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Abstract

Background: The ST2/IL-33 pathway has been related to ulcerative colitis (UC), and soluble ST2 (sST2), to disease
severity. We tested the potential usefulness of sST2 as a predictive marker of treatment response and patients’

outcome.

Methods: Twenty-six patients with active UC were prospectively recruited and grouped according to an endoscopic
score and therapy response. Colonoscopic biopsies were collected at baseline and 6 months or when patients showed
clinical activity. The protocol was reinitiated in patients requiring rescue therapy. Blood and stool were collected at
baseline, 1, 3, 6 and 12 months. Serum and mucosal ST2, and fecal calprotectin (FC) content were determined by ELISA
and correlated to Mayo clinical and endoscopic subscore. Intestinal ST2 was evaluated by immunofluorescence.
Wilcoxon signed rank test and Spearman correlations (Rs) were applied (p <0.05).

Results: Follow-up was completed in 24 patients. sST2 levels (median and range) varied from 173.5 [136.6-274.0] to 86.
5 [54.6-133.2] in responders (p < 0.05), and 336.3 [211.0-403.2] to 385.3 pg/mL [283.4-517.3] in non-responders at
baseline and 6 months, respectively. sST2 levels correlated with Mayo clinical and endoscopic subscore, mucosal ST2
and FC (Rs=0.57, 0.66, 0.74 and 042, respectively; p < 0.0001) and showed a trend similar to that of FC in responders.
Non-responders revealed an increased ST2 content, restricted to the lamina propria’s cellular infiltrate.

Conclusions: Consecutive sST2 measurement to follow changes in inflammatory activity of UC patients who respond
or not to treatment identifies sST2, like FC, as a useful biomarker in predicting clinical outcome of UC patients.
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Background

The two main subtypes of inflammatory bowel diseases
(IBD), Crohn’s disease (CD) and ulcerative colitis (UC),
are characterized by episodes of inflammatory activity
and remission. To explain the multifactorial and poly-
genic nature of IBD, a scenario of chronic and uncon-
trolled activation of the mucosal immune response in
genetically susceptible individuals, exacerbated by envir-
onmental factors, has been proposed [1].
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Treatment of IBD seeks to induce and maintain remis-
sion, as well as reduce inflammation, promote mucosal
healing and prevent complications [2], such that the
choice of optimal therapy is crucial for patient recovery.
In most cases, the disease can be controlled with con-
ventional treatment, such as 5-aminosalicylate (5-ASA)
derivatives, corticosteroids and immunosuppressants.
However, patients who do not respond to these treat-
ments eventually require biological therapy and, as a
final alternative, colectomy. While clinical tools, such as
assessment of symptoms/signs, performance of labora-
tory markers [3], colonoscopy/sigmoidoscopy and im-
aging modalities may allow monitoring the response to a
selected therapy, only endoscopic studies definitively
diagnose IBD and evaluate its activity through detection
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of intestinal lesions [4]; unfortunately this procedure is
invasive and costly. Determination of disease activity re-
mains challenging, with most clinical scores correlating
poorly with the inflammatory state [4, 5]. Treatment of
IBD patients has recently shifted from controlling symp-
toms to promoting endoscopic mucosal healing or deep
remission [6], features that are now major endpoints in
clinical trials and are highly efficient in predicting long-
term remission and preventing hospitalization and
surgery.

Treatment promoting mucosal healing can slow the
progression of the disease [6]. In this context, laboratory
biomarkers have gained importance in evaluating and
predicting the response to therapy [7, 8]. Recently, key
molecules that regulate mucosal immunity and IBD
pathogenesis, including those in the IL-33/ST2 signaling
pathway, have emerged as suitable biomarkers in inflam-
matory conditions such as IBD [9, 10]. In humans,
ILIRLI expression is regulated by distal and proximal
promoters that govern expression of the ST2
membrane-anchored receptor (ST2L) and a soluble iso-
form (sST2) generated by alternative splicing. sST2 is
identical to the ST2L extracellular domain and is a
decoy receptor for IL33 [11]. The IL-33/ST2 axis has
been implicated in numerous other diseases, such as
asthma, rheumatoid arthritis, cancer and Alzheimer’s
disease [9, 12—-14].

We previously proposed the sST2 variant as a poten-
tial severity biomarker, mainly in UC patients, that might
allow differentiation between active and inactive disease
[15]. However, sST2 behavior during the clinical course
and response to therapy has not been explored. Here, we
examined whether changes in serum ST2 levels can pre-
dict response to treatment, clinical activity and disease
outcome when compared with other biomarkers, such as
EC.

Methods

Patients

In this observational study, we prospectively included
patients with relapsed IBD from Clinica Las Condes.
The diagnosis of UC was established according to inter-
national guidelines including clinical, endoscopic, histo-
logic and radiologic criteria [16, 17]. Patients were
assessed at a minimum of 3-month intervals or upon re-
lapse. The follow-up period was 12 months in patients
showing no relapse and in patients showing activity
flares and requiring rescue therapy (Fig. 1a). All relapses
were sufficiently severe to warrant a change in
treatment.

Patients were excluded from the study based on the
following criteria: incomplete ileo-colonoscopy (ileum
not intubated), non-classifiable IBD or coexisting cardio-
pulmonary, renal, hepatic, celiac disease, neurologic,
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psychiatric, severe allergy and rheumatologic disease, a
history of HIV, previous ileostomy or colostomy, and
conditions associated with elevated FC levels [18, 19],
i.e., non-steroidal anti-inflammatory or anti-coagulant
drug use in the 6 months preceding enrollment, a his-
tory of erosive/ulcerative upper gastrointestinal disease
within 2 months prior to the study or gastrointestinal in-
fection within 4 weeks prior to the study and those pa-
tients treated with biological therapy. The source data
was encrypted and the data extracted were anonymous.
This study was performed in accordance with the Dec-
laration of Helsinki and the protocol was approved by
Clinica Las Condes Review Board of the Universidad de
Chile, Chile. All patients gave written informed consent.

Clinical activity index
During clinic visits, general well-being, stool frequency,
stool consistency and presence or absence of abdominal
pain, tenderness, tenesmus, rectal bleeding, and mucus
in stool were recorded. Clinical activity indices were
scored according to data available in patient records
using the Mayo clinical subscore at baseline and at 1, 3,
6 and 12 months or, in the case of flare, during the
follow-up period. Three clinical variables were graded:
frequency of evacuation, amount of blood in stool, and
the physician’s global assessment. A Mayo clinical sub-
score of 0 was defined as remission, 1-3 as mildly active
disease, 4—6 as moderately active disease, and >7 as se-
verely active disease [20].

All clinical decisions were made independently of ST2
protein level measurements, since detections were per-
formed only after follow-up was completed.

Endoscopic assessment of disease activity
Endoscopic findings were scored according to the Mayo
endoscopic subscore, graded as normal (0), mild (1),
moderate (2), or severe (3) disease activity. Subscore 01
was defined as remission and subscore >2 as active dis-
ease [21]. Colonoscopic biopsies were collected at base-
line (colonoscopy 1) and at 6 months or if patients
showed clinical signs of activity (colonoscopy 2). Patients
who required rescue therapy reinitiated the protocol.
Endoscopic re-evaluation in patients receiving conven-
tional or biological therapy was conducted at 6 months
or 14 weeks, respectively, or when flares were evident.
Disease activity was assessed based on the results of
clinical activity scoring but blinded to quantitative FC
values. Clinical response was defined as a decrease from
baseline in the total Mayo score by at least three points
and at least 30 %, with an accompanying decrease in the
subscore for rectal bleeding of at least one point or an
absolute subscore for rectal bleeding of 0 or 1. Mucosal
healing was defined as an absolute subscore for endos-
copy of 0 or 1. Patients who had a clinical response at
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26 patients undergoing colonoscopy
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Fig. 1 Study selection and flow-chart of UC patients’ 1-year follow-up. a Follow-up scheme protocol performed in active UC patients receiving
conventional therapy (baseline). Responder UC patients completed the entire follow-up period. Non-responder patients re-started the follow-up
with biological therapy and were examined at 1 month, 14 weeks, 6 and 12 months. Clinical subscore, FC and serum sST2 were evaluated at 1, 3,
6 and 12 months. Endoscopic subscore and intestinal ST2 were determined at baseline, 14 weeks (w) and 6 months. b Flow-chart of patients

each time during the follow-up were considered to have
a sustained clinical response [22].

Medical treatment

Patients enrolled in the study were treated with conven-
tional therapy, such as 5-ASA derivatives, corticosteroids
or immunomodulators (azathioprine/6-mercaptopurine),
depending on disease severity. The decision to change
medical treatment was based on clinical and/or endo-
scopic evaluation. Physicians were blinded to results of
individual quantitative FC values at the time of the
patient’s visit. Rescue therapy was defined as: (a) an in-
creased dose of any previously administered medication;

or (b) a change in medication to corticosteroids, immu-
nosuppressants (azathioprine/6-mercaptopurine) or anti-
TNF (infliximab/adalimumab). Information about the
drug, dose and duration of treatment was obtained from
the medical history.

Measurement of ST2 and IL-33

A blood sample was collected at baseline and at 1, 3, 6
and 12 months of follow-up on the day of colonoscopy
or physical examination (Fig. 1a). Serum and intestinal
ST2 concentrations, as well as serum IL-33 content,
were measured using an enzyme-linked immunosorbent
assay (ELISA) kit for human ST2 or IL-33 (DuoSet,
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R&D Systems, Minneapolis, MN, USA) according to the
manufacturer’s instructions and expressed as pg/mL.
Blood samples were centrifuged and serum was stored at
-80 °C. For ST2 and IL-33 detection, serum samples
were thawed and treated with protein A/G PLUS-
agarose (Santa Cruz Biotechnology, Santa Cruz, CA,
USA). Protein extracts of colonic mucosa were obtained
from each biopsy by homogenization using a lysis buffer
supplemented with a protease inhibitor cocktail
(Complete Mini, Roche Diagnostics, Basel, Switzerland)
and subsequently disrupted by sonication. Levels of total
intestinal ST2 were adjusted to total protein concentra-
tion determined by Bradford protein assay (Bio-Rad).
The ST2 detection assay is stable over time, with a de-
tection limit of 20 pg/mL, while the IL-33 detection
assay is less stable over time, with a detection limit of
23.40 pg/mlL, according to the manufacturer’s informa-
tion. All samples were analyzed in duplicate; within-run
and total coefficients of variation were <2.5 and <4.0 %,
respectively.

Using the cut-off for sST2 previously estimated at
<74.87 pg/mL [15], we determined the specificity, sensi-
tivity, positive predictive value and negative predictive
value for our patient cohort.

Fecal calprotectin measurement
A fecal sample was collected at baseline and at, 1, 3, 6
and 12 months of follow-up (Fig. 1a) 24 h before colon-
oscopy or physical examination. Feces (50 mg) was re-
suspended in 500 pL of extraction buffer, spun for
10 min and centrifuged for 10 min at 10,000 rpm. The
supernatant was immediately processed for rapid semi-
quantitative test (Calprotectin 50 + 200, CerTest Biotec
S.L. Spain) or stored at —-80 °C for subsequent quantifi-
cation using a standard ELISA with a solid bound spe-
cific antibody and biotinylated tracer antibody according
to the manufacturer’s instructions (Hycult Biotech,
HK325-02, The Netherlands). Detection levels were 1.6—
100 ng/mL, corresponding to 40-2500 pg calprotectin/g
of feces, adjusted for the dilution factor.

Clinical decisions to change therapy were based on
semi-quantitative analysis of calprotectin and independ-
ent of quantitative ELISA after completed follow-up.

Endpoints

The correlation of ST2 and FC measurements with clin-
ical and endoscopic activity scoring was the primary
endpoint of the study. Complete response (remission)
was defined as the absence of symptoms, normal stool
frequency, absence of rectal bleeding, general wellness
based on the patient’s functional assessment score and
endoscopy findings of subscore 0-1 [21]. Biological
remission also implies healing of mucosa and
normalization of inflammation biomarkers, such as
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serum sST2 (<74.87 pg/mL) [15] and FC, according
to the cut-off obtained from our patient cohort.

Mucosal ST2 detection by immunofluorescence

Intestinal mucosa biopsies were reviewed by a patholo-
gist experienced in IBD who was blinded to any clinical
information about the patients. Mucosal tissue sections
comprised the most inflamed segment according to
chronic inflammatory infiltrate.

Biopsies were obtained at baseline and at 6 months or
at baseline and 14 weeks in patients treated with con-
ventional treatment and those rescued with biological
therapy, respectively. Total ST2 content was detected in
2 % PFA-fixed, paraffin-embedded UC patient biopsies
cut into 4-um sections and subjected to immunofluores-
cence analysis. Non-specific binding was blocked and
samples were incubated with a mouse monoclonal anti-
body against human ST2 (MAB523, R&D Systems)
followed by an Alexa 546-tagged secondary goat anti-
body against mouse IgG (Invitrogen/Life Technologies,
Carlsbad, CA, USA) to detect ST2. Cell nuclei were
stained using Hoechst 33342 (Thermo/Life Technolo-
gies, Carlsbad, CA, USA). Images were captured using
an Olympus confocal laser scanning biological micro-
scope FV10i (Olympus America Inc., Melville, NY, USA)
and processed using Image] (NIH, Bethesda, MD USA).
Negative controls were prepared under conditions iden-
tical to those described above using an isotype control.

Statistical analyses

Data were analyzed using GraphPad Prism5 (La Jolla,
CA USA). Results of parametric numerical data are
given as mean t standard deviation (SD) and, in non-
parametric distributions, as median and interquartile
range (IQR). Serial assessments of change from baseline
in serum ST2 and FC levels were compared using the
Wilcoxon signed rank test. Differences and significance
during follow-up times were analyzed by multiple com-
parisons using the non-parametric Kruskal-Wallis test
with Dunn’s multiple comparison post-test. Correlations
between sST2 levels and total intestinal ST2, FC, and
clinical and activity score were analyzed using Spear-
man’s rank correlation coefficient (r). For each test,
differences were considered significant at p <0.05.

Results

Serum ST2 and clinical characteristics of patients

Table 1 summarizes the clinical characteristics of 26 pa-

tients included in the protocol, while Fig. 1a shows the

flow-chart of the 1-year follow-up enrollment and sam-

pling overview at each stage of the patient’s monitoring.
Baseline ileo-colonoscopy data were available for 26

UC patients. During the study, 24 patients finished the

protocol, six of whom showed disease reactivation, once



Diaz-Jiménez et al. BMC Gastroenterology (2016) 16:103

Table 1 Clinical and demographic data of ulcerative colitis patients

Number

Number of patients 26
Number of patients dropped out 2
Female/male 16/10
Median [range] age at entry 34.5 [30.0-52.5]
Duration of UC, years (median, range) 401[13-11.8]
Age at diagnosis, years (median, range) 32.0 [22.5-440]
Location

Proctitis 6

Left-sided 5

Extensive 15
Clinical disease activity

Mild/ Moderate/ Severe 0/14/12
Endoscopic severity

Moderate (score 2) / Severe (score 3) 22/4
Medication used

No medication 3

5-ASA 1

Corticosteroids and 5-ASA 3

Corticosteroids, 5-asa and azathioprine 5

Corticosteroids and azathioprine 1

5-ASA and azathioprine 3
Response to therapy 21

Reactivation (after/before 6 months) 6 (1/5)

Rescued by anti-TNF-a 6

in four patients after 6 months and twice in two patients
before and after 6 months, for a total of eight reactiva-
tion episodes in six presumed non-responder patients.
Overall, 18 patients responded to treatment and six pa-
tients did not (Fig. 1b). Baseline sST2 levels were
189.5 pg/mL [154.1-286.9]; at 1, 3, 6 and 12 months,
with levels of 87.3 [70.1-142.2], 73.25 [55.1-145.1], 95.8
[55.7-134.9] and 78.0 [59.9-99.8] pg/mL, respectively
(Fig. 2a). When patients were grouped according to
treatment response, baseline levels were 173.5 [136.6—
274.0], whereas sST2 levels at 6 months decreased to
86.5 [54.6—133.2] pg/mL in responders and increased in
the eight reactivation episodes from 336.3 [211.0-403.2]
to 385.3 [283.4-517.3] pg/mL in the six non-responders
(Fig. 2b). No significant differences between therapy re-
sponder and non-responder patients were found in base-
line sST2 values (p=0.1057). Quantitation of FC at
baseline, at 1, 3, 6 and 12 months revealed levels of
147.0 [102.1-210.2], 107.1 [54.2-161.3], 119.5 [57.7-
144.5], 854 [63.0-96.7] and 74.7 [48.9-1076.0] ug/g
feces, respectively (Fig. 2c). According to treatment,
baseline FC levels of 141.4 [92.9-204.6] decreased to
82.8 [59.2-97.8] ug/g feces in responders and from
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243.9 [175.1-297.9] to 152.0 [100.1-200.8] pg/g feces in
non-responders at 6 months (Fig. 2d). sST2 levels in all
follow-up times correlated with the Mayo clinical sub-
score (Rs=0.57, p<0.0001); at baseline and 6 months,
levels correlated with Mayo endoscopic subscores (Rs =
0.66, p <0.0001) and total ST2 content in mucosa (Rs =
0.74, p <0.0001) (Fig. 2e). Patients in biological remis-
sion showed normalization of the inflammation bio-
marker sST2, with values below the cut-off of 74.87 pg/
mL [15]. Considering this cut-off value of sST2, the spe-
cificity, sensitivity, PPV and NPV were 0.44, 0.95, 0.62,
and 0.90, respectively.

When patients were grouped according to treatment
response, 1L-33 baseline levels were 199.8 [51.92—
372.20], decreasing at 6 months to 141.2 [44.00—352.90]
pg/mL in responders, and decreasing from 629.0 [49.56—
716.8] to 217.9 [50.39-647.5] pg/mL in the reactivation
episodes, both without significant differences (p >0.05)
(Additional file 1: Figure S1).

Relationship of ST2 to the FC biomarker

Analysis showed that sST2-circulating levels directly
correlated with those of FC (Rs =0.42, p <0.0001) in all
patients (Fig. 3a). Intestinal total ST2 levels in mucosa
also correlated with those of FC, although the associ-
ation was less significant statistically (Rs=0.35, p=
0.044) (Fig. 3b).

sST2 response to biological therapy

In our cohort, six patients were rescued with biological
therapy. Immediately after infliximab infusions, sST2
levels were markedly increased, but protein content dur-
ing the induction period gradually declined between
weeks 3 and 24 of monitoring, reaching levels similar to
those in patients responding to treatment (p<0.01,
Fig. 4a). A similar trend was observed for FC levels,
indicating that fecal biomarker content also decreases
gradually as a function of type and response to therapy
(p < 0.05; Fig. 4b).

Intestinal total ST2 immunoreactivity

Because intestinal ST2 levels were highly correlated with
sST2 concentrations (Fig. 2e), we tested whether the
total mucosal ST2 content, as the source of ST2 in the
periphery, might be related to healing and deep remission
in responder patients. Mucosal ST2 immunoreactivity de-
tected by immunofluorescence may allow identification of
membrane-anchored ST2 and the soluble variant re-
stricted to the intracellular compartment. In responder
patients, total ST2 immunoreactivity was maintained in
the cellular infiltrate of the lamina propria at 6 months of
follow-up, whereas patients showing reactivation revealed
increased total ST2 in inflamed mucosa but also confined
to the cellular infiltrate (Fig. 5a,b). No immunoreactivity
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was detected in samples incubated with isotype antibody.
Epithelial ST2 expression was absent in all responder and
non-responder patients analyzed.

Discussion

In this prospective study of UC patients with active
disease, we consecutively measured sST2 levels during a
1-year follow-up and compared those with FC, the ca-
nonically defined biomarker of activity in IBD patients

[23—-25]. Our results demonstrate for first time that
sST2 is an easily detectable marker of UC evolution
and effectiveness of therapy.

Several studies reporting the association of the IL-33/
ST2 signalling pathway with IBD pathogenesis in pa-
tients and animal models have attempted to address the
actual contribution of each component of the pathway
[26, 27]. In this context, the sST2 variant, acting as a
decoy receptor for IL-33, is increased in UC [10, 15].
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We proposed ST2 as a potential activity biomarker, with
a cut-off value of 74.87 pg/mL, that might allow dis-
tinction between active and inactive disease with
83 % sensitivity and specificity [15]. At this cut-off
value, we found a lower specificity (44 vs 83 %), sug-
gestive of a poorer discrimination of the group of
inactive patients or those with sST2 levels <74.87 pg/
mL. The higher sST2 levels at baseline and from

unresponsive patients/reactivations (endoscopic score > 2)
in the vast majority of all detections might explain the
lower specificity.

sST2 has also been considered a biomarker of diseases
that affect different tissues undergoing deep inflamma-
tory reactions and necrosis; a cut-off of 150 pg/mL and
5.8 ng/mL was determined to predict sudden cardiac
death in patients with chronic heart failure and left
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ST2 immunoreactivity was restricted to the cellular infiltrate in the lamina propria at 6 months in responder patients (right), while in patients
showing reactivation, total ST2 was increased in inflamed mucosa, also confined to the cellular infiltrate (left); baseline examination revealed
extensive immune cell infiltration of the intestinal mucosa and damaged tissue with loss of architecture. b Total ST2 immunoreactivity at

6 months expressed as arbitrary units (A.U.) and normalized to baseline levels in responders and non-responders (n =4 in each group) was
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ventricular systolic dysfunction, as well as in patients
with rheumatoid arthritis, respectively [28, 29].

In our follow-up study, patients in biological remission
showed normalization of sST2, with values close to the
cut-off previously determined [15], suggesting that low
sST2 levels predict improvement in the inflammatory
state. Moreover, we find that increased sST2 levels in
UC patients with active disease directly correlate with
higher expression of total ST2 in intestinal mucosa, in-
cluding sST2 and ST2L, consistent with previous obser-
vations [15] and suggesting that the increased total ST2
immunoreactivity in non-responder patients is mostly at
the expense of newly produced sST2 by cells infiltrating
the mucosa. In responder patients, we found no conclu-
sive evidence of a decrease in total ST2 immunoreactiv-
ity, possibly reflecting the inability of the technique used
to distinguish between the two protein isoforms and its
limitation in assessing protein quantity. Moreover, in re-
sponder patients, ST2+ cells infiltrating the mucosa
might be less effective than those present in non-
responders, although additional cell markers are needed
to support this hypothesis. The components of this in-
flammatory microenvironment, including TNF-a, IL-33
and IL-1p produced by infiltrating and resident cells
(neutrophils, mast cells and fibroblasts) have been
shown to upregulate sST2 expression in vitro [30], al-
though the current lack of a differential tool to detect
ST2 variants limits the interpretation of tissue immuno-
detection of total ST2. On the other hand, studies of in-
testinal inflammation in murine models have reported
that IL-33 itself can play a beneficial or harmful role in
IBD depending on the induction of mucosal damage
(acute or chronic) or the colitogenic used, arguing
against a precise role of the IL-33/ST2 axis. Indeed, IL-
33 serum levels did not correlate with the activity score
in UC patients [15] and in the present cohort, we found
no association between IL33 serum levels with therapy
response.

The difficulty in evaluating disease activity in UC
patients using clinical, endoscopic and histological ap-
proaches has led to greater interest in identifying new
biochemical markers that directly reflect intestinal in-
flammation. Recently, the usefulness of FC as a bio-
marker has been explained by the fact that inflammation
causes neutrophil activation, resulting in a proportional
release-to-damage ratio. Yamamoto et al. [31] showed
that consecutive measurements of FC in UC patients
with proctitis were able to monitor relapse during main-
tenance therapy with mesalazine suppositories. A cut-off
value of 55 pg/g was used to assign those patients who
maintained clinical remission, although the optimal
cut-off for defining activity in IBD remains controver-
sial [32, 33]. Indeed, FC cut-off values ranging from
50 to 250 pg/g have been used [23, 34] that differ
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depending on the test used [35, 36]. In our study, we
used quantitative ELISA and defined a cut-off of
99.26 pg/g with an AUC of 0.87 to distinguish indi-
viduals with an inactive endoscopic score (0—1) from
those with activity indices (2-3) [37]. The cut-off
value obtained for our cohort is similar to that previ-
ously described [38].

In 7 of 8 reactivations in non-responders from our co-
hort, FC levels showed a decrease despite detectable
endoscopic inflammation, although FC values were
above the cut-off defined in the current analysis. Unex-
pectedly, FC did not correlate with the endoscopic score,
possibly related to the treatment received or presence of
liquid stool [39]. Moreover, an inverse association be-
tween FC and neutrophil infiltration has been reported
in patients under remission, with high protein levels in
stool [40]. Finally, daily fluctuations of up to 40 % have
been described for FC determined in four independent
stool samples from active patients [41], suggesting that a
single FC detection in active patients is not sufficient for
a therapeutic decision.

In contrast, the increased inflammatory state of the
mucosa in 5 of 8 reactivations of non-responders simul-
taneous with augmented sST2 levels indicates that this
protein can predict lack of response to the therapy used.
The direct association between endoscopic score and
sST2 might reflect an inflammatory process related to
mucosal damage, while the production and secretion of
FC requires massive infiltration of neutrophils into the
lamina propria [42, 43]. While no test can replace colon-
oscopy with biopsy to determine the inflammatory condi-
tion of the intestinal mucosa, the ability of sST2 levels to
predict inflammatory status identifies the need to incorp-
orate analysis of sST2 in selecting patients who require
control for reactivation through colonoscopy.

sST2 levels have been also identified as a biomarker in
heart failure, efficiently assessing cardiac remodelling
and fibrosis; sST2 has been shown to efficiently monitor
the effectiveness of an optimized treatment in chronic
heart failure patients [44], with increased levels that may
be a good predictor of cardiac decompensation as well
as worsening renal function.

To date, there are few reports on the behavior of sST2
according to the medication used in IBD patients. We
found some association of sST2 with the use of systemic
steroids [15], and others have reported the effect of
infliximab on this molecule [10]. However, no study has
demonstrated how ST2 levels fluctuate in serial and con-
tinuous follow-up in relation to endoscopic index.

Based on our previous finding [15], we recruited
patients who at baseline had a moderate or severe endo-
scopic index (22) in any analyzed section of the colon.
During the follow-up, serial ST2 measurements decreased
in those patients with a reduced endoscopic index at



Diaz-Jiménez et al. BMC Gastroenterology (2016) 16:103

6 months, indicating a positive response to therapy. In
those patients, FC levels were also significantly decreased
in direct correlation to sST2 levels. Further association
studies between sST2 and FC in a larger cohort of UC pa-
tients are needed, as well as such analyses in CD and in
IBD pediatric patients. Correlation studies between sST2,
histologic scores and disease risk might also provide
additional information about the strength of this bio-
marker as has been demonstrated with FC [45].

Our analyses of a one-bounded cohort of UC patients
during a 1-year follow-up revealed a direct correlation
between sST2 levels and inflammatory activity, strongly
suggesting that sST2 is a reliable biomarker of active
UC. It will be interesting to examine the predictive role
of sST2 for reactivation risk in a cohort of inactive pa-
tients or undergoing clinical and endoscopic remission
(Mayo subscore 0) and identifying serum levels of this
biomarker in a follow-up every 4 months, a protocol in
which FC was shown to predict disease recurrence [31].
Finally, it will be interesting to monitor both the behav-
ior of sST2 in a cohort of severe UC patients and the
relevance of elevated sST2 content in predicting colec-
tomy risk in a 1-year follow-up, as shown for FC [46].

Conclusions

The accuracy of sST2 in endoscopic detection of UC
strongly suggests its usefulness in monitoring relapse
and outcome, as well as in identifying patients likely to
benefit from a particular treatment.

Additional file

Additional file 1: Figure S1. Distribution of serum IL33 according to
response to therapy. Serum IL33 levels at baseline and 6 months in
responders (R) and non-responders (NR) in relation to therapy without
significant differences (p > 0.05). Differences were assessed using Wilcoxon
signed rank test. (TIFF 25551 kb)

Acknowledgments

We thank Fabiola Werlinger (Profesor Asistente, Departamento de Tecnologia
Médica, Facultad de Medicina, Universidad de Chile) and Claudio Molina
(Profesor Asociado, Facultad de Odontologia, Universidad Mayor, Chile) for
their help in statistical analysis.

Funding

This study was supported by research grants from FONDECYT 1110381 (RQ),
1120577 (MAH), 3150328 (MD) and DA-CLC grants PI200803 (RQ), PI2013-B002
(RQ) and CONICYT scholarship 2015 (DDJ).

Availability of data and materials
All data generated or analyzed during this study are included in this
published article and its supplementary information file.

Authors’ contributions

DDJ, participated in design of the study, data collection, acquisition, analysis,
interpretation and statistical analysis of data, and drafted the manuscript.
MDF and GL participated in acquisition, analysis and interpretation of
immunofluorescence and confocal images. KD and MJG participated in
acquisition, analysis and interpretation of data. DS and JF participated in
patient enrollment, obtaining written consent from patients willing to

Page 9 of 10

participate in the protocol, collected the data and their interpretation. TP
performed colonoscopic procedures and participated in design of the study.
MAH participated in design of the study, data collection, interpretation of
data, and drafted the manuscript. RQ participated in design of the study,
data collection, interpretation of data, drafted the manuscript and performed
colonoscopic procedures. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate

This study was performed in accordance with the Declaration of Helsinki and
the protocol was approved by Clinica Las Condes Review Board of the
Universidad de Chile, Chile. All patients gave written informed consent.

Author details

'Programa Disciplinario de Inmunologfa, Instituto de Ciencias Biomédicas,
Facultad de Medicina, Universidad de Chile, Santiago, CL 8380453, Chile.
2Subdireccion de Investigacion, Direccion Académica, Clinica Las Condes,
Santiago, CL 7591018, Chile. 3Unidad de Higado y Gastroenterologia,
Instituto Chileno-Japonés de Enfermedades Digestivas, Hospital San
Borja-Arriarén, Santiago, CL, Chile. 4Programa disciplinario de Biologfa Celular,
Instituto de Ciencias Biomédicas, Facultad de Medicina, Universidad de Chile,
Santiago, CL 8380453, Chile. >Servicio de Gastroenterologfa, Clinica Las
Condes, Santiago, CL 7591018, Chile.

Received: 4 March 2016 Accepted: 14 August 2016
Published online: 26 August 2016

References

1. Kaser A, Zeissig S, Blumberg RS. Inflammatory bowel disease. Annu Rev
Immunol. 2010;28:573-621.

2. Neurath MF. New targets for mucosal healing and therapy in inflammatory
bowel diseases. Mucosal Immunol. 2014;7:6-19.

3. Vermeire S, Van Assche G, Rutgeerts P. Laboratory markers in IBD: useful,
magic, or unnecessary toys? Gut. 2006;55:426-31.

4. Annese V, Daperno M, Rutter MD, Amiot A, Bossuyt P, East J, Ferrante M,
Gotz M, Katsanos KH, KieRlich R, Ordés |, Repici A, Rosa B, Sebastian S,
Kucharzik T, Eliakim R. European evidence based consensus for endoscopy
in inflammatory bowel disease. J Crohns Colitis. 2013;7:982-1018.

5. Hamilton MJ. The valuable role of endoscopy in inflammatory bowel
disease. Diagn Ther Endosc. 2012,2012:467979.

6. Pineton de Chambrun G, Peyrin-Biroulet L, Lémann M, Colombel J-F. Clinical
implications of mucosal healing for the management of IBD. Nat Rev
Gastroenterol Hepatol. 2010;7:15-29.

7. Colombel JF, Rutgeerts P, Reinisch W, Esser D, Wang Y, Lang Y, Marano CW,
Strauss R, Oddens BJ, Feagan BG, Hanauer SB, Lichtenstein GR, Present D,
Sands BE, Sandborn WIJ. Early mucosal healing with infliximab is associated
with improved long-term clinical outcomes in ulcerative colitis.
Gastroenterology. 2011;141:1194-201.

8. Colombel J-F, Rutgeerts PJ, Sandborn WJ, Yang M, Camez A, Pollack PF,
Thakkar RB, Robinson AM, Chen N, Mulani PM, Chao J. Adalimumab induces
deep remission in patients with Crohn'’s disease. Clin Gastroenterol Hepatol.
2014;12:414-22.€5.

9. Beltrdn CJ, NUnez LE, Diaz-Jiménez D, Farfan N, Candia E, Heine C, Lépez F,
Gonzélez MJ, Quera R, Hermoso MA. Characterization of the novel ST2/IL-33
system in patients with inflammatory bowel disease. Inflamm Bowel Dis.
2010;16:1097-107.

10. Pastorelli L, Garg RR, Hoang SB, Spina L, Mattioli B, Scarpa M, Fiocchi C,
Vecchi M, Pizarro TT. Epithelial-derived IL-33 and its receptor ST2 are
dysregulated in ulcerative colitis and in experimental Th1/Th2 driven
enteritis. Proc Natl Acad Sci U S A. 2010;107:8017-22.

11. Hayakawa H, Hayakawa M, Kume A, Tominaga S -i. Soluble ST2 Blocks
Interleukin-33 Signaling in Allergic Airway Inflammation. J Biol Chem. 2007;
282:26369-80.

12. Verri W a, Souto FO, Vieira SM, Aimeida SCL, Fukada SY, Xu D, Alves-Filho JC,
Cunha TM, Guerrero ATG, Mattos-Guimaraes RB, Oliveira FR, Teixeira MM,
Silva JS, McInnes IB, Ferreira SH, Louzada-Junior P, Liew FY, Cunha FQ. IL-33


dx.doi.org/10.1186/s12876-016-0520-6

Diaz-Jiménez et al. BMC Gastroenterology (2016) 16:103

20.

21.

22.

23.

24.

25.

26.

27.

28.

induces neutrophil migration in rheumatoid arthritis and is a target of anti-TNF
therapy. Ann Rheum Dis. 2010,69:1697-703.

Cui G, Qi H, Gundersen MD, Yang H, Christiansen |, Serbye SW, Goll R,
Florholmen J. Dynamics of the IL-33/ST2 network in the progression of
human colorectal adenoma to sporadic colorectal cancer. Cancer Immunol
Immunother. 2015;64:181-90.

Chapuis J, Hot D, Hansmannel F, Kerdraon O, Ferreira S, Hubans C, Maurage
CA, Huot L, Bensemain F, Laumet G, Ayral AM, Fievet N, Hauw JJ, DeKosky
ST, Lemoine Y, Iwatsubo T, Wavrant-Devriéze F, Dartigues JF, Tzourio C,
Buée L, Pasquier F, Berr C, Mann D, Lendon C, Alpérovitch A, Kamboh M,
Amouyel P, Lambert JC. Transcriptomic and genetic studies identify IL-33 as
a candidate gene for Alzheimer's disease. Mol Psychiatry. 2009;14:1004-16.
Diaz-Jiménez D, NUnez LE, Beltran CJ, Candia E, Suazo C, Alvarez-Lobos M,
Gonzélez M-J, Hermoso MA, Quera R. Soluble ST2: a new and promising
activity marker in ulcerative colitis. World J Gastroenterol. 2011;17:2181-90.
Dignass A, Van Assche G, Lindsay JO, Lémann M, Séderholm J, Colombel JF,
Danese S, D'Hoore A, Gassull M, Gomollén F, Hommes DW, Michetti P,
O'Morain C, Oresland T, Windsor A, Stange EF, Travis SPL, European Crohn'’s
and Colitis Organisation (ECCO). The second European evidence-based
Consensus on the diagnosis and management of Crohn's disease: Current
management. J Crohns Colitis. 2010;4:28-62.

Van Assche G, Dignass A, Panes J, Beaugerie L, Karagiannis J, Allez M,
Ochsenkthn T, Orchard T, Rogler G, Louis E, Kupcinskas L, Mantzaris G,
Travis S, Stange E. The second European evidence-based Consensus on the
diagnosis and management of Crohn's disease: Definitions and diagnosis.

J Crohns Colitis. 2010;4:7-27.

Limburg PJ, Ahlquist DA, Sandborn WJ, Mahoney DW, Devens ME,
Harrington JJ, Zinsmeister AR. Fecal calprotectin levels predict colorectal
inflammation among patients with chronic diarrhea referred for
colonoscopy. Am J Gastroenterol. 2000;,95:2831-7.

Tibble J, Sigthorsson G, Foster R, Sherwood R, Fagerhol M, Bjarnason |.
Faecal calprotectin and faecal occult blood tests in the diagnosis of
colorectal carcinoma and adenoma. Gut. 2001:49:402-8.

Gomollon F, Garcfa-Lopez S, Sicilia B, Gisbert JP, Hinojosa J, Grupo Espa™nol
de Trabajo en Enfermedad de Crohn y Colitis Ulcerosa. Therapeutic
guidelines on ulcerative colitis: a GRADE methodology based effort of
GETECCU. Gastroenterol y Hepatol. 2013;36:104-14.

D'Haens G, Sandborn WJ, Feagan BG, Geboes K, Hanauer SB, Irvine EJ,
Lémann M, Marteau P, Rutgeerts P, Schélmerich J, Sutherland LR. A review
of activity indices and efficacy end points for clinical trials of medical
therapy in adults with ulcerative colitis. Gastroenterology. 2007;132:763-86.
Rutgeerts P, Sandborn WJ, Feagan BG, Reinisch W, Olson A, Johanns J,
Travers S, Rachmilewitz D, Hanauer SB, Lichtenstein GR, de Villiers WJS,
Present D, Sands BE, Colombel JF. Infliximab for induction and maintenance
therapy for ulcerative colitis. N Engl J Med. 2005;353:2462-76.

D'Haens G, Ferrante M, Vermeire S, Baert F, Noman M, Moortgat L, Geens P,
Iwens D, Aerden |, Van Assche G, Van Olmen G, Rutgeerts P. Fecal
calprotectin is a surrogate marker for endoscopic lesions in inflammatory
bowel disease. Inflamm Bowel Dis. 2012;18:2218-24.

Sipponen T, Savilahti E, Karkkdinen P, Kolho K-L, Nuutinen H, Turunen U,
Férkkilda M. Fecal calprotectin, lactoferrin, and endoscopic disease activity in
monitoring anti-TNF-alpha therapy for Crohn’s disease. Inflamm Bowel Dis.
2008;14:1392-8.

Mooiweer E, Fidder HH, Siersema PD, Laheij RJF, Oldenburg B. Fecal
hemoglobin and calprotectin are equally effective in identifying patients
with inflammatory bowel disease with active endoscopic inflammation.
Inflamm Bowel Dis. 2014;20:307-14.

Grop P, Doser K, Falk W, Obermeier F, Hofmann C. IL-33 attenuates
development and perpetuation of chronic intestinal inflammation. Inflamm
Bowel Dis. 2012;18:1900-9.

Sedhom MAK, Pichery M, Murdoch JR, Foligné B, Ortega N, Normand S,
Mertz K, Sanmugalingam D, Brault L, Grandjean T, Lefrancais E, Fallon PG,
Quesniaux V, Peyrin-Biroulet L, Cathomas G, Junt T, Chamaillard M, Girard J,
Ryffel B. Neutralisation of the interleukin-33/ST2 pathway ameliorates
experimental colitis through enhancement of mucosal healing in mice. Gut.
2013;62:1714-23.

Pascual-Figal D a, Ordofez-Llanos J, Tornel PL, Vazquez R, Puig T, Valdés M,
Cinca J, de Luna AB, Bayes-Genis A. Soluble ST2 for predicting sudden
cardiac death in patients with chronic heart failure and left ventricular
systolic dysfunction. J Am Coll Cardiol. 2009;54:2174-9.

30.

31

32.

33

34,

35.

36.

37.

38.

39.

40.

42.

43.

45.

46.

Page 10 of 10

Shen J, Shang Q, Wong C-K, Li EK, Wang S, Li R-J, Lee K-L, Leung Y-Y, Ying
K-Y, Yim C-W, Kun EW, Leung M-H, Li M, Li TK, Zhu TY, Yu S-L, Kuan W-P, Yu
C-M, Tam L-S. IL-33 and soluble ST2 levels as novel predictors for remission
and progression of carotid plaque in early rheumatoid arthritis: A
prospective study. Semin Arthritis Rheum. 2015;45:18-27.

Bandara G, Beaven M a, Olivera A, Gilfillan AM, Metcalfe DD. Activated mast
cells synthesize and release soluble ST2-a decoy receptor for IL-33. Eur J
Immunol. 2015;45:3034-44.

Yamamoto T, Shimoyama T, Matsumoto K. Consecutive monitoring of faecal
calprotectin during mesalazine suppository therapy for active rectal
inflammation in ulcerative colitis. Aliment Pharmacol Ther. 2015;42:549-58.
Lin J-F, Chen J-M, Zuo J-H, Yu A, Xiao Z-J, Deng F-H, Nie B, Jiang B.
Meta-analysis: fecal calprotectin for assessment of inflammatory bowel
disease activity. Inflamm Bowel Dis. 2014;20:1407-15.

Boon GJ, Day AS, Mulder CJ, Gearry RB. Are faecal markers good indicators
of mucosal healing in inflammatory bowel disease? World J Gastroenterol.
2015;21:11469-80.

Kristensen V, Klepp P, Cvancarova M, Reseth A, Skar V, Moum B. Prediction
of endoscopic disease activity in ulcerative colitis by two different assays for
fecal calprotectin. J Crohns Colitis. 2015,9:164-9.

Schoepfer AM, Beglinger C, Straumann A, Trummler M, Vavricka SR,
Bruegger LE, Seibold F. Fecal calprotectin correlates more closely with the
Simple Endoscopic Score for Crohn's disease (SES-CD) than CRP, blood
leukocytes, and the CDAI. Am J Gastroenterol. 2010;105:162-9.

Labaere D, Smismans A, Van Olmen A, Christiaens P, D'Haens G, Moons V,
Cuyle P-J, Frans J, Bossuyt P. Comparison of six different calprotectin assays
for the assessment of inflammatory bowel disease. United Eur Gastroenterol
J.2014;2:30-7.

Sandborn WJ, Feagan BG, Marano C, Zhang H, Strauss R, Johanns J,
Adedokun OJ, Guzzo C, Colombel J-F, Reinisch W, Gibson PR, Collins J,
Jarnerot G, Hibi T, Rutgeerts P. Subcutaneous Golimumab Induces Clinical
Response and Remission in Patients With Moderate-to-Severe Ulcerative
Colitis. Gastroenterology. 2014;146:85-95.

Garcia-Sanchez V, Iglesias-Flores E, Gonzélez R, Gisbert JP, Gallardo-Valverde
JM, Gonzélez-Galilea A, Naranjo-Rodriguez A, de Dios-Vega JF, Muntané J,
Gomez-Camacho F. Does fecal calprotectin predict relapse in patients with
Crohn's disease and ulcerative colitis? J Crohns Colitis. 2010;4:144-52.
Vestergaard T a, Nielsen SL, Dahlerup JF, Hornung N. Fecal calprotectin:
assessment of a rapid test. Scand J Clin Lab Invest. 2008;68:343-7.
Yamaguchi S, Takeuchi Y, Arai K, Fukuda K, Kuroki Y, Asonuma K, Takahashi
H, Saruta M, Yoshida H. Fecal calprotectin is a clinically relevant biomarker
of mucosal healing in patients with quiescent ulcerative colitis. J
Gastroenterol Hepatol. 2016;31:93-8.

Calafat M, Cabré E, Manosa M, Lobatén T, Marin L, Doménech E. High
within-day variability of fecal calprotectin levels in patients with active
ulcerative colitis: what is the best timing for stool sampling? Inflamm Bowel
Dis. 2015;21:1072-6.

Sacco R, Tanaka T, Yamamoto T, Bresci G, Saniabadi AR. Adacolumn
leucocytapheresis for ulcerative colitis: clinical and endoscopic features
of responders and unresponders. Expert Rev Gastroenterol Hepatol.
2015;9:327-33.

Saniabadi AR, Tanaka T, Ohmori T, Sawada K, Yamamoto T, Hanai H.
Treating inflammatory bowel disease by adsorptive leucocytapheresis: a
desire to treat without drugs. World J Gastroenterol. 2014;20:9699-715.
Piper SE, Sherwood R a, Amin-Youssef GF, Shah, McDonagh T a. Serial
soluble ST2 for the monitoring of pharmacologically optimised chronic
stable heart failure. Int J Cardiol. 2015;178:284-91.

Diamanti a, Colistro F, Basso MS, Papadatou B, Francalanci P, Bracci F,
Muraca M, Knafelz D, De Angelis P, Castro M. Clinical role of calprotectin
assay in determining histological relapses in children affected by
inflammatory bowel diseases. Inflamm Bowel Dis. 2008;14:1229-35.

Ho GT, Lee HM, Brydon G, Ting T, Hare N, Drummond H, Shand a G, Bartolo
DC, Wilson RG, Dunlop MG, Arnott ID, Satsangi J. Fecal calprotectin predicts
the clinical course of acute severe ulcerative colitis. Am J Gastroenterol.
2009;104:673-8.



	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Clinical activity index
	Endoscopic assessment of disease activity
	Medical treatment
	Measurement of ST2 and IL-33
	Fecal calprotectin measurement
	Endpoints
	Mucosal ST2 detection by immunofluorescence
	Statistical analyses

	Results
	Serum ST2 and clinical characteristics of patients
	Relationship of ST2 to the FC biomarker
	sST2 response to biological therapy
	Intestinal total ST2 immunoreactivity

	Discussion
	Conclusions
	Additional file
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

