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a b s t r a c t
Triggering receptor expressed on myeloid cells-1 (TREM-1) is a recently identiﬁed cell surface receptor
that is expressed mainly on monocytes and neutrophils, and plays an important role as an ampliﬁer of
inﬂammatory response in acute and chronic inﬂammatory conditions. Recent studies suggested that
TREM-1 contributes to the pathogenesis of rheumatoid arthritis (RA) and therefore TREM-1 could be a
new therapeutic target in RA. In addition to its membrane-bound form, a soluble form of TREM-1
(sTREM-1) exists that is liberated by the proteolytic cleavage of membrane-bound form. This soluble
form works as decoy receptor to prevent the binding of its ligand to membrane-bound TREM-1 and to
inhibit the effect of TREM-1 activation. Proteolytic cleavage of TNF receptor (TNFR) has been reported
and soluble TNFR are capable of binding and neutralizing TNF, thus working as natural TNF antagonist.
Currently, etanercept, a soluble TNF-receptor fusion protein has been widely used to treat RA. In this
report, we suggest that sTREM-1 can be used as a new therapeutic molecule in RA.
Ó 2011 Elsevier Ltd. All rights reserved.

Introduction
Rheumatoid arthritis (RA) is a systemic autoimmune disease
characterized by chronic inﬂammation of synovial joints, which
leads to progressive destruction of cartilage and bone. Although
the cause of this disease remains obscure, the extensive research
on RA has resulted in markedly improved understanding of its
pathogenesis. It is now clear that a large number of inﬂammatory
cytokines such as TNFa, IL-1b, IL-6, IL-12, IL-23 and IL-17A play an
important role in the process that cause persistent inﬂammation
and progressive destruction of cartilage and bone [1]. Biologic
agents designed to suppress action of these inﬂammatory cytokines involved in the pathogenesis of RA have been shown to inhibit the progression of inﬂammation and joint destruction in RA
patients [2]. Among these biologic agents, TNFa inhibitors have
been shown to improve greatly the signs, symptoms and quality
of life in RA patients and inhibit deﬁnitively the radiographic bone
destruction of RA. Although the use of TNF inhibitors has revolutionized the treatment of RA, substantial proportion (up to a third)
of RA patients treated with TNF inhibitors fail to achieve complete
remission [3]. Also serious bacterial infection and reactivation of
latent tuberculosis have been observed in RA patients treated with
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TNF inhibitors [4]. Therefore, new therapeutic molecule needs to
be developed which reduces excessive inﬂammatory responses
but allows sufﬁcient control of infection.
Triggering receptor expressed on myeloid cells-1 (TREM-1) is a
recently identiﬁed cell surface receptor that is expressed mainly on
monocytes and neutrophils, and plays an important role as an
ampliﬁer of inﬂammatory response in acute and chronic inﬂammatory conditions [5–7]. Human TREM-1 consists of a single extracellular immunoglobulin (Ig)-like domain, a transmembrane region
with a positively charged lysine residue, and a short cytoplasmic
region lacking any signaling motifs [8]. Its natural ligand has yet
to be identiﬁed, so signaling and function of TREM-1 were studied
using an agonistic antibody, which induces receptor cross-linking.
TREM-1 associates with the adapter protein DNAX activation protein 12 (DAP12) via a positively charged lysine residue of its transmembrane region. Engagement of TREM-1 triggers a signaling
pathway including tyrosine phosphorylation of DAP12 that leads
to the phosphorylation of phospholipase Cc (PLCc) and extracellular signal-related kinase (ERK) 1/2, an increase in intracellular calcium and activation of NF-jB [9]. The activation of these pathways
eventually leads to the production of proinﬂammatory cytokines
and chemokines such as MCP-1, MCP-3, IL-8, MIP-1a and TNFa
[10,11]. In addition to induction of cytokine production by TREM1 engagement alone, TREM-1 engagement and Toll-like receptor
(TLR) stimulation synergize in the production of proinﬂammatory
cytokines and chemokines [10–12]. In contrast, TLR-induced production of IL-10 is reduced by simultaneous TREM-1 engagement.
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TREM-1 modulates the TLR function by increasing the availability
of TLR signaling molecules such as MyD88, CD14 and IkBa, and
TREM-1 expression is upregulated by TLR stimulation [10,11,13].
Biological signiﬁcance of TREM-1 as an ampliﬁer of inﬂammatory
response has been conﬁrmed in studies using mouse models and human disease samples of acute and chronic inﬂammatory diseases.
TREM-1 is highly expressed in acute infectious lesions caused by
bacteria and fungi [12]. In addition to increased expression of
TREM-1 in acute infectious diseases, TREM-1 expression is signiﬁcantly increased in the non-infectious inﬂammatory diseases such
as acute pancreatitis, inﬂammatory bowel diseases, gout and rheumatoid arthritis [14–19]. The in vivo role of TREM-1 in inﬂammatory
conditions has been well documented using agents that inhibit or
activate TREM-1 signaling. Engagement of TREM-1 by an agonistic
TREM-1 antibody induced a signiﬁcant increase of mortality rate
in LPS-induced septic shock [20]. TREM-1 blockade using a fusion
protein containing murine TREM-1 extracellular domain and human immunoglobulin-c (IgG1) Fc portion (mTREM-1/IgG1) was reported to reduce serum TNFa and IL-1b to sublethal levels,
preventing shock and death in mouse models of microbial peritonitis and sepsis [12]. Administration of LP17, an antagonistic TREM-1
peptide mimicking a short, highly conserved domain of sTREM-1,
also protected septic mice from death by attenuating systemic
inﬂammatory responses [20–22]. Interestingly, although TREM-1
blockade using mTREM-1/IgG1 or LP17 was shown to reduce systemic inﬂammatory responses, the capacity of immune systems to
ﬁght bacterial infection was not affected by blocking of TREM-1 signaling [12,20–22]. Besides a beneﬁcial effect of TREM-1 blockade in
infectious diseases, administration of antagonistic TREM-1 peptide
inhibited disease activity of chronic inﬂammatory diseases
[16,18]. It was demonstrated that TREM-1 expression is upregulated
on intestinal macrophages of patients with Crohn’s disease and
ulcerative colitis and that engagement of TREM-1 by an agonistic
TREM-1 antibody results in increased secretion of inﬂammatory
cytokines and chemokines in intestinal macrophages isolated from
inﬂammatory bowel disease patients [18]. In this study, blocking
TREM-1 by the administration of an antagonistic peptide substantially attenuated intestinal inﬂammation in animal model of colitis.
Also blockade of TREM-1 using a recombinant adenovirus containing a gene for the extracellular domain of TREM-1 fused with IgGFc (TREM-1 Ig) or antagonistic peptide signiﬁcantly suppressed collagen-induced arthritis without affecting adaptive immune responses [16]. In this study, an increase in serum concentrations of
TREM-1 Ig was observed in mice injected with a recombinant adenovirus containing a gene for the extracellular domain of TREM-1.
These ﬁndings suggest that modulation of TREM-1 activation might
be a new therapeutic strategy for the treatment of chronic inﬂammatory diseases including RA.
In addition to membrane-bound form of TREM-1, a soluble form
of TREM-1 (sTREM-1) exists that is liberated by the proteolytic
cleavage of membrane-bound form [23]. This soluble form works
as decoy receptor to prevent the binding of its ligand to membrane-bound TREM-1 and to inhibit the effect of TREM-1 activation.
Actually, TREM-1-dependent enhancement of respiratory burst and
IL-8 production of polymorphonuclear leukocyte (PMN) by platelets was signiﬁcantly suppressed by recombinant soluble TREM-1
(rsTREM-1) [24].

Hypothesis
Because TREM-1 blockade suppressed inﬂammatory responses
but did not affect the capacity of immune systems to ﬁght bacterial
infection, modulation of TREM-1 signaling might be effective and
safe therapeutic strategy not only in infectious diseases but also
in chronic inﬂammatory diseases such as RA. TREM-1 signaling
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was blocked in recent studies by a recombinant adenovirus containing a gene for the extracellular domain of TREM-1 fused with
IgG-Fc (TREM-1 Ig), antagonistic TREM-1 peptide and sTREM-1
[16]. Gene therapy using adenovirus is not easily used in clinical
setting. Peptides as drug candidate have little resistance to serum
and tissue proteases in body, therefore have too short half-life.
Many previous studies demonstrated that soluble receptor act as
a speciﬁc, high afﬁnity antagonist of inﬂammatory molecule such
as IL-1b, IL-15 and TNFa. Despite signiﬁcant advantages, soluble
receptors have a potential limitation as therapeutic agents for
chronic inﬂammatory diseases. Because soluble receptors are generally unstable, the strategy to make these proteins stable was
needed for their clinical application. To overcome this problem, soluble receptors have been conjugated with the Fc region of immunoglobulin or polyethylene glycol (PEG) [25]. Currently, etanercept, a
soluble TNF-receptor (sTNFR) fusion protein has been widely used
to treat RA. Etanercept is a hybrid protein consisting of the Fc region
of human IgG1 and dimers of human sTNFR. Also sTNFR conjugated
with PEG was reported to have improved biostability [26].
In this article, we present a hypothesis that sTREM-1 can be
used as effective therapeutic strategy for treating RA, via attenuating inﬂammatory response and not increasing the risk of infection.
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