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Abstract: The need for reliable biomarkers for monitoring disease activity in patients with ulcerative colitis (UC) is 
increasing. This study aimed at characterizing the correlation between serum sTREM-1 levels and diseases activity 
in Chinese patients with UC. Consecutive 76 patients with UC and 20 healthy subjects were prospectively enrolled. 
The disease activity of UC was assessed according to Mayo Score. Expression levels of TREM-1 in peripheral blood 
mononuclear cells (PBMCs) and serum sTREM-1 levels were evaluated at the time when the disease activity was 
determined. Other laboratory parameters, including erythrocyte sedimentation rate (ESR) and C-reactive protein 
(CRP) were also determined. Both TREM-1 expression levels in PBMCs and serum sTREM-1 levels from patients with 
UC were significantly increased compared to healthy subjects. In addition, the levels of TREM-1 expression and se-
rum sTREM-1 were significantly elevated in UC patients with moderate or severe disease compared to the patients 
with quiescent or mild disease. More importantly, both levels of TREM-1 expression in PBMCs and serum sTREM-1 
levels were significantly correlated with disease activity. The correlation between sTREM-1 and disease activity was 
higher than the correlations between CRP and disease activity or ESR and disease activity. Our findings suggest that 
serum sTREM-1 could be a potential serum biomarker for monitoring disease activity in Chinese patients with UC, 
and could be a promising surrogate for CRP and ESR. 

Keywords: Ulcerative colitis (UC), triggering receptor expressed on myeloid cells-1 (TREM-1), sTREM-1, disease 
activity, Chinese patients

Introduction

Inflammatory bowel disease (IBD), which is 
characterized by recurrent episodes of relapse 
(active disease) and remission (quiescent dis-
ease), is a chronic inflammatory disease that 
affects colon with unknown etiology. Crohn’s 
disease (CD) and Ulcerative colitis (UC) are the 
two main entities [1]. CD and UC differentially 
affect the gastrointestinal tract (GI tract). 
Generally, CD affects any part of the GI, while 
UC only affects large intestine. In addition, the 
lesions in CD localize in the entire bowel wall, 

while the lesions in UC are restricted to the epi-
thelial lining of the gut [2]. The difference in 
lesion location suggests that CD and UC might 
have different pathogenic mechanisms [2]. 

Increasing evidence indicates significant inc- 
rease of the incidence of IBD in Asia, especially 
the incidence of UC [3]. The ratio of incidence of 
UC to CD in Asia was four times higher than that 
in Australia (2.0 vs. 0.5) [4]. Assessment of dis-
ease activity is crucial for tailoring the therapies 
[5]. However, traditional assessments of dis-
ease activity, such as Clinical Disease Activity 
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Index (CDAI) are subjective and may not accu-
rately reflect the true disease status. Moreover, 
histopathological or endoscopic examinations 
are invasive and time consuming, and are 
unsuitable for routine practice [6]. Serum bio-
markers, including C-reactive protein (CRP) and 
erythrocyte sedimentation rate (ESR), are rou-
tinely checked in IBD patients to assess dis-
ease activity and predict disease progression. 
It is now appreciated that there is a remarkable 

heterogeneity in CRP levels between CD and UC 
[7-9]. CRP levels correlate less well with dis-
ease activity in patients with UC compared to 
CD [7-9]. Therefore, there has been a strong 
need for reliable biomarkers to reflect disease 
severity and predict disease progression in UC. 

Triggering receptor expressed on myeloid cells-
1 (TREM-1), a member of the immunoglobulin 
superfamily, expressed on neutrophils and mo- 

Table 1. The Characteristics of health control and patients with ulcerative colitis 

Demographic properties HC
(n = 20)

Quiescent
(n = 19)

Mild
(n = 23)

Moderate
(n = 18)

Severe
(n = 16)

P-value
(Overall)

Age (yrs, mean ± SD) 38.3 ± 11.8 43.8 ± 16.3 42.3 ± 13.1 44.8 ± 15.0 34.3 ± 12.7 0.152

Gender (M/F) 9/11 11/8 9/14 10/8 6/10 0.467

Body Mass Index (mean ± SD) 23.0 ± 2.2 23.9± 1.4 23.2 ± 1.5 22.7 ± 1.1 23.3 ± 1.5 0.238

Duration (yrs, mean ± SD) NA  7.4 ± 6.8 8.2 ± 5.2 8.0 ± 6.3 5.3 ± 4.3 0.454

Smoking 3 5 5 4 2  0.794*

Alcohol Consumption (>5 drinks per week) 2 3 4 4 1  0.642*

TREM-1 mRNA (2-ΔΔCt, mean ± SD) 1.04 ± 0.07 1.25 ± 0.20 3.58 ± 0.38 10.16 ± 1.06 22.38 ± 4.25 < 0.001

sTREM-1 (pg/ml, mean ± SD) 106 ± 30 139 ± 35 175 ± 38 239 ± 67 296 ± 79 < 0.001

ESR (mm/hr, mean ± SD) 6.15 ± 3.41 6.32 ± 5.95 13.26 ± 10.19 19.00 ± 13.42 19.19 ± 11.37 0.001

CRP (ng/dl, mean ± SD) 2.86 ± 1.30 2.85 ± 5.34 10.58 ± 18.98 12.36 ± 16.68 11.92 ± 11.09 0.152

Hb (g/L, mean ± SD) 127.3 ± 7.4 137.1 ± 16.6 132.1 ± 43.3 128.4 ± 18.6 119.0 ± 26.3 0.328
*Exact r × c contingency table. NA, not applicable; TREM-1, triggering receptor expressed on myeloid cells-1; sTREM-1, soluble triggering receptor expressed on myeloid 
cells-1; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

Figure 1. (A) TREM-1 mRNA expression and 
(B) sTREM-1 level in UC patients with quies-
cent or active disease and health controls. 
(C) Correlation between TREM-1 mRNA and 
sTREM-1 level. NS, no significance, **, P < 
0.001; ***, P < 0.0001.
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nocyte/macrophages, has been identified up- 
regulated in various inflammatory conditions 
[10]. TREM-1 can be secreted as soluble form 
(sTREM-1), and sTREM-1 has been utilized as 
indicative of microbial infections [11]. Inter- 
estingly, it has been suggested that TREM-1 is 
involved in the pathogenesis of IBD, as TREM-1 
expression in the intestine was upregulated 
and correlated with disease activity in a mouse 
model of colitis and in patients with IBD [12]. 
However, it still remains controversial whether 
TREM-1 could be used as a biomarker for 
assessing disease activity in patients with UC. 
One group from Switzerland reported that 
serum sTREM-1 levels were weakly correlated 
with disease activity in patients with UC [13], 
while other studies from South Korea and 
Greece showed that serum sTREM-1 levels 
were highly correlated with disease activity in 
patients with UC [14, 15]. Given that different 
genetic or environmental factors may influence 
the epidemiology and clinical characteristics of 
UC among different racial groups, it is impor-
tant to evaluate the potential of TREM-1 as a 

biomarker for monitor disease activity in Chi- 
nese patients with UC.

Materials and methods 

Subjects and specimen collection

A total of 76 patients with UC and 20 healthy 
controls (HC) were enrolled prospectively in the 
study. All patients were diagnosed and man-
aged at the Department of Gastroenterology, 
Peking Union Medical College Hospital (PUMCH) 
between March 2008 and February 2009. All 
subjects are unrelated. All UC diagnoses were 
confirmed by established international criteria 
based on clinical, endoscopic, histological and 
radiological findings. Individuals with malignan-
cy, infectious or ischemic colitis, liver cirrhosis 
and other localized or systemic infection were 
excluded. Healthy subjects without any signs of 
infection or inflammation or other significant ill-
nesses were considered as control. The Ethical 
Committee of PUMCH approved this study and 
informed consent was obtained from all par- 
ticipants.

Figure 2. Correlations between various biological markers and endoscopic activity indexes. Correlation between 
endoscopic activity and TREM-1 mRNA expression (A), endoscopic activity and sTREM-1 (B), endoscopic activity 
and CRP (C), and endoscopic activity and ESR level. (D) The correlations between variables were assessed using 
Spearman’s rank correlation coefficient. 
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Disease activity determination  

Disease activity was assessed according to 
Mayo Score/disease active index (DAI), which 
included number of bowel movements per day, 
the presence or absence of blood, endoscopy 
scoring, and physician’s global assessment 
[16]. The endoscopic findings for UC were gro- 
uped as follows: quiescent, mild disease (ery-
thema, decreased vascular pattern, mild friabil-
ity), moderate disease (marked erythema, lack 
of vascular pattern, friability, erosions), or 
severe disease (spontaneous bleeding, ulcer-
ation). For each patient, the clinical severity of 
UC was scored at the time of colonoscopy by a 
single gastroenterologist unaware of the endo-
scopic results and biological makers.

RNA isolation

Heparinized venous blood sample (3 ml) was 
obtained from individual subject. The peripher-
al blood mononuclear cells (PBMCs) were iso-
lated within 2 hours post collection, then sus-
pended in Trizol (Invetrogen, USA) and stored at 
-80°C. RNA was isolated using the Qiagen 
RNeasy Mini kit (Qiagen Germany) and follow-
ing the manufacturers’ instructions.

Quantitative RT-PCR for TREM-1 mRNA

cDNA was generated with PrimeScript™ RT-PCR 
Kit (Takara, Japan) from the extracted RNA (10 
mg). Expression of TREM-1 mRNA was analyzed 
on a Light Cycler 2.0 Real-time PCR System 
(Roche Diagnostics, Switzerland) using SYBR® 
Premix Ex Taq™ (Takara, Japan). The house-
keeping gene β-actin was used for normaliza-
tion of TREM-1 mRNA expression. The primers 
utilized were as follows. For Trem-1 (221 bp): 
sense primer 5’-CTTGGTGGTGACCAAGGGTTT- 
TTC-3’ and antisense primer 5’-ACACCGGAA- 
CCCTGATGATATCTGTC-3’. For β-actin (123 bp): 
sense primer 5’-TGTACGCCAACACAGTGCTG-3’ 
and antisense primer 5’-TCAGGAGGAGCAAT- 
GATCTTG-3’. The copy number was calculated 
from cycle threshold values using the 2-ΔΔCt val-
ues of healthy subjects as 1.

Determination of sTREM-1 and other biomark-
ers in the sera 

Serum sTREM-1 was measured with Human 
TREM-1 Quantikine ELISA Kit (R&D systems, 
USA) according to the manufacturer’s protocol. 
The levels of serum C-reactive protein (CRP) 
were assessed by a nephelometric method 

Figure 3. Correlations between various biological markers and the DAI score. Correlation between DAI and TREM-1 
mRNA expression (A), DAI and sTREM-1 (B), DAI and CRP (C), and DAI and ESR level. (D) The correlations between 
variables were assessed using Spearman’s rank correlation coefficient. DAI, disease activity index for Ulcerative 
Colitis.
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(Beckman Coulter, USA). The erythrocyte sedi-
mentation rate (ESR) and the contents of blood 
plasma hemoglobin (Hb) were determined by 
Westergren method (Greiner, Austria) and mea-
sured by an automated hematology analyzer 
XE-5000 (Sysmex, Japan), respectively.

Statistical analysis

Statistical analysis was performed with Gra- 
phPad Prism software version 5.0c. Results are 
expressed as means ± standard deviation (SD). 
Continuous variables were compared using 
either the independent t-test or Mann-Whitney 
U test and categorical variables were compared 
with a chi-square test or Fisher’s exact test. 
The correlation between variables was evalu-
ated with Spearman’s rank of order. Serial 

receiver operating characteristic (ROC) curves 
(± 95% confidence interval [CI]) were used to 
calculate the area under the ROC (AUC) and 
define optimal cutoff values of sTREM-1 accord-
ing to endoscopic severity grade. P < 0.05 was 
considered as significant.

Results

Clinical characteristics 

Clinical characteristics and laboratory findings 
of patients with UC and healthy controls are 
shown in Table 1. No significant differences 
within the groups regarding demographic prop-
erties such as age, sex, duration, smoking and 
alcohol usage were identified. Of the 76 UC 
patients, 19 (25%) patients exhibited quiescent 

Figure 4. ROC curves for various biological markers to differentiate UC patients with active and quiescent disease. 
AUC, area under the curve. 
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disease activity, 23 (30.3%) exhibited mild 
activity, 18 (23.7%) exhibited moderate activity, 
and 16 (21%) exhibited severe disease activity. 

TREM-1 mRNA expression in PBMCs and se-
rum sTREM-1 levels in patients with UC and 
healthy controls

TREM-1 mRNA expression in PBMCs was 
increased in UC patients with active disease 
compared to those in patients with quiescent 
disease or healthy controls (P < 0.001) (Figure 
1A). The levels of serum sTREM-1 in patients 
with active disease were significantly higher 
than those in patients with quiescent disease 
and healthy controls (P < 0.001) (Figure 1B). In 
addition, serum sTREM-1 levels were signifi-
cantly higher in patients with quiescent diseas-
es than in healthy controls (Figure 1A and 1B). 
In patients with active disease, there was sig-
nificant correlation between PBMCs TREM-1 
mRNA expression and serum sTREM-1 levels (r 
= 0.64 P < 0.0001) (Figure 1C).

Correlations among various biological mark-
ers and endoscopic activity grade as well as 
disease activity index (DAI)

In patients with UC, all the three serum bio-
markers (sTREM-1, ESR and CRP) as well as 
TREM-1 mRNA levels were significantly corre-
lated with endoscopic activity indexes. TREM-1 
mRNA expression had the strongest correlation 
with endoscopic activity (r = 0.838, P < 0.001), 
followed by serum sTREM-1 levels (r = 0.737, P 
< 0.001), ESR (r = 0.442, P < 0.001) and CRP (r 
= 0.392, P < 0.001) (Figure 2). Correlations 
between TREM-1 mRNA expression (r = 0.822, 
P < 0.001) or serum sTREM-1 level (r = 0.722, P 
< 0.001) with disease activity index (DAI) were 
higher than ESR (r = 0.447, P < 0.001) or CRP (r 
= 0.399, P < 0.001) (Figure 3).

Receiver operator characteristic (ROC) curves 
of various biological markers and the cutoff 
values of serum sTREM-1 for monitoring dis-
ease activity

Receiver operator characteristic (ROC) curves 
of various biological markers for differentiating 
between active disease and quiescent disease 
in patients with UC are shown in Figure 4. The 
area under the ROC (AUC) of TREM-1 mRNA 
expression (0.94) and serum sTREM-1 levels 
(0.87) were higher than ESR (0.78) and CRP 
(0.80), indicating a better performance of TR- 
EM-1 mRNA expression and serum sTREM-1 
levels in identifying active versus quiescent dis-
ease in patients with UC. The cutoff values of 
serum sTREM-1 level were determined by ROC 
curves for differentiating among the quiescent, 
mild, moderate, and severe disease activities. 
The optimal cutoff values of serum sTREM-1 
level for differentiating between the quiescent 
and mild, mild and moderate, and moderate 
and severe disease activity were 183.2, 225.5, 
and 296.5, respectively (Table 2).

Discussion

In this study, we showed that the levels of 
TREM-1 in PBMCs as well as the levels of serum 
sTREM-1 correlated with disease activity in 
Chinese patients with UC, indicating the poten-
tial role of TREM-1 as a biomarker for monitor-
ing disease activity in UC. 

TREM-1 was first identified as a critical pro-
inflammatory mediator in sepsis by amplifica-
tion of inflammation [10]. The levels of sTREM-1 
in the serum have appeared to be a valuable 
marker for early diagnosis of sepsis [11]. 
Recently, elevated levels of sTREM-1 have been 
reported in autoimmune diseases and inflam-
matory diseases. In patients with rheumatoid 

Table 2. Cutoff values of sTREM-1 according to endoscopic severity grade
Endoscopic findings Cutoff (pg/ml) AUC of ROC Curve Confidential Interval Sensitivity Specificity
Quiescent 

183.2 0.761 0.617-0.904 52.2% 89.5%
Mild 

225.5 0.768 0.612-0.924 61.1% 97.5%
Moderate 

296.5 0.682 0.503-0.862 50% 77.8%
Severe 
sTREM-1, soluble triggering receptor expressed on myeloid cells-1; AUC, area under the curve; ROC, receiver operating charac-
teristic.
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arthritis (RA), increased levels of sTREM-1 were 
observed in serum [17] or in synovial fluid [18]. 
Intervention of TREM-1 pathway ameliorated 
the disease in collagen-induced arthritis (CIA) 
model [19]. In addition, serum sTREM-1 levels 
were found increased in intestinal Behcet’s dis-
ease, and the level of sTREM-1 correlated with 
clinical disease activity [20]. 

The association between TREM-1 and inflam-
matory bowel disease (IBD) was first described 
in 2007 by Schenk M, et al [12]. They showed 
higher levels of TREM-1 positive macrophages 
in the lamina propria of patients with IBD as 
well as increased levels of TREM-1 mRNA and 
protein in the colonic tissue of mouse models 
of colitis. Furthermore, administration of TREM-
1 antagonists had therapeutic effect in estab-
lished colonic inflammation. More importantly, 
elevated levels of sTREM-1 were identified in 
the serum of patients with IBD [13-15]. Con- 
sistent with these studies, we found greatly 
enhanced levels of TREM-1 mRNA in the PBMCs 
and sTREM-1 in the serum in patients with UC 
compared to healthy controls. Moreover, we 
observed significantly elevated levels of TREM-
1 mRNA and sTREM-1 in UC patients with active 
disease compared with UC patients with quies-
cent disease. Taken together, these findings 
reveal a critical role for TREM-1 in the patho-
genesis of UC, and indicate targeting TREM-1 
could bring therapeutic beneficial for patients 
suffering from UC.

More importantly, we found a strong correlation 
between serum sTREM-1 levels and disease 
activity in patients with UC. The correlation 
between serum sTREM-1 levels and disease 
activity was higher than the correlations 
between CRP and disease activity (0.737 vs. 
0.392) or ESR and disease activity (0.737 vs. 
0.442). Currently, it remains controversial wh- 
ether serum sTREM-1 should be used as a 
marker for monitoring disease activity. Studies 
from Switzerland showed that levels of sTREM-
1 was significantly increased in UC patients 
with active disease compared to UC patients 
with quiescent disease, but this increase was 
not observed in CD patients with active disease 
compared to CD patients with quiescent dis-
ease. Interestingly, they did not find significant 
correlation between intestinal TREM-1 mRNA 
expression and serum sTREM-1 levels in either 
UC patients or CD patients, suggesting that 

serum sTREM-1 may not be an accurate marker 
for disease activity in IBD patients [13]. In con-
trast, studies from South Korea showed that 
sTREM-1 was highly correlated with disease 
activity in IBD patients, especially in UC patients 
[14]. In that study, the correlation coefficient 
between serum sTREM-1 level in UC patients 
and disease activity is 0.849, which is similar to 
that in our study (r = 0.737). In addition, data 
from Greece, another European Country, also 
reported significant correlation between sT- 
REM-1 and endoscopic activity indexes of UC (p 
= 0.009) [15]. Furthermore, they found strong 
correlation between serum sTREM-1 levels and 
TNF-α levels [15]. As different genetic, immuno-
logic, and environmental factors are implicated 
in the pathogenesis of UC, the discrepancy 
between the findings from Europe and Asia 
could be explained by the differences of these 
factors. For example, the genetic risk factor in 
IBD, NOD2/CARD15 mutations, is much less 
common in Asian IBD patients compared to 
those of Caucasians, resulting in less CD preva-
lence [2-4]. 

In summary, our data demonstrated significant 
increase of TREM-1 expression in PBMCs as 
well as the serum levels of sTREM-1 in Chinese 
patients with UC. More importantly, our findings 
suggested sTREM-1 could be used as a poten-
tial biomarker for monitoring disease activity in 
Chinese patients with UC. 
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