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Triggering	receptor	expressed	on	myeloid	cells–1	(TREM-1)	potently	amplifies	acute	inflammatory	responses	
by	enhancing	degranulation	and	secretion	of	proinflammatory	mediators.	Here	we	demonstrate	that	TREM-1		
is	also	crucially	involved	in	chronic	inflammatory	bowel	diseases	(IBD).	Myeloid	cells	of	the	normal	intes-
tine	generally	lack	TREM-1	expression.	In	experimental	mouse	models	of	colitis	and	in	patients	with	IBD,	
however,	TREM-1	expression	in	the	intestine	was	upregulated	and	correlated	with	disease	activity.	TREM-1	
significantly	enhanced	the	secretion	of	relevant	proinflammatory	mediators	in	intestinal	macrophages	from	
IBD	patients.	Blocking	TREM-1	by	the	administration	of	an	antagonistic	peptide	substantially	attenuated	
clinical	course	and	histopathological	alterations	in	experimental	mouse	models	of	colitis.	This	effect	was	
also	seen	when	the	antagonistic	peptide	was	administered	only	after	the	first	appearance	of	clinical	signs	of	
colitis.	Hence,	TREM-1–mediated	amplification	of	inflammation	contributes	not	only	to	the	exacerbation	of	
acute	inflammatory	disorders	but	also	to	the	perpetuation	of	chronic	inflammatory	disorders.	Furthermore,	
interfering	with	TREM-1	engagement	leads	to	the	simultaneous	reduction	of	production	and	secretion	of	a	
variety	of	pro-inflammatory	mediators	such	as	TNF,	IL-6,	IL-8	(CXCL8),	MCP-1	(CCL2),	and	IL-1β.	There-
fore,	TREM-1	may	also	represent	an	attractive	target	for	the	treatment	of	chronic	inflammatory	disorders.

Introduction
Triggering receptor expressed on myeloid cells–1 (TREM-1) was 
identified by screening for transmembrane receptors on myeloid 
cells associated with the activating ITAM-containing adaptor mol-
ecule DAP12 (1). TREM-1 belongs to the immunoglobulin super-
family and is part of a gene cluster encoding several TREM and 
TREM-like molecules that share structural elements but have low 
amino acid homology (1). TREM-1 is constitutively expressed on 
most monocytes/macrophages and neutrophils and is upregulated 
by various stimuli such as the TLR ligands LPS and lipoteichoic 
acid (LTA) and the proinflammatory cytokine TNF (2, 3). Hence, 
it has been suggested that TREM-1 is mainly involved in acute 
inflammatory reactions but not in chronic inflammatory disorders 
(2). The natural ligand of TREM-1 is still unknown. Agonistic anti–
TREM-1 antibodies have been used to determine the functional 
consequences of receptor engagement and the signaling pathways 
(4). Activation of TREM-1 on monocytes and neutrophils enhances 
secretion of inflammatory cytokines and chemokines and leads to 
upregulation of cell-surface molecules involved in extravasation, 
cell activation, and costimulation (4). Proinflammatory cytokine 
production and lethality  in mouse models of septic shock are 
reduced by blocking TREM-1 with a recombinant TREM-1 fusion 
protein (mTREM-1-hFcγ1) (2) or a synthetic antagonistic peptide 

(5). Moreover, bacterial sepsis induces the release of a soluble form 
of TREM-1 (sTREM-1) in human patients and mouse models. 
Serum levels of sTREM-1 positively correlate with survival (6, 7), 
thus indicating an antagonistic effect of sTREM-1.

Monocytes and macrophages obtained from secondary lym-
phoid  organs  mostly  express  functional  TREM-1  on  the  cell 
surface. In contrast, the vast majority of the resident intestinal 
macrophages completely lack expression of TREM-1, possibly as 
a further adaptation to the antigen-rich microenvironment of 
the intestinal mucosa. This differentiation status of the intesti-
nal macrophages may be maintained by the local presence of the 
immunomodulatory cytokines IL-10 and TGF-β, which syner-
gistically downregulate TREM-1 (3). Since an aberrant immune 
reaction against luminal antigens including commensal bacteria 
is generally considered a main disease-promoting factor in the 
pathogenesis of inflammatory bowel diseases (IBD) (8–10), we 
hypothesized that in patients with active Crohn disease (CD) and 
ulcerative colitis (UC), TREM-1 expression would be upregulated 
on  intestinal  macrophages  and  that  aberrant  expression  of 
TREM-1 in the intestinal mucosa may contribute to the excessive 
inflammatory reactions and tissue destruction typically seen in 
the affected intestinal mucosa of patients with active IBD.

Results
TREM-1–expressing macrophages are significantly increased in the inflamed 
mucosa of IBD patients. As previously shown (3), lamina propria mac-
rophages from the normal small and large intestine generally do not 
express TREM-1, and the few TREM-1–positive cells that are pres-
ent may represent recently recruited blood monocytes (Figure 1A).  

Nonstandard	abbreviations	used: CD, Crohn disease; DSS, dextran sodium sulfate; 
IBD, inflammatory bowel disease; sTREM-1, soluble form of TREM-1; TREM-1, trig-
gering receptor expressed on myeloid cells–1; UC, ulcerative colitis.
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The absence of TREM-1 expression on lamina propria macro-
phages in the normal intestine is likely to prevent overwhelming 
inflammatory reactions and thus excessive tissue damage (11). 
To assess whether aberrant TREM-1 expression on myeloid cells 

may contribute to inflammatory reactions in the 
intestine,  we  screened  intestinal  tissue  samples 
from patients with inflammatory conditions for 
TREM-1–expressing  macrophages.  The  number 
of TREM-1–positive macrophages was increased 
in the  inflamed intestine of patients with acute 
appendicitis and in patients with acute diverticu-
litis (Supplemental Figure 1; supplemental mate-
rial available online with this article; doi:10.1172/
JCI30602DS1). While these findings were expected 
due  to  the acute  inflammatory process, we also 
detected increased frequencies of TREM-1–express-
ing cells on immunostained sections from patients 
with  chronic  IBD  (Figure  1A).  Double  immu-
nofluorescent  stains  of  frozen  tissue  sections 
using CD68 as a cytoplasmic marker for macro-
phages  and  the  membrane-associated  TREM-1  
showed that the majority of TREM-1–expressing 
cells in the affected intestine of IBD patients are 
intestinal macrophages  (Figure 1B); while occa-
sionally TREM-1–expressing neutrophils were also 
found (Supplemental Figure 2), they invariably rep-
resented less than 20% of the total TREM-1–positive 
cells (data not shown).

To characterize and quantify the TREM-1–posi-
tive macrophages present in the inflamed intestinal 
mucosa of IBD patients, we determined the expres-
sion profile of additional cell-surface receptors upon 
their ex vivo isolation. Whereas only a few TREM-1– 
positive macrophages were present in the normal 
intestinal mucosa, this macrophage subset was sub-
stantially more abundant in the affected lesions of 
patients with IBD, and usually 30%–40% of the intes-
tinal macrophage population isolated from both 
UC and CD patients expressed cell-surface TREM-1  
(Figure 2A). As shown in Figure 2B, TREM-1–posi-
tive macrophages also coexpressed CD14 and CD89, 
i.e., 2 cell surface receptors that are generally absent 
on  macrophages  from  normal  intestinal  tissue 
samples. No difference in the frequency or expres-
sion level of TREM-1 on intestinal macrophages 
from the affected mucosa of patients with UC and 
CD was found. The combined results for 18 patients 
with active IBD revealed an approximately 5-fold 
increase  in the frequency of TREM-1–expressing 
macrophages in the affected lesions when compared 
with normal control tissues (Figure 2C).

In IBD patients, aberrant TREM-1 expression on intes-
tinal macrophages mediates enhanced secretion of proin-
flammatory cytokines and chemokines. To determine 
the possible consequences of TREM-1 expression 
directly, intestinal macrophages were isolated from 
tissue samples and cultured in vitro for 24 hours in 
the presence or absence of an agonistic TREM-1– 
binding mAb. As shown in Figure 3, engagement of 
TREM-1 resulted in increased secretion of the pro-

inflammatory mediators TNF, monocyte chemoattractant pro-
tein–1 (MCP-1) (CCL2), IL-6, IL-8 (CXCL8), and IL-1β. Although 
the secretion of these proinflammatory cytokines and chemokines 
was already elevated in macrophages from inflamed intestinal 

Figure 1
TREM-1–expressing macrophages are increased in the intestinal lamina propria of IBD 
patients. (A) Serial frozen sections of the intestine from normal donors and IBD (CD 
and UC) patients with active disease were immunostained for TREM-1 and CD68. An 
isotype-matched irrelevant mAb was used as a negative control (Isotype ctrl). Stainings 
are representative of at least 12 different intestinal tissue samples for the normal small 
and large intestine and of at least 10 tissues each for UC and CD. Original magnifica-
tion, ×40. (B) Double immunofluorescence stainings demonstrate that most TREM-1– 
positive cells (green) in the intestinal lamina propria from patients with active IBD (UC 
and CD) were CD68+ macrophages (red). Original magnification, ×100.
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mucosa of IBD compared with normal tissues, we still observed 
significantly increased secretion after TREM-1 crosslinking from 
inflamed but not normal control tissue specimens (Figure 3). 
Hence, TREM-1–mediated amplification of the inflammatory 
process likely contributes to the exacerbation of disease and tissue 
destruction in patients with IBD.

Extent of TREM-1 expression in the intestinal mucosa is related to disease 
activity in clinical and experimental IBD. Since such a dramatic increase 
in the frequency of TREM-1–expressing macrophages was seen in 
the affected intestinal areas of patients with IBD, we determined 
how expression of TREM-1 is related to disease activity in patients 

with IBD. To this end, we compared TREM-1 mRNA expression 
levels in intestinal mucosal samples from affected and unaffected 
sites in patients with active CD and UC, samples from patients 
with inactive disease, and normal control tissue specimens. In the 
normal human intestine, TREM-1 mRNA was generally absent and 
only occasionally detectable by real-time PCR, whereas it was con-
sistently expressed at high levels in affected segments from CD and 
UC patients with active disease (Figure 4, A and B). In the macro-
scopically unaffected tissue samples obtained from sites adjacent 
to the affected area in patients with CD and in tissue samples with 
inactive disease from patients with UC, TREM-1 mRNA expres-
sion was substantially reduced and barely detectable, whereas TNF 
mRNA was detected at comparable levels in active and inactive dis-
ease samples from the same patients (Figure 4A).

The close association of TREM-1 mRNA expression with signs of 
disease activity in IBD prompted us to follow TREM-1 during the 
early stages of experimental colitis. Therefore, we analyzed TREM-1  
induction in the CD4 T+ cell transfer model of colitis in lymphope-
nic RAG2–/– recipients (12–14) and the T cell–independent dextran 
sodium sulfate (DSS) model in C57BL/6 mice (15–18). Colonic 
tissue samples, collected on different days upon colitis induction, 
were analyzed for TREM-1 and TNF expression at mRNA and 
protein levels, using RT-PCR and Western blot analysis, respec-
tively (Figure 5, A and B). TREM-1 was generally not detectable 
on mRNA and protein levels in the normal colon of C57BL/6 and 
RAG2–/– mice (Figure 5, A and B, day 0). However, TREM-1 was 

Figure 2
TREM-1–expressing macrophages are increased in the affected intes-
tinal mucosa of patients with IBD and coexpress CD14 and CD89. (A) 
Lamina propria macrophages of normal intestinal tissue specimens 
and of patients with active IBD were isolated and analyzed by FACS for 
TREM-1, CD14, and CD89 cell-surface expression. (B) Coexpression of 
CD14 and CD89 on TREM-1–positive intestinal macrophages is shown 
for a representative UC patient. (C) The frequency of TREM-1–express-
ing lamina propria macrophages is significantly increased in patients 
with IBD (n = 18: UC, n = 7; CD, n = 11) compared with normal individu-
als (n = 12). Percentages are indicated as mean ± SEM; ***P < 0.001.

Figure 3
Secretion of TNF, IL-6, IL-8 (CXCL8), 
monocyte chemoattractant protein–1 
(MCP-1 [CCL2]), and IL-1β is significantly 
enhanced following engagement of TREM-1  
on intestinal lamina propria macrophages 
from IBD but not from normal control 
patients. Intestinal macrophages isolated 
from CD patients (n = 11), UC patients  
(n = 7), and normal control patients (n = 5) 
were cultured for 24 hours in the presence 
(black bars) or absence (white bars) of an 
agonistic plate-bound anti–TREM-1 mAb. 
Cytokine concentrations were measured 
simultaneously in the supernatant. Data 
represent mean ± SEM; *P < 0.05.
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upregulated as a very early event during colitis induction, preced-
ing the first histopathological signs of colitis seen after 5 days in 
the transfer model and after 3 days in the DSS model (Figure 5, A 
and C). Intriguingly, the increase in TREM-1 mRNA expression 
level was closely related to enhanced disease activity in both mouse 
models of colitis. TREM-1 mRNA expression also correlated well 
with the detection of TREM-1 protein, as demonstrated in the 
Western blot prepared from colonic tissue samples (Figure 5B). 
Furthermore, immunostaining for TREM-1 and CD11b (Mac-1) 

confirmed the correlation between TREM-1–express-
ing macrophage frequency and severity of histopatho-
logical signs of colitis (Supplemental Figure 3). Hence, 
TREM-1 upregulation is an early event in the patho-
genesis of experimental colitis and enhanced disease 
activity is associated with increased TREM-1 expres-
sion during experimental and clinical IBD.

Blocking TREM-1 attenuates intestinal inflammation in ani-
mal models of colitis. The early upregulation of TREM-1  
in the affected tissue during experimental induction 
of colitis prompted us to assess how interfering with 
TREM-1 activation affects disease severity in experi-
mental colitis. To prevent TREM-1 engagement, we 
used an antagonistic synthetic peptide, derived from 
the extracellular domain of TREM-1. This peptide 
(LP17) was originally designed by Gibot et al. (5) and 
protects mice from LPS-induced lethality. The LP17 
peptide used in our experiments significantly attenu-
ated the increase in TNF serum levels following the 
administration  of  LPS  in  C57BL/6  mice  (Supple-
mental Figure 4), verifying that the LP17 peptide was 
affecting TREM-1 activation in vivo. Upon induction 
of colitis by either the administration of DSS into the 
drinking water of C57BL/6 mice or the transfer of 

colitogenic CD4+ T cells into RAG2–/– recipients, mice were treat-
ed either with an antagonistic TREM-1 peptide (LP17) or with a 
sequence-scrambled control peptide. In experimental animals the 
extent of diarrhea was followed using a semiquantitative scoring 
system including detection of occult blood in the feces and rectal 
bleeding (see Methods). At the end of the observation period, mice 
were sacrificed, and part of the colon was paraffin embedded for 
subsequent detailed histopathological analyses. In the LP17-treat-
ed group, the number of mice with occult blood in the feces and 

Figure 4
Enhanced disease activity is associated with increased TREM-1 mRNA expres-
sion in the intestinal mucosa of patients with IBD. RNA was isolated from endo-
scopic biopsies of actively inflamed intestinal mucosa and of macroscopically non-
affected areas from CD and UC patients and from normal control samples. (A) 
Semiquantitative RT-PCR was performed for TREM-1 and TNF. Amplification of 
GAPDH is shown as an internal control. One representative example is shown for 
5 normal, 11 CD, and 7 UC patients analyzed. (B) TREM-1 mRNA levels were 
analyzed by quantitative RT-PCR. The cycle number at which the TREM-1 tran-
scripts were detectable was compared with that of GAPDH as an internal control 
and expressed as arbitrary units; indicated are the mean values (± SEM) from at 
least 6 tissue samples per group. **P < 0.01; *P < 0.05.

Figure 5
TREM-1 mRNA and protein expression in the colon correlates with colonic inflammation and is induced early during onset of experimental colitis. 
(A) Kinetics of TREM-1 and TNF transcription in the colon upon colitis induction by CD4+ T cell transfer into RAG2–/– recipient mice (transfer 
model) and the DSS mouse model of intestinal inflammation in C57BL/6 mice. β-Actin was used as a loading control. (B) Western blot analyses 
of colonic tissue samples adjacent to those used for RNA isolation demonstrate the increased TREM-1 protein expression during induction of 
colitis. Tubulin is shown as a control. (C) H&E-stained paraffin-embedded tissue sections demonstrate the onset of histopathological alterations 
after 5 days after cell transfer and after 3 days after DSS administration. Original magnification, ×40. In each model 4 mice were analyzed per 
time point in 2 independent experiments.

Downloaded from http://www.jci.org on July 22, 2015.   http://dx.doi.org/10.1172/JCI30602



research article

	 The	Journal	of	Clinical	Investigation      http://www.jci.org      Volume 117      Number 10      October 2007  3101

rectal bleeding was significantly reduced compared with the con-
trol-treated animals (Figure 6A). Generally, in both mouse models 
of colitis, the LP17 treatment significantly attenuated the shorten-
ing of the colon by approximately 50% (Figure 6B).

To quantitate the histological alterations present in the colon 
of experimental mice, a semiquantitative colitis scoring system 
ranging from 0 (no histopathological alterations) to 15 (most 
severe histopathological alterations) was established (see Meth-
ods). The results of these histopathological analyses of colonic 
tissue sections are summarized in Figure 6C. Control-treated 
animals in both models revealed severe histopathological alter-
ations of the colon; LP17-treated mice, however, showed only 
moderate signs of histopathological alterations, with a signifi-
cantly lower colitis score (Figure 6C).

Consistent with the data in patients with active IBD, TNF and 
TREM-1 mRNA expression were increased in the affected colon of 
colitic mice and correlated with disease activity (Figures 4 and 5).  
Hence, we also compared TREM-1 and TNF mRNA expression 
levels in the LP17-treated and control-treated colitic mice. Tissue 
samples from identical distal parts of the colon from all mice were 
used for analysis. TREM-1 mRNA expression was generally absent 
in the colon of normal RAG2–/– and C57BL/6 mice, whereas low 
TNF mRNA expression was detected (Figure 6D). Colitic mice 
treated with the control peptide invariably showed strong induc-
tion of TREM-1 and TNF mRNA in the affected colon. LP17-treat-

ed mice, however, showed low levels of TNF mRNA and TREM-1 
mRNA (Figure 6D), confirming the inflammation-attenuating 
effects of blocking TREM-1 engagement in vivo.

TREM-1 may represent an attractive target for the treatment of chronic 
inflammatory disorders. Finally, we wanted to assess whether TREM-1 
inhibition can also correct intestinal inflammation after onset of 
colitis. To perform these experiments, we used the DSS model of 
colitis, as it shows highly reproducible kinetics of disease induc-
tion. On day 3 after DSS administration, the mice had persistent 
diarrhea and bloody stools (detected by hemo FEC) and showed 
early histopathological signs of colitis. Based on these signs, we ana-
lyzed a baseline group of animals on day 3 and started treatment 
with either an antagonistic TREM-1 peptide (LP17) or a sequence-
scrambled peptide (control) until analysis on day 9 (Figure 7A). In 
the LP17-treated group, the number of mice with occult blood in 
the feces and rectal bleeding was significantly reduced compared 
with the control-treated animals and the mice analyzed on day 3 
(Figure 7B). The LP17-treated mice also showed less colonic short-
ening compared with the control-treated mice (Figure 7C).

The histopathological scores obtained on day 3 of DSS admin-
istration  confirmed  the  onset  of  an  inflammatory  reaction 
in the colonic mucosa at this time. At the end of the observa-
tion period, experimental mice that received DSS but in which 
TREM-1–TREM-1L interactions were left intact revealed massive 
alterations of the colon. In contrast, experimental mice that were 

Figure 6
Blocking TREM-1 attenuates intestinal inflammation in 2 distinct mouse models of colitis. Colitis was induced either by the transfer of splenic 
CD4+CD45RBhi T cells into RAG2–/– recipients (top row) or by oral administration of DSS (bottom row). Upon colitis induction, experimental mice 
were treated daily either with an antagonistic TREM-1 peptide (LP17) or with a control peptide. (A) Fecal samples from each mouse were tested 
for the presence of occult blood and bloody diarrhea to obtain the stool consistency score (see Methods). Data are presented as mean ± SEM;  
n = 10. (B) The colon length of each mouse was measured from the end of the cecum to the anus; indicated are the mean loss of colon length 
(%) at the end of the experiment. (C) The colitis scores for the 2 groups (LP17-treated and control-treated) were determined as described in 
Methods. (D) PCR analysis for TREM-1 and TNF mRNA was performed on identical segments of the distal colon in untreated mice (RAG2–/–; 
C57BL/6 [B6]) and antagonistic TREM-1– (LP17-) and control peptide–treated mice upon colitis induction. β-Actin was used as loading control. 
Results for 1 representative unmanipulated control mouse and 2 representative experimental mice per group are shown. ***P < 0.001; n = 10.
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