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a protective role for the organism. However, when pain 
becomes intense and prolonged, it can be detrimental 
and often leads to significant suffering [5]. It is widely 
acknowledged among researchers that chronic pain is 
associated with alterations in neuronal plasticity within 
pain regulatory pathways, whereby such plasticity con-
tributes to the peripheral sensitization of primary sensory 
neurons (trigeminal ganglion and dorsal root ganglion) as 
well as the central sensitization of pain-processing neu-
rons (spinal cord and brain). Both peripheral and central 
sensitization serve as crucial pathophysiological mecha-
nisms underlying chronic pain [6–8]. Numerous studies 
have confirmed that neuroinflammation mediated by 
microglia activation is involved in the changes of neu-
ronal plasticity, and the crosstalk mechanism between 
microglia and neurons mediates the occurrence and 
maintenance of pain [9–11]. Therefore, characterizing 
microglial surface receptors and exploring the specific 
mechanisms of microglial activation will significantly 
enhance our comprehension of pain mechanisms.

Triggering receptors expressed on myeloid cells 
(TREMs) constitute a family of cell surface receptors that 
play a pivotal role in both innate and adaptive immu-
nity [12]. TREM1, the inaugural member of the TREM 

Introduction
Pain is an aversive sensation and affective experience that 
results from tissue and nerve damage or sensitization of 
the nervous system, representing one of the most preva-
lent motives for individuals to seek medical intervention 
[1]. The prevalence of chronic pain exceeds 30% globally, 
inflicting significant suffering on individuals and severely 
impacting their daily functioning [1, 2]. Elucidating the 
underlying mechanisms of pain is crucial for advancing 
the development of novel and efficacious therapeutic 
interventions, thereby playing a pivotal role in pain man-
agement and treatment [3, 4].

Under optimal physiological conditions, pain serves 
as a response to the activation of nociceptors and fulfills 
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Abstract
The TREM1 receptor, a member of the TREMs family, is expressed by myeloid cells and functions as an initiator or 
enhancer of the inflammatory response, playing a pivotal role in the regulation of inflammation. In recent years, it 
has been found that TREM1-mediated inflammatory response is involved in the regulation of pain-related diseases. 
This article provides an extensive review on the structural characteristics and distribution patterns, ligand, signaling 
pathways, inhibitors, and pathophysiological roles of TREM1 in pain disorders aiming to further elucidate its 
biological function and offer novel insights for clinical interventions targeting pain-related diseases.
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family, was initially believed to be expressed on the sur-
face of neutrophils and monocytes, serving as a mediator 
for inflammatory and immune responses [13]. TREM1 
has a significant impact on promoting and amplifying 
immune-inflammatory responses by synergistically inter-
acting with classical pattern recognition receptor signal-
ing pathways, such as Toll-like receptors and NOD-like 
receptors. It is implicated in the pathogenesis of various 
infectious and non-infectious inflammatory diseases, 
autoimmune disorders, and even tumors, including sep-
sis, pneumonia, atherosclerosis, inflammatory bowel dis-
ease, rheumatoid arthritis, and hepatocellular carcinoma 
[14–17]. The current landscape includes ongoing clinical 
research on drugs targeting the TREM1 receptor, such as 
Nangibotide for septic shock [18] and PY159 for pancre-
atic cancer [18]. Recently conducted studies have demon-
strated the expression of TREM1 in microglia within the 
central nervous system [19]. The activation of microglia, 
the exclusive glial cells in the brain, triggers the release 
of pro-inflammatory factors and neurotoxic mediators in 
response to various pathological conditions. The TREM1 
facilitates the immune-inflammatory response of microg-
lia, thereby contributing to the pathological mechanisms 
underlying various neurological disorders, such as isch-
emic stroke, subarachnoid hemorrhage, Parkinson’s 
disease, and Alzheimer’s disease [18, 20–22]. Our pre-
liminary research has revealed that TREM1 expressed in 
microglia within the trigeminal nucleus caudalis (TNC) 
plays an essential part in mediating neuroinflammation, 
thereby facilitating central sensitization through activa-
tion of the NF-κB pathway and consequently contrib-
uting to the pathogenesis and progression of chronic 
migraine [23]. Considering the involvement of TREM1 
in various inflammatory disorders and the crucial role of 
microglia-mediated inflammation in pain modulation, 
targeting TREM1 could emerge as a promising therapeu-
tic approach for pain management. This article provides 
an overview of the current state of biological research 
on TREM1, including soluble TREM1 (sTREM1), with 
a particular focus on the role of TREM1 in pain and the 
remaining challenges.

Biological characteristics of TREM1
Structure and distribution of TREM1
The TREM1 gene is located on human chromosome 
6p21 and mouse chromosome 17C3 [12]. However, the 
current research data regarding its crystal structure 
remain inconclusive with regards to the formation of 
homodimers by TREM1 [24]. TREM1 expressed on the 
human cell membrane is a type I transmembrane protein 
of 234 amino acids, consisting of a single extracellular 
immunoglobulin (Ig) -like domain of 184 amino acids, 
a transmembrane region with positively charged lysine 
residues, and a short cytoplasmic tail of 5 amino acids 

lacking any signaling motifs [25]. The recent studies have 
shown that the extracellular domain of TREM1 is capable 
of concentration-dependent homologous oligomeriza-
tion, suggesting that aggregation of TREM1 at the mem-
brane promotes its oligomerization. The transmembrane 
domain of TREM1 mediates the formation of a complex 
with the signal adaptor DNAX-activating protein 12 
(DAP12), and in addition, DAP12 contributes to stabiliz-
ing TREM1 expression [26].

The initial belief was that TREM1 is primarily 
expressed on the surface of neutrophils and monocytes 
[13]. However, subsequent investigations have revealed 
its widespread expression in macrophages [27, 28], 
microglia [29], dendritic cells [30], osteoclasts [31], and 
platelets [32]. The expression of TREM1 has also been 
observed in non-myeloid cell types, including epithelial 
and endothelial cells [33]. Given its widespread expres-
sion across various cell types, TREM1 plays a pivotal role 
in the regulation of immunity and inflammation, render-
ing it a critical factor in cellular immune responses and 
inflammatory processes.

TREM1 ligands
Currently, the specific ligand for TREM1 remains elusive, 
and there is a paucity of studies elucidating the signal-
ing mechanism underlying receptor-ligand interaction. 
However, emerging evidence suggests that actin, high 
mobility group protein B1 (HMGB1), heat shock protein 
70-kDa (HSP70), peptidoglycan recognition receptor 1 
(PGLYRP1), and extracellular cold-induced RNA binding 
protein (eCIRP) are potential primary ligands for TREM1 
[16, 34].

Actin
When the integrity of the cell membrane is compro-
mised, intracellular actin is released into the extracellular 
milieu. As a pivotal damage-associated molecular pattern 
(DAMP), extracellular actin has been implicated in vari-
ous clinical conditions including hepatic necrosis, sep-
tic shock, and adult respiratory distress syndrome [35]. 
TREM1 is expressed on platelets and regulates platelet 
function [32]. Recently, extracellular actin derived from 
platelets has been identified as a novel ligand for TREM1 
in the context of sepsis [36]. Fu et al. [37] demonstrated 
that recombinant actin directly binds to the extracellular 
domain of TREM1, thereby enhancing an inflammatory 
response. This interaction can be inhibited by a selec-
tive inhibitor of TREM1, LP17, and was not observed 
in TREM1-/- mice. Furthermore, they observed colocal-
ization of actin with TREM1 in platelets and lung tissue 
slices from septic mice. Collectively, these findings sug-
gest that actin serves as a ligand for TREM1 present on 
platelets.
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HMGB1
HMGB1 was originally thought to be a non-histone 
DNA-binding molecule prevalent in mammals, mainly 
located in the nucleus, that stabilizes nucleosomes and 
allows DNA to bend to regulate target gene transcription 
[38]. In response to inflammation, HMGB1 is actively 
secreted by activated myeloid cells and released from 
necrotic or deceased cells [39]. HMGB1 can interact 
with a diverse range of immune sensors and receptors, 
including advanced glycation end product (RAGE) recep-
tors and TLRs, to activate MAPKs and NF-κB pathways, 
thereby inducing inflammatory responses [40]. Wu et al. 
[41] demonstrated direct interaction between TREM1 
and HMGB1 through immunoprecipitation and cross-
linking analysis, establishing HMGB1 as the ligand for 
TREM1. There is evidence supporting a crosstalk mecha-
nism between HMGB1 and pro-inflammatory cytokines 
that contributes to the development and maintenance 
of inflammatory diseases, potentially implicating them 
in the pathophysiological processes underlying chronic 
neuropathic pain resulting from neuroinflammation [42]. 
Wang et al. [43] established a neuropathic pain model 
of spared nerve injury (SNI) through nerve ligation and 
observed a significant upregulation in the expression lev-
els of HMGB1, MIP-1α, CCR1, and CCR5 in the spinal 
cord of rats. Intrathecal administration of lidocaine effec-
tively ameliorated hyperalgesia in SNI rats by suppress-
ing HMGB1 expression and modulating the secretion of 
MIP-1α, CCR1, and CCR5. In a rat model of inflamma-
tory pain induced by complete Freund’s adjuvant (CFA), 
Huang et al. [44] observed a significant up-regulation 
of HMGB1 and NF-κB expressions in the dorsal root 
ganglion (DRG). Triptolide was found to alleviate CFA-
induced mechanical hyperalgesia by inhibiting the activ-
ity of the HMGB1/NF-κB signaling pathway.

In addition to studies on neuropathic pain and inflam-
matory pain, a substantial body of evidence indicates 
the involvement of HMGB1 in the regulation of cancer-
related pain [45], visceral pain [46], fibromyalgia [47], 
and post-tissue injury pain [48]. It is noteworthy that 
scholars have engaged in a series of discussions regarding 
the role of HMGB1 in migraine. Dalkara et al. [49] ini-
tially employed the cortical spreading depression (CSD) 
model and observed an increase in neuronal release of 
HMGB1, which was subsequently found to be reduced 
upon inhibition of HMGB1 expression, leading to dimin-
ished CSD-induced trigeminal vascular activation, dural 
mast cell degranulation, and headache symptoms. Sub-
sequently, Suzuki et al. [50] discovered that a single CSD 
stimulation did not induce a significant rise in HMGB1 
levels or microglial activation; however, repeated CSD 
stimulations resulted in substantial release of HMGB1 
and subsequent microglial activation, suggesting 
the potential involvement of HMGB1 in the chronic 

progression rather than acute attacks of migraine. With 
the advancement of research, scholars have successively 
confirmed the pivotal role of HMGB1 in familial hemi-
plegic migraine [51] and cluster headache [52]. A recent 
clinical study demonstrated a significant elevation in 
serum HMGB1 levels among migraine patients with drug 
overuse, potentially associated with trigeminal nerve sen-
sitization [53]. The extensive attention from researchers 
towards the involvement of HMGB1 in pain, including 
migraine, has positioned targeting HMGB1 as a valu-
able therapeutic strategy for pain management. However, 
the role of TREM1/HMGB1 signaling in pain regulation 
remains unknown and necessitates further investigation.

HSP70
Hsp70, a ubiquitous molecular chaperone, exhibits 
potential anti-inflammatory properties and is extensively 
involved in diverse cellular processes related to pro-
tein folding and remodeling [54]. It plays an indispens-
able role throughout the entire protein life cycle, from 
synthesis to degradation, thereby maintaining protein 
homeostasis [55]. Studies conducted by Sharapova et al. 
[56] have demonstrated that HSP70 exhibits potential 
as a ligand for TREM1, and its interaction with TREM1 
can trigger the activation of cytotoxic lymphocyte sub-
sets. However, Wu et al. did not observe direct binding 
between HSP70 and TREM1 in their experimental study 
[41], which could potentially be attributed to the higher 
affinity of HMGB1 compared to HSP70. Nevertheless, 
investigations into the role of HSP70 in central nervous 
system disorders have revealed its ability to ameliorate 
neurodegeneration and safeguard neurons against vari-
ous forms of stress-induced damage [19]. Considering 
the neuroprotective effect of HSP70 in central nervous 
system (CNS) diseases, as opposed to the pro-inflam-
matory effect of TREM1, it appears unlikely that HSP70 
functions as a ligand for TREM1 in the CNS. Therefore, 
further investigations are warranted to establish its asso-
ciation with TREM1 in the CNS. In a study investigating 
migraines, the administration of nitroglycerin (NTG) 
significantly reduced the expression of HSP70 in the 
Trigeminal nucleus caudalis (TNC) in mice. However, 
exogenous administration of HSP70 notably alleviated 
mechanical hyperalgesia, photophobia, and anxiety-like 
behavior induced by NTG administration in mice [57]. 
These findings suggest that HSP70 may play a protec-
tive role in migraine pathogenesis. Notably, our previ-
ous research demonstrated proinflammatory effects of 
TREM1 in CM mice [23], thus reinforcing the notion that 
HSP70 is an unlikely ligand for TREM1 within the central 
nervous system.
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PGLYRP1
PGLYRP1, a member of the peptidoglycan (PGN) rec-
ognition protein (PGRP) family, possesses antimicro-
bial properties [58]. Read et al. [59] demonstrated that 
PGLYRP1 could bind to TREM1 using surface plas-
monic resonance (SPR) and flow cytometry techniques. 
A cross-sectional study of periodontitis revealed the role 
of TREM1 and PGLYRP1, with a clear overlap observed 
in factors affecting the expression of both genes, such 
as bleeding during exploration and the number of sig-
nificant dental caries [60], yet the relationship between 
TREM1 and PGLYRP1 along with their associated sig-
naling pathway remains unexplored. A recent study 
has found that the microglial innate immunity protein 
PGLYRP1 promotes neuroinflammation through the 
TREM1-SYK-ERK1/2-STAT3 axis, revealing the role of 
microglial PGLYRP1 as a mediator of neuroinflamma-
tion and a potential biomarker and therapeutic target 
for various neuroinflammatory diseases [61]. Given its 
expression in central nervous system microglia and its 
involvement as a neuroinflammatory mediator, PGLYRP1 
holds promise as a therapeutic target for central nervous 
system pain.

eCIRP
Extracellular cold-induced RNA binding protein (eCIRP) 
is a damage-associated molecular pattern (DAMP) that 
facilitates inflammation and injury [62]. Wang et al. [63] 
employed SPR to elucidate a robust affinity between 
eCIRP and TREM1. Double immunofluorescence analy-
sis demonstrated the effective co-localization of eCIRP 
and TREM1 on macrophages following stimulation 
with recombinant mouse CIRP. The interaction between 
eCIRP and TREM1 in macrophages was further validated 
using the FRET assay. This study represents the pioneer-
ing work unveiling eCIRP as an endogenous ligand for 
TREM1. Borjase et al. [64] demonstrated that inhibition 
of the interaction between TREM1 and eCIRP attenu-
ates inflammation and enhances survival rates during 
liver ischemia/reperfusion. In investigations of neuro-
logical disorders, eCIRP induces neuroinflammation by 
activating the IL-6Ra/STAT3/Cdk5 pathway in neurons 

[65]. Further investigation is warranted to determine 
whether CIRP mediates inflammatory responses through 
activation of TREM1 in central nervous system diseases. 
Table 1 shows Ligands associated with TREM1.

TREM1 signaling pathway
TREM1, a member of the immunoglobulin superfamily, 
lacks any signaling motif in its intracytoplasmic domain 
due to its specific structural characteristics; therefore, its 
signaling relies on binding with DAP12 [15]. The trans-
membrane lysine residue of TREM1, which carries a pos-
itive charge, interacts with the negatively charged aspartic 
acid residue of DAP12 to form the TREM1-DAP12 com-
plex [66]. Upon receptor activation, phosphorylation of 
the immune receptor tyrosine activation motif (ITAM) 
in DAP12 occurs to recruit and activate spleen tyrosine 
kinase (SYK) and zeta-chain-associated protein kinase 
70 (ZAP70) [67]. They trigger the activation of multiple 
downstream signaling pathways, including the PI3K/
AKT pathway, Ras/ERK/MAPK pathway, NF-κB signal-
ing pathway, and phosphorylation of phospholipase C. 
Consequently, this leads to elevated intracellular Ca2+ 
levels and the secretion of pro-inflammatory cytokines 
and chemokines [68, 69] (Fig. 1).

Studies have confirmed that activation of TREM1 
can independently trigger the downstream inflamma-
tory cascade [15]. Furthermore, studies have demon-
strated synergy and interaction between TREM1 and 
TLRs. Activation of TLR4 upregulates the expression of 
TREM1, and co-activation of TREM1 and TLR4 leads to 
a significant increase in the release of proinflammatory 
cytokines and chemokines compared to TLR4 activation 
alone [70]. One proposed mechanism for this synergistic 
proinflammatory response is that TREM1 enhances the 
availability of downstream signaling molecules associated 
with TLR4, such as MyD88, CD14, NF-κB, and IκBα [71]. 
In LPS-stimulated mouse mononuclear macrophages 
(RAW), blockade of TREM1 does not affect the expres-
sion level of TLR4, but it reduces the expression of down-
stream signaling molecules and inflammatory cytokines 
[72]. A study demonstrated that upregulation of TREM1 
led to increased expression of TLR4 in a mouse model of 

Table 1 Ligands associated with TREM1
TREM1 ligands Location Immune functions Refer-

ence
Actin extracellular actin derived from platelets enhance inflammatory response.  [36, 37]
HMGB1 actively secreted by activated myeloid cells;

passively released by necrotic and dead cells
promote inflammatory reactions and 
tumorigenesis

 [41]

HSP70 released by necrotic cells induces activation of cytotoxic lymphocyte 
subsets

 [56]

PGLYRP1 produced by neutrophils in antibacterial granules promote neuroinflammation  [59, 61]
eCIRP translocated from nucleus to cytoplasmic stress granules and 

subsequently released into the extracellular space under stressful 
conditions

promote neuroinflammation  [63, 64]
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lung injury [73]. In addition, TREM1 and TLR2 can play 
a synergistic role at the cytokine induction level [74–76], 
but exactly how this synergistic effect is achieved remains 
to be further investigated. The findings suggest that the 
interaction between TREM1 and TLRs is intricate and 
intersecting in nature.

Nod-like receptors (NLRs), as a member of the patho-
gen recognition receptors (PRRs) family, possess the 
ability to detect both microbial infection and sterile tis-
sue damage [77]. Furthermore, NLRs can synergistically 
collaborate with TLRs to regulate inflammatory and 
apoptotic responses [16]. TREM1 exhibits a synergistic 
effect on the inflammatory response triggered by NLRs 
recognition of peptidoglycan (PGN). Following moder-
ate stimulation of TREM1 through NLRs ligands, acti-
vated TREM1 enhances NLRs signaling, induces NOD2 

expression, and augments IL-1β and IL-6 production 
[78]. Further investigation is required to determine 
whether and how TREM1 interacts with NLRs in vari-
ous diseases, such as pain, and to assess the significance 
of this interaction compared to other synergistic path-
ways involving TREM1. A comprehensive understanding 
of the signaling pathways associated with TREM1 could 
provide insights into its role in pain regulation and facili-
tate the development of novel therapeutic targets.

sTREM1
The origin and role of sTREM1, a soluble form of 
TREM1, have sparked controversy. One hypothesis 
posits that the hydrolysis of TREM1 by metalloprotein-
ases (MMPs) results in the shedding of its extracellular 
domain, thereby generating soluble TREM1 (sTREM1) 

Fig. 1 Schematic representation of the TREM1 signaling pathway. TREM1 and DAP12 form a stable TREM1-DAP12 complex through electrostatic interac-
tions, which recruits SYK and ZAP70, leading to the phosphorylation of the immunoreceptor tyrosine activation motif (ITAM) of DAP12. This activation 
subsequently activates ERK, JAK/STAT, PI3K, and PLC pathways and regulates the transcription of inflammation-related genes. Additionally, PLC signaling 
regulates Ca2+ mobilization and gene transcription. TREM1 demonstrates synergy and interacts with TLRs
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[79, 80]. Alternatively, it has been proposed that sTREM1 
is generated through alternative splicing of the TREM1 
gene as a splice variant [81]. The endogenous decoy 
receptor sTREM1 competes with membrane TREM1 for 
binding to the same ligand, thereby inhibiting the sig-
naling pathway of membrane TREM1 and subsequently 
reducing TREM1 activation and the release of pro-
inflammatory cytokines [82].

Studies have shown that sTREM1 can be detected in 
plasma, cerebrospinal fluid (CSF), and bronchoalveolar 
lavage fluid in patients with inflammatory diseases [83–
85]. High levels of plasma sTREM1 have been associated 
with sepsis, Alzheimer’s disease (AD), acute myocardial 
infarction, and subarachnoid hemorrhage [83, 86–88]. 
The investigation of sTREM1 as a potential biomarker for 
inflammatory diseases has garnered significant attention. 
Zhu et al.‘s study [82] demonstrated that the release of 
sTREM1 is contingent upon the activation and dimeriza-
tion of TREM1, thus serving as an indicator of TREM1 
activation. Importantly, our previous research initially 
confirmed the involvement of TREM1 in central sensi-
tization among chronic migraine mice, highlighting that 
inhibiting its activity effectively mitigates hyperalgesia 
in these animals [23]. However, further extensive inves-
tigations are required to ascertain whether it can serve 
as a biomarker for pain or migraine patients. Due to its 
high degradability, the therapeutic utility of sTREM1 
is limited; however, it can be employed for the develop-
ment of specific inhibitors targeting TREM1 as scavenger 
receptors to hinder ligand binding to membrane-bound 
TREM1 and consequently attenuate TREM1 activation. 
The in vivo modulation of TREM1 by sTREM1 peptide 
represents a potentially valuable therapeutic strategy for 
treating inflammatory diseases, including pain.

TREM1 inhibitors
LP17
LP17, a 17-amino acid peptide (LQVTDSGLYRCVI-
YHPP), shares the extracellular domain of mouse and 
human TREM1 and has been utilized as a potent inhibi-
tor of TREM1 [89]. The mechanism of action of LP17 has 
been investigated, revealing its dual inhibitory effects 
on TREM1 activity. Firstly, it acts as a direct competi-
tive inhibitor by binding to TREM1 and preventing 
its activation by the ligand. Secondly, it functions as a 
decoy receptor by binding to ligands of TREM1 prior 
to their ability to activate TREM1 [90]. Initially, schol-
ars observed that LP17 can decrease the levels of TNF-α 
and IL-1β release in LPS-stimulated monocytes [91], 
providing preliminary evidence for its role. As research 
has progressed, subsequent studies in various animal 
models such as subarachnoid hemorrhage and cerebral 
infarction have further confirmed the biological func-
tion of LP17 in central nervous system diseases. Previous 

studies have demonstrated that LP17 effectively amelio-
rates brain damage induced by ischemic stroke through 
the reduction of neuroinflammation [92]. In a model of 
subarachnoid hemorrhage, LP17 mitigates the neuroin-
flammatory response by modulating microglial activation 
[93]. Recently, Li et al. [94] reported significant improve-
ment in visceral hyperalgesia among patients with irrita-
ble bowel syndrome (IBS) following treatment with LP17, 
providing valuable evidence implicating TREM1 in pain 
regulation.

LR12
LR12, a small molecule peptide consisting of 12 amino 
acid sequences (LQEEDAGEYGCM) [95], was the pio-
neering TREM1 inhibitor to undergo clinical trials [96, 
97]. Currently, there exists some controversy regarding 
the precise mechanism of action attributed to LR12. It 
appears that LR12 does not directly bind to TREM1 but 
functions as a decoy receptor by binding to the endoge-
nous ligand of TREM1. Studies have demonstrated that in 
the absence of TREM1, LR12 fails to exhibit any biologi-
cal effects [32]. Additionally, the activity of TREM1 may 
be inhibited by LR12 through its impact on oligomeriza-
tion processes [26]. In a Phase 2a clinical trial, patients 
with septic shock received a continuous infusion of LR12 
at a dosage of 3.0 mg/kg/hour within 24 h for up to 5 days 
without any reported adverse events [97], thus demon-
strating its favorable safety profile. The efficacy of LR12 in 
mitigating cardiovascular dysfunction, organ failure, and 
inflammation induced by septic shock has been exten-
sively investigated. In addition to sepsis, LR12 exhibits 
significant potential in various disease contexts. Recent 
studies have elucidated the role of LR12 in combating 
atherosclerosis [98]. Zhou et al. [99] demonstrated that 
LR12 effectively mitigates macrophage necrosis induced 
by acute lung injury (ALI) through inhibition of TREM1 
activity, thereby ameliorating lung inflammation. Jiang 
et al. [100] confirmed that LR12 enhances the inflam-
matory response in thioacetamide (TAA)-induced acute 
liver failure (ALF) mice and promotes liver regeneration 
by stimulating macrophages to secrete CCL20 and acti-
vating the p38 MAPK pathway. Consequently, targeting 
LR12 may hold considerable therapeutic value for man-
aging ALF. Studies investigating the effects of LR12 in 
sepsis, anti-atherosclerosis, lung disease, liver disorders, 
and other ailments have demonstrated its potent inhibi-
tion of TREM1 activity, leading to reduced inflammation 
and improved tissue or organ damage. However, limited 
research has been conducted on its role within the cen-
tral nervous system, particularly in relation to the brain. 
Our findings indicate that LR12 effectively mitigates 
central sensitization in CM mice and alleviates hyperal-
gesia [23]. The favorable safety profile observed during 
clinical trials underscores LR12’s significant translational 
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potential; nevertheless, further extensive investigations 
are warranted to ascertain its precise involvement in pain 
regulation.

M3
M3, a small peptide consisting of a 7-amino acid 
sequence (RGFFRGG), has been identified as a novel 
inhibitor of TREM1 through its binding to eCIRP, an 
endogenous ligand of TREM1 [63]. In an LPS-induced 
endotoxin mouse model, M3 significantly attenuates the 
expression levels of pro-inflammatory factors TNF-α and 
IL-6 [63]. Studies have demonstrated that M3 effectively 
mitigates sepsis-induced lung injury in mice by reduc-
ing serum levels of TNF-α and IL-6 [101]. Wang et al. 
[64] demonstrated that M3 exerts a suppressive effect 
on the expression of inflammatory markers (myeloper-
oxidase, macrophage inflammatory protein-2, cyclooxy-
genase-2) by disrupting the interaction between TREM1 
and eCIRP, thereby enhancing the survival rate in liver 
ischemia-reperfusion injury. Siskind et al. [102] utilized 
recombinant CIRP to stimulate primary human glomer-
ular endothelial cells (HRGEC), leading to a significant 
increase in the release of cytokines and sTREM1. Treat-
ment with M3 notably down-regulated the expression 
levels of both cytokines and sTREM1, thereby inhibiting 
the activation of HRGEC cells. These findings indicate 
that M3 can effectively mitigate kidney injury by inhib-
iting TREM1.Denning et al. [103] demonstrated that 
M3 exhibits anti-inflammatory properties by inhibiting 
TREM1, thereby enhancing the survival rate in cases of 
intestinal ischemia-reperfusion injury. This study con-
firms the efficacy of M3 in blocking the interaction 
between eCIRP and TREM1, presenting a promising 
therapeutic strategy for mitigating intestinal ischemia-
reperfusion injury. M3 is a new inhibitor, and a series 
of studies have shown its role in sepsis, liver ischemia-
reperfusion injury, kidney injury, intestinal ischemia-
reperfusion injury and other diseases, showing a bright 
therapeutic prospect. It can effectively reduce inflamma-
tion through inhibition of TREM1, and we speculate that 
it has potential application value in pain regulation. Fur-
ther research is needed to confirm its role in pain disor-
ders including migraine.

The pivotal role of TREM1 in pain modulation
TREM1 and neuropathic pain
Neuropathic pain (NPP) is a chronic secondary pain that 
results from damage to the peripheral or central somato-
sensory nervous system, leading to significant distress 
for patients. The majority of patients commonly experi-
ence intermittent or persistent sensations characterized 
by burning, tingling, and crushing, which may also give 
rise to induced pain [104]. Induced pain has the potential 
to propagate to other regions, with both peripheral and 

central sensitization playing a pivotal role in pain modu-
lation [105].

Spinal cord injury (SCI) is a severe neurological dis-
order characterized by a high disability rate and limited 
recovery of neurological function, significantly impacting 
patients’ quality of life and imposing substantial social 
and economic burdens [106]. Li et al. [107] observed a 
significant up-regulation of TREM1 protein and mRNA 
expression levels in the spinal cord of a mouse model 
with SCI. However, the motor function impairment, 
mechanical and thermal pain hypersensitivity, as well as 
the elevation in inflammation-related factors induced by 
the SCI, were significantly reversed in TREM1 knock-
out mice. The inflammatory response and oxidative 
stress triggered by TREM1 is believed to contribute to 
the development of hyperalgesia subsequent to sensory 
nerve injury. Therefore, further investigation into the role 
of TREM1 in neuropathic pain models holds significant 
research value, and developing selective inhibitors that 
target TREM1 to inhibit inflammatory response signal-
ing may be a promising therapeutic strategy for NPP 
treatment.

TREM1 and visceral pain
Chronic visceral pain is a highly prevalent condi-
tion, affecting over 20% of the global population [108]. 
In addition to experiencing persistent pain, patients 
often endure emotional symptoms such as anxiety and 
depression [109]. Consequently, the pathophysiological 
mechanisms underlying chronic visceral pain are intri-
cate, involving a cascade of processes spanning from 
microorganisms to the brain. The role of inflammation 
and immune response has gained increasing recogni-
tion, prompting scholars to shift their focus towards the 
central immune mechanism underlying chronic visceral 
hypersensitivity and depression-like symptoms subse-
quent to inflammation [110]. Zhang et al. [111] estab-
lished a dextran sulfate sodium (DSS)-induced colitis 
model and observed higher upregulation of triggering 
receptor expressed on myeloid cells-1 (TREM-1) in the 
microglia of the anterior cingulate cortex (ACC) dur-
ing the inflammatory phase in DSS mice. After inducing 
Trem1 gene knockout in mice (Trem1 KO) or administer-
ing a TREM-1 antagonist peptide (LP17), the expression 
of TREM-1 was downregulated, resulting in a decrease 
in visceral stimulation response and an elevation of pain 
threshold in mice. The aforementioned statement high-
lights the vital importance of TREM-1 in the inflamma-
tory phase of colitis, indicating that inhibiting TREM-1 
holds significant potential for alleviating visceral hyperal-
gesia in IBD. Li et al. [94] reported a significant increase 
in serum sTREM1 levels among patients with diarrhea-
predominant irritable bowel syndrome (D-IBS), which 
were closely correlated with the severity and frequency 



Page 8 of 12Fan et al. Molecular Brain           (2025) 18:15 

of abdominal discomfort, including abdominal pain. 
Additionally, there was a notable association between 
TREM1 expression in macrophages within the colonic 
mucosa and the scores indicating severity and frequency 
of abdominal pain among D-IBS patients. These findings 
indicate that TREM1 plays an essential role in mediating 
the allergic response to visceral pain related to D-IBS, 
while elevated serum sTREM1 levels may be attributed 
to macrophage activation through the TREM1 signaling 
pathway. Consequently, targeting macrophage activa-
tion associated with TREM1 could potentially serve as a 
therapeutic strategy for managing visceral pain. In brief, 
the research mentioned above indicates that TREM1 
contributes to the formation of visceral hypersensitivity 
by directly regulating macrophages in colitis mucosa or 
indirectly affecting astrocytes in the ACC.

TREM1 and other pain
Low back pain is one of the leading causes of disability 
and causes a huge economic and social burden around 
the world, with disc degeneration (IVDD) being the 
main cause [112]. The pathological feature of IVDD 
is extracellular matrix (ECM) degradation caused by 
decreased nucleus pulposus (NP) cells and increased 
stroma-degrading enzymes [113]. Wang et al. [114] iden-
tified TREM1 as the gene exhibiting the most significant 
disparity between degraded and normal intervertebral 
discs. The expression of TREM1 protein is markedly 
upregulated in degenerated nucleus pulposus tissue, 
while in vitro experiments demonstrate that overex-
pression of TREM1 suppresses NP cell proliferation and 
enhances the expression of apoptosis and inflammatory 
factors. Liang et al. [115] employed single-cell sequenc-
ing to analyze distinct cell subsets of normal human 
disc nucleus pulposus (NP) cells and degraded NP cells, 
revealing the existence of a novel cell subset called chon-
drocyte 4, which showed significantly higher abundance 
in degraded NP cells. Subsequent functional character-
ization demonstrated that chondrocyte 4 exhibited ele-
vated expression levels of TREM1 and other pain-related 
inflammatory genes. Therefore, these findings suggest 
that TREM1 may play a crucial role in the pathogenesis 
of disc degeneration, and targeting TREM1 holds prom-
ise for improving disc degeneration and reducing the 
incidence of low back pain.

The most prevalent causes of shoulder pain in adults 
are rotator cuff injury (RCI) and shoulder arthritis. 
Studies have demonstrated that persistent presence of 
inflammatory cells, pro-inflammatory cytokines, and 
angiogenesis in injured rotator cuff (RC) tendons trig-
gers fibrotic changes leading to scarring [116]. Reducing 
inflammation constitutes a primary therapeutic strategy 
for patients with rotator cuff injuries and/or arthritis 
[116]. Agrawal et al. [117] employed flow cytometry to 

detect the expression of TREM1 in circulating immune 
cells and observed a significant upregulation of TREM1 
expression in CD14+ monocytes compared to the non-
arthritis group. Additionally, they found that arthritis 
patients exhibited significantly increased protein expres-
sion and mRNA levels of TREM1 in tendon cells com-
pared to the non-arthritis group. Furthermore, there 
was a significant association between the expression 
of TREM1 in shoulder tendon tissue and the severity 
of glenohumeral arthritis. These findings suggest that 
TREM1 may play a role in modulating joint inflamma-
tory response and contribute to the progression of shoul-
der pain.

TREM1 and migraine
A Mendelian randomization study utilizing a pooled 
genome-wide association study (GWAS) of neurological 
diseases, employing genetic variants in plasma sTREM1 
levels as instrumental variables, did not establish a causal 
relationship with migraine [85]. However, due to the lim-
ited sample size in this investigation, further research is 
warranted to elucidate the role of sTREM1 in migraine 
pathogenesis. By.

establishing a mouse model of CM, we have uncovered 
potential significance of TREM1 in the chronicity pro-
cess through its mediation of microglial activation and 
inflammatory response for regulating central sensitiza-
tion [23]. Our findings align with observed proinflam-
matory properties attributed to TREM1 in other central 
nervous system disorders. Given the scarcity of research 
on TREM1’s involvement in migraines, additional studies 
are imperative to determine its role in disease pathogen-
esis and chronicity. Table 2 shows TREM-1 expression in 
pain-related diseases.

Summary and prospect
TREM1 has been extensively investigated in infectious 
and non-infectious diseases, as well as central nervous 
system disorders, due to its ability to enhance inflamma-
tory/immune responses. Given the crucial role of neu-
roinflammation in pain modulation, the involvement of 
TREM1 in pain regulation has garnered increasing atten-
tion. However, limited studies have explored its specific 
role in pain modulation, and a comprehensive inves-
tigation into the origin and nature of TREM1 ligands 
and their contribution to pain regulation remains lack-
ing. Elucidating the source and identity of these ligands, 
comprehending the molecular mechanisms underlying 
receptor-ligand interactions, and studying signal trans-
duction regulation will facilitate our understanding 
of TREM1’s biological functions while also paving the 
way for novel targeted therapies based on endogenous 
ligands. Thoroughly characterizing TREM1 will advance 
our comprehension of its involvement in pain regulation 
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and potentially provide therapeutic targets for clinical 
management.

Acknowledgements
We express our gratitude to the other personnel affiliated with the Cuiying 
Medical Center of Lanzhou University Second Hospital.

Author contributions
ZF designed and conducted the review, performed research summary, 
and drafted the manuscript. SS and LW provided valuable suggestions and 
contributed to the revision of the review. ZG supervised the writing progress 
and revised the manuscript. All authors read and approved the final version.

Funding
This work was supported by the Innovation project in educational technology 
in Gansu Province. (Grant No. 2022B-054), Doctoral Research Foundation of 
Lanzhou University Second Hospital (Grant No. YJS-BD-05), Clinical Medical 
Research Center of Neurology Department of Gansu Province (Grant No. 2020-
0411-SFC-0025), and Cuiying Scientific and Technological Innovation Program 
of Lanzhou University Second Hospital (Grant No. CY2021-QN-B06), and 
Cuiying Scientific Training Program for Undergraduates of The SecondHospital 
& Clinical Medical School, Lanzhou University (Grant No. CYXZ2022-03).

Data availability
All data used in this article are available from the corresponding author on 
reasonable request if necessary.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 6 October 2024 / Accepted: 8 February 2025

References
1. Cohen SP, Vase L, Hooten WM. Chronic pain: an update on burden, best 

practices, and new advances. Lancet. 2021;397(10289):2082–97.
2. Treede RD, Rief W, Barke A, Aziz Q, Bennett MI, Benoliel R, et al. Chronic pain 

as a symptom or a disease: the IASP classification of Chronic Pain for the 
International classification of diseases (ICD-11). Pain. 2019;160(1):19–27.

3. Adams JD. Pain and inflammation. Curr Med Chem. 2020;27(9):1444–45.

4. Cohen SP, Mora J. Chronic pain, disease and mortality: will we follow the path 
of Noah or Pharaoh? Reg Anesth Pain Med. 2021;46(9):743–44.

5. Williams ACC. Persistence of pain in humans and other mammals. Philos 
Trans R Soc Lond B Biol Sci. 2019;374(1785):20190276.

6. Woolf CJ. Central sensitization: implications for the diagnosis and treatment 
of pain. Pain. 2011;152(3 Suppl):S2–15.

7. Ossipov MH, Dussor GO, Porreca F. Central modulation of pain. J Clin Invest. 
2010;120(11):3779–87.

8. Luo C, Kuner T, Kuner R. Synaptic plasticity in pathological pain. Trends Neu-
rosci. 2014;37(6):343–55.

9. Yi MH, Liu YU, Liu K, Chen T, Bosco DB, Zheng J, et al. Chemogenetic manipu-
lation of microglia inhibits neuroinflammation and neuropathic pain in mice. 
Brain Behav Immun. 2021;92:78–89.

10. Kohno K, Shirasaka R, Yoshihara K, Mikuriya S, Tanaka K, Takanami K, et al. A 
spinal microglia population involved in remitting and relapsing neuropathic 
pain. Science. 2022;376(6588):86–90.

11. Tansley S, Gu N, Guzmán AU, Cai W, Wong C, Lister KC, et al. Microglia-
mediated degradation of perineuronal nets promotes pain. Science. 
2022;377(6601):80–6.

12. Klesney-Tait J, Turnbull IR, Colonna M. The TREM receptor family and signal 
integration. Nat Immunol. 2006;7(12):1266–73.

13. Bouchon A, Dietrich J, Colonna M. Cutting edge: inflammatory responses 
can be triggered by TREM-1, a novel receptor expressed on neutrophils and 
monocytes. J Immunol. 2000;164(10):4991–5.

14. Gibot S. Clinical review: role of triggering receptor expressed on myeloid 
cells-1 during sepsis. Crit Care. 2005;9(5):485–9.

15. Tammaro A, Derive M, Gibot S, Leemans JC, Florquin S, Dessing MC. TREM-1 
and its potential ligands in non-infectious diseases: from biology to clinical 
perspectives. Pharmacol Ther. 2017;177:81–95.

16. Gao S, Yi Y, Xia G, Yu C, Ye C, Tu F, et al. The characteristics and pivotal roles of 
triggering receptor expressed on myeloid cells-1 in autoimmune diseases. 
Autoimmun Rev. 2019;18(1):25–35.

17. Colonna M. The biology of TREM receptors. Nat Rev Immunol. 
2023;23(9):580–94.

18. François B, Lambden S, Fivez T, Gibot S, Derive M, Grouin JM, et al. Prospective 
evaluation of the efficacy, safety, and optimal biomarker enrichment strategy 
for nangibotide, a TREM-1 inhibitor, in patients with septic shock (ASTONISH): 
a double-blind, randomised, controlled, phase 2b trial. Lancet Respir Med. 
2023;11(10):894–904.

19. Zhang C, Kan X, Zhang B, Ni H, Shao J. The role of triggering receptor 
expressed on myeloid cells-1 (TREM-1) in central nervous system diseases. 
Mol Brain. 2022;15(1):84.

20. Liu Q, Johnson EM, Lam RK, Wang Q, Bo Ye H, Wilson EN, et al. Peripheral 
TREM1 responses to brain and intestinal immunogens amplify stroke severity. 
Nat Immunol. 2019;20(8):1023–34.

21. Lucot KL, Stevens MY, Bonham TA, Azevedo EC, Chaney AM, Webber ED, et al. 
Tracking Innate Immune activation in a mouse model of Parkinson’s Disease 
using TREM1 and TSPO PET Tracers. J Nucl Med. 2022;63(10):1570–78.

22. Heneka MT. TREM1 is the new kid on the block for the aging-associated 
innate immune response and Alzheimer’s disease. Nat Immunol. 
2024;25(6):938–40.

Table 2 The expression of TREM-1 in pain-related diseases
Disease Disease/Models Species Sample Signaling 

Pathway
Expression Ref-

er-
ence

Neuropathic Pain Spinal cord injury mouse spinal cord tissue HO-1 TREM1 ↑  
[107]

Visceral pain the dextran sulfate sodium 
(DSS)-induced colitis model

mouse serum
anterior cingulate cortex (ACC)

ACCGlu
neurons

s-TREM1 ↑
TREM1 ↑

 
[111]

Irritable Bowel Syndrome 
with Diarrhea (D-IBS)

D-IBS patients serum
mucosal macrophages

- s-TREM1 ↑
TREM1 ↑

 [94]

Low back pain disc degeneration pain lumbar disc
herniation

chondrocyte 4 - TREM1 ↑  
[115]

Shoulder pain Rotator cuff injury RCI patients tendon tissue
blood neutrophils

- TREM1 ↑
TREM1 ↑

 
[117]

Migraine chronic migraine mouse The trigeminal nucleus caudalis (TNC) NF-κB TREM1 ↑  [23]



Page 10 of 12Fan et al. Molecular Brain           (2025) 18:15 

23. Sun S, Fan Z, Liu X, Wang L, Ge Z. Microglia TREM1-mediated neuroinflamma-
tion contributes to central sensitization via the NF-κB pathway in a chronic 
migraine model. J Headache Pain. 2024;25(1):3.

24. Kelker MS, Foss TR, Peti W, Teyton L, Kelly JW, Wüthrich K, et al. Crystal struc-
ture of human triggering receptor expressed on myeloid cells 1 (TREM-1) at 
1.47 A. J Mol Biol. 2004;342(4):1237–48.

25. Colonna M. TREMs in the immune system and beyond. Nat Rev Immunol. 
2003;3(6):445–53.

26. Carrasco K, Boufenzer A, Jolly L, Le Cordier H, Wang G, Heck AJ, et al. TREM-1 
multimerization is essential for its activation on monocytes and neutrophils. 
Cell Mol Immunol. 2019;16(5):460–72.

27. Sun H, Feng J, Tang L. Function of TREM1 and TREM2 in liver-related diseases. 
Cells. 2020;9(12).

28. Liu X, Chen W, Zhu G, Yang H, Li W, Luo M, et al. Single-cell RNA sequencing 
identifies an Il1rn(+)/Trem1(+) macrophage subpopulation as a cellular target 
for mitigating the progression of thoracic aortic aneurysm and dissection. 
Cell Discov. 2022;8(1):11.

29. Campbell GR, Rawat P, To RK, Spector SA. HIV-1 Tat Upregulates TREM1 
expression in human microglia. J Immunol. 2023;211(3):429–42.

30. Wang YK, Wang J, Hua F, Shen YL, Han L, You JY, et al. TREM-1 modulates den-
dritic cells maturation and dendritic cell-mediated T-Cell Activation Induced 
by ox-LDL. Oxid Med Cell Longev. 2022;2022:3951686.

31. Panagopoulos A, Samant S, Bakhos JJ, Liu M, Khan B, Makadia J, et al. Trigger-
ing receptor expressed on myeloid cells-1 (TREM-1) inhibition in atheroscle-
rosis. Pharmacol Ther. 2022;238:108182.

32. Jolly L, Lemarie J, Carrasco K, Popovic B, Derive M, Boufenzer A, et al. Trigger-
ing receptor expressed on myeloid cells-1: a new player in platelet aggrega-
tion. Thromb Haemost. 2017;117(9):1772–81.

33. Rigo I, Mcmahon L, Dhawan P, Christakos S, Yim S, Ryan LK, et al. Induction of 
triggering receptor expressed on myeloid cells (TREM-1) in airway epithelial 
cells by 1,25(OH)₂ vitamin D₃. Innate Immun. 2012;18(2):250–7.

34. Siskind S, Brenner M, Wang P. TREM-1 modulation strategies for Sepsis. Front 
Immunol. 2022;13:907387.

35. Lee WM, Galbraith RM. The extracellular actin-scavenger system and actin 
toxicity. N Engl J Med. 1992;326(20):1335–41.

36. Haselmayer P, Grosse-Hovest L, Von Landenberg P, Schild H, Radsak MP. 
TREM-1 ligand expression on platelets enhances neutrophil activation. Blood. 
2007;110(3):1029–35.

37. Fu L, Han L, Xie C, Li W, Lin L, Pan S, et al. Identification of Extracellular actin as 
a Ligand for triggering receptor expressed on myeloid Cells-1 signaling. Front 
Immunol. 2017;8:917.

38. Magna M, Pisetsky DS. The role of HMGB1 in the pathogenesis of inflamma-
tory and autoimmune diseases. Mol Med. 2014;20(1):138–46.

39. Stephenson HN, Herzig A, Zychlinsky A. Beyond the grave: when is cell death 
critical for immunity to infection? Curr Opin Immunol. 2016;38:59–66.

40. Tao Z, Helms MN, Leach BCB, Wu X. Molecular insights into the multifaceted 
functions and therapeutic targeting of high mobility group box 1 in meta-
bolic diseases. J Cell Mol Med. 2022;26(14):3809–15.

41. Wu J, Li J, Salcedo R, Mivechi NF, Trinchieri G, Horuzsko A. The proinflam-
matory myeloid cell receptor TREM-1 controls Kupffer cell activation and 
development of hepatocellular carcinoma. Cancer Res. 2012;72(16):3977–86.

42. Maeda T, Ozaki M, Kobayashi Y, Kiguchi N, Kishioka S. HMGB1 as a potential 
therapeutic target for neuropathic pain. J Pharmacol Sci. 2013;123(4):301–5.

43. Li M, Jiang H, Gu K, Sun X, Gu J, Li C, et al. Lidocaine alleviates Neuropathic 
Pain and Neuroinflammation by inhibiting HMGB1 expression to mediate 
MIP-1α/CCR1 pathway. J Neuroimmune Pharmacol. 2021;16(2):318–33.

44. Zhang X, Zhao W, Liu X, Huang Z, Shan R, Huang C. Celastrol ameliorates 
inflammatory pain and modulates HMGB1/NF-κB signaling pathway in dorsal 
root ganglion. Neurosci Lett. 2019;692:83–9.

45. Deng C, Xie Y, Liu Y, Li Y, Xiao Y. Aromatherapy Plus Music Therapy Improve 
Pain intensity and anxiety scores in patients with breast Cancer during 
Perioperative periods: a Randomized Controlled Trial. Clin Breast Cancer. 
2022;22(2):115–20.

46. Ye S, Mahmood DFD, Ma F, Leng L, Bucala R, Vera PL. Urothelial oxidative 
stress and ERK Activation Mediate HMGB1-Induced bladder Pain. Cells. 
2023;12(10).

47. Hsiao IH, Lin YW. Electroacupuncture reduces Fibromyalgia Pain by attenuat-
ing the HMGB1, S100B, and TRPV1 signalling pathways in the mouse brain. 
Evid Based Complement Alternat Med. 2022;2022:2242074.

48. Kayagaki N, Stowe IB, Alegre K, Deshpande I, Wu S, Lin Z, et al. Inhibit-
ing membrane rupture with NINJ1 antibodies limits tissue injury. Nature. 
2023;618(7967):1072–77.

49. Karatas H, Erdener SE, Gursoy-Ozdemir Y, Lule S, Eren-Koçak E, Sen ZD, et al. 
Spreading depression triggers headache by activating neuronal Panx1 chan-
nels. Science. 2013;339(6123):1092–5.

50. Takizawa T, Shibata M, Kayama Y, Shimizu T, Toriumi H, Ebine T, et al. High-
mobility group box 1 is an important mediator of microglial activation 
induced by cortical spreading depression. J Cereb Blood Flow Metab. 
2017;37(3):890–901.

51. Dehghani A, Phisonkunkasem T, Yilmaz Ozcan S, Dalkara T, Van Den 
Maagdenberg A, Tolner EA, et al. Widespread brain parenchymal HMGB1 and 
NF-κB neuroinflammatory responses upon cortical spreading depolarization 
in familial hemiplegic migraine type 1 mice. Neurobiol Dis. 2021;156:105424.

52. Şahin E, Karaaslan Z, Şanlı E, Timirci Kahraman Ö, Ulusoy C, Kocasoy Orhan E, 
et al. Reduced expression of inflammasome complex components in cluster 
headache. Headache. 2022;62(8):967–76.

53. Vuralli D, Ceren Akgor M, Gok Dagidir H, Gulbahar O, Yalinay M, Bolay H, 
Lipopolysaccharide VE-cadherin. HMGB1, and HIF-1α levels are elevated 
in the systemic circulation in chronic migraine patients with medication 
overuse headache: evidence of leaky gut and inflammation. J Headache Pain. 
2024;25(1):23.

54. Rodriguez-Iturbe B, Johnson RJ, Sanchez-Lozada LG, Pons H. HSP70 and 
primary arterial hypertension. Biomolecules. 2023;13(2).

55. Rosenzweig R, Nillegoda NB, Mayer MP, Bukau B. The Hsp70 chaperone 
network. Nat Rev Mol Cell Biol. 2019;20(11):665–80.

56. Sharapova TN, Romanova EA, Ivanova OK, Yashin DV, Sashchenko LP. Hsp70 
interacts with the TREM-1 receptor expressed on monocytes and thereby 
stimulates generation of cytotoxic lymphocytes active against MHC-Negative 
tumor cells. Int J Mol Sci. 2021;22(13).

57. Wu F, Huang Y, Wei G, Huang Z, Shi C, Lin W, et al. Exogenous Hsp70 attenu-
ates nitroglycerin-induced migraine-like symptoms in mice. J Neurophysiol. 
2021;126(4):1030–37.

58. Dziarski R, Gupta D, Review. Mammalian peptidoglycan recognition proteins 
(PGRPs) in innate immunity. Innate Immun. 2010;16(3):168–74.

59. Read CB, Kuijper JL, Hjorth SA, Heipel MD, Tang X, Fleetwood AJ, et al. Cutting 
Edge: identification of neutrophil PGLYRP1 as a ligand for TREM-1. J Immunol. 
2015;194(4):1417–21.

60. Silbereisen A, Lira-Junior R, Åkerman S, Klinge B, Boström EA, Bostanci N. 
Association of salivary TREM-1 and PGLYRP1 inflammatory markers with non-
communicable diseases. J Clin Periodontol. 2023;50(11):1467–75.

61. Bhusal A, Kim JH, Kim SC, Hwang EM, Ryu H, Ali MS, et al. The microglial 
innate immune protein PGLYRP1 mediates neuroinflammation and conse-
quent behavioral changes. Cell Rep. 2024;43(3):113813.

62. Qiang X, Yang WL, Wu R, Zhou M, Jacob A, Dong W, et al. Cold-inducible 
RNA-binding protein (CIRP) triggers inflammatory responses in hemorrhagic 
shock and sepsis. Nat Med. 2013;19(11):1489–95.

63. Denning NL, Aziz M, Murao A, Gurien SD, Ochani M, Prince JM et al. Extracel-
lular CIRP as an endogenous TREM-1 ligand to fuel inflammation in sepsis. JCI 
Insight. 2020;5(5).

64. Borjas T, Jacob A, Yen H, Patel V, Coppa GF, Aziz M, et al. Inhibition of the Inter-
action of TREM-1 and eCIRP attenuates inflammation and improves survival 
in hepatic Ischemia/Reperfusion. Shock. 2022;57(2):246–55.

65. Sharma A, Brenner M, Jacob A, Marambaud P, Wang P. Extracellular CIRP 
activates the IL-6Rα/STAT3/Cdk5 pathway in neurons. Mol Neurobiol. 
2021;58(8):3628–40.

66. Takaki R, Watson SR, Lanier LL. DAP12: an adapter protein with dual function-
ality. Immunol Rev. 2006;214:118–29.

67. Montalvo V, Quigley L, Vistica BP, Boelte KC, Nugent LF, Takai T, et al. Environ-
mental factors determine DAP12 deficiency to either enhance or suppress 
immunopathogenic processes. Immunology. 2013;140(4):475–82.

68. Tessarz AS, Weiler S, Zanzinger K, Angelisová P, Horejsí V, Cerwenka A. 
Non-T cell activation linker (NTAL) negatively regulates TREM-1/DAP12-
induced inflammatory cytokine production in myeloid cells. J Immunol. 
2007;178(4):1991–9.

69. Aoki N, Kimura S, Xing Z. Role of DAP12 in innate and adaptive immune 
responses. Curr Pharm Des. 2003;9(1):7–10.

70. Tessarz AS, Cerwenka A. The TREM-1/DAP12 pathway. Immunol Lett. 
2008;116(2):111–6.

71. Arts RJ, Joosten LA, Van Der Meer JW, Netea MG. TREM-1: intracellular signal-
ing pathways and interaction with pattern recognition receptors. J Leukoc 
Biol. 2013;93(2):209–15.

72. Ornatowska M, Azim AC, Wang X, Christman JW, Xiao L, Joo M, et al. Func-
tional genomics of silencing TREM-1 on TLR4 signaling in macrophages. Am J 
Physiol Lung Cell Mol Physiol. 2007;293(6):L1377–84.



Page 11 of 12Fan et al. Molecular Brain           (2025) 18:15 

73. Wang X, Luo B, Lu Y, Pang D, Zheng J, Mo J, et al. The triggering receptor 
expressed by myeloid cells-1 activates TLR4-MyD88-NF-κB-dependent signal-
ing to aggravate ventilation-induced lung inflammation and injury in mice. 
Cell Tissue Res. 2018;374(1):137–48.

74. Bleharski JR, Kiessler V, Buonsanti C, Sieling PA, Stenger S, Colonna M, et al. 
A role for triggering receptor expressed on myeloid cells-1 in host defense 
during the early-induced and adaptive phases of the immune response. J 
Immunol. 2003;170(7):3812–8.

75. Radsak MP, Salih HR, Rammensee HG, Schild H. Triggering receptor expressed 
on myeloid cells-1 in neutrophil inflammatory responses: differential regula-
tion of activation and survival. J Immunol. 2004;172(8):4956–63.

76. Begum NA, Ishii K, Kurita-Taniguchi M, Tanabe M, Kobayashi M, Moriwaki Y, et 
al. Mycobacterium bovis BCG cell wall-specific differentially expressed genes 
identified by differential display and cDNA subtraction in human macro-
phages. Infect Immun. 2004;72(2):937–48.

77. Dolasia K, Bisht MK, Pradhan G, Udgata A, Mukhopadhyay S. TLRs/NLRs: shap-
ing the landscape of host immunity. Int Rev Immunol. 2018;37(1):3–19.

78. Netea MG, Azam T, Ferwerda G, Girardin SE, Kim SH, Dinarello CA. Triggering 
receptor expressed on myeloid cells-1 (TREM-1) amplifies the signals induced 
by the NACHT-LRR (NLR) pattern recognition receptors. J Leukoc Biol. 
2006;80(6):1454–61.

79. Molad Y, Pokroy-Shapira E, Carmon V. CpG-oligodeoxynucleotide-induced 
TLR9 activation regulates macrophage TREM-1 expression and shedding. 
Innate Immun. 2013;19(6):623–30.

80. Gómez-Piña V, Soares-Schanoski A, Rodríguez-Rojas A, Del Fresno C, García 
F, Vallejo-Cremades MT, et al. Metalloproteinases shed TREM-1 ectodo-
main from lipopolysaccharide-stimulated human monocytes. J Immunol. 
2007;179(6):4065–73.

81. Gingras MC, Lapillonne H, Margolin JF. TREM-1, MDL-1, and DAP12 expression 
is associated with a mature stage of myeloid development. Mol Immunol. 
2002;38(11):817–24.

82. Jolly L, Carrasco K, Salcedo-Magguilli M, Garaud JJ, Lambden S, Van Der Poll T, 
et al. sTREM-1 is a specific biomarker of TREM-1 pathway activation. Cell Mol 
Immunol. 2021;18(8):2054–56.

83. Jiang T, Gong PY, Tan MS, Xue X, Huang S, Zhou JS, et al. Soluble TREM1 
concentrations are increased and positively correlated with total tau levels 
in the plasma of patients with Alzheimer’s disease. Aging Clin Exp Res. 
2019;31(12):1801–05.

84. Buckland KF, Ramaprakash H, Murray LA, Carpenter KJ, Choi ES, Kunkel SL, 
et al. Triggering receptor expressed on myeloid cells-1 (TREM-1) modulates 
immune responses to aspergillus fumigatus during fungal asthma in mice. 
Immunol Invest. 2011;40(7–8):692–722.

85. Shi X, Wei T, Hu Y, Wang M, Tang Y. The associations between plasma soluble 
Trem1 and neurological diseases: a mendelian randomization study. J Neuro-
inflammation. 2022;19(1):218.

86. Wu Y, Wang F, Fan X, Bao R, Bo L, Li J, et al. Accuracy of plasma sTREM-1 for 
sepsis diagnosis in systemic inflammatory patients: a systematic review and 
meta-analysis. Crit Care. 2012;16(6):R229.

87. Boufenzer A, Lemarié J, Simon T, Derive M, Bouazza Y, Tran N, et al. TREM-1 
mediates inflammatory Injury and Cardiac Remodeling following myocardial 
infarction. Circ Res. 2015;116(11):1772–82.

88. Sun XG, Zhang MM, Liu SY, Chu XH, Xue GQ, Zhang BC, et al. Role of TREM-1 
in the development of early brain injury after subarachnoid hemorrhage. Exp 
Neurol. 2021;341:113692.

89. Gibot S, Alauzet C, Massin F, Sennoune N, Faure GC, Béné MC, et al. Modula-
tion of the triggering receptor expressed on myeloid cells-1 pathway during 
pneumonia in rats. J Infect Dis. 2006;194(7):975–83.

90. Dantas P, Matos AO, Da Silva Filho E, Silva-Sales M, Sales-Campos H. Trigger-
ing receptor expressed on myeloid cells-1 (TREM-1) as a therapeutic target 
in infectious and noninfectious disease: a critical review. Int Rev Immunol. 
2020;39(4):188–202.

91. Gibot S, Kolopp-Sarda MN, Béné MC, Bollaert PE, Lozniewski A, Mory F, 
et al. A soluble form of the triggering receptor expressed on myeloid 
cells-1 modulates the inflammatory response in murine sepsis. J Exp Med. 
2004;200(11):1419–26.

92. Xu P, Zhang X, Liu Q, Xie Y, Shi X, Chen J, et al. Microglial TREM-1 receptor 
mediates neuroinflammatory injury via interaction with SYK in experimental 
ischemic stroke. Cell Death Dis. 2019;10(8):555.

93. Wu X, Zeng H, Xu C, Chen H, Fan L, Zhou H, et al. TREM1 regulates Neuro-
inflammatory Injury by Modulate Proinflammatory Subtype Transition of 
Microglia and formation of Neutrophil Extracellular traps via Interaction 

with SYK in Experimental Subarachnoid Hemorrhage. Front Immunol. 
2021;12:766178.

94. Du C, Peng L, Kou G, Wang P, Lu L, Li Y. Assessment of serum sTREM-1 as a 
marker of subclinical inflammation in Diarrhea-predominant patients with 
irritable bowel syndrome. Dig Dis Sci. 2018;63(5):1182–91.

95. Derive M, Boufenzer A, Bouazza Y, Groubatch F, Alauzet C, Barraud D, et al. 
Effects of a TREM-like transcript 1-derived peptide during hypodynamic 
septic shock in pigs. Shock. 2013;39(2):176–82.

96. Francois B, Lambden S, Gibot S, Derive M, Olivier A, Cuvier V, et al. Rationale 
and protocol for the efficacy, safety and tolerability of nangibotide in patients 
with septic shock (ASTONISH) phase IIb randomised controlled trial. BMJ 
Open. 2021;11(7):e042921.

97. François B, Wittebole X, Ferrer R, Mira JP, Dugernier T, Gibot S, et al. Nangibot-
ide in patients with septic shock: a phase 2a randomized controlled clinical 
trial. Intensive Care Med. 2020;46(7):1425–37.

98. Thankam FG, Sanchez DJ, Agrawal DK. Design of the lentivirus-driven sus-
tained LR12 delivery system for TREM-1 inhibition for palliating atherosclero-
sis. Mol Cell Biochem. 2022;477(3):701–10.

99. Zhong WJ, Zhang J, Duan JX, Zhang CY, Ma SC, Li YS, et al. TREM-1 triggers 
necroptosis of macrophages through mTOR-dependent mitochondrial fis-
sion during acute lung injury. J Transl Med. 2023;21(1):179.

100. Wang Y, Xie X, Liu H, Liu H, Jiang H. LR12 promotes liver repair by improv-
ing the resolution of inflammation and liver regeneration in mice with 
Thioacetamide- (TAA-) Induced Acute Liver failure. Mediators Inflamm. 
2021;2021:2327721.

101. Tan C, Gurien SD, Royster W, Aziz M, Wang P. Extracellular CIRP induces inflam-
mation in alveolar type II cells via TREM-1. Front Cell Dev Biol. 2020;8:579157.

102. Siskind S, Zhang F, Brenner M, Wang P. Extracellular CIRP induces acute kidney 
injury via endothelial TREM-1. Front Physiol. 2022;13:954815.

103. Denning NL, Aziz M, Ochani M, Prince JM, Wang P. Inhibition of a triggering 
receptor expressed on myeloid cells-1 (TREM-1) with an extracellular cold-
inducible RNA-binding protein (eCIRP)-derived peptide protects mice from 
intestinal ischemia-reperfusion injury. Surgery. 2020;168(3):478–85.

104. Finnerup NB, Kuner R, Jensen TS. Neuropathic Pain: from mechanisms to 
treatment. Physiol Rev. 2021;101(1):259–301.

105. Baron R, Binder A, Wasner G. Neuropathic pain: diagnosis, pathophysiological 
mechanisms, and treatment. Lancet Neurol. 2010;9(8):807–19.

106. Hu X, Xu W, Ren Y, Wang Z, He X, Huang R, et al. Spinal cord injury: molecular 
mechanisms and therapeutic interventions. Signal Transduct Target Ther. 
2023;8(1):245.

107. Li Z, Wu F, Xu D, Zhi Z, Xu G. Inhibition of TREM1 reduces inflammation and 
oxidative stress after spinal cord injury (SCI) associated with HO-1 expres-
sions. Biomed Pharmacother. 2019;109:2014–21.

108. Bayrer JR, Castro J, Venkataraman A, Touhara KK, Rossen ND, Morrie RD, 
et al. Gut enterochromaffin cells drive visceral pain and anxiety. Nature. 
2023;616(7955):137–42.

109. Grundy L, Erickson A, Brierley SM. Visceral Pain. Annu Rev Physiol. 
2019;81:261–84.

110. Ford AC, Vanner S, Kashyap PC, Nasser Y. Chronic Visceral Pain: New 
Peripheral mechanistic insights and resulting treatments. Gastroenterology. 
2024;166(6):976–94.

111. Wu K, Liu YY, Shao S, Song W, Chen XH, Dong YT, et al. The microglial innate 
immune receptors TREM-1 and TREM-2 in the anterior cingulate cortex (ACC) 
drive visceral hypersensitivity and depressive-like behaviors following DSS-
induced colitis. Brain Behav Immun. 2023;112:96–117.

112. Sun K, Jing X, Guo J, Yao X, Guo F. Mitophagy in degenerative joint diseases. 
Autophagy. 2021;17(9):2082–92.

113. Fenn J, Olby NJ. Classification of intervertebral disc disease. Front Vet Sci. 
2020;7:579025.

114. Du X, Chen S, Cui H, Huang Y, Wang J, Liu H, et al. Circular RNA hsa_
circ_0083756 promotes intervertebral disc degeneration by sponging miR-
558 and regulating TREM1 expression. Cell Prolif. 2022;55(4):e13205.

115. Li Z, Ye D, Dai L, Xu Y, Wu H, Luo W, et al. Single-cell RNA sequencing reveals 
the difference in human normal and degenerative nucleus Pulposus tissue 
profiles and Cellular interactions. Front Cell Dev Biol. 2022;10:910626.

116. Zhao W, Yang J, Kang Y, Hu K, Jiao M, Zhao B, et al. Animal models of 
Rotator Cuff Injury and Repair: a systematic review. Tissue Eng Part B Rev. 
2022;28(6):1258–73.



Page 12 of 12Fan et al. Molecular Brain           (2025) 18:15 

117. Thankam FG, Dilisio MF, Dietz NE, Agrawal DK. TREM-1, HMGB1 and RAGE 
in the shoulder Tendon: dual mechanisms for inflammation based on the 
coincidence of Glenohumeral Arthritis. PLoS ONE. 2016;11(10):e0165492.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	The properties of TREM1 and its emerging role in pain-related diseases
	Abstract
	Introduction
	Biological characteristics of TREM1
	Structure and distribution of TREM1
	TREM1 ligands
	Actin
	HMGB1
	HSP70
	PGLYRP1
	eCIRP


	TREM1 signaling pathway
	sTREM1
	TREM1 inhibitors
	LP17
	LR12
	M3

	The pivotal role of TREM1 in pain modulation
	TREM1 and neuropathic pain
	TREM1 and visceral pain
	TREM1 and other pain
	TREM1 and migraine
	Summary and prospect

	References


