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ABSTRACT

Objective: In inflammatory bowel disease (IBD), there is no re-
liable biomarker, yet. We aimed to determine whether Serum
Soluble Triggering Receptor Expressed on Myeloid Cells-1
(STREM-1) could be useful as a marker for the diagnosis and/or
the determination of disease activity in patients with IBD.

Material and Method: A total of 47 patients with ulcerative
colitis (UC) and 25 patients with Crohn’s disease (CD) were pro-
spectively enrolled. Clinical disease activity was analyzed using
the Crohn's Disease Activity Index (CDAI) for CD and the True-
love-Witts index for UC.

Results: sSTREM-1 levels were significantly lower in patients with
IBD compared to healthy controls (p=0.001). In comparison of
the levels of sSTREM-1 between the different groups (CD, UC,
and healthy controls) the difference was statistically significant.
No considerable differences in STREM-1 levels were determined
in patients with active versus quiescent disease. The sTREM-1
levels negatively correlated with C-reactive protein, blood neu-
trophil-lymphocyte ratio, and positively with haemoglobin levels.

Conclusion: sTREM-1 levels are decreased in IBD patients com-
pared with the healthy individuals. It may, therefore, be useful for
the diagnosis of IBD. However, it does not seem to be a precise
marker of disease activity in IBD and cannot be suggested for
assessing disease activity in these patients.

Keywords: sTREM-1, inflammatory bowel diseases, Crohn’s dis-
ease, ulcerative colitis

OZET

Amag: inflamatuar barsak hastaliklan (IBS) tanisinda hentiz uy-
gun bir biyobelirte¢ bulunmamistir. Calismamizda STREM-1 mo-
lektlinin bir belirtec olarak, IBS tanisinda ve hastalik aktivitesini
belirlemede uygunlugunu belirlemeyi amacladik.

Gerec ve Yontem: Toplam 47 Ulseratif kolit ve 25 Crohn hastalidi
tanili vaka calismaya dahil edildi. Crohn hastaligi icin aktiviteyi
belirlemede Crohn Hastaligi Aktivite indeksi (CDAI), tlseratif ko-
liticin ise Truelove-Witts indeksi kullanildi.

Bulgular: Saglikl grupla kiyaslandiginda, sTREM-1 molekdld,
iBS hastalarinda anlamli derecede diisiik saptandi. Ulseratif
kolit, Crohn hastaligi ve saglikli grup arasinda sTREM-1 mole-
kald kiyaslandiginda ise fark istatiksel olarak anlamliydi. Aktif ve
remisyonda olan hastalarda sTREM-1 dulzeylerinde énemli bir
fark bulunmamistir. sSTREM-1 seviyeleri C-reaktif protein, nétro-
fil-lenfosit orani ve hemoglobin dizeyleri ile negatif korelasyon
gosterdi.

Sonug: sTREM-1 seviyeleri IBS'de saglikli bireylere gére daha
dustiktiir. IBS tanisi icin yararl olabilir. Ancak, IBS'de hastalik ak-
tivitesinin belirlemede dogru bir belirte¢ gibi gérinmemektedir
ve bu hastalarda hastaligin aktivitesini degerlendirmek icin éne-
rilemez.

Anahtar Kelimeler: sTREM-1, inflamatuar barsak hastaliklari,
Crohn hastalid, Ulseratif kolit
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INTRODUCTION

In general, inflammatory bowel disease (IBD) refers to
two major diseases: Ulcerative colitis (UC) and Crohn’s
disease (CD). Though UC and CD have different patho-
logic and clinical characteristics, the exact pathogenetic
mechanisms of IBDs are still not understood in detail.

The triggering receptor expressed on myeloid cells-1
(TREM-1) is a cell surface receptor expressed on mono-
cytes/macrophages and neutrophils during acute inflamma-
tion. It is a member of the immunoglobulin superfamily (1).
During inflammation, sTREM-1 is released from the mem-
brane-bounded TREM-1. Studies have shown that bacteria
such as Pseudomonas aeruginosa, Staphylococcus aureus,
and fungi such as Aspergillus fumigatus may up-regulate
TREM-1 expression in the cell culture, peritoneal lavage flu-
id, and tissue samples obtained from infected patients (2, 3).

However, increased levels of sSTREM-1 have also been re-
ported in non-infectious inflammatory diseases such as
systemic lupus erythematosus (4), acute pancreatitis (5),
and chronic kidney disease (6). Thus, sTREM-1 is not only
defined as a diagnostic marker for bacterial or fungal in-
fections but also potentially a new marker for diagnosing
and evaluating the severity of the disease in other inflam-
matory diseases.

Thus, the aims of the present study were: 1) to analyse
and compare sTREM-1 levels in UC and CD patients and
healthy individuals and 2) to search for an answer to the
question of whether sSTREM-1 could be used as a possi-
ble biomarker in IBD for the diagnosis and evaluation of
disease activity.

MATERIAL AND METHODS

Patients and clinical data collection

In the gastroenterology and internal medicine depart-
ments of the University of Health Sciences Okmeydani
Training and Research Hospital, 72 outpatient or hos-
pitalized adult patients with an estimated GFR greater
than 90 (mL/min)/(1.73 m? and with endoscopically and
histopathologically confirmed IBD (47 UC, 25 CD) were
included. This study was approved by the Ethics Com-
mittee of Health Sciences University, Okmeydani Training
and Research Hospital (Date: 28.02.2017, No: 602). Six-
teen healthy controls matched for age and sex with these
patients were included in the study. Their disease activi-
ties were recorded [CD: clinically Crohn’s Disease Activity
Index (CDAI), UC: clinically Truelove-Witts index] at the
time of blood collection (7, 8). Age, gender, type and du-
ration of the disease, area of involvement of the disease
in the bowel, medical treatments, and surgical operation
history were recorded at the time of blood collection.
C-reactive protein (CRP), erythrocyte sedimentation rate
(ESR), and complete blood count results were recorded.

Clinical remission in UC was defined as 1 or 2 stools per
day without blood, absence of fever and tachycardia, nor-
mal hemoglobin levels, and weight gain. Active patients
were categorized as mild, moderate, or severe according
to the Truelove-Witts index.

For CD, active and/or inactive time points were based on
the disease activity scores (active: CDAI>150 points; mod-
erate activity: CDAI:221-450; severe activity: CDAI>450
points; inactive: CDAI<150 points).

Measurement of sSTREM-1

The serum sTREM-1 levels were analysed in all partici-
pants. Blood samples were collected from all of the
participants and left to stand for 30 min at room tem-
perature, centrifuged for 10 min at 4000 rpm, and the
obtained serum was preserved at —-80°C. All stored blood
samples were thawed only once on the analysis day. En-
zyme-linked immunosorbent assay (ELISA) kits were used
with a standardized protocol.

Data analysis and statistics

The Statistical Package for Social Sciences (SPSS) version
24 was used to analyse the data. It has been determined by
the Kolmogorov-Smimov test that the data differ significant-
ly from the normal distribution. Therefore, non-parametric
methods have been used in the analysis of data. Descriptive
statistics (frequency, mean, standard deviation, and mini-
mum, maximum, median) of the variables were calculated.
Significant differences were calculated using the Mann-Whit-
ney U test and Kruskal Wallis test for continuous variables.
To determine the relationship between two continuous vari-
ables, Spearman’s rank correlation was used. P values of less
than 0.05 were considered statistically significant.

RESULTS

Patients’ characteristics

Seventy-two IBD patients (25 CD, 47 UC) and 16 healthy
controls were included in the study. The detailed demo-
graphic and clinical characteristics of the study partici-
pants are presented in Table 1.

Table 1: Characteristics of IBD patients and healthy
controls

ucC CcD Control
Number of
individuals (n) 47/ 25 16
Males 25 12 8
Age (years) 498 35.8 42.2
(range) (18-69) (25-55) (24-62)
Active/ 28/19 19/6
remission (n)
Smokers 20 15 9
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The sTREM-1 levels in IBD patients and healthy con-
trols

The patients with CD and UC were evaluated as a single
disease group (IBD) and compared with healthy controls
(Table 2, Figure 1). As shown in Figure 1 and Table 2,
SsTREM-1 levels were significantly lower in patients with
IBD (mean:221+228 pg/ml) compared to healthy con-
trols (mean:502+404 pg/ml) (p=0.001). There was also a
statistically significant difference between patient and
control groups regarding serum CRP (p<0.0001) and ESR
(p<0.0001) levels, blood neutrophil-lymphocyte ratio
(NLR) (p=0.003), platelet counts (p=0.004), and haemo-
globin (p<0.0001) levels.

In comparison of the STREM-1 levels between the differ-
ent disease groups and controls (CD:mean=169+105, UC:
mean=249+269 and healthy controls: mean=502+404
pg/ml) the difference was also statistically significant
(p=0.004) (Table 3, Figure 2).

When using the Spearman’s rank correlation to study the
correlation of sSTREM-1 levels with several variables (Ta-
ble 4), it was found that s-TREM-1 levels negatively cor-
related with CRP (r=-0.387, p<0.0001) and ESR (r=-0.235,
p=0.028) levels, NLR (r=-0.377, p<0.0001), platelet count
(r=-0.258, p=0.015) and positively with the haemoglobin
levels (r=0.300, p=0.004). There was no correlation be-
tween sTREM-1 and CDAI (p=0.57).

DISCUSSION

Fluctuating disease course is the characteristic feature of
both CD and UC with active disease and remission epi-
sodes. Objective evaluation of disease activity is essential
for tailoring the best treatment approach and evaluating
treatment response. A trustworthy biomarker for IBD
would be an extremely helpful guide for physicians.

In IBD patients, extensive efforts have been undertaken
to evaluate non-invasive biomarkers and disease activity
indices (2, 9, 10). Among laboratory parameters, CRP and
ESR are routinely analysed, but they exhibit low specificity
for IBD (2, 7). A precise laboratory biomarker that truth-
fully reflects the disease activity of IBD has not been de-
fined yet. Inflammatory markers can be used as a rational

marker for the IBD group where the main pathogenetic
mechanism is intestinal inflammation. Therefore, the cur-
rent study aimed to analyse the serum sTREM-1 levels in
IBD patients in diagnosis and evaluation of disease activ-
ity. Park JJ et al. reported that the mean sTREM -1 level
in healthy controls (0.6+1.4 pg/ml) was significantly lower
than that of the patients with either UC (60.4+41.8 pg/
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Figure 1: The distribution of STREM-1 levels in IBD and
control groups
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Figure 2: The distribution of sSTREM-1 levels in ulcerative
colitis, Crohn disease and control groups

Table 2: The distribution of sSTREM-1, CRP, ESR, NLR, platelet and haemoglobin levels in active and quiescent IBD

Grou STREM-1 CRP ESR NLR Platelet Haemoglobin
P (pg/mL) (mg/L) (mm/s) (10%/ul) (g/dL)

Remission 251+175 4.8+3.7 18+12 2.3+1.2 280+44 13.5¢1.2

(n=25) (12-640) (0.3-7.7) (2-54) (1-7) (201-351) (11.7-17)

Active 206+252 42+58 40+23 3.3+1.6 390+162 11.1£2.3

(n=47) (31-1644) (2.1-320) (2-92) (1.2-7.5) (163-835) (5.8-15.5)

p value 0.098 <0.0001 <0.0001 0.003 0.002 <0.0001

CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate, NLR: Neutrophil lymphocyte ratio
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Table 3: The distribution of STREM-1, CRP, ESR, NLR, platelet and haemoglobin levels in the CD, UC and healthy

controls
Grou STREM-1 CRP ESR NLR Platelet Haemoglobin
P (pg/mL) (mg/L) (mm/s) (10%/uL) (g/dL)
Control 502+404 27+1.8 12+7.7 2.04+1.3 258+62 14.0+£0.9
(n=16) (79-1415) (0.3-7.7) (1-28) (0.9-7) (198-342) (12.9-14.9)
IBD 221+228 29+50 32+22 29+1.6 352+143 11.9+£2.2
(n=72) (12-1644) (1.3-320) (2-92) (1-7.5) (163-835) (5.8-17.1)
uc 249+269 18.9+29.7 27+20 2.6+1.2 352+152 121124
(n=47) (37-1644) (1.3-138) (2-92) (1-6.5) (202-835) (5.8-17.1)
CD 169+105 48.2+71.2 42+25 3.5+2.0 351129 11.6+£2.0
(n=25) (12.5-492) (2.1-320) (6-84) (1.24-7.5) (163-617) (8.0-14.5)
p value 0.004 <0.0001 <0.0001 0.003 0.016 0.001

CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate, NLR: Neutrophil lymphocyte ratio

Table 4: The correlation of sSTREM-1 levels with CRP, ESR, NLR, platelet and haemoglobin

STREM-1 (pg/mL) CRP (mg/L) ESR (mm/s) NLR Platelet (103/uL) Haemoglobin (g/dL)
Correlation -0.387 -0.235 -0.377 -0.258 0.300
coefficient

p value <0.0001 0.028 <0.0001 0.015 0.004

ml) or CD (66.5+42.4 pg/ml) of the) (11). Similarly, Tzivras
M et al. reported that sSTREM-1 values in healthy individ-
uals (53.31+£32.93) were significantly lower than that of
the CD (735.10+£197.17) and UC (435.82+279.71) group.
Interestingly, in the same study, it was also reported
that the STREM-1 concentrations were significantly low-
er in patients with moderately active CD (CDAI 150-400)
(16.03+4.19), remission of CD (4.91+3.21), remission of UC
(7.09+4.9), and with mildly active UC (18.91£15) than the
healthy control group (10). Also in a study by Billioud V
et al. the STREM-1 level was higher in the CD group than
that of the healthy controls (12). Some other recent stud-
ies indicate that sSTREM-1 levels were nearly undetectable
in healthy controls (13, 14).

In our study, we conversely detected significantly lower
levels of STREM-1 in the plasma of IBD patients than in
the matched healthy controls. However, we should state
that our study’s sample size was higher than that of the
three other previous studies. Similarly, Bouchon A et al.
have shown that TREM-1 was not up-regulated in pa-
tients with non-infectious inflammatory diseases caused
by immune complexes such as psoriasis, ulcerative coli-
tis, or vasculitis. However, the expression of TREM-1 was
up-regulated on neutrophils and monocytes both in cell
culture and tissue samples obtained from the patients
in the presence of bacterial infections (15). The cause of
this discrepancy among the studies is unclear, but it may
be because of the different sSTREM-1 quantification tech-
niques used in different studies or cross-reactivity with
other immunoglobulins. Also, the expression of TREM 1
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may vary between races. Moreover, high numbers of bac-
teria within intestinal mucus have been associated with
IBD (16). The fact that the group of patients with severe
activation is less in our study (29/72) may have resulted in
lower intestinal bacterial overload. So, unlike other stud-
ies, we may find the STREM-1 levels lower in the patients.

Furthermore, we found CRP, ESH, NLR, haemoglobin,
and platelet counts statistically significantly different be-
tween the groups. The levels of sSTREM-1 in UC and CD
patients separately were also significantly lower than the
healthy individuals.

From this point of view, the data presented here demon-
strate that sSTREM-1, which acts as a negative acute phase
reactant, may be useful for the diagnosis of IBD.

The innate immune system is composed of myeloid-de-
rived cells (neutrophils, monocytes, dendritic cells, and
macrophages), natural killer cells, and innate lymphoid
cells. These cells, express pattern recognition receptors,
which bind stereotypic microbial products. In combina-
tion, these cells provide the initial response to either
pathogenic or commensal micro-organisms. sTREM-1
may have a role in regulating the responsiveness to the
intestinal flora. However, there is currently insufficient
data to assess this role. Further studies are needed. But,
based upon the results of recent studies and the cur-
rent study, conditions such as sepsis may increase the
STREM-1 levels to manage the bacterial response, but it
may not increase in IBD because of the possible defective
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function of the sTREM-1 molecule. Another point of view
is that sTREM-1 could be suppressed in IBD because of
the activation of other proinflammatory pathways.

Moreover, Billoud V et al. reported that sSTREM-1 was nei-
ther correlated with CDAI nor with CRP. Also, there was
no significant difference in STREM-1 levels between the
active and remission groups. So, Billioud et al. conclud-
ed that plasma sTREM-1 does not seem to be a precise
marker of disease activity in CD and cannot be suggest-
ed for analysing disease activity in these patients (12). In
our study, when sTREM-1 levels in active and remission
groups were compared, the mean of the sSTREM -1 levels
in the active group was lower, but unfortunately this trend
did not reach statistical significance. There was a signif-
icant difference between the other inflammatory mark-
ers (CRP, ESR, NLR, Haemoglobin, and Platelet counts).
This finding suggests that while sSTREM-1 may be useful
as a negative acute phase reactant in IBD diagnosis, we
concluded that sTREM-1 does not seem to be a precise
marker of disease activity in IBD and cannot be suggest-
ed for analysing disease activity in these patients. Serum
sTREM-1 levels were negatively correlated with CRP, ESR,
NLR, platelet levels, and positively correlated with hae-
moglobin levels.

Another possible explanation about the lower sTREM-1
levels in the patients involves the pathophysiological
mechanisms. In the pathophysiology of IBD, massive
neutrophil infiltration is involved and the degree of neu-
trophil migration into intestinal crypts correlates with the
mucosal injury and the patients’ symptoms. Moreover,
migrated neutrophiles have been concerned in the im-
pairment of epithelial barrier function, tissue destruction,
and the maintenance of inflammation by the release of
inflammatory mediators (17). Soluble TREM-1 could have
been measured lower because of the neutrophil adhe-
sion and also migration to the tissue, even if TREM-1 lev-
els were higher in IBD patients.

Another issue we need to mention is that in UC, the
oxidative injury theory is one of the pathogenic mech-
anisms. TREM-1 is expressed on neutrophils and its
engagement stimulates rapid degranulation of neutro-
philes and oxidative burst; thus sTREM-1 could more
exactly show the disease activity in UC than CD(11).
Hence, in our study higher sTREM-1 levels were found
in UC (mean=249, range=37-1644) compared with CD
(mean:169, range=12.5-492). However, the difference was
not statistically significant (p=0.504). If the sample size
was larger, this difference could be significant.

Limitations of the study

Our study has some limitations. Firstly, our study is limited
by its small sample size. Most probably, because of this
small sample size, we were unable to display any associa-
tions between serum sTREM-1 levels and activity scores.

A larger cohort study is warranted to confirm our data.
Secondly, this study was not aimed at elucidating the
pathophysiological pathways of sTREM-1 regulation in
IBD but was rather designed to evaluate its possible clini-
cal significance in IBD. Third, by choosing a cross-section-
al design we cannot rule out excess circulating sTREM-1
as a consequence rather than the driving factor. Fourth,
our results were obtained in samples from Turkish people
and should be investigated in other ethnic groups. Final-
ly, we did not examine whether the sTREM-1 level could
be a predictor of future relapse or not.

CONCLUSION

In conclusion, our results indicate that the sSTREM-1 levels
are down-regulated in the serum of IBD patients com-
pared with healthy controls. The sSTREM-1 drew attention
as a negative acute phase reactant, in the current study.
The presence of a negative correlation with CRP sug-
gests that this molecule can be used as a negative acute
phase reactant, especially in non-bacterial inflammatory
diseases. However, it does not appear to be an accurate
marker of disease activity in IBD and cannot be recom-
mended for assessing disease activity in these patients.
Further larger-scale studies of STREM-1 in diverse clinical
spectrums of IBD patients are warranted.
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