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Abstract
Phagocyte-derived S100 proteins are endogenous activators of innate immune responses.
S100A12 binds to the receptor for advanced glycation end-products, while complexes of
S100A8/S100A9 (myeloid-related proteins, MRP8/14; calprotectin) are ligands of toll-like
receptor 4. These S100 proteins can be detected in stool. In the present study we analyse
the release of S100A12 and MRP8/14 from intestinal tissue. Specimens from patients with
Crohn’s disease (CD; n = 30), ulcerative colitis (UC; n = 30), irritable bowel syndrome
(IBS; n = 30) or without inflammation (n = 30) were obtained during endoscopy. After
24 h culture, S100A12 and MRP8/14 were analysed in supernatants. Endoscopic, histological,
laboratory and clinical disease activity measures were documented. We found an increased
spontaneous release of S100A12 from tissue in inflammatory bowel disease (IBD). The release
of S100A12 into the supernatants was 28-fold enhanced in inflamed tissue when compared to
non-inflamed tissue (mean 46.9 vs. 1.7 ng/ml, p < 0.0001). In active CD, release of S100A12
and MRP8/14 was strongly dependent on localization, with little release from sites of active
ileal inflammation compared to colonic inflammation. This difference was more pronounced
for S100A12 than for MRP8/14. S100A12 and MRP8/14 provoked up-regulation of adhesion
molecules and chemokines on human intestinal microvascular endothelial cells (HIMECs)
isolated from normal colonic tissue. The direct release of phagocyte-derived S100 proteins
from inflamed tissues may reflect secretion from infiltrating neutrophils (S100A12) and also
monocytes or epithelial cells (MRP8/14). Via activation of pattern recognition receptors,
these proteins promote inflammation in intestinal tissue. The enhanced mucosal release can
explain the correlation of fecal markers with disease activity in IBD.
Copyright  2008 Pathological Society of Great Britain and Ireland. Published by John
Wiley & Sons, Ltd.
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Introduction

Both Crohn’s disease (CD) and ulcerative colitis (UC)
are the consequence of chronic inflammatory reac-
tions in the gastrointestinal tissue and are collectively
defined as inflammatory bowel disease (IBD). IBD
results from a disturbed interplay of the environ-
ment — with various exogenous factors, such as nutri-
tion — and the intestinal microflora with the immune
system of a genetically susceptible host. The result-
ing inflammatory processes involve both adaptive and
innate immune mechanisms, such as the activation of

neutrophils, production of pro-inflammatory mediators
and, finally, tissue damage [1–3]. In recent years the
role of innate immunity in IBD has been emphasized,
as an example of the association of CD with abnor-
malities in pattern recognition receptors (PRRs) such
as NOD2, which play a key role in innate host defence
[4]. Therapies targeting cytokines mainly produced by
phagocytes improve the clinical course of IBD. How-
ever, there is a growing body of evidence that factors
other than classical cytokines contribute to the activa-
tion of innate immune responses, including responses
towards self molecules. Recently, a novel group of
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important pro-inflammatory molecules has been intro-
duced to the concept of innate immunity. In parallel
to pathogen-associated molecular patterns (PAMPs) as
exogenous factors initiating inflammation, the term
‘damage associated molecular pattern (DAMP) pro-
teins’, for endogenous molecules that are released by
activated or damaged cells under conditions of cell
stress, has been established. Examples of this group
are phagocytic S100 proteins, which mediate inflam-
matory responses via interaction with PRRs [5,6].

DAMP molecules accumulating in the intesti-
nal mucosa represent excellent markers for mucosal
inflammation. These proteins may also spill over into
the gut lumen, and the additional release by inflam-
matory cells in crypt abscesses results in significant
amounts that mix with other secretions and gut con-
tents, which ultimately appear in the patients’ stool.
Therefore, assays which determine intestinal inflam-
mation by detecting neutrophil-derived DAMPs in
stool bear a great diagnostic potential [7].

Among the factors released by infiltrating neu-
trophils are DAMP proteins of the S100 family [8].
One example is a complex of two distinct S100
proteins, S100A8 (myeloid-related protein 8, MRP8)
and S100A9 (MRP14) [9–11]. In recent years, the
MRP8/14 complex has been proposed as a fecal
marker of gut inflammation, termed ‘fecal calpro-
tectin’ [7,12–18]. MRP8/14 is found in large amounts
in granulocytes as well as monocytes but it is also
inducible in epithelial cells, e.g. in lactose intolerance
[13,14,19,20]. S100A12, as a marker of neutrophil
activation, is more restricted to granulocytes and is
released during inflammatory conditions at the site of
inflammation and abundant in the intestinal mucosa
of patients with IBD [8,21,22]. Over-expression at
the site of inflammation and correlation with disease
activity in a variety of inflammatory disorders under-
score the role of this granulocytic protein as pro-
inflammatory molecule [23]. The phagocyte specific
S100 proteins represent classical DAMPs which pro-
mote inflammation by specific interactions with pattern
recognition receptors, MRP8/14 via activation of the
Toll-like receptor 4 (TLR4) complex and S100A12 via
binding to the receptor for advanced glycation end
products (RAGE) [24,25]. Data on murine models of
colitis as well as human IBD point to an important
role of these DAMPs during the pathogenesis of IBD
[8,25,26].

In previous studies, we have already demonstrated
that S100A12 is over-expressed during chronic active
IBD and serves as a useful serum and stool marker of
inflammation [8,22]. In the present study we investi-
gated whether the release of phagocyte-related S100
proteins from intestinal mucosal specimens correlates
to the intestinal inflammation status, which would be
relevant for the diagnostic usefulness of these pro-
teins as fecal biomarkers. We investigated S100A12
and MRP8/14 concentrations in supernatants of intesti-
nal tissue obtained at endoscopies from adult patients
with active IBD and compared them to non-inflamed

tissue specimens. The biological activity of these
DAMP molecules on primary intestinal microvascu-
lar endothelial cells was investigated to confirm the
relevance of their local release for the induction of
inflammatory responses in bowel tissue.

Methods

Patients and controls

We included patients with CD and UC into the IBD
group. The non-inflamed group consisted of patients
with irritable bowel syndrome (IBS) and individu-
als without inflammation. Subjects in screening pro-
grammes for early detection of polyps and colon
cancer and having normal colonoscopic finding were
chosen for normal controls. Random colonic biop-
sies were collected in healthy subjects, and histolog-
ical examination was normal in all these individuals.
All patients underwent endoscopic examination, and
biopsies were taken for histological investigations at
all colonoscopies. Each patient gave signed informed
consent. The study was approved by the Centre for
Digestive Diseases Human Research Ethics Commit-
tee, Sydney, and Human Research Ethics Committee,
University of Newcastle, Australia. All patients with
IBS fulfilled the ROME II criteria [27]. Endoscopic,
histological and clinical disease activity measures were
documented.

Determination of disease activity

To define inflammatory activity in the gut, macro-
scopic signs of inflammation were recorded during
colonoscopy by the experienced gastroenterologist,
using the simple endoscopic score for CD (SES-CD)
or a similar index for UC [28,29]. In addition, biopsies
were taken from multiple sites, including the terminal
ileum. Biopsy sections were encoded and analysed by
independent observers who were blinded to diagnosis
and clinical data. As a further inclusion criterion, the
histology score had to be in accordance with endo-
scopic signs of inflammation. Endoscopic and histo-
logical appearance was used to categorize patients into
groups of disease severity (0 = no inflammation, 1 =
mild inflammation; 2 = moderate to severe inflamma-
tion), as previously described [22]. This inflamma-
tion score served as the reference standard to deter-
mine absence of inflammation or active IBD in our
study cohort. Levels of C-reactive protein (CRP), ery-
throcyte sedimentation rate (ESR), white blood count
(WBC), haemoglobin (Hb), platelets (Plt) and haema-
tocrit (Hct) were determined in all patients. Mucosal
specimens were considered non-inflamed (‘inactive’)
if there were no endoscopic and histological signs of
inflammation.

Tissue cultures

Biopsy specimens were transferred to the laboratory
and handled within a maximal lag of 2 h after biopsy.
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Each biopsy weighted about 10 mg (with little varia-
tion). Two intestinal biopsy tissues were gently washed
in AIM-V medium (Life Technology, Melbourne, Vic-
toria, Australia), weighed and cultured in 1 ml of
serum-free AIM-V medium for 24 h at 37 ◦C in an
incubator with 5% CO2. The culture supernatants were
collected and centrifuged. Aliquots were stored at
−20 ◦C until assay [30]. Lactate dehydrogenase levels
were measured to control for the absence of necrosis at
the end of the culture period and histological analyses
were performed in parallel to demonstrate structural
integrity.

Isolation of human intestinal microvascular
endothelial cells (HIMECs)

For HIMEC isolation, macroscopically normal colonic
specimens were obtained from patients undergoing
scheduled colonic resection. The use of human tissues
for immunohistochemistry and isolation of endothe-
lial cells was approved by the ethical committee of
the University of Münster. HIMEC were isolated as
previously described [31]. In brief, mucosal strips
from resected normal colon were washed, minced and
digested in collagenase type II solution (Worthington,
Lakewood, NJ, USA; 2 mg/ml). ECs were extruded by
mechanical compression and plated onto tissue cul-
ture dishes coated with collagen type I from rat tail
(Upstate Biotechnology Inc., Waltham, MA, USA) in
endothelial cell growth medium MV (PromoCell, Hei-
delberg, Germany) containing antibiotics and antimy-
cotics. Following 7–10 days of culture, microvascular
EC clusters were physically isolated, and a pure cul-
ture was obtained. HIMEC cultures were recognized
by microscopic phenotype and expression of factor
VIII-associated antigen. All experiments were carried
out using HIMEC cultures between passages 6 and 12.

Expression of pro-inflammatory genes by
endothelial cells

Purification of recombinant human S100A12 and
native human MRP8/14 was performed as described.
HIMECs were cultivated as previously reported and
either left unstimulated with only vehicle control
or stimulated with either 10 ng/ml TNF, 20 µg/ml
S100A12, or 200 µg/ml MRP8/14 for 4 h, respec-
tively [32–34]. RNA expression of vascular adhe-
sion molecule-1 (VCAM-1), intercellular adhesion
molecule-1 (ICAM-1), interleukin-8 (IL-8) and mono-
cyte chemoattractant protein-1 (MCP-1) was analysed
by RT–PCR [33].

FACS analyses

FACS analysis of ICAM-1 surface expression on
HIMECs was performed after 16 h stimulation with
20 µg/ml S100A12, as reported previously [33].

Immunoassays

The analyses for S100A12 and MRP8/14 were per-
formed using aliquots from identical samples. Concen-
trations of S100A12 were determined by a
double sandwich enzyme-linked immunosorbent assay
(ELISA) system established in our laboratory, as
described previously [8]. Concentrations of MRP8/14
were determined by a double sandwich ELISA system
established in our laboratory, as described previously
[19]. The readers of the laboratory assay were blinded
for the diagnosis and the inflammation score.

Immunohistochemistry

Expression of S100A12 and MRP14 was detected on
paraffin-embedded bowel specimens by staining with
specific antibodies, as described previously [8,35].
To identify neutrophils in the sections, murine anti-
human CD15 or alternatively anti-human elastase anti-
bodies (DAKO, Glostrup, Denmark) were employed.
Co-expression of neutrophil markers was analysed on
serial sections. Secondary antibodies and substrates for
colour reaction were used as described before [35].
Sections were analysed using a Zeiss Axioskop con-
nected to an Axiocam camera supply with software
Axiovision 3.0 for Windows (Zeiss, Goettingen, Ger-
many).

Statistical analyses

All statistical analyses were performed with SPSS soft-
ware package version 14 (SPSS Inc., Chicago, IL,
USA). Differences for parameters found to be signifi-
cant in Kruskal–Wallace tests were further compared
group-to-group by Mann–Whitney U -test. Correlation
of different markers and scores with disease activity
was analysed using Spearman’s rho-test. All tests of
significance were two-tailed. A p value of <0.05 was
considered significant. Data are presented as mean ±
standard error of the mean (SEM) except otherwise
stated.

Results

Characteristics of the study population

We included 30 patients with CD, 30 patients with
UC, 30 patients with IBS and 30 healthy control
individuals. The characteristics of our cohort are listed
in Table 1.

Mucosal release of phagocytic S100 proteins

We found a strongly increased spontaneous release
of the neutrophil activation marker S100A12 from
tissue in IBD compared to IBS and healthy con-
trols (p < 0.0001). The release of S100A12 into the
supernatants was 28-fold enhanced in inflamed tis-
sue (mean 46.9 ± 13.9 ng/ml) when compared to non-
inflamed tissue (1.7 ± 0.8 ng/ml; p < 0.0001). An
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Figure 1. Release of S100 proteins from intestinal tissue
samples. Concentrations of S100A12 (A) and MRP8/14 (B) were
determined by ELISA in supernatants from intestinal tissue
biopsies cultured for 24 h. S100A12 was significantly higher
in active CD and UC compared to all other groups
(∗∗p < 0.01 versus healthy controls; †p < 0.05 versus inactive
CD; ††p < 0.01 versus inactive CD; ##p < 0.01 versus inactive
UC). MRP8/14 was also higher in active IBD compared to IBS
and healthy controls, but differences between patients with
active and inactive CD did not reach statistical significance.
In active CD, release of S100A12 and MRP8/14 was strongly
dependent on localization, with little release from sites of
active ileal inflammation compared to colonic inflammation.
This difference was more pronounced for S100A12 than for
MRP8/14 (∗∗p < 0.01 versus healthy controls; †p < 0.05 versus
inactive CD; ††p < 0.01 versus inactive CD; ‡p < 0.05 between
ileal and colonic CD; ‡‡p < 0.01 between ileal and colonic CD)

eight-fold difference was found for MRP8/14, this pro-
tein complex was also found at significantly higher
concentrations in supernatants from inflamed tissue
(459 ± 102 ng/ml) when compared to non-inflamed
tissue (60 ± 13 ng/ml; p < 0.0001). Mucosal release
of S100A12 was significantly elevated in active CD
and UC when compared to inactive IBD, IBS and
healthy controls. When analysing active CD patients

as a whole group, MRP8/14 release did not dif-
fer significantly between active and inactive disease.
However, the release of S100A12 and MRP8/14 was
strongly dependent on localization, with little release
from sites of active ileal inflammation compared to
colonic inflammation. This difference was more pro-
nounced for S100A12 (p < 0.01) than for MRP8/14
(p < 0.05). For both proteins, levels in inactive disease
were not dependent on the former disease localiza-
tion. The S100A12 levels in active ileal CD differed
from inactive CD (p < 0.05), while MRP8/14 con-
centrations in active ileal CD and inactive CD were
not significantly different. For both proteins, levels in
active UC were significantly different from inactive
UC, and levels in active IBD as a whole differed sig-
nificantly from IBS and healthy controls (Figure 1).

Correlation to disease activity

There was a significant correlation of S100A12 release
from intestinal tissue to the tissue inflammation in IBD
patients (Figure 2). There was a difference between
MRP8/14 levels in inactive CD on the one hand side
and IBS or healthy controls on the other. Otherwise,
there were no differences in the ‘non-inflamed’ group.
The S100A12 concentrations in supernatants corre-
lated also positively with MRP8/14 release and ESR,
while a negative correlation to albumin was found
(Table 2). Concentrations of MRP8/14 in supernatants
also correlated well with tissue inflammation, but cor-
relation to other parameters of disease activity was
weaker. No significant correlation to age, Hb, Hct,
WBC, platelets or CRP was found. It is possible that
medication was influencing the release of S100A12
and MRP8/14 from tissue samples in active IBD, even
though the inflammation score did not differ between
the groups (indicating that the degree of inflamma-
tion was similar regardless of therapies in our cases).
The release of S100 proteins was significantly more
pronounced when the patients did not receive any ther-
apy (Figure 3). The difference was more pronounced
for S100A12 than for MRP8/14, which may point to
the fact that therapies targeting immune cells atten-
uate release of S100A12 and MRP8/14 from phago-
cytes, while some additional release of MRP8/14 from
epithelial cells is unaffected. However, our study was
not designed to accurately demonstrate the impact of
medical therapies upon the mucosal release, which
would only be possible by looking serially within the
same patient.

Detection of S100 proteins in intestinal tissue

Staining of tissue from patients with active IBD
showed a specific distribution of S100A12 expres-
sion by infiltrating cells in inflamed areas of the
gut. Epithelial cells were S100A12-negative in all
cases, while profound subepithelial expression of
S100A12 in granulocytes was found in IBD. In
gut biopsies with a high degree of inflammation,

J Pathol 2008; 216: 183–192 DOI: 10.1002/path
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Figure 2. Correlation of S100 protein release to tissue
inflammation. An inflammation score was calculated by
combining endoscopic and histological information in all patients
and controls. The non-inflamed group consists of patients with
inactive IBD, IBS and healthy individuals. There were significant
differences for S100A12 (A) and MRP8/14 (B) levels between
the groups of individuals (∗∗∗p < 0.001). The differences were
more pronounced for S100A12

Table 2. Correlation coefficients

Supernatant
S100A12

Supernatant
MRP8/14

Supernatant MRP8/14 0.79∗∗ 1
Tissue inflammation 0.70∗∗ 0.67∗∗
ESR 0.59∗∗ 0.43∗
Albumin −0.42∗ −0.25

∗ p < 0.05; ∗∗ p < 0.01 (Spearman rho-test).

S100A12 was present in an extracellular distribu-
tion surrounding S100A12-positive cells, reflecting
secretion of the protein (Figure 4A). There was only

Figure 3. Impact of medication on S100 protein release. We
analysed whether medication was influencing the release of
S100A12 (A) and MRP8/14 (B) from tissue samples in active
IBD. While the inflammation score (C) did not differ between
the groups, the release of S100 proteins was significantly more
pronounced when the patients did not receive any medication
(Nil) compared to patients receiving either aminosalicylates
(ASA), azathioprine or methotrexate (AZA/MTX), as well as
steroids. The difference was more pronounced for S100A12
(∗∗∗p < 0.001) than for MRP8/14 (∗∗p < 0.01)

sparse S100A12 expression in tissue samples from
patients with IBS or healthy controls and only few
S100A12 positive cells in samples of IBD patients
with no evidence of inflammation in endoscopic or

J Pathol 2008; 216: 183–192 DOI: 10.1002/path
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Figure 4. Immunohistochemical staining. S100A12 and MRP14 were stained in biopsies obtained at colonoscopy. Epithelial cells
were S100A12-negative in all cases, while profound subepithelial expression of S100A12 in granulocytes was found in gut biopsies
with a high degree of inflammation. S100A12 was also present in an extracellular distribution surrounding S100A12-positive
cells, reflecting secretion of the protein (A; terminal ileum in CD with severe inflammation; anti-S100A12, magnification ×50). In
patients with mild inflammation, the cellular infiltrate was dominated by S100A12-negative cells, while S100A12-positive neutrophils
adhered to the endothelium of small blood vessels (B; terminal ileum in CD with mild inflammation, anti-S100A12; magnification
×100). In the same patient, staining for MRP14 was not only found in infiltrating phagocytes but also in epithelial cells (C; terminal
ileum in CD with mild inflammation; anti-MRP14; magnification ×100). Staining for MRP8 was similar to MRP14 (data not shown).
In CD patients with severe colonic inflammation, there was an extensive staining for S100A12 (D; ascending colon, anti-S100A12,
magnification ×50). In the colon, neither S100A12 (E) nor MRP14 (F) was found in epithelial cells (magnification ×100)

histological examination (not shown). In patients with
mild inflammation, the cellular infiltrate was dom-
inated by S100A12-negative cells, while S100A12-
positive neutrophils adhered to the endothelium of
small blood vessels or were found scattered within
the tissue (Figure 4B). In contrast to S100A12, stain-
ing for MRP8/14 was not only found in infiltrating
phagocytes but also in epithelial cells. This staining
was also found in some cases with mild activity of
CD, which may explain the still enhanced release of

MRP8/14 from tissue samples of patients with inactive
CD (Figure 4C).

S100A12 and MRP8/14 induce pro-inflammatory
responses in HIMECs

Finally, we analysed the effects of S100A12 and
MRP8/14 on human intestinal endothelium in vitro.
S100A12 and MRP8/14 increased PCR transcripts for
VCAM-1, ICAM-1, IL-8 and MCP-1 in HIMECs. The
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Figure 5. Effects of S100A12 and MRP8/14 on endothelium
in vitro. Stimulation with either S100A12 (20 µg/ml) or MRP8/14
(200 µg/ml) for 4 h resulted in an increased RNA expression of
VCAM-1, ICAM-1, IL-8 and MCP-1 on HIMECs. Stimulation with
TNF (10 ng/ml) served as a positive control. Gene expression
was normalized to the endogenous housekeeping control gene
GAPDH and analysed as n-fold RNA expression relative to
unstimulated controls (A). The enhanced expression of ICAM-1
on HIMECs after stimulation with S100A12 for 16 h was
confirmed on the protein level by FACS analyses (B). Data
are representative of three independent experiments

enhanced expression of adhesion molecules was con-
firmed on the protein level for ICAM-1 by FACS anal-
yses of HIMECs (Figure 5). Thus, a pro-inflammatory
response may be induced on intestinal endothelium by
S100 proteins directly released at the site of inflam-
mation, i.e. within the intestinal mucosa in the case
of IBD.

Discussion

Various cytokines, such as IL-12 and IFN-γ in CD, IL-
5 in UC, or IL-6, IL-8 and TNF in both CD and UC
are present at abnormal levels in the mucosa of IBD
patients [3,36,37]. However, these cytokines have lim-
ited utility as non-invasive markers of disease activity
because serum and stool levels often remain within

normal limits in patients with IBD. In contrast to
these cytokines, DAMP molecules, which may accu-
mulate in the intestinal mucosa, represent excellent
markers for mucosal inflammation. Especially assays
which determine intestinal inflammation by detecting
neutrophil-derived products in stool bear a great poten-
tial [7].

An important mechanism in the initiation and per-
turbation of inflammation in IBD is the activation of
innate immune mechanisms [2,3]. Among the fac-
tors released by infiltrating neutrophils are proteins
of the S100 family [8]. One example is ‘calpro-
tectin’, which is detectable in serum and stool during
intestinal inflammation [18]. Calprotectin was initially
described as a protein of 36 kDa but later charac-
terized as a complex of two distinct S100 proteins,
S100A8 and S100A9 (MRP8 and MRP14) [9–11]. In
recent years, MRP8/14 has been proposed as a fecal
marker of gut inflammation, reflecting the degree of
phagocyte activation [7,12–17]. On the other hand,
the broad expression pattern of MRP8/14, which is
found in granulocytes as well as monocytes and is
also inducible in epithelial cells under certain circum-
stances, may be influencing the results [19,38]. In this
context, the elevation of fecal levels in lactose intol-
erance and the increased release from tissue in coeliac
disease is notable, although the absolute level is typi-
cally still lower than in colonic CD [13,14,20,39]. The
expression of MRP8/14 in epithelial cells in speci-
mens obtained from ileal CD may point to the fact
that small bowel epithelium can directly contribute to
MRP8/14 release. It has previously been noted that
‘fecal calprotectin’ tends to be lower in ileal-only CD
and that the correlation to disease activity is better in
colonic inflammation [39]. It was hypothesized that
the S100 proteins may be degraded during the pas-
sage from the ileum through the whole colon, thus
giving falsely low levels for small-bowel inflamma-
tion. Our data indicate that there is already less release
of these proteins from the ileum even in patents with
equivalent disease severity. Especially MRP8/14 is
therefore rather unreliable to monitor ileal CD, since
its release seems to be even prolonged in patients
with inactive disease, due to factors not related to
phagocytic activation, thus leading to non-significant
differences between active and inactive ileal CD.
The direct release of phagocyte-derived S100 proteins
from local tissues under inflammatory conditions may
reflect secretion from infiltrating phagocytes during
active disease, which can explain the correlation of
fecal S100 levels with disease activity. In addition, the
potential release of MRP8/14 from epithelial cells may
be induced in conditions where the intestinal mucosa is
irritated both by inflammatory and non-inflammatory
stimulants [34].

In contrast to MRP8/14, S100A12 is exclusively
expressed in relevant amounts by granulocytes, which
play an important role in the pathogenesis of IBD.
S100A12 is secreted by activated neutrophils and pro-
motes inflammation through activation of RAGE [25].
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Since neutrophil influx into the intestinal mucosa is
closely linked to IBD activity, especially during early
steps of inflammation, neutrophil-derived S100A12 in
tissue and exudates strongly correlates to inflamma-
tory activity [8,40]. Excretion of the protein into the
gut lumen could reflect the number of neutrophils infil-
trating the mucosa, as well as their activation status
[34,41]. Therefore, S100A12 may be more specific for
neutrophil activation in inflammatory bowel disease,
while MRP8/14 may be more sensitive in conditions
with mucosal irritation, which could have been present
in our patients with inactive or mildly affected CD.

Previous studies demonstrated that S100A12 and
MRP8/14 are over-expressed during chronic active
IBD and may serve as useful serum and stool mark-
ers of inflammation [8,22,42]. In a recent study it was
also shown that phagocyte-specific S100 proteins are
released from tissue specimens obtained from chil-
dren with IBD [40]. However, it is not known to
date whether the release of phagocyte-related S100
proteins from intestinal mucosal specimens correlates
to intestinal inflammation status. We now provide
novel evidence for an increased spontaneous release
of S100 proteins from tissue in adult IBD patients
compared to IBS and healthy controls, and we show
for the first time that this release correlates with tis-
sue inflammation. The release of S100A12 into the
supernatants was more significantly enhanced than
that found for MRP8/14. Our study reveals a strong
pro-inflammatory response of intestinal endothelium
induced by phagocyte-derived S100 proteins which are
directly released at the site of inflammation within
the intestinal mucosa. S100A12 activates endothe-
lium via interaction with RAGE, while MRP8/14 has
pro-inflammatory effects on endothelium as ligands
of TLR4 [24,25]. These pro-inflammatory responses
induced on intestinal endothelium promote infiltration
of inflamed mucosa by additionally recruited immune
cells [33,34]. On the other hand, these proteins may
also promote epithelial healing. While beyond the
scope of the current study, it might therefore be of
interest in the future to also determine the effect
of MRP8/14 and S100A12 upon intestinal epithelial
cell gene expression and wound healing responses in
greater detail.

As in previous studies, we decided to correlate the
S100 data in the present study directly to tissue inflam-
mation parameters, rather than to clinical indices. This
approach is crucial, taking into account the observed
inaccuracy of clinical indices. The CAI and the CDAI
correlate poorly with invasive assessment of inflam-
mation by endoscopy and histology (which was our
gold standard) and depend upon interobserver varia-
tions [43,44]. These clinical scores have been found to
be of little use in the monitoring of disease activity in
a number of studies, including ours [22,45]. It was our
aim to include only well-characterized IBD patients,
in whom endoscopic investigation with collection of
bowel biopsies was performed, allowing the use of a
histology inflammation score as a gold standard.

In a previous study it was shown that the fecal
concentrations of these proteins correlate to tissue
inflammation also determined by analysing biopsies
[22]. It is thus conceivable that the release of these
proteins from inflamed tissue into the gut lumen
correlates to concentrations in stool. Indeed, the results
found in tissue supernatants correlate well with our
results obtained in stool samples [22]. In addition, the
more pronounced elevation of S100A12 release from
inflamed versus non-inflamed mucosa as compared to
MRP8/14 fits the observation that S100A12 is also a
more specific fecal marker of intestinal inflammation
than ‘fecal calprotectin’ [22].

Taken together, DAMP molecules released from
phagocytes may be involved in tissue inflammation.
Remarkable pro-inflammatory properties have been
described for S100A12 and MRP8/14 in this con-
text [33,34]. The direct release of phagocyte-derived
S100 proteins from local tissues under inflammatory
conditions may reflect secretion from infiltrating neu-
trophils (S100A12) and also monocytes or epithelial
cells (MRP8/14) during active disease. This release
can explain the correlation of fecal S100 levels with
disease activity in IBD, thus further validating the use
of these proteins as markers of intestinal inflammation.
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