrophages of adrenal 

gland, adipose tissue and placenta [98]. TREM-2 interacts with a wide range of ligands, 

majority of which occur as the hallmarks of tissue damage and so far, involved in a variety 

of functions including cell survival, maturation, proliferation, phagocytic activation, and 

regulation of inflammation [99,100]. The importance of TREM-2 is generally highlighted 

after genetic studies that confirmed its association with neurodegenerative disorders such as 

Nasu-Hakola disease (NHD), also known as polycystic lipomembranous osteodysplasia with 

sclerosing leukoencephalopathy, and Alzheimer’s disease (AD). Individuals with rare and 

different sets of mutations in TREM-2 encoding genes such as arginine to histidine at 

position 47 (R47H) are at higher risk of developing NHD and AD at a much younger age. 

The mutations that can cause AD and NHD produced mutant TREM-2 protein that differs 

from the normal TREM-2 protein by only a single amino acid. In order to find out how 

different mutations affecting the same protein develops two different disorders, Kober et al. 
employed X-ray crystallography and confirmed that mutations found in NHD are buried 

deep inside the folded TREM-2 while for AD, mutations lie on the surface of TREM-2 

[101]. Further studies revealed that in NHD, the ability of TREM-2 to fold correctly is 

hindered and results in fewer TREM-2 proteins being present on the surface of immune 

cells. TREM-2 binds to glycosaminoglycans in NHD, while in AD, TREM-2 is unable to 

bind to glycosaminoglycans. Therefore, these findings suggest that TREM-2 binding to 

glycosaminoglycans is important for preventing AD. Recently, it has also been revealed that 

the superimposition of diabetes mellitus enhanced TREM2-MAPK signaling in cognitive 

deficits, neuroinflammation, and neuronal cell death. Knockout of TREM-2 intensified while 

TREM-2 enhancement suppressed the MAPK signaling and pro-inflammatory production 

under high glucose and hypoxic conditions [102]. These studies indirectly indicate that 

TREM-2 expression should be enhanced to treat the neurodegenerative disorders.

In addition to neuroprotection, increasing the expression of TREM-2 also helps to 

ameliorate the inflammatory infections like sepsis. It has been confirmed that the 

administration of TREM-2 overexpressing macrophages significantly prolonged survival in 

aged septic mice by lowering the level of IL-23 and IL-17 [103]. Similarly, TREM-2 

knockout mice were found more prone to develop hepatocellular carcinoma, and conditioned 

media from human hepatic stellate cells overexpressed TREM-2 and attenuated the 

hepatocyte proliferation also confirms the protective role of this receptor in protection 

against liver damage and inflammation [104].
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TREM-2 signaling associates with adaptor proteins such as DAP10 and DAP12 via 

oppositely charged amino acid residues in their transmembrane domains and mediates 

activation of Syk and PI3K [105] (Figure 2). The in vivo picture of TREM-2 signaling is 

highly complex. In AD brain, TREM-2 could bind directly with pathological β-amyloid 

(Aβ) oligomers, anionic and zwitterionic lipids [106,107], and lipo- and apo-lipoproteins 

(LPL, APOE) [108] which together make Aβ-plaques, a pathological hallmark of AD.

In mouse model of AD, microglia, the myeloid cells of the brain, respond to the pathology 

of AD by amplifying apolipoprotein E (APOE). In addition, TREM-2 signaling results in 

enhanced production of LPL [109]. It was confirmed that in AD mouse model, TREM-2-

deficient myeloid cells in the brain show limited expression of APOE [110]. Jaitin and 

colleagues in 2019 confirmed that LPL and APOE are amplified by the TREM-2 pathway in 

adipose tissue macrophages because of high-fat diet-induced obesity in mice [111].

5. Possible therapeutics targeting TREM-2

There are a number of possible approaches to control TREM-2 pathway and to treat various 

pathological conditions (Figure 2).

5.1. Targeting extracellular domain of the receptor:

The most prominent strategy is to directly target the extracellular domain of the TREM-2 

receptor with specific antibody or small molecule peptide that could block or activate 

downstream signaling. Many biologists are investigating the effect of TREM2 receptor to 

activate microglia to phagocytose or clear the Aβ deposition. Alector, LLC company used an 

agonistic monoclonal antibody for TREM-2, i.e., AL002 that was under clinical intervention 

Phase I trial to assess its safety and tolerability and outcomes are recently published in 

December 2020 which revealed that AL002 is safe and well tolerated and is a promising 

candidate for AD therapy [112,113].

5.2. Targeting ADAMs

A Disintegrin and metalloproteinase domain-containing protein (ADAM10/17) is a cellular 

surface protein. These ADAMs cleave human TREM-2 at His157-Ser158 peptide bond and 

thus release sTREM-2. Further cleavage of transmembrane region of sTREM-2 by other 

enzymes (ℽ-secretase) release DAP12 and blocks sTREM-2 signaling. Inhibiting or 

initiating the shedding of TREM-2 is another approach of intervention [114]. However, due 

to the vast range of substrates of ADAM10/17, it is unable to inhibit specific protease or 

substrate activity because this may lead to various unwanted side effects. So, there is a 

pressing need for specific and fine-tuned modulation to block TREM-2 shedding. In the 

German center for neurodegenerative diseases, scientists targeted the cleavage site of 

TREM-2 to interrupt receptor shedding by ADAMs that increased the membrane 

concentration of receptor and amplify the signaling. They developed antibody 4D9 that 

could bind to the stalk region of TREM-2 and disrupt the proteolytic shedding [115]. 

Additionally, this antibody was also found to activate TREM-2 signaling and increase Aβ 
uptake thus cause microglia survival. Furthermore, in 2020, they also tested the antibody 
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4D9 in mouse model of AD and found that antibody significantly reduced the level of Aβ 
plaques but did not improve cognitive ability [116].

5.3. Targeting signaling cascade

To inhibit or activate the specific intracellular signaling cascade, modulation of TREM-2 is 

another approach. In 2017, Kang and colleagues [117] reported gold-containing agents for 

the treatment of liver cirrhosis or liver fibrosis via increasing the TREM-2 expression. Using 

Western blot analysis, they confirmed that especially auranofin (gold containing agent) 

(Figure 2) can induce transformation of macrophages to M2-type mouse macrophage cell 

line (RAW264.7) by increasing the expression of TREM-2 which can further effectively 

inhibit liver fibrosis. Recently in 2020, Mohamed et al. [118] treated Bisphenol-A and ℽ-

radiation induced neuroinflammation with methylsulfonylmethane (MSM; organosulfur 

compound) in rats. They found that this treatment significantly improved the 

histopathological defects and neuroinflammation in animals by modulating TREM-2/

DAP-12/Syk pathway. One major concern with this approach is the non-specificity due to 

the involvement of DAP10/12, Syk, and PI3K in many other signal transduction pathways. 

Thus, they are unlikely to become effective target in the context of TREM-2 specific therapy.

These strategies which have been employed in the treatment of neurodegenerative disorders 

can also apply to other obesity-related comorbidities like atherosclerosis [110].

5.4. Therapeutics targeting TREM-2 for the treatment of Alzheimer’s disease

Shedding of TREM-2 by regulated intramembrane proteolysis results in decreased cell 

surface TREM-1 and reduced phagocytic activity of microglia leading to increased 

accumulation of fuzzy amyloid plaques and the disease pathology. Thus, targeting TREM-2 

cleavage to prevent TREM-2 shedding and increase its surface expression is an emerging 

therapeutical strategy in neurological diseases. Various research groups around the globe 

focused on to target TREM-2 using antibody compositions to treat this disease condition. 

Antibody clone 14D8 has very high affinity to inhibit TREM-2 cleavage [119]. Antibody 

clone 14D8 has a binding site within the ectodomain of the TREM-2 and inhibits TREM-2 

cleavage. Inhibition of TREM-2 cleavage will stabilize TREM-2 protein on cell surface to 

decrease risk of the disease. Recently, Brand et al. [120] proposed an antibody targeting 

stalk (IgSF) region to stabilize TREM-2. Inhibiting TREM-2 cleavage will be useful in the 

treatment or prevention of neurological disorders including Alzheimer’s disease, 

frontotemporal lobar degeneration, FTLD-like syndrome, Parkinson’s disease, Nasu-Hakola 

disease, multiple sclerosis, Huntington disease, immune-mediated neuropathies, and 

amyotrophic lateral sclerosis. Other than inhibiting TREM-2 cleavage, activating TREM-2 

and the downstream signaling via TREM-2/DAP12 with antigen binding proteins as agonists 

[121] in the myeloid cells is an alternative strategy to treat the disease associated with 

TREM-2 loss. These antibodies specifically bind to an extracellular domain of human 

TREM-2 and modulates its activities in microglia, macrophages, dendritic cells, and 

osteoclasts. Activation of TREM-2 suppresses expression and secretion of inflammatory 

cytokines in macrophages and microglia [122] resulting in decreased inflammation and 

progression of neurological diseases. However, the pathological role of heterozygous and 

homozygous TREM-2 variants in late onset Alzheimer’s disease and Nasu-Hakola disease 
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has also been documented. In such conditions, increased number of microglia and increased 

expression of TREM-2 on these microglia play an important role in the pathogenesis. Fassler 

et al. proposed antibodies and antigen-binding fragments binding to extracellular domain of 

TREM-2 to attenuate TREM-2 expression [123]. Contrary to this, in case of tumor biology, 

increased recruitment of immune cells including macrophages, neutrophils, and dendritic 

cells results in adverse outcome. It has been proposed that targeting increased TREM-2 in 

tumor microenvironment might be useful and anti-TREM-2 antibodies seem to be useful to 

attenuate tumor growth [124]. Additionally, use of anti-TREM-2 antibody with anti-PD1 

antibody has synergistic effect on tumor growth.

The TREM-2 variant, TREM-2R47H increases the AD risk by impairing ligand binding and 

accumulate β-amyloids. Recently, it was reported that anti-TREM-2 antibody (hT2AB) 

stimulates microglia activation in TREM-2R47H mice by acting as a surrogate ligand of 

TREM-2 which suggests that anti-TREM-2 can treat AD by strengthening microglial 

response [125]. Similarly, Fassler et al. also contributed in the development of monoclonal 

TREM-2 antibody that induced the microglial activation by binding to its extracellular 

domain and treated the cognitive function in animal model of AD [126]. In vitro experiments 

showed that antibody treatment enhances the cellular proliferation, uptake of β-amyloids and 

apoptotic neurons. During in vivo treatment, the antibody was found to improve cognitive 

function in amyloidopathy models and to facilitate plaque-associated microglial coverage 

and activation [126]. Similarly, Denali Therapeutics Inc. [127] and Alector LLC [128] also 

published patents on monoclonal antibodies that can induce the activation of microglial cells 

in a Syk- and Akt-dependent manner and could be used as therapeutic treatments for AD and 

cognitive impairment.

6. TREM-3, TREM-4 and TREM-5 receptors

TREM-3 receptors could be detected at low levels in T cell lines, but are not found in NK, 

mast cells and B cell lines. Similar to TREM-1 and TREM-2, these receptors also associate 

with the adaptor protein DAP12 and form receptor signaling complex thus activate myeloid 

cells [129]. TREM-4 is a transmembrane glycoprotein mainly found in the endothelium of 

capillaries, cardiac tissue, and testis [130]. It has been documented that the modulation of 

TREM-4 could be of therapeutic use to treat heart-related complications, inflammatory 

diseases, and male infertility [130]. TREM-5 is also a transmembrane glycoprotein 

selectively expressed in bone marrow-derived population of leukocytes and dendritic cells. 

TREM-5 is upregulated in conditions like inflammation, cell activation, or unusual dendritic 

cell function. Inhibition of TREM-5 with monoclonal antibodies can cure skin diseases or 

disorders associated with dendritic cells [130].

7. CONCLUSION

At the end of the literature survey for the period of 2015–2020, it is interesting to underline 

that major efforts have been made on the development of the modulators of TREM-1 and 

TREM-2 receptors. Most of the available TREM-1 modulators are peptide-based, rationally 

designed from TREM-1 ligand-binding domain. LR12 is the characteristic example of 

TREM-1 inhibitory peptide that is currently under clinical trials in the treatment of septic 
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shock. On the other hand, targeting transmembrane domain (SCHOOL approach) could also 

be a lead strategy in the coming future, in which blocking peptides (eg. GF9) prevent 

TREM-1/DAP12 interactions. Modulation of TREM-2 expression by various peptides and 

antibodies developed so far should be the focus of further research. Instability of peptide-

based compounds is the major concern which could limit their clinical use. Various 

pharmaceutical approaches should be employed to enhance their relationship between dose, 

bioavailability and therapeutic effect. By understanding the biochemical nature of their 

molecular skeleton, group modifications could also improve their stability profile, which 

could be a novel approach to target TREM. Further conceptual understanding associated 

with these receptors is essential to develop novel therapeutic strategies for the control of 

various diseases regulated by them.

8. EXPERT OPINION

Following the discovery of relatively novel TREM family, our understanding of innate 

immunity has significantly increased. Intriguingly, the main biological interventions based 

on these receptors mainly associate with TREM-1 and TREM-2 function. A number of 

ongoing clinical trials using TREM-1 and TREM-2 as biomarkers in the biological samples 

of patients suffering from various disease conditions show the importance of these two 

receptors (Table 3). Indeed, the role of TREM-1 is not limited to infectious diseases but it 

has also been found to be involved in several non-infectious diseases. TREM-1 generally 

amplifies the inflammatory response initiated by DAMPs upon tissue injury. Evidence 

suggest that the association of TREM-1 in the pathophysiology can be organ- or disease-

oriented. But its precise mechanism of action is still a quest for the scientific community 

which needs to be addressed for the future use of TREM-1 as a potential target.

So far, LP17, LR12 and M3 are classic examples of TREM-1 inhibitory protein peptides that 

can directly bind to ligand-binding domain and further inhibit inflammatory responses 

during infectious or non-infectious disorders. Among these peptide blockers of TREM-1, 

LR12 is the first clinical-phase agent being evaluated as a prominent novel therapy to treat 

patients with inflammatory conditions such as septic shock [47]. The peptide exhibited 

favorable safety and pharmacokinetic profile at three different doses of 1, 5 and 10 mg/kg 

and acts as a hit lead for further clinical development.

Targeting transmembrane domain by employing SCHOOL approach is also a promising 

strategy to inhibit TREM-1 signaling and to develop novel therapeutic compounds. GF9, a 

peptide sequence discovered by Sigalov et al. [53], is an excellent example of TREM-1 

inhibitors developed through this approach. Various pre-clinical experiments in animal 

models have justified its pre-clinical success against various disease conditions such as 

rheumatoid arthritis, pancreatic cancer, retinopathy and liver cirrhosis [91–94]. These results 

indicate that SCHOOL approach could open new panoramas in the near future to develop 

novel therapeutics.

TREM-2 receptor has been established as a major pathology-induced immune signaling hub 

mainly associated with neurodegenerative disorders. TREM-2 activating ligands have been 

proven to be highly beneficial in the treatment of neurodegenerative diseases like AD [131]. 
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To date, various approaches have been employed by the scientific community to develop 

therapeutics to modulate TREM-2 functions. Modulation by targeting the active domain of 

TREM-2, Alector and LLC Company developed antibody AL002 for TREM-2, the 

prolonged administration of which can reduce filamentous plaques and impacted behavior, 

neurite dystrophy and tempered microglial inflammatory response [112]. Recently 

completed Phase I clinical trials on this antibody also confirmed that it is a safe and well 

tolerated in first-in-human clinical experiments which suggests it as a promising candidate 

for the treatment of AD [112,113]. Similarly, scientists at the German center of 

neurodegenerative diseases developed antibody 4D9, which can bind to the stalk region of 

TREM-2 (ADAMs targeting) and can increase the Aβ uptake and significantly reduce the 

level of plaques [115,116]. A direct targeting signaling pathway is also an approach by 

which TREM-2 expression can be modulated. Kang and colleagues [117] postulated the 

approach by developing a gold-containing agent ‘Auronofin’ which can effectively inhibit 

liver fibrosis. But due to the involvement of various transduction pathways in the pathology 

of disease condition associated with TREM-2, this approach needs a careful attention to 

make it more target specific to become effective.

According to our knowledge with TREM receptors, this is just the beginning of the drug 

development, but considerable efforts are still needed in this area of research prior to clinical 

trials. By keeping in mind, the stability issues with the peptides to modulate TREM 

expression, there is a pressing need to develop stable peptides or their mimetic compounds 

which should be stable at physiological pH. Chemical modifications can be performed 

within the molecular structure of the existing peptides to enhance their stability as well as 

binding affinity towards TREM.

Molecular dynamic simulation is the computer-based approach towards the designing of 

novel compounds or to perform modifications to change the existing molecular behavior of 

the compounds. From the pharmacological point of view, molecular dynamic simulations 

can predict various possible deep interactions between TREM and their so far unknown 

ligands which could further expedite the research findings in a short time period without 

performing the experimental procedures and can thus provide possible lead TREM 

modulators. There is also a need to introduce artificial intelligence in this field which can 

perform the experimental tasks automatically with the use of its own datasets and 

automatically might suggest new possible target specific strategies as well as modulators to 

treat disease associated with the modulation of TREM expression.

After gaining deeper understanding of the physiopathology of TREM receptors, we can 

expect a number of novel peptides as well as small molecule TREM modulators in the 

imminent future with potential clinical application.
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Article highlights

• Various TREM ligands, which can modulate TREM expression have been 

identified within last five years (2015–2020).

• Several TREM-1 and TREM-2 modulators are currently under evaluation in 

pre-clinical and clinical studies in many inflammatory diseases.

• Multiple strategies employed in the modulation of TREM-1 and TREM-2 

expression have been presented.

• TREM-1 and TREM-2 and their soluble receptors in patients’ samples could 

be used as biomarkers to monitor clinical progression in several diseases.
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Figure 1: 
Schematic illustration of TREM-1 pathway: TREM-1 is an immunoglobulin superfamily 

receptor located on the surface of plasma membrane. Its extracellular domain consisting of 

194 amino acids is mainly responsible for ligand binding. Transmembrane domain 

consisting of 29 amino acids generally associates with DAP12, phosphorylation of which 

results in the activation of Syk that triggers the activation of PI3K, PLC, ERK, MAPK, and 

NF-κB, to regulate inflammatory gene transcription. This activation further increases the 

production of cytokines and chemokines (IL-1β, IL-6, IL-8, TNF-α, MCP-1, GM-CSF). 

Inhibition of ligand binding to TREM-1 by various peptides, small molecules and antibodies 

or blocking the TREM-1/DAP12 interaction is beneficial in the treatment of inflammatory 

diseases.
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Figure 2: 
TREM-2 pathway: TREM-2 interacts with one of its ligands by extracellular binding 

domain, and signal is propagated by DAP10 and DAP12, that activates PI3K and Syk, 

respectively. Splitting of TREM-2 from its stalk region by ADAMs results in the production 

of sTREM-2 which further inhibits TREM-2 signaling. Various possible approaches to target 

TREM-2 are also shown.

Singh et al. Page 24

Expert Opin Ther Pat. Author manuscript; available in PMC 2022 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Singh et al. Page 25

Ta
b

le
 1

:

E
xp

re
ss

io
n 

of
 T

R
E

M
-1

 in
 v

ar
io

us
 d

is
ea

se
 c

on
di

tio
ns

D
is

ea
se

E
xp

re
ss

io
n

R
ef

er
en

ce
s

H
um

an
M

ou
se

A
th

er
os

cl
er

os
is

So
lu

bl
e 

fo
rm

: 
N

D
C

ir
cu

la
ti

ng
: 

E
nh

an
ce

d,
 o

n 
m

on
oc

yt
es

 w
ith

 o
xL

D
L

T
is

su
e:

 E
nh

an
ce

d 
m

R
N

A
 a

nd
 p

ro
te

in
 in

 s
ev

er
e 

co
nd

iti
on

So
lu

bl
e 

fo
rm

: 
In

cr
ea

se
d 

du
ri

ng
 h

ig
h 

fa
t d

ie
t

C
ir

cu
la

ti
ng

: 
E

nh
an

ce
d,

 m
ye

lo
id

 c
el

ls
 a

ft
er

 h
ig

h 
ch

ol
es

te
ro

l/h
ig

h 
fa

t d
ie

t
T

is
su

e:
 E

nh
an

ce
d 

m
R

N
A

 in
 a

or
tic

 a
rc

h 
af

te
r 

hi
gh

 f
at

 d
ie

t

[1
2–

14
]

M
yo

ca
rd

ia
l I

nf
ar

ct
io

n
So

lu
bl

e 
fo

rm
: 

E
nh

an
ce

d 
an

d 
ca

n 
ca

us
e 

m
or

ta
lit

y 
an

d 
re

cu
rr

en
ce

 o
f 

ca
rd

io
va

sc
ul

ar
 

ev
en

ts
C

ir
cu

la
ti

ng
: 

N
D

T
is

su
e:

 E
nh

an
ce

d 
nu

m
be

r 
of

 T
R

E
M

-1
 e

xp
re

ss
in

g 
gr

an
ul

oc
yt

es

So
lu

bl
e 

fo
rm

: 
In

cr
ea

se
d

C
ir

cu
la

ti
ng

: 
In

cr
ea

se
d

T
is

su
e:

 E
nh

an
ce

d 
m

R
N

A
/p

ro
te

in
 b

y 
in

fi
ltr

at
in

g 
gr

an
ul

oc
yt

es

[1
5]

M
es

en
te

ri
c 

Is
ch

em
ia

-
R

ep
er

fu
si

on
 I

nj
ur

y
So

lu
bl

e 
fo

rm
: 

N
D

C
ir

cu
la

ti
ng

: 
N

D
T

is
su

e:
 N

D

So
lu

bl
e 

fo
rm

: 
In

cr
ea

se
d 

in
 p

la
sm

a
C

ir
cu

la
ti

ng
: 

N
D

T
is

su
e:

 N
D

[1
6]

G
ou

t
So

lu
bl

e 
fo

rm
: 

E
nh

an
ce

d 
in

 s
yn

ov
ia

l f
lu

id
C

ir
cu

la
ti

ng
: 

E
nh

an
ce

d,
 o

n 
m

on
oc

yt
es

 in
 s

yn
ov

ia
l f

lu
id

T
is

su
e:

 P
re

se
nc

e 
of

 T
R

E
M

-1
-e

xp
re

ss
in

g 
m

ac
ro

ph
ag

es
 in

 to
ph

ac
eo

us
 ti

ss
ue

So
lu

bl
e 

fo
rm

: 
N

D
C

ir
cu

la
ti

ng
: 

N
D

T
is

su
e:

 N
D

[1
7]

R
en

al
 I

sc
he

m
ia

-
R

ep
er

fu
si

on
 I

nj
ur

y
So

lu
bl

e 
fo

rm
: 

N
D

C
ir

cu
la

ti
ng

: 
N

D
T

is
su

e:
 m

R
N

A

So
lu

bl
e 

fo
rm

: 
In

cr
ea

se
d 

in
 p

la
sm

a
C

ir
cu

la
ti

ng
: 

In
cr

ea
se

d 
on

 m
on

oc
yt

es
T

is
su

e:
 I

nc
re

as
ed

 m
R

N
A

/p
ro

te
in

[1
8]

Ps
or

ia
si

s
So

lu
bl

e 
fo

rm
: 

In
cr

ea
se

d 
in

 P
la

sm
a

C
ir

cu
la

ti
ng

: 
N

D
T

is
su

e:
 I

nc
re

as
ed

 n
um

be
r 

of
 T

R
E

M
-1

 e
xp

re
ss

in
g 

m
ye

lo
id

 c
el

ls

So
lu

bl
e 

fo
rm

: 
N

D
C

ir
cu

la
ti

ng
: 

E
nh

an
ce

d 
in

 s
pl

en
ic

 c
el

ls
T

is
su

e:
 E

nh
an

ce
d 

ex
pr

es
si

on
 o

f 
m

R
N

A

[1
9]

N
D

, n
ot

 d
et

ec
te

d;
 o

xL
D

L
, o

xi
di

ze
d 

lo
w

 d
en

si
ty

 li
po

pr
ot

ei
ns

Expert Opin Ther Pat. Author manuscript; available in PMC 2022 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Singh et al. Page 26

Ta
b

le
 2

:

T
R

E
M

-1
 m

od
ul

at
or

s 
an

d 
lig

an
ds

 in
 v

ar
io

us
 d

is
ea

se
 c

on
di

tio
ns

M
od

ul
at

or
s/

ph
en

ot
yp

e/
do

se
L

ig
an

ds
D

is
ea

se
 c

on
di

ti
on

A
ni

m
al

 M
od

el
R

ef
er

en
ce

s

L
P1

7/
pr

ot
ec

tiv
e/

1.
0 

m
g

H
M

G
B

1,
 H

SP
70

, C
D

17
7,

 P
G

LY
T

R
P1

H
em

or
rh

ag
ic

 s
ho

ck
R

at
[6

8]

L
R

12
/p

ro
te

ct
iv

e/
5 

m
g/

kg
H

M
G

B
1,

 H
SP

70
, C

D
17

7,
 P

G
LY

T
R

P1
A

th
er

os
cl

er
os

is
M

ic
e

[1
2,

13
]

L
R

12
/p

ro
te

ct
iv

e/
5 

m
g/

kg
H

M
G

B
1,

 H
SP

70
, C

D
17

7,
 P

G
LY

T
R

P1
M

yo
ca

rd
ia

l I
nf

ar
ct

io
n

M
ic

e
[1

5]

L
P1

7/
pr

ot
ec

tiv
e/

0.
2 

m
g,

 r
at

 1
.0

 m
g

H
M

G
B

1,
 H

SP
70

, C
D

17
7,

 P
G

LY
T

R
P1

C
ol

iti
s

M
ic

e
[6

9]

L
P1

7/
 p

ro
te

ct
iv

e/
3.

5 
m

g/
kg

H
M

G
B

1
M

es
en

te
ri

c 
Is

ch
em

ia
-R

ep
er

fu
si

on
 I

nj
ur

y
R

at
[7

0]

L
P1

7/
pr

ot
ec

tiv
e/

0.
2 

m
g

T
R

E
M

-1
 a

de
no

vi
ru

s/
pr

ot
ec

tiv
e

H
M

G
B

1,
 H

SP
70

, C
D

17
7,

 P
G

LY
T

R
P1

C
ol

la
ge

n 
In

du
ce

d 
A

rt
hr

iti
s

M
ic

e
M

ic
e

[7
1]

[7
2]

T
R

E
M

-1
 k

no
ck

 o
ut

/p
ro

te
ct

iv
e

H
M

G
B

1,
 H

SP
70

, C
D

17
7,

 P
G

LY
T

R
P1

R
en

al
 f

ib
ro

si
s

[6
8]

L
P1

7/
no

 e
ff

ec
t/0

.0
5–

0.
2 

m
g

L
R

12
/n

o 
ef

fe
ct

/0
.2

 m
g

H
M

G
B

1
H

SP
70

R
en

al
 I

sc
he

m
ia

-R
ep

er
fu

si
on

 I
nj

ur
y

M
ic

e
M

ic
e

[1
8]

[1
8]

T
R

E
M

-1
 k

no
ck

 o
ut

/p
ro

te
ct

iv
e

H
M

G
B

1,
 H

SP
70

, C
D

17
7,

 P
G

LY
T

R
P1

H
ep

at
oc

el
lu

la
r 

C
ar

ci
no

m
a

[6
4]

L
P1

7/
pr

ot
ec

tiv
e/

1.
0 

m
g

H
M

G
B

1,
 H

SP
70

, C
D

17
7,

 P
G

LY
T

R
P1

Pa
nc

re
at

iti
s

R
at

[7
3]

T
R

E
M

-1
 k

no
ck

 o
ut

/n
o 

ef
fe

ct
H

M
G

B
1,

 H
SP

70
, C

D
17

7,
 P

G
LY

T
R

P1
Ps

or
ia

si
s

[1
2]

M
3/

pr
ot

ec
tiv

e/
10

 m
g/

kg
E

xt
ra

ce
llu

la
r 

C
IR

P
A

cu
te

 lu
ng

 in
ju

ry
M

ic
e

[7
4]

C
IR

P,
 c

ol
d-

in
du

ci
bl

e 
R

N
A

-b
in

di
ng

 p
ro

te
in

; H
M

G
B

1,
 h

ig
h 

m
ob

ili
ty

 g
ro

up
 b

ox
 1

; H
SP

70
, h

ea
t s

ho
ck

 p
ro

te
in

 7
0;

 M
3,

 a
 7

-a
m

in
o 

ac
id

 p
ep

tid
e 

de
ri

ve
d 

fr
om

 h
um

an
 e

xt
ra

ce
llu

la
r 

C
IR

P

Expert Opin Ther Pat. Author manuscript; available in PMC 2022 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Singh et al. Page 27

Ta
b

le
 3

:

L
is

t o
f 

cl
in

ic
al

 tr
ia

ls
 a

nd
 th

ei
r 

cu
rr

en
t s

ta
tu

s 
du

ri
ng

 th
e 

ye
ar

s 
20

15
–2

02
0 

us
in

g 
T

R
E

M
-1

 a
nd

 T
R

E
M

-2
 a

s 
pa

th
ol

og
ic

al
 b

io
m

ar
ke

rs
 in

 b
io

lo
gi

ca
l s

am
pl

es
 o

f 

pa
tie

nt
s 

w
ith

 v
ar

io
us

 d
is

ea
se

s.

T
R

E
M

-1

C
on

di
ti

on
Sa

m
pl

e 
ty

pe
Sp

on
so

rs
St

ar
ti

ng
 d

at
e

St
at

us
N

um
be

r 
of

 
en

ro
lle

d 
su

bj
ec

ts

O
ut

co
m

e 
m

ea
su

re
s

C
lin

ic
al

T
ri

al
s.

go
v 

Id
en

ti
fi

er

C
O

V
ID

-1
9

B
lo

od
C

en
tr

al
 H

os
pi

ta
l, 

N
an

cy
, 

Fr
an

ce
Se

pt
-1

0–
20

20
N

ot
 y

et
 

re
cr

ui
tin

g
10

00
Pr

og
no

st
ic

 v
al

ue
 o

f 
T

R
E

M
-1

 p
at

hw
ay

 
ac

tiv
at

io
n 

on
 c

lin
ic

al
 w

or
se

ni
ng

N
C

T
04

54
48

91

Pe
ri

od
on

tit
is

C
re

vi
cu

la
r 

fl
ui

d
C

en
tr

al
 H

os
pi

ta
l, 

N
an

cy
, 

Fr
an

ce
A

pr
il-

20
16

C
om

pl
et

ed
60

A
ve

ra
ge

 c
on

ce
nt

ra
tio

n 
of

 s
T

R
E

M
-1

 in
 

cr
ev

ic
ul

ar
 f

lu
id

N
C

T
02

87
39

49

Fe
ve

r 
of

 u
nk

no
w

n 
or

ig
in

B
lo

od
B

ei
jin

g 
Fr

ie
nd

sh
ip

 
H

os
pi

ta
l,C

hi
na

M
ar

-0
1–

20
16

U
nk

no
w

n
80

In
fl

am
m

at
or

y 
m

ar
ke

rs
 T

R
E

M
-1

, I
L

-1
 a

nd
 

IL
-6

 in
 p

at
ie

nt
s 

w
ith

 f
ev

er
 o

f 
un

kn
ow

n 
or

ig
in

N
C

T
02

69
59

14

N
eo

na
ta

l S
ep

si
s

B
lo

od
A

ss
iu

t U
ni

ve
rs

ity
, E

gy
pt

Ja
n-

07
–2

01
9

N
ot

 y
et

 
re

cr
ui

tin
g

50
M

ea
n 

di
ff

er
en

ce
 o

f 
ne

ut
ro

ph
il 

C
D

64
 

ex
pr

es
si

on
 a

nd
 s

T
R

E
M

-1
 b

ef
or

e 
an

d 
af

te
r 

tr
ea

tm
en

t

N
C

T
03

79
52

85

Pr
os

th
et

ic
 

in
fe

ct
io

ns
B

lo
od

In
st

itu
to

 O
rt

op
ed

ic
o 

G
al

ea
zz

i, 
It

al
y

Se
pt

-0
1–

20
18

R
ec

ru
iti

ng
13

0
D

if
fe

re
nc

es
 in

 s
er

um
 c

on
ce

nt
ra

tio
n 

of
 

IL
-6

 a
nd

 T
R

E
M

-1
 b

ef
or

e 
an

d 
af

te
r 

tr
ea

tm
en

t

N
C

T
03

76
93

37

A
cu

te
 k

id
ne

y 
in

ju
ry

U
ri

ne
C

hi
ne

se
 P

eo
pl

e’
s 

L
ib

er
at

io
n 

A
rm

y 
G

en
er

al
 H

os
pi

ta
l

Ja
n-

20
16

U
nk

no
w

n
50

0
U

ri
ne

 s
T

R
E

M
-1

N
C

T
02

92
07

36

T
R

E
M

-2

Pe
ri

od
on

tit
is

C
re

vi
cu

la
r 

fl
ui

d
C

en
tr

al
 H

os
pi

ta
l, 

N
an

cy
, 

Fr
an

ce
A

pr
il-

20
16

C
om

pl
et

ed
60

A
ve

ra
ge

 c
on

ce
nt

ra
tio

n 
of

 T
R

E
M

-2
 in

 
cr

ev
ic

ul
ar

 f
lu

id
N

C
T

02
87

39
49

Expert Opin Ther Pat. Author manuscript; available in PMC 2022 June 01.

http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT04544891
https://clinicaltrials.gov/ct2/show/NCT02873949
https://clinicaltrials.gov/ct2/show/NCT02695914
https://clinicaltrials.gov/ct2/show/NCT03795285
https://clinicaltrials.gov/ct2/show/NCT03769337
https://clinicaltrials.gov/ct2/show/NCT02920736
https://clinicaltrials.gov/ct2/show/NCT02873949

	Abstract
	INTRODUCTION
	TREM-1 expression and signaling
	TREM-1 ligands and peptide blockers
	TREM-1 decoy receptors
	TREM-1 ligands
	CD177
	Extracellular actin
	PGLYRP1, HMGB1 and HSP70
	eCIRP
	Copper labeled probe
	Non-endogenous ligands
	Targeting TREM-1 other than ligand binding domain


	TREM-2 signaling and its potential therapeutic applications
	Possible therapeutics targeting TREM-2
	Targeting extracellular domain of the receptor:
	Targeting ADAMs
	Targeting signaling cascade
	Therapeutics targeting TREM-2 for the treatment of Alzheimer’s disease

	TREM-3, TREM-4 and TREM-5 receptors
	CONCLUSION
	EXPERT OPINION
	References
	Figure 1:
	Figure 2:
	Table 1:
	Table 2:
	Table 3:

