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INFLAMMATORY BOWEL DISEASE

Faecal STO0OA12 as a non-invasive marker distinguishing
inflammatory bowel disease from irritable bowel syndrome
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Objective: STO0A12 is a pro-inflammatory protein that is secreted by granulocytes. STO0A12 serum levels
increase during inflammatory bowel disease (IBD). We performed the first study analysing faecal STO0A12 in
adults with signs of intestinal inflammation.

Methods: Faecal STOOA12 was determined by ELISA in faecal specimens of 171 consecutive patients and 24
healthy controls. Patients either suffered from infectious gastroenteritis confirmed by stool analysis (65
bacterial, 23 viral) or underwent endoscopic and histological investigation (32 with Crohn’s disease, 27 with
ulcerative colitis, and 24 with irritable bowel syndrome; IBS). Intestinal STOOAT2 expression was analysed in
biopsies obtained from dll patients. Faecal calprotectin was used as an additional non-invasive surrogate
marker.

Results: Faecal ST00A12 was significantly higher in patients with active IBD (2.45 + 1.15 mg/kg)
compared with healthy controls (0.006 + 0.03 mg/kg; p<0.001) or patients with IBS (0.05 + 0.11 mg/
kg; p<0.001). Faecal ST00A12 distinguished active IBD from healthy controls with a sensitivity of 86% and a
specificity of 100%. We also found excellent sensitivity of 86% and specificity of 96% for distinguishing IBD
from IBS. Faecal STO0A12 was also elevated in bacterial enteritis but not in viral gastroenteritis. Faecal
S100A12 correlated better with intestinal inflammation than faecal calprotectin or other biomarkers.
Conclusions: Faecal STO0A12 is a novel non-invasive marker distinguishing IBD from IBS or healthy
individuals with a high sensitivity and specificity. Furthermore, STO0A12 reflects inflammatory activity of
chronic IBD. As a marker for neutrophil activation, faecal STO0A12 may significantly improve our arsenal of

of ulcerative colitis and Crohn’s disease involves complex
interactions among susceptibility genes, the environment,
and the immune system. These interactions lead to a cascade of
events that involve the activation of neutrophils, production of
proinflammatory mediators, and tissue damage.' As intestinal
symptoms are a frequent cause of referrals to gastroenterolo-
gists, it is crucial to differentiate between non-inflammatory
irritable bowel syndrome (IBS) and IBD. To date, there is a lack
of biological markers to determine intestinal inflammation.”’
Therefore, invasive procedures are required to confirm the
diagnosis of IBD. Furthermore, the natural history of chronic
IBD is characterised by an unpredictable variation in the degree
of inflammation. Biological markers are needed to confirm
remission, detect early relapses or local reactivation, and to
monitor anti-inflammatory therapies reliably. Whereas serum
markers of inflammation are still not very helpful,’” assays that
determine intestinal inflammation by detecting neutrophil-
derived products in stool show great potential.®
An important mechanism in the initiation and perturbation
of inflammation in IBD is the activation of innate immune
mechanisms.”®* Among the factors released by infiltrating
neutrophils are proteins of the S100 family.” "> One example is
calprotectin, which is detectable in the serum and stool during
intestinal inflammation." Calprotectin was initially described
as a protein of 36 kDa, but was later characterised as a complex
of two distinct S100 proteins, SI00A8 and S100A9."*'* In recent
years, calprotectin has been proposed as a faecal marker of gut
inflammation reflecting the degree of phagocyte activation.® >°
Unfortunately, variation in faecal calprotectin assays still
impedes the routine use of this marker as a sole parameter in
clinical practice. The observed variation may be caused by the
broad expression pattern of calprotectin, which is found in

The etiology of inflammatory bowel disease (IBD) consisting
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non-invasive biomarkers of intestinal inflammation.

granulocytes as well as monocytes and is also inducible in
epithelial cells.*" > In this context, the elevation in lactose
intolerance is notable." 7 >

S100A12 is more restricted to granulocytes. It is secreted by
activated neutrophils and is abundant in the intestinal mucosa
of patients with IBD.”** Overexpression at the site of
inflammation and correlation with disease activity in a variety
of inflammatory disorders underscore the role of this granulo-
cytic protein as a proinflammatory molecule.” The binding of
S100A12 to the receptor for advanced glycation endproducts
(RAGE) leads to the long-term activation of nuclear factor
kappa B, which promotes inflammation.>* In mouse models of
colitis, blocking the interaction of S100A12 with RAGE has
been proved to attenuate inflammation. Data on murine models
of colitis as well as human IBD point to an important role for
S100A12 during the pathogenesis of these disorders.” ** %’

In a previous study, we demonstrated that S100A12 is
overexpressed during chronic active IBD and serves as a useful
serum marker for disease activity in patients with IBD.” De Jong
et al*® recently reported that SIO0A12 can be detected in the
stool of children with Crohn’s disease. The aim of our present
study was thus to analyse S100A12 in stool samples as well as
its expression in the intestinal tissue of patients with confirmed
IBD or IBS and in the stool of a normal control group. We
correlated faecal S100A12 levels with endoscopic and histolo-
gical findings in the same patients and investigated the
diagnostic accuracy of S100A12 to detect intestinal inflamma-
tion.

Abbreviations: 1BD, inflammatory bowel disease; IBS, irritable bowel
syndrome; CAl, colitis activity index; CDAI, Crohn’s disease activity index;
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; RAGE,
receptor for advanced glycation endproducts
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Table 1 Characteristics of the study population
Crohn’s disease Ulcerative colitis IBS Bacterial enteritis  Viral enteritis Controls

Patients, n 32 27 24 65 23 24
Sex, female/male 21/11 11/16 21/3 33/32 10/13 10/14
Age, median (range) 34 (19-62) 46 (22-71) 46 (16-70) 31 (1-93) 32 (1-83) 35 (17-43)
Disease activity, n

Inactive 6 3 - - - -

Active 26 24 = = = =
Localisation, n

Pancolitis - - - -

Leftside colitis - 12 - - - -

Terminal ileum 12 - - - - -

Caecum 2 - - - -

Colon 9 - - - - -

Other 4 5 - - - -
Parameters, mean (SEM)

CRP, mg/dl 2.7 (0.63) 1.2 (0.23) 0.3 (0.06) - - -

CDAI/CAI 109 (9.5) 6(0.6) - - -

Histology inflammation score 1.5(0.2) 1.6 (0.2) 0 - - -

WBC count, 1000/l 8.9 (0.8) 7.1 (0.4) 6.4 (0.3) - - -

ESR, mm/h 28.8 (4.2) 25.6 (2.9) 14.6 (1.9) = = =
Medication, n

5-ASA 11 14 - - - -

Steroids - - - -

— Systemic 7 8

— Local 4 1

Azathioprine 1 3 = = = =
CDAI/CAI, Crohn'’s disease activity index/colitis activity index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; 5-ASA, 5-aminosalicylic acid; IBS, irritable
bowel syndrome; WBC, white blood cell.

METHODS

Patients with IBD or IBS

We included 83 consecutive patients with an established
diagnosis of IBD or symptoms suggesting gastrointestinal
inflammation. The study was designed as a prospective trial
in which data collection was planned before the measurements
of diagnostic accuracy were performed. The patients were
included between May 2004 and May 2006 at the University of
Duisburg, Essen, Germany. Thirty-two patients had Crohn’s
disease, 27 were identified to have ulcerative colitis, and 24
patients were diagnosed with IBS (table 1). All patients
underwent endoscopic examination, and biopsies were taken
for histological investigations at all colonoscopies. Each patient
gave signed informed consent. The study protocol was approved
by the ethics committee of the medical faculty of the University
of Duisburg, Essen, Germany. All patients with IBS fulfilled the
ROME 1I criteria.*” Symptoms suggesting gastrointestinal
inflammation in IBS included straining during bowel move-
ment, the passage of mucus, weight loss, and fatigue.

Patients with infectious gastroenteritis

We included 88 patients who suffered from infectious gastro-
enteritis confirmed by microbiological stool examination,
including cultures for enteropathogenic bacteria and the
detection of enteropathogenic viruses according to standard
procedures. Only one isolate per patient was included (table 1).
Of these, 65 had proof of bacterial origin (18 Escherichia coli, 10
Clostridium difficile, 15 Campylobacter group, 17 Salmonella group,
five Yersinia enterocolitica) and in 23 a virus was detected (10
Norwalk-like virus, 13 rotavirus).

Determination of disease activity

To define inflammatory activity in the gut, macroscopic signs of
inflammation were recorded during colonoscopy by the
experienced gastroenterologist using the simple endoscopic
score for Crohn’s disease or a similar index for ulcerative
colitis.”* *' In addition, biopsies were taken from multiple sites.
Biopsy sections were encoded and analysed semiquantitatively
on a four-point scale by two independent observers who were

blinded to the diagnosis and clinical data (0, no inflammation;
1, mild signs of inflammation; 2, moderate inflammation; 3,
severe inflammation). As a further inclusion criterion, the
histology score had to be in accordance with endoscopic signs of
inflammation. This histology inflammation score served as the
reference standard to determine the absence of inflammation or
active IBD in our study cohort. In addition, clinical disease
activity in Crohn’s disease was documented by using the
Crohn’s disease activity index (CDAI),”> and for ulcerative
colitis by using the colitis activity index (CAI) according to
Rachmilewitz” and using the criteria of Truelove and Witts.*
Stool samples were collected from all patients. Levels of C-
reactive protein (CRP), erythrocyte sedimentation rate (ESR),
white blood cell count, thrombocytes, haemoglobin and
haematocrit were determined in all patients. IBD patients were
considered inactive if there were no endoscopic and histological
signs of inflammation (histology inflammation score < 1) and
normal disease activity scores (CDAI < 150; CAI < 6). In
addition, extraintestinal disease and small bowel involvement
were excluded in Crohn’s disease patients by clinical examina-
tion and contrast enhanced magnetic resonance imaging using
the Sellink technique.”

Healthy controls

The control group contained 24 healthy people without any
signs of inflammation or intestinal symptoms. They supplied a
single stool sample after giving informed consent. Demographic
data are summarised in table 1.

Stool analyses

The whole stool specimens were collected by the patients 72 h
before endoscopy using a disposable plastic bucket-type device
that avoids toilet water artefact and simplifies laboratory
sampling. In patients with acute gastroenteritis, stool was
collected in regular sterile sample containers, and sent to the
laboratory within 24 h. Microbiological analyses comprised
classic culture methods. Stool specimens were frozen to —30°C
immediately after collection and sent to the laboratory (L+S
AG, Bad Bocklet, Grossenbrach, Germany) by mail.

www.gutinl.com
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Figure 1

S100A12 and calprotectin in faeces. Faecal ST00A12 (A) and
faecal calprotectin (B) were cfefermined in stool samples of patients with
active inflammatory bowel disease (IBD; n = 50), inactive IBD (n = 9),
irritable bowel syndrome (IBS; n = 24), bacterial enteritis (n = 65), viral
astroenteritis (n = 23) and healthy controls (n = 24). Box plots indicate
ﬁ‘ne median as well as the 25th and 75th percentile. Error bars indicate 10th
and 90th percentiles. Fecal STO0A12 was significantly higher in active IBD
comparecr with all other groups except bacterial enteritis. Fecal calprotectin
was higher in active IBD compared with IBS and healthy controls, but
differences between patients with active and inactive IBD did not reach
statistical significance. In addition, faecal calprotectin was significantly
elevated both in bacterial enteritis and viral gastroenteritis (***p<0.001;

**p<0.01; *p<0.05).

Approximately 100 mg of the stool samples were immediately
suspended in extraction buffer at 1: 50 dilution for homo-
genisation as described and extensively validated previously.® **
After homogenisation and centrifugation the supernatants
were stored at —80°C until analysis for both calprotectin and
S100A12. The analyses for these markers were performed using
aliquots from identical samples. Concentrations of S100A12
were determined by a double sandwich ELISA system
established in our laboratory as described previously.” The inter
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and intraassay coefficients of variation were 12.1% (n = 35)
and 4.8% (n = 10), respectively. Faecal calprotectin was
determined by a commercially available ELISA (Calpro AS,
Oslo, Norway) following the manufacturer’s instructions. The
upper value of the normal range is 50 mg/kg. The readers of the
laboratory assay were blinded to the diagnosis and the results
of our reference standard, i.e. the inflammation score.

Immunohistochemical analyses

S100A12 expression was detected on paraffin-embedded bowel
specimens by staining with rabbit antihuman S100A12, as
described previously.” To identify neutrophils in the sections,
murine antihuman Crohn’s disease' or alternatively antihu-
man elastase antibodies (DAKO, Glostrup, Denmark) were
employed. The co-expression of S100A12 and neutrophil
markers was analysed on serial sections. As control antibodies
we used monoclonal murine antihuman IgM and polyclonal
rabbit antihuman IgG (Pierce, Rockford, Illinois, USA) with
irrelevant specificity. Secondary antibodies and substrates for
colour reaction were used as described before.** Sections were
analysed using a Zeiss Axioskop connected to an Axiocam
camera supplied with software Axiovision 3.0 for Windows
(Zeiss, Goettingen, Germany).

Sections were analysed semiquantitatively by two indepen-
dent observers who were blinded to the diagnosis and clinical
data. The analysis included all areas of the sections at a
magnification of 200-fold. A global score was given for each
parameter, using a semiquantitative four-point scale (0, lowest
level of expression, no positive cells; 3, highest level of
expression, all cells positive in all areas).

Statistical analyses

All statistical analyses were performed using SPSS software
package version 12 (SPSS Inc., Chicago, Illinois, USA).
Differences for parameters found to be significant in analysis
of variance followed by Dunnett’s post-hoc analysis were
further compared group-to-group using the Mann-Whitney
U-test. Receiver operating curves were plotted to determine the
accuracy of SIO0A12 measurements as a diagnostic test.”” ** The
correlation of different markers and scores with disease activity
was analysed using Spearman’s rho-test. All tests of signifi-
cance were two-tailed. A p value of less than 0.05 was
considered to be significant. Data are presented as median
+95% CI except when otherwise stated. There were no missing
test results, and no indeterminates or outliers were excluded.

RESULTS

Stool analyses

Faecal SI100A12 levels from patients with active IBD were
significantly elevated (median 2.45 + 1.15 mg/kg) compared
with healthy controls (0.006 + 0.03 mg/kg; p<0.001) or
patients with IBS (0.05 + 0.11 mg/kg; p<<0.001). The levels
from IBS patients did not differ significantly from those found
in healthy controls (p=0.171). There was also no significant
difference for S100A12 levels between Crohn’s disease
(1.84 + 1.84 mg/kg) and ulcerative colitis (2.67 + 1.38 mg/
kg; p=0.41) patients. Significantly higher levels were found in
patients during active disease in Crohn’s disease as well as
ulcerative colitis (histology inflammation score =1) compared
with patients with no evidence of inflammation (fig 1A). Faecal
S100A12 levels were 0.005 + 1.03 mg/kg in patients with
inactive IBD (p<0.001). There were no significant age or
gender differences for faecal S100A12 in our cohort (not
shown). Faecal S100A12 was also significantly elevated in
bacterial enteritis (1.0 + 1.21 mg/kg) but not in patients
suffering from viral gastroenteritis (0.01 + 0.31 mg/kg).
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Figure 2 Correlation of faecal STO0A12 with intestinal inflammation. A
histology inflammation score was calculated by combining endoscopic and
histological information in Crohn’s disease (A) and ulcerative colitis (B).
Faecal STO0A12 results were lower in patients without proof of
inflammation (score O: Crohn’s disease n = 6, ulcerative colitis n = 3)
than in patients with signs of inflammation (mild inflammation, score 1:
Crohn’s disease n = 11, ulcerative colitis n = 5; moderate inflammation,
score 2: Crohn’s disease n = 8, ulcerative colitis n = 14; severe
inflammation, score 3: Crohn’s disease n = 8, ulcerative colitis n = 6).
Box plots indicate the median as well as the 25th and 75th percentile. Error
bars indicate the 10th and 90th percentile (**p<0.01; *p<0.05).

Within these groups, the S100A12 results revealed no patho-
gen-dependent variations.

Correlation with disease activity

Levels of faecal S100A12 correlated with the histology
inflammation score (r = 0.440; p<0.01), ESR (r = 0.377;
p<0.01), CRP (r = 0.396; p<0.01), thrombocytes (r = 0.418;
p<<0.01), white blood cell count (r = 0.287; p<<0.05), haemo-
globin (r = —0.512; p<0.001) and haematocrit (r = —0.460;
p=0.001) in IBD patients. Levels of faecal S100A12 in
ulcerative colitis correlated with the CAI (r = 0415,
p=0.039) and the inflammation score (r = 0.440,
p =0.025). There was no correlation between the CDAI and
faecal S100A12 in patients with Crohn’s disease (r = 0.296,
p=0.100), but we also found no significant correlation
between the inflammation score and the CDAI (r = 0.189,
p = 0.317). The correlation between the inflammation score and
faecal S100A12 in Crohn’s disease (r = 0.451, p =0.010) was
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Figure 3 Correlation of faecal STO0A12 and faecal calprotectin with
disease location. In patients with active inflammatory bowel disease (IBD),
the test for faecal STO0A12 performs equally well regardless of disease
location. The analysis of variance revealed no significant differences,
although there was a trend towards higher levels of distal inflammation
compared with more proximal inflammation. Faecal STO0A12 seems to be
a more robust test in this regard than faecal calprotectin (L, left; R, right;
Others, proctitis and iso|ateg sigma inflammation).

similar to the ulcerative colitis group and was significant (fig 2).
Table 2 summarises correlations of faecal S100A12 with
different parameters in Crohn’s disease and ulcerative colitis.
The test for faecal SI00A12 performs equally well regardless of
disease location (fig 3).

Sensitivity and specificity

We performed receiver operating curve analyses to determine
cutoff points for faecal SI00A12 measurements. A cutoff point
of 0.8 mg/kg was used to distinguish active IBD from healthy
controls and IBS. Comparing ulcerative colitis and Crohn’s
disease in differentiation to healthy controls we could
determine a specificity of 100% for both but a lower sensitivity
in Crohn’s disease (81%) than in ulcerative colitis (91%). In
differentiating IBS from active inflammation in IBD we
observed a sensitivity of 86% and a specificity of 96% (fig 4).
Details are summarised in table 3.

www.gutinl.com
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Table 2 Correlation of fecal biomarkers with other parameters in inflammatory bowel disease
Fecal calprotectin Clinical score  Inflammatory score* CRP ESR Haematocrit ~ WBC count Thrombocytes
Crohn's disease CDAI
Fecal ST00A12 0.324 0.296 0.451 0.563 0.533 -0.615 0.311 0.433
p=0.08 p=0.1 p=0.01 p<0.01 p<0.01 p<0.001 p=0.08 p=0.01
Fecal calprotectin 0.065 0.412 0.307 0.188 —0.531 -0.112 0.243
p=073 p<0.05 p=0.09 p=0.31 p<0.01 p=0.55 p=0.19
Ulcerative colitis CAl
Fecal STO0A12 0.531 0.415 0.440 0.096 -0.129 -0.013 -0.016 0.206
p<0.01 p<0.05 p<0.05 D=0 H=0.54 p=0.95 p=0.94 p=0.32
Fecal calprotectin 0.334 0.311 0.057 0.120 -0.019 0.156 0.435
p=0.11 p=0.14 p=0.80 p=0.58 p=0.93 p=0.47 p=0.08
CA\, colitis activity index; CDAI, Crohn'’s disease activity index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell.
Significant correlations highlighted in bold.
*Histology inflammation score.

Other markers of inflammation

Between active IBD and IBS, there were significant differences
for CRP (2.3 versus 0.5 mg/dl; p<0.001) and ESR (29 versus
15 mm/h; p =0.003), whereas white blood cell count, throm-
bocytes, haemoglobin, and haematocrit showed no differences.
These markers did not differentiate between active and inactive
IBD. Faecal calprotectin was higher in active IBD (median
97 + 45 mg/kg) compared with inactive IBD (19 + 158 mg/
kg), IBS (18 + 36 mg/kg) and healthy controls (19 + 25 mg/
kg; fig 1B). In addition, faecal calprotectin was significantly
elevated both in bacterial enteritis (209 + 61 mg/kg) and viral
gastroenteritis (107 + 80 mg/kg). The accuracy of other
markers is summarised in table 3. Test accuracy summarised
by sensitivity, specificity, likelihood ratio, positive predictive
value, negative predictive value, and odds ratio was found to be
superior for faecal SI00A12 compared with any other marker.

Immunohistochemical results
Staining of tissue from patients with IBD showed a specific
distribution of S100A12 expression by infiltrating cells in
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Figure 4 Receiver operating curves. Receiver operating curve analyses
were performed fo analyse the trade-off between the sensitivity and
specificity of faecal STO0A12 and faecal calprotectin in differentiating
patients with active inflammatory bowel disease (IBD) from those with
irritable bowel syndrome (IBS). Both biomarkers were found to distinguish
between IBD and IBS, with a better result for faecal STO0A12 (area under
the curve 0.936; 95% Cl 0.879 to 0.993) than for faecal calprotectin (area
under the curve 0.788; 95% Cl 0.679 to 0.896).

www.gutjnl.com

inflamed areas of the gut. Patients with ulcerative colitis had
distorted crypt architecture. Crypts were reduced in number;
edema and focal haemorrhage were observed. Epithelial cells
were S100A12 negative in all cases, whereas profound
subepithelial expression of SI00A12 in granulocytes was found
in IBD. In gut biopsies with a high degree of inflammation,
S100A12 was present in an extracellular distribution surround-
ing S100A12-positive cells, reflecting secretion of the protein.
Particularly around granulomatous lesions or in crypt
abscesses, large numbers of SI00A12-positive cells as well as
the release of S100A12 into the extracellular space were present
(fig 5). In contrast, there was no SI00A12 expression in tissue
samples from patients with IBS and only few S100A12-positive
cells in samples of IBD patients with no evidence of inflamma-
tion in endoscopic or histological examination. The pattern of
CD15 or elastase as markers of neutrophils in the tissue was
similar to the distribution of S100Al12-positive cells.
Coexpression of SI00A12 with neutrophil markers was detected
in serial sections as already described before (not shown).” The
staining of S100A12 in the samples of patients with IBD
correlated with the histology inflammation score (r = 0.331;
p<0.05) and with faecal levels of SI00Al12 (r = 0.306;
p=0.05). We found no significant correlation between the
clinical activity scores CAI or CDAI and our staining for
S100A12.

DISCUSSION

Faecal biomarkers of intestinal inflammation are attractive in
the clinical routine as they provide a non-invasive examination
that can help screening patients with mild symptoms such as
abdominal pain and diarrhoea. Furthermore, the measurement
of such biomarkers can be repeated to follow up inflammation
or to detect subclinical activity early.” As markers of
neutrophil-derived proteins, lysozyme, myeloperoxidase,
human neutrophil lipocalin or polymorphonuclear neutrophil
clastase are less promising than lactoferrin.** As these
proteins are expressed by infiltrating granulocytes, levels in
feces are significantly higher in IBD than in IBS, but an overlap
of levels in active disease compared with inactive IBD has been
observed.* *

The most extensively investigated faecal marker is the
complex of S100A8/SI00A9 termed ‘calprotectin’. Previous
studies have shown that calprotectin correlates well with
disease activity in IBD and can be a useful biomarker for
distinguishing IBD and IBS.® " ' *°“* The reported sensitivity
varies between 63% and 95%, whereas specificity has been
reported to be between 79% and 93%." “*' See supplementary
table 4 for the diagnostic accuracy of faecal calprotectin in the
differentiation of IBD versus IBS reported in other studies (supple-
mentary table 4 can be viewed on the Gut website at http://
gut.bmj.com/supplemental). Our results for faecal calprotectin are
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irritable bowel syndrome

Table 3 Diagnostic accuracy in distinguishing active inflammatory bowel disease from

Sensitivity % Specificity % LR+ LR— PPV NPV OR
Fecal ST00AT2 86 96 21.5 6.9 0.98 0.76 13.5
Fecal calprotectin 63 86 4.5 23 0.90 0.51 9.9
CRP 58 79 2.8 1.9 0.76 0.53 3.2
ESR 56 75 2.24 1.7 0.74 0.42 2.9
CDAI 27 100* = = 1 0.24 =
CAl 63 100t = = 1 0.38 =

CAl, Colitis activity index; CDAI, Crohn’s disease activity index; LR—, negative likelihood ratio; LR+, positive likelihood
ratio; NPV, negative predicﬁve value; OR, odds ratio; PPV, positive predicﬁve value.
*CDAI < 150 in inactive Crohn’s disease (n = 6), TCAI < 5 in inactive ulcerative colitis (n = 3).

therefore within the range found in previous studies (summarised
in Konikoff and Denson*). The observed variation could be
caused by varying presentation of epitopes on the calprotectin
complex under different conditions.*> On the other hand, the
broad expression pattern of calprotectin, which is inducible in
epithelial cells under certain circumstances, may be influencing
the results.”" ** In this regard, it is remarkable that faecal SI00A12
was not elevated in viral gastroenteritis as was faecal calprotectin.
Elevated levels of faecal calprotectin have also been reported in
one previous study including bacterial enteritis and rotavirus
infections.”” In contrast, faecal SI00A12 was not elevated in viral
gastroenteritis, which was also reported for lactoferrin, indicating
that these markers are more specific for neutrophils than
calprotectin and that neutrophil activation is less involved in viral
gastroenteritis than in bacterial infections.*

In contrast to calprotectin, SI00A12 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 promotes inflammation through the
activation of RAGE.” As 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 with inflammatory activity.”
Excretion of the protein into the gut lumen could reflect the
number of neutrophils infiltrating the mucosa as well as their
activation status. The measurement of SI00A12 in feces is not
strictly disease specific, but is probably specific for neutrophil
activity during bowel inflammation. It was recently reported
that S100A12 is detectable in stool samples, where it is evenly
distributed and, similar to calprotectin, is stable for 7 days.*

Crohn's disease

Anti-ST00A12

Figure 5 Immunohistochemical ST00A12
staining and correlation with disease activity.
S100A12 was stained in biopsies obtained
at colonoscopy. The staining was compared
with the disease activity index, faecal
ST100A12, and other markers (faecal
calprotectin shown as example). Image sets
(A,B) represent individual examples of
patients with irritable bowel syndrome (IBS),
Crohn'’s disease, and ulcerative colitis. Local

Ulcerative coliti

CAl 8 S100A12 tissue expression was found to

CDAI 116 correlate with the histology inflammation
score and with faecal levels of STO0AT2,

Inflammation score 0 3 2 whereas there was only a weak correlation
with the clinical activity scores the colitis

Staining score 0 3 2 activity index (CAl) or the Crohn'’s disease

Faecal STOOAT2 activity index (CDAI) when analysing the

(mg/kg) 0.05 4.90 3.47 whole cohort.

Faecal calprotectin 43 338 38

(mg/kg)

B BS Crohn's disease Ulcerative colitis

CAl

CDAI

Inflammation score 0 3
Staining score 0 3
Faecal STO0A12

(mg/kg) 0.15 14.70
Faecal calprotectin

(mg/ko 7 !

13.45
795
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Faecal SI00A12 was increased in paediatric Crohn’s disease
patients in whom disease activity was only determined by a
clinical score and not by invasive procedures such as colono-
scopy. This approach, however, is critical taking into account
the observed inaccuracy of clinical indices. The CAI and the
CDAI poorly correlate with the invasive assessment of
inflammation by endoscopy and histology (which was our gold
standard) and depend on interobserver variations.>®>” Not
surprisingly, these clinical scores have been found to be of
little use in the monitoring of disease activity in a number of
studies, including ours.’

Our analysis is the first study to show a strong correlation
between endoscopically and histologically confirmed intestinal
inflammation and faecal levels of S100A12 both in Crohn’s
disease and ulcerative colitis. We provide evidence that faecal
S100A12 discriminates between IBD and IBS with high
accuracy. Furthermore, faecal S100A12 differed significantly
between active and inactive IBD. As an important feature, the
test for faecal S100A12 performs equally well regardless of
disease location. The results for SIO0A12 improved when we
included only patients with ulcerative colitis (sensitivity 91%,
specificity 96%). These findings are analogous to calprotectin,
which is also more accurate in ulcerative colitis.”’ The results
are comparable to those reported previously in children with
Crohn’s disease, although the concentrations determined with
our ELISA were lower.” It appears rather unlikely, however,
that the concentrations of SI00A12 in stool reach the levels of
calprotectin, because the latter protein complex is far more
abundant.** Our results also confirm the fact that neither faecal
marker of intestinal inflammation is completely specific for
IBD, but rather for intestinal inflammation in general, because
the levels of these phagocyte-derived proteins are also elevated
during infectious enteritis.>* In this respect, SIO0A12 as a
specific marker of neutrophil activation may, however, also be
very useful in monitoring disease activity.

It was our aim to include only well-characterised IBD
patients, in whom endoscopic investigation with the collection
of bowel biopsies was performed, allowing the use of a
histology inflammation score as a gold standard.
Furthermore, immunohistochemical staining of tissue sections
confirmed S100A12 expression in the gut of each patient. We
could thereby confirm that infiltrating neutrophils are the main
source of faecal SI00A12. Although the number of individuals
included in this study is rather small as a result of the study
design, our data prove that faecal SI00A12 strongly correlates
with intestinal tissue inflammation. Longitudinal studies will
be performed in the future to determine the value of faecal
S100A12 in the monitoring of inflammation and the prediction
of the disease course.

In conclusion, clinical indices are too indistinct to reflect
inflammatory activity in chronic IBD and cannot provide
precise information about the patient status. In contrast, most
procedures used to confirm inflammation in the gut are too
invasive or expensive for routine use, or they require radia-
tion exposure. Whereas most serological biomarkers are of
limited use, faecal markers of neutrophil activity can indicate
intestinal inflammation. Once bacterial enteritis is ruled out,
faecal S100A12 may be an excellent non-invasive marker
of disease activity of IBD superior to other biomarkers
including faecal calprotectin, which is also derived from
monocytes and potentially from epithelial cells, making it less
specific for infiltrating neutrophils. Faecal S100A12 correlates
with inflammation and can distinguish chronic IBD from non-
organic disease including IBS, with high sensitivity and
specificity. This neutrophil-derived protein can significantly
improve our arsenal of non-invasive biomarkers of intestinal
inflammation.
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