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Abstract

AIM: To investigate the probable role of soluble trigger-
ing receptor expressed on myeloid cells-1 (STREM-1) in
the pathogenesis of inflammatory bowel disease (IBD).

METHODS: Fifty-eight patients were enrolled; nineteen
healthy volunteers served as controls; 8 patients were
diagnosed with Crohn’s disease, and 31 with ulcerative
colitis. Clinical and endoscopic activity indexes of patients
with Crohn’s disease and ulcerative colitis respectively
were estimated. Upon admission blood was sampled;
STREM-1 and TNFa were measured by an immunoassay
and malondialdehyde (MDA) by the thiobarbiturate as-
say, after passage through an HPLC system.

RESULTS: Median + SE of TNFoa of controls, patients
with Crohn’s disease and patients with ulcerative colitis
were 6.02 = 3.94, 7.98 = 5.08 (P = NS vs controls), and
8.45 £ 4.15 ng/L (P = 0.018 vs controls) respectively.
Respective values of STREM-1 were 53.31 + 32.93,
735.10 £ 197.17 (P = 0.008 vs controls) and 435.82 *
279.71 ng/L (P = 0.049 vs controls). STREM-1 was posi-
tively correlated with Crohn’s disease activity index and
clinical and endoscopic activity indexes of ulcerative coli-
tis (P = 0.002, 0.001 and 0.009, respectively). STREM-1
of patients with ulcerative colitis was positively correlated
with TNFa (P = 0.001).

CONCLUSION: sTREM-1 seems to behave as a novel
mediator in IBD in correlation with the degree of the in-
flammatory reaction of the intestinal mucosa.

© 2006 The WIG Press. All rights reserved.

Key words: STREM-1; Pro-inflammatory cytokines; Malo-

www.wjgnet.com

ndialdehyde; Inflammatory bowel disease

Tzivras M, Koussoulas V, Giamarellos-Bourboulis EJ,
Tzivras D, Tsaganos T, Koutoukas P, Giamarellou H, Archi-
mandritis A. Role of soluble triggering receptor expressed
on myeloid cells in inflammatory bowel disease. World J
Gastroenterol 2006; 12(21): 3416-3419

http://www.wjgnet.com/1007-9327/12/3416.asp

INTRODUCTION

Accumulated evidence over the last decade demonstrates
that inflammatory bowel disease (IBD) is a heterogeneous
group of diseases resulting from different pathogenetic
mechanisms with a common symptomatic expressionm.
Dysfunction of the innate and adaptive immune systems
associated with gut mucosa might involve impairment
of mucosal barrier function and development of local-
ized or systemic inflammatory and autoimmune proc-
esses™. Triggering receptor expressed on myeloid cells
(TREM)-1 1s a recently discovered receptor expressed on
the surface of neutrophils and monocytes in the presence
of microbial components. Engagement of TREM-1 has
been reported to trigger the synthesis of proinflammatory
cytokines, though its expression failed to elevate in several
autoimmune diseases™™”. Expression of TREM-1 was not
identified on cell membranes of macrophages of intestinal
lamina propria; its absence was connected with prevention
of excessive inflammatory reactions by bacterial flora, and
thus, of any tissue damage of the intestine'”.

A soluble form of TREM-1, named sTREM-1,
has been found; it is thought to be released from cell
membranes as a result of the severity of inflammation.
sTREM-1 was found elevated in samples of gastric juice
of patients with peptic ulcer disease; its correlation with
gastritis score leads to the assumption of a probable im-
plication of sTREM-1 in the pathogenesis of gastritism.
Based on the latter findings in gastric diseases, the present
study aimed to clarify the significance of sSTREM-1, if any,
in inflammatory bowel disease.

MATERIALS AND METHODS
Subjects

Fifty-cight patients were enrolled in the prospective



Tzivras M et al. sTREM-1 implication in IBD

3417

study from January 2001 to June 2001; nineteen healthy
volunteers served as controls; eight patients wete
diagnosed with Crohn’s disease; and 31 with ulcerative
colitis. Exclusion criteria for the study were (1) gastric
or colonic neoplasia, (2) liver cirrhosis, (3) any history
of administration of monoclonal anti-TNFq antibodies
(infliximab, adalimubab) or soluble TNFa receptors
(etanercept), (4) concurrent existence of infectious or
ischemic colitis and (5) patients with Crohn’s disease
type L4B2 and L4B3 classified according to Vienna
classification system"”.,

Crohn’s disease was confirmed by findings on barium
radlography endoscopy, and histopathology, as described
by others"”. The activity of Crohn’s disease among patients
was defined according to Crohn’s Disease Activity Index
(CDALI). Patients with CDAI score ranging between 150
and 400 were thought to have mild activity of the disease
and patients with CDAI score ranging between 400 and
600 were thought to have severe activity. Remission was
considered when CDALI score was less than 150"

The diagnosis of ulcerative colitis relied on history,
stool examination, the sigmoidoscopic ot colonoscopic
appearance and the histological assessment of rectal
ot colonic specimens. Activity of ulcerative colitis was
defined by its clinical and endoscopic severity. According
to its clinical severity patients were categorized as suffering
from disease remission, or mild, moderate, and severe
disease as described previously; the latter disease activity
was graded between 0 and 3, respectively'. According to
endoscopic findings a system scaling between 0 and 4 was
applied. The latter system is as follows: 0: normal mucosa, 1:
loss of vasculat pattern, 2: granular mucosa, 3: friability on
rubbing and 4: spontaneous bleeding or ulceration of the
mucosa”,

Patients with no clinical, laboratory, histological and
endoscopic abnormalities who underwent colonoscopy
served as controls. The study was conducted in accordance
to the Helsinki Declaration. Upon admission, a total of 20
mL of blood wete collected after puncture of one forearm
vein. Ten mL was added into 40 mL of trypticase soy
broth (Becton Dickinson) for quantitative blood culture.
The other 10 mL of blood was collected in a sterile
tube and centrifuged; the supernatant was kept at -70°C
until assayed. Serum was applied for the estimation of
sTREM-1, TNFq, and malondialdehyde (MDA).

Estimation of sSTREM-1

Estimation of sSTREM-1 was performed by a home-made
enzyme immunoassay. Capture antibody of sTREM-1
(R&D Inc, Minneapolis, USA) was diluted to 4000 mg/L
and distributed in a 96-well plate at a volume of 0.1 mL
per well. Samples of serum were centrifuged at 12 000
g for 10 min and the supernatants were removed. Af-
ter overnight incubation at 25°C, wells were thoroughly
washed with a 0.5 g/L solution of Tween in PBS (Metck)
(pH: 7.2-7.4). Then 0.1 mL of standard concentrations of
STREM-1 (15.1-4000 ng/L, R&D Inc) diluted with reagent
diluent (10 g/L BSA in PBS, pH 7.2-7.4, 0.2 micron fil-
tered) serving as a buffer or of serum was added in wells.
After incubation for two houts, wells were washed thrice,

and 0.1 mL of one 400 ng/mL dilution of sSTREM-1
detection antibody (R&D Inc) was added per well. The
plate was then incubated for two hours, and attached an-
tibodies were signalled by streptavidin. Concentrations
of STREM-1 in each well were estimated by the optical
density detected at 450 nm after addition of one 1:1 solu-
tion of H202: tetramethylbenzidine as a substrate (R&D
Inc). STREM-1 concentration was expressed in ng/L. All
determinations were petformed in duplicate; the inter-day
vatiation of the assay was 5.23%.

Estimation of TNFo.

Tumor necrosis factor alpha was measured in serum with
an enzyme immunoassay (Amersham, London, UK). Low-
est limit of detection was 0.5 ng/L. All measurements
were performed in duplicate and cytokine concentrations
were expressed as ng/L.

Estimation of malondialdehyde (MDA)

Lipid peroxidation was estimated by the concentration
of MDA, as already described"”. Briefly, a 0.1 mL aliquot
of each sample was mixed to 0.9 mL of trichloroacetic
acid 200 g/L (Merck) and centrifuged at 12 000 g, 4°C
for 10 min. The supernatant was removed and incubated
with 2 mL of thiobarbituric acid 2 g/L. (Merck) for 60
min at 90°C. After centrifugation, a volume of 10 pL of
the supernatant was injected into a high-performance lig-
uid chromatography system (HPLC, Agilent 1100 Series,
Waldbronn, Germany) with the following characteristics
of elution: Zorbax Eclipse XDB-C18 (4.6 mm X 150 mm,
5 pm) column below 37°C; mobile phase consisting of a
50 mmol/L K5PO4 (pH 6.8) buffer and methanol 990 g/L
at a 60/40 ratio with a flow rate of 1 mL/min; fluoro-
metric detection with signals of excitation at 515 nm and
emission at 535 nm. The retention time of MDA was 3.5
min and it was estimated as p,mol/ L by a standard curve
created with 1, 1, 3, 3-tetramethoxy-propane (Merck). All
determinations were performed in duplicate.

Statistical analysis
Comparison between groups was made by Mann-Whitney
U test. Correlations between concentrations of STREM-1,
TNFa and MDA and severity indexes were performed ac-
cording to Spearman’s rank of order. P < 0.05 was consid-
ered as significant.

RESULTS

Patients’ clinical and demographic characteristics are
shown in Table 1. Blood cultures obtained from patients
of all study groups were sterile. Concentrations (Median
* SE) of sSTREM-1 of controls, patients with Crohn’s
disease, and patients with ulcerative colitis were 53.31 =+
32.93, 735.10 £ 197.17 (P = 0.008 »s controls), and 435.82
1 279.71 (P = 0.049 vs controls) ng/L, respectively (Table
1). Respective concentrations of TNFa, were 6.02 £ 3.94,
7.98 £ 5.08 (P = NS us controls), and 8.45 £ 4.15 (P = 0.018
vs controls) ng/L (Table 1). Respective concentrations of
MDA were 0.93 £ 0.23, 1.46 + 0.56, and 1.49 £ 0.61 (P =
0.041 »s controls) umol/L (Table 1). The concentrations
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Demographic data Control group Crohn’s disease Ulcerative Activity index TNFa sTREM-1 MDA
colitis (ng/L) (ng/L) (umol/L)
Gender (Male/Female) 12/7 3/5 18/13 UC Clinical AI
Age (mean + SD, yr) 642+148  294+130 438+164 Grade 0 419+152 7.09 +4.90 1.74+0.11
White blood cells 79+23 9.0+3.0° 9.5+3.6 1 5.13 £ 0.98 18.91 £ 15.00 1.87 £1.05
(mean +SD, x 10°/ L) 2 4.98 £0.42 288.28 £133.82°  1.83£0.46
Platelets count , 237 + 56 187 +38° 179 £ 33° 3 9.98 +1.23° 1596.45 + 397 38" 1.97 + 031
(aremmz S0, 5y L) UC endoscopic Al
Blood cultures sterile sterile sterile
Grade 0 433+151 491321 136 +0.11
Clinical activity ) i 1.52£0.26 1 513+0.98 18.91 +15.00 1.87£1.05
index of UC (mean + SD) e U T
Endoscopic activity i ] s 2 486+041  28828:133.82°  1.66+0.43
index of UC 3 898+042°  1108.19+309.95° 1.74+0.39
(mean * SD) 4 21.99 +10.50° 2281.25 + 556.77° 1.91 £ 0.50
Crohn’s disease activity - 331.81+117.25 - CDAI
isies (e 5 60) Score < 150 488+1.44 491321 1.78 +0.11
TNFa (median 'J_r SE, ng/L) 6.0+3.9 8.0£51 i 84+42 150-400 521 +0.88 16.03 +4.19 1.88 +0.67
STREM-1 (median * SE, ng/L) 53+33 735 +197 435 £ 279 400-600 567+ 091 2081.25 + 556.77" 1.95+0.95
MDA (median £ SE, pmol/L)  093+023  146+056 149 0.61°
°P < 0.05, °P < 0.01 vs grade 0 and score < 150.
2P <0.05, °P < 0.01 vs controls.
of sSTREM-1 were higher in patients with severe degree of Ulcerative colitis
. i ) . . , A 4000 -
Crohn’s disease than in patients in remission of Crohn’s
disease (P = 0.032, Table 2). %
Correlation between sTREM-1 and TNFa of patients < 3000f
i
with ulcerative colitis was significant (P = 0.001) (Figure 1). = .
No cotrelation in patients with ulcerative colitis was found = 2000 P =0.001, 7 = + 0.899
" |
between sSTREM-1 and MDA, and TNFa and MDA, s
consecutively; nor was correlation found in patients with é N
Crohn’s disease between STREM-1 and TNFq, sSTREM-1 g 1000 -
and MDA and TNFgq and MDA. g L
8 + o+
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Triggering receptor expressed on myeloid cells (TREM-1)
is a recently discovered receptor on cell membranes of
neutrophils and monocytes involved in inflammatory
processes and activated by microbial components. En-
gagement of TREM-1 has been reported to trigger the
synthesis of proinflammatory cytokines'”. sSTREM-1 is
the soluble counterpart of TREM-1 that is increased in
gastric juice of patients with peptic ulcer disease”. Based
on the latter involvement of STREM-1 in diseases of the
gastric mucose, it was hypothesized that STREM-1 might
be implicated in inflammation of intestinal mucosa. Our
data revealed that STREM-1 was increased in the sera of
patients with ulcerative colitis and Crohn’s disease (Tables
1 and 2). Various hypotheses could be made to explain the
mechanism of increase of STREM-1 based on the role of
bacteria and fungi to trigger TREM-1". 1t might be as-
sumed that STREM-1 was increased as a consequence of
two probable conditions related with a microbial infection;
(1) bacteremia as a result of bacterial translocation through
the inflamed intestinal mucosa, and (2) infectious colitis.
Both mechanisms are unfavorable for the following two
reasons: (1) patients with infectious colitis were excluded
from the study, and (2) quantitative blood cultures ob-
tained from patients of all study groups were found sterile.
Furthermore no differences were found for white blood
cell and platelet counts between controls and patients with
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Figure 1 Correlations between sSTREM-1, TNFo. of IBD patients.

ulcerative colitis as well as between controls and patients
with Crohn’s disease (Table 2). So, it might be presumed
that sSTREM-1 increase was not a result of a microbial in-
fection.

The similar kinetics of sSTREM-1 and TNFq might
indicate the implication of sSTREM-1 in the pathogenetic
mechanisms leading to IBD. Evolution of IBD seems to
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result from the derangement of balance between pro-in-
flammatory cytokines and mediators with anti-inflammato-
ry activity. The latter imbalance contributes to impairment
of mucosal barrier function leading to colonic inflamma-
tion"”. sSTREM-1 was increased only in IBD of moderate
and severe degree signifying the possibility that sSTREM-1
might be an indicator of the severity of the colonic inflam-
mation (Table 2) reflecting the degree of the inflammatory
reaction taking place in the intestinal mucosa.

The significance of MDA increase in IBD has al-
ready been described by others''™'”. MDA is a compound
functioning as an indicator for the severity of oxidative
stress. Oxidative stress seems to be involved in the patho-
genesis of several inflammatory processes''®'". In the
present study, MDA was not correlated with sSTREM-1.
The latter finding could be explained due to the fact that
MDA is an indicator of lipid peroxidation that is not spe-
cific to IBD. The present data show for the first time, to
our knowledge, that sSTREM-1 levels correlate with clinical
disease degree and TNFq, levels in ulcerative colitis, rais-
ing the possibility that it is a mediator in this condition.
Further research is mandatory to elucidate the role of
STREM-1 in the evolution from the initial immunologic
events occurring in the inflamed intestinal mucosa to the
development of inflammatory bowel disease.
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