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Abstract

Background Since their discovery, S100 proteins have
been associated with diverse diseases of inflammatory,
degenerative, or malignant nature. Due to their participa-
tion in inflammation, they have also been studied with
regard to inflammatory bowel disease (IBD).

Method To provide a review of available literature, a
PubMed, MEDLINE, and Embase-based literature search
was performed, using all available nomenclature for each
member of the S100 protein family, along with the terms
inflammatory bowel disease, ulcerative colitis, Crohn’s
disease, or indeterminate colitis.

Result  S100A8/A9, also known as calprotectin, SI00A12,
or calgranulin C and in a lesser extent S100P, are involved
in the pathogenesis, activity, diagnosis, and therapeutic
management of IBD. The majority of available literature is
focused primarily on S100A8/9, although there is growing
evidence on the significance of S100A12. Most studies
emphasize the potential merit of SI00A8/A9 and S100A 12,
as markers for differential diagnosis, monitoring of activity,
or disease relapse, in IBD. Limitations, regarding the
diagnostic utility of these markers, seem to exist and are
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mainly related to the publication of conflicting results, i.e.,
for IBD activity, and to the fact that S100A8/A9 and
S100A12 are not disease-specific.

Conclusions Although the existing data link specific
S100 proteins with IBD, there are still several drawbacks in
the use of these markers for diagnostic purposes. Thus, it
seems that further research is mandatory in order to elim-
inate the impact of confounding factors but also to detect
additional associations between S100 proteins and IBD or
novel S100 proteins with a closer correlation with IBD.

Keywords S100 proteins - Inflammatory bowel disease -
Calprotectin - Calgranulin C

Introduction

In 1965, Moore managed to isolate, purify, and characterize
a brain-specific soluble protein, S100, which was named
after its ability to dissolve in a 100% ammonium sulphate
solution [1]. Since then, a variety of similar low-molecular-
weight acidic compounds has been identified in vertebrates,
thus leading to the constitution of the S100 family of pro-
teins. The members of the S100 protein family are all
EF-hand (a helix-loop-a helix), calcium-binding proteins,
and with the exception of S100G (calbindin D9 k), which is
monomeric, exhibit a dimeric nature. To our knowledge, 25
tissue and cell-specific S100 proteins have been recognized
to date in humans (Table 1), of which the vast majority is in
a homodimer, heterodimer, or more complex form, which
seems to favor target protein binding. These dimerization
products participate in calcium-dependent or calcium-
independent protein—protein interactions, which take place
intra- or extracellularly, via secreted S100 proteins. It is
through these interactions that the S100 proteins carry out a
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Table 1 S100 proteins and associated diseases

S100 family member

Associated extradigestive diseases

Associated digestive diseases

S100A1

S100A2
S100A3
S100A4 (metastasin)

S100AS

S100AG6 (calcyclin)
S100A7 (psoriasin)
S100A8 (calgranulin A)
S100A9 (calgranulin B)

S100A8/A9
heterodimer

S100A10
S100A11
S100A12 (calgranulin C)
S100A13

S100A14
S100A15
S100A16
S100A17
S100A18
S100B

S100G (calbindin Doy)
S100P

S100Z
Profilaggrin
Trichohyalin
Repetin

Heart failure [9]
Bladder and renal cancer [7]
Thyroid, breast, prostate, lung cancer, melanoma [7]

Thyroid, breast, bladder, prostate, lung cancer,
melanoma [7]

Bladder cancer [12], meningioma [13]
Breast cancer [6], melanoma [10]
Psoriasis [10]

Breast cancer [7]

Breast cancer, psoriasis [10]

RA, PA, ReA, JIA, atherosclerosis, vasculitis, SScl,
SLE glomerulonephritis, dermato-/Poly-myositis
hyperzincemia & systemic inflammation [4]

Gastric cancer [7]

Renal, breast, bladder, prostate cancer [7]
RA, PA, JIA, vasculitis, DM type II [4]
Lung cancer [14]

Glioma [15]

Psoriasis [10]

Bladder tumors [12]

Melanoma [7] brain injury, Alzheimer’s disease,
Down’s syndrome, schizophrenia, depression,
Tourette’s syndrome [8], multiple sclerosis [11]

Erythrokeratoderma [10]
Alopecia [10]

Esophageal [24] gastric cancer [21]
Gastric cancer [21]

Esophageal [24], gastric,
colorectal cancer [7]

Colorectal cancer [7]

Gastric cancer [21]

Esophageal [24], gastric, colorectal cancer [7]
Esophageal [24], gastric, colorectal cancer [7]
IBD [4] esophageal cancer [24]

Esophageal cancer [24]
Esophageal [24], gastric, colorectal cancer [7]
IBD [4] esophageal cancer [24]

Oral cancer [23] esophageal cancer [24]

Esophageal cancer [24]

IBD [18] esophageal [24],
pancreatic cancer [25]

RA rheumatoid arthritis, PA psoriatic arthritis, ReA reactive arthritis, JIA juvenile idiopathic arthritis, SScl systemic sclerosis, SLE systemic lupus
erythematosus, /BD inflammatory bowel disease, DM diabetes mellitus

series of proposed biological tasks, such as regulation of
protein phosphorylation, modulation of enzyme activity,
promotion of cell growth, differentiation or apoptosis,
participation in Ca+-+ homeostasis, preservation of cell
shape and motility, regulation of coagulation, and induction
of proinflammatory/inflammatory responses [2-5]. An
example of such interactions is the binding of the
S100B, S100A6, 6 S100A8/A9 heterodimer (calprotectin),
S100A12 (calgranulin C) [4], or STO0P [2] with the receptor
for advanced glycation end products (RAGE). In addition,
certain S100 proteins, SIO0AS8, SI00A9, S100A12, have
been identified as molecules released during cell activation
and lysis or as damage associated molecular pattern proteins
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(DAMPs) [3-6]. The implication of the proteins of the S100
family in a wide spectrum of biological processes proved to
be quite intriguing hence, triggering intense research
towards their involvement in many different malignant [7],
degenerative [8], and inflammatory diseases [4, 5]. As a
result of this intense quest for evidence, members of the
S100 protein family have been linked with both extradi-
gestive and digestive-related disorders, including inflam-
matory bowel disease (IBD), in a number of studies. In the
present review, evidence focusing on the role of S100
proteins in the pathogenesis, activity, diagnosis, and ther-
apeutic management of IBD are classified accordingly, so
that studies offering similar results are presented together,
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in order to facilitate critical comparison and evidence-based
conclusion.

The S100 Proteins in Disease

Each member of the S100 family exhibits one or more
distinct roles, a feature that facilitates the participation in
different pathways and allows the induction of various
responses. Hence, a variety of biological responses, medi-
ated by the same S100 protein, may be triggered by a single
cause, such as an inflammatory disease or a malignancy.
Likewise, a unique, single S100 protein-mediated response
could result from various diseases [4, 5]. Moreover, a tis-
sue-specific pattern of expression has been described for a
number of S100 family constituents. Tissue specificity is
important as it allows the detection of organ or tissue-
specific pathology and discriminates between active or
inactive states [2, 3]. The above-mentioned characteristics
can justify the involvement of the S100 proteins in distinct
types of disorders, systemic or isolated, inflammatory,
degenerative or malignant.

S100 Proteins and Extradigestive Diseases

Members of the S100 protein family have been implicated
in a large number of disorders outside the alimentary tract.
Diseases sharing an autoimmune inflammatory back-
ground, infections, lung, vascular and dermatological dis-
eases, heart failure, as well as neuropathological states are
associated with S100 proteins (Table 1) [4, 5, 8-11]. An
either suppressive or promoting role has been documented
for S100 proteins, with regard to multiple tumor types,
especially of solid nature (Table 1) [7, 12-15]. Based on
these findings, it is not surprising that S100 proteins are
being determined in various biological fluids (sputum,
blood, urine, synovial, pleural [4], cerebrospinal [18], and
amniotic fluid [16]) in feces [4] and in biopsy specimens,
including placental [16].

S100 Proteins and Digestive Diseases

The accumulating evidence linking members of the S100
family with a proinflammatory axis and subsequently with
a variety of non-infectious inflammatory diseases has
encouraged the study of gastrointestinal-related inflamma-
tion with regard to S100 proteins. The vast majority of
available studies is focused on three members of the S100
protein family: SI00AS, S100A9, and S100A12. There are
reports, however, that link other S100 proteins, S100B and
S100P, with celiac disease [17] and IBD [18], respec-
tively. S100A8, S100A9, and S100A12, also known as
calgranulins, are considered phagocyte-specific, exhibit

pro-inflammatory properties, and can be expressed either as
homogenous compounds or as heterodimeric molecules
(S100A8/S100A9 heterodimer) [4, 19]. In contrast with
S100A8 and S100A9, which are found in granulocytes,
monocytes, and macrophages, SI00A12 is predominantly
expressed in granulocytes [4, 5, 19, 20].

Apart from inflammation, a role for certain S100 proteins
in alimentary tract-related tumorigenesis has also been
suggested. Four S100 proteins, S100A4, S100A8, S100A9,
and S100A11, have been linked with both gastric and
colorectal cancer [7]. On the other hand, S100A2 [21],
S100A3 [22], and S100A7 [21] correlated with gastric, while
the S100A6 protein correlated with colorectal cancer [7].
S100 proteins have also been associated with oral [7, 23],
esophageal [24], and pancreatic cancer [25], as well as var-
ious endocrine intestinal tumors [26]. Thus, the assessment
of S100 proteins, carried out in blood, fecal, and tissue
specimens, has revealed a field of great interest regarding
both bowel inflammation and carcinogenesis. As far as
bowel inflammation is concerned, the literature focuses on
IBD, implicating S100 proteins in the pathogenesis and
activity of Crohn’s disease (CD), ulcerative colitis (UC), and
IBD of the unclassified type (IBDU), while at the same time
supporting the notion of S100 proteins serving as diagnostic
markers or candidates for therapeutic management.

S100 Proteins in IBD
S100 Protein Involvement in IBD Pathogenesis

A genomic dysregulation has already been described in
CD, UC, and IBDU and it has been linked with genetic
susceptibility for these diseases. According to Lawrance
et al. [18], this genetic dysregulation seems to concern
S100 genes in IBD. In this study, the global gene expres-
sion profiles of inflamed colonic tissue, obtained from UC
and CD patients, were examined. An increased expression
for SI00A9 (M26311) and S100P (x65614) genes in UC
and CD specimens was recorded, while an overexpression
of SI00A11 gene (D38583) was evident only in UC
specimens. In another study performed by Srivastava et al.
[27], an upregulation of S100 genes in diseased colonic
tissue from CD patients was found.

S100-positive accessory cells have been shown to be
overrepresented in CD and UC patients [28]. Resection
samples, obtained from the terminal ileum of patients with
CD, showed a large population of S100-positive cells,
proximal to the epithelium of inflamed but otherwise
healthy mucosa, adjacent to ulcered areas [29]. The same
research group identified S100-positive dendritic cell
populations, following a similar distribution pattern, in
colectomy specimens from UC patients [30]. Apart from a
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predominant presence in the colon, mature dendritic cells,
stained for S100 have been detected in mesenteric lymph
nodes of CD patients [31]. Interestingly, a decrease in the
number of S100-positive nerve fibers in the lamina propria
of resected colon from IBD patients has been identified in
the study of Kubota et al. [32] probably contributing to
disruption of local immunoregulation. Large populations of
S100A12-positive granulocytes in UC-induced crypt
abscesses, as well as in CD and UC-affected lumen, have
also been recognized [33]. According to Leach et al. [34],
these recruited granulocytes (mostly neutrophils) along
with eosinophils, epithelial cells, or even keratinocytes
may release S100 proteins at sites of mucosal inflamma-
tion. Moreover, SI00A8 and S100A9 expression has been
detected in epithelial cells of IBD-inflamed intestine [19].
The accumulation of S100A-8 and S100A9-positive cells
has been linked to the excessive presence of free radicals,
which in turn induce tissue damage in IBD patients [35].

All the above-mentioned evidence (Fig. 1) seems to
underline the importance of S100 proteins’ participation
in the intestinal immunity as well as the inflammatory
pathways that induce and sustain intestinal injury and
dysfunction.

S100 Proteins as Diagnostic Markers in IBD

Members of the S100 protein family have been isolated
from blood, intestinal mucosa, and feces of IBD patients, in
several studies. The most promising results, however, seem
to originate from the assessment of three S100 proteins:
S100AS8, S100A9, and S100A12. The diagnostic utility of
these S100 proteins has been studied extensively leading to
results that could either justify or raise reasonable doubt
regarding such a use.

S100-mediated
chemotactic
activity
S100gene- ?ﬂljoo-d
related IBD Tnoticlzf)’
redigposit
predisposition dizorders
Release of
free
radicals

Fig. 1 Schematic overview of S100 proteins’ involvement in the
pathogenesis of IBD
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The Case in Favor

Serum and Mucosal Determinations A correlation
between IBD and upregulated serum levels of calprotectin
was identified in a study performed in 1995 by Lugering
et al. [36] in CD patients. In a case—control study by Leach
et al., serum and mucosal calprotectin and SI00A12 were
assayed in 39 children with IBD, 16 with celiac disease
(disease controls), and 33 non-IBD controls, all recruited
prospectively. Both serum and mucosal calprotectin as well
as S100A12 were upregulated in UC (p < 0.01) and CD
(»p < 0.001) patients compared to non-IBD controls.
Patients with IBDU seemed to exhibit higher levels of
mucosal (p < 0.001) but not serum calprotectin or SI00A12
compared to non-IBD controls. Nevertheless, an overex-
pression of SIO0A8/A9 and S100A12 was also recorded
in celiac disease-affected mucosa [34]. Foell et al. [33]
reported similar results in 40 adult CD patients who
exhibited increased S100A12 serum levels, irrespective of
disease activity while Kapsoritakis et al. [37] showed that
the significantly elevated serum S100A12 levels in CD and
UC could discriminate IBD from irritable bowel syndrome
(IBS) patients.

Fecal Studies The levels of SI00A12 in serum have been
shown to correlate significantly (p < 0.05) with fecal
S100A12, in 12 children with pancolitis, as shown in the
study of de Jong et al. In the same study, the elevated fecal
S100A12 levels recorded in 23 IBD patients (22 with
active CD and one with active UC) could discriminate
between subjects with IBD at diagnosis and healthy con-
trols, with a sensitivity of 96% and a specificity of 92%,
when a cut-off of 10 mg/kg for fecal SI00A12 was used
[38]. Kaiser et al. reported similar results regarding fecal
S100A12 in a set of 32 CD, 27 UC, 24 IBS patients, 88
patients with infectious gastroenteritis, and 24 healthy
individuals. Fecal S100A12 levels were significantly ele-
vated in patients with either active or inactive IBD
(p < 0.001 in all cases) and bacterial gastroenteritis but not
in patients with IBS or viral gastroenteritis, compared to
healthy controls. Moreover, fecal SI00A12 could distin-
guish patients with active IBD from healthy controls with a
sensitivity of 81% for CD, 91% for UC, and a specificity of
100% for both diseases. Likewise, fecal S100A12 levels
could differentiate IBS from active IBD with a 86% sen-
sitivity and 96% specificity. The difference, however, in
fecal SIO0A 12 levels between patients with active IBD and
bacterial enteritis did not prove to be significant in this
study [39]. The utility of S100A12 levels in feces, as a
diagnostic marker for IBD, was also confirmed by Sidler
et al. in a study group consisting of 30 CD, one UC, and 30
children or adolescents with various other disorders. The
reported sensitivity, specificity, positive and negative
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predictive values for fecal SI00A12, at a 10 mg/kg cut-off
were 97% in all cases [40]. Consistent with these results
were the findings of Foell et al. [41] who reported an
upregulation of fecal S1I00A12 in IBD patients. Statisti-
cally significant elevated calprotectin levels in fecal spec-
imens from IBD patients have been recorded in numerous
studies where either children [40, 41, 43-45] or adults
[44, 46, 47] were recruited. Interestingly, a single fecal
calprotectin estimation could predict abnormal small bowel
radiology in the study of Dolwani et al. [48]. Moreover,
elevated calprotectin levels in feces have been shown to
differentiate IBD from IBS or discriminate IBD patients
from healthy subjects [40, 49-53]. In a meta-analysis of
prospective studies performed by von Roon et al., which
included a total of 5,983 patients, the diagnostic precision
of fecal calprotectin for IBD was higher in children than in
adults at a cut-off level of 100 pg/g and 50 pg/g respec-
tively. Overall sensitivity and specificity for IBD diagnosis
was 95 and 91%, respectively [44].

The Case Against

Serum and Mucosal Studies Notwithstanding the fact that
S100A12 and S100A8/A9 emerged as a promising marker
for IBD diagnosis, confounding factors must be taken into
account.

As mentioned above, in patients with IBDU, the levels
of serum S100A8/A9 or S100A12 were comparable to non-
IBD controls while, in the same study, an overexpression
of S100A8/A9 and S100A12 was also detected in the
mucosa of patients with celiac disease [34]. Increased
expression of SI00AS8, SI00A9, and S100A12 in H. pylori-
inflamed gastric mucosa has been detected in the study of
Leach et al. [54] and may be a confounding factor when
S100 proteins are being determined.

Studies in Feces The excess in fecal SI00A12 levels may
not be merely attributed to IBD since, besides bacterial
gastroenteritis [39], colorectal cancer and advanced ade-
noma are also potential causes of such an increase and for
that capable of leading to misinterpretations [42]. Elevated
fecal calprotectin levels were also found in subjects suf-
fering from bacterial or viral gastroenteritis [40], acute
uncomplicated diverticulitis or symptomatic diverticular
disease [55], celiac disease, food intolerance, non-steroidal
anti-inflammatory drug (NSAID) enteropathy and immu-
nodeficiency [56], as well as in patients with colorectal
cancer or adenomatous polyps [42, 57, 58] and in those
who had undergone pelvic radiation [59]. Significant
positive correlations were also found between fecal cal-
protectin and age [60, 61], obesity, physical inactivity, and
an inverse relationship with vegetable consumption and
fiber intake [61].

These observations may raise skepticism regarding the
potential use of calgranulins for diagnostic purposes in
IBD, as they cannot be regarded as disease-specific, rather
reflecting mucosal inflammation or destruction.

S100 Proteins as Markers of Disease Activity

The intriguing idea of using the ubiquitous members of
S100 protein family calgranulin C and calprotectin for
diagnosing and discriminating IBD from other pathologic
entities has encouraged the intensive study of these pro-
teins in IBD patients. It was not long until a new hypothesis
emerged, pointing towards a possible correlation between
calprotectin or calgranulin C and IBD activity, which in
turn could encourage the use of these proteins as novel
markers of disease activity. The results, however, origi-
nating from disease activity-related studies proved to be
quite controversial.

The Case in Favor

Serum and Mucosal Studies In the study of Foell et al., a
significant difference in S100A12 serum levels between
active and inactive CD as well as between active and
inactive UC was recorded (p < 0.01, p < 0.001, respec-
tively). SI00A12 serum levels, however, were comparable
between patients with inactive UC and healthy controls.
Serum S100A12 levels have been found to correlate with
endoscopic and histological scores (p <0.01 and
p < 0.001, respectively). Steroid treatment did not seem to
affect SI00A12 serum levels while therapy with infliximab
led to a decrease in S100A12 levels [33]. Another serum
study performed in 54 CD, 56 CD, and 81 IBS adult
patients showed that although elevated serum S100A12
levels correlated with C reactive protein (CRP) and serum
amyloid A (SAA), they could not discriminate between
active and inactive states of IBD [37]. In a pediatric pop-
ulation, the association between S100 proteins and IBD
activity was confirmed only for serum and mucosal cal-
protectin, which proved to correlate well with both CRP
and pediatric Crohn’s disease activity index (PCDAI)
(p < 0.05, in both cases) but not with either a modified
disease activity index or albumin, platelet count and dis-
ease location [34].

Fecal Studies In an original contribution by de Jong et al.,
fecal SI00A12 levels were found to correlate significantly
with CRP (p < 0.001), platelet count (p < 0.0012), and
albumin (p < 0.005), in children with either non-continuous
colonic CD or CD isolated beyond the ileocecal valve.
Children with CD “pancolitis”, however, exhibited levels
of fecal S100A12, which correlated with PCDAI (p <
0.0012), erythrocyte sedimentation rate (ESR) (p < 0.05)
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and platelets (p < 0.00250) but not with CRP or albumin.
A significant decrease in fecal SI00A12 (p < 0.05) was also
recorded for CD in remission [38]. Kaiser et al. on the other
hand, managed to associate fecal SIO0A12 levels with his-
tological inflammation score, ESR, CRP, platelet and white
blood cell count, hematocrit and hemoglobin in IBD adult
patients. Although a significant correlation between fecal
S100A12 and colitis activity index (CAI) in UC was recor-
ded, no such correlation became evident between S100A12
and Crohn’s disease activity index (CDAI), in CD patients.
Fecal calprotectin was also higher in active compared to
inactive IBD, but did not seem to perform equally when
disease location was taken into account. Unlike calprotectin,
fecal calgranulin C performed equally well, regardless of
disease location [39].

Differences in fecal calprotectin levels between patients
with active and inactive IBD were recorded in a number of
studies both in adults [47, 62—65] and children [41, 66].
A significant correlation between fecal calprotectin and the
Crohn’s Disease endoscopic index of severity or the CDAI
was observed in the study of Sipponen et al. [65]. Fager-
berg et al. managed to correlate the magnitude of calpro-
tectin excretion in feces with the extent and severity of
macroscopically as well as microscopically detected
inflammation in IBD children. A significant difference
between symptomatic and asymptomatic IBD children was
also recorded (p < 0.001) [43]. In another study recruiting
IBD adults, positive associations between fecal calprotectin
and CRP or activity indices were found (CDAI and Mayo
Disease Activity Index) [67]. Similarly, the Rachmilewitz
endoscopic activity index for UC and the Simple Endo-
scopic Score for Crohn’s disease (SES-CD) were shown to
correlate more closely with fecal calprotectin than with
CRP, blood leucocytes, or conventional indices (CAI or
CDAI) [68, 69].

The Case Against

Fecal calprotectin levels seem to fluctuate as a result of
different disease location in CD [39]. Besides, in a pedi-
atric population, it was shown that, in active CD, fecal
calprotectin seemed to be predominantly released from
sites of colonic inflammation [41]. Interesting were the
results originating from a study focusing on corticosteroid-
treated IBD children. In some cases, although clinical
remission was evident, fecal calprotectin did not reach
values within normal range, while in others, cessation of
corticosteroid therapy led to increased calprotectin levels
within 4 weeks [70]. Abnormal fecal calprotectin values
were detected even in adults with inactive disease [64]. In a
few studies, greater fecal calprotectin values were recorded
in IBD patients in clinical remission, compared to those
with active IBD [61, 65]. Increased fecal calprotectin levels
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were also found in CD patients who had undergone ileo-
colonic resection and entered clinical remission status [71].
Even the association of calgranulin C and calprotectin with
other markers of inflammation has been denied. In the
study of Sidler et al., fecal SI00A12 did not correlate with
ESR, CRP, platelet count, or serum albumin in CD chil-
dren. Fecal calprotectin correlated only with albumin
(p = 0.03) while no association whatsoever between fecal
S100A12 or SI00A8/A9 and PCDAI was found [40].

S100 Proteins Predicting Disease Relapse

Among the symptomatic IBD cases, in the aforementioned
study of Fagerberg et al., there were two patients with
significantly elevated calprotectin levels, along with small
bowel inflammation alone, while in the asymptomatic
group, an increase in fecal calprotectin was observed in
patients with mild microscopic inflammation (p < 0.004).
According to the authors, the increased fecal calprotectin in
these asymptomatic patients could be related to disease
relapses [43]. In addition, in a study performed earlier,
Tibble et al. [72] reported that IBD patients in clinical
remission who exhibited elevated fecal calprotectin levels
had a 13-fold increased risk of relapse during a year fol-
low-up period. Costa et al. [73] confirmed these results and
underlined the significance of fecal calprotectin as a pre-
dictive marker of relapse, especially in UC patients
(14-fold risk, against a two-fold risk for CD patients).
Consistent with these observations were reports on a
positive association between fecal calprotectin and relapse
in UC and CD [74, 75]. Similar were the results reported in
two separate studies, showing that fecal calprotectin levels
could identify high risk of relapse among CD patients who
had undergone ileocecal resection [76, 77]. In the same
way, elevated fecal calprotectin levels have been associ-
ated with pouchitis and pouchitis-related scores (Objective
Pouchitis Score, Pouch Disease Activity Index, endoscop-
ical and histological inflammation scores), in UC patients
[76, 78, 79]. All these variations along with the fluctuations
of calprotectin and calgranulin C with respect to several
IBD-related characteristics, are summarized in Table 2.

S100 Proteins as Candidates for Therapeutic
Management

The intense scientific research on S100 proteins has
revealed a wide range of possibilities for novel S100-
oriented therapeutic interventions.

In the study of Hofmann et al. [80], inhibition of the
interaction of SI00A12 with RAGE reduced inflammation
in a murine model of colitis. Moreover, the SI00A8/A9
heterodimer, which is upregulated in IBD, has been shown
to bind to human colonic tumor cells, via carboxylated
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Table 2 S100A8/A9 and S100A12 variations according to IBD
characteristics

S100A8/A9 S100A12

Active

uc T T

cD 1 1
Inactive

ucC Nor? -

CD Nor 1 Nor?
UC extent

Proctitis 1 )

Left-sided colitis 1 1

Pancolitis il 1
CD location

Ileal N* or 1 N* or 1

Colonic i i

Tleocolonic 1 i
Relapse

ucC i -

CD i -
Treatment**

5 ASA ! 1

Corticosteroids Nor? N

AZA/MTX ! 1

Anti-TNFa l !

Exclusive enteral nutrition l !

N no variations, ASA aminosalicylates, AZA azathioprine, MTX
methotrexate, TNFa tumor necrosis factor alpha

* Refers to active CD

** Impact of treatment modalities on upregulated levels of S100 s in
IBD patients

glycan- and RAGE-mediated binding, thus promoting cell
proliferation. In the same study, the administration of an
anti-carboxylate glycan antibody reduced chronic colonic
inflammation as well as the associated tumorigenesis in
mice [81]. In another study, however, the treatment of
colon cancer cells with different concentrations of human
S100A8/A9, instead of resulting in proliferation, led to
increased cell death [82], which was attributed to a RAGE-
independent pathway [83]. This S100-related, anti-onco-
genic potential was demonstrated in two separate studies,
where an increased number of S100-positive dendritic cells
was associated with a lower TNM score and a better
prognosis, in patients with colorectal cancer [84, 85].
Whether the overrepresentation of S100-positive cells and
S100A8/A9 in IBD serve as a defense mechanism against
inflammation-induced tumorigenesis or not, is a matter
open for discussion.

Another interaction with a therapeutic potential is that of
cromolyn, which has been shown to bind S100P, prevent-
ing the activation of RAGE and subsequently tumor

growth, while increasing at the same time the sensitization
of pancreatic cancer cells in gemcitabine [86]. This
observation may be of importance since the S100P seems
to be implicated in IBD pathogenesis, too [18].

Finally, there is the paradigm of SI00A1’s implication
in chronic functional heart failure. This well-established
association has led to rescue strategies, including recom-
binant AAV6-S100A1 gene therapy, which may serve as a
model for future interventions in IBD [9].

Critical Assessment of S100 Protein Family
in Clinical Practice

In view of the role of S100 proteins in IBD, it seems that
especially calprotectin and calgranulin C can be useful
markers for diagnosis (Fig. 2), as well as for activity sur-
veillance of IBD. There are issues, however, that need to be
considered.

As far as the optimal type of sample, blood or fecal,
used for calprotectin and calgranulin C determination is
concerned, the following must be taken into account.
Research, as well as in-hospital testing, tend to benefit from
the use of simpler techniques (sampling, storing, testing
requirements) and for that reason, serum has been consid-
ered to be a “friendlier” sample for both research and
routine determinations. Limitations, however, regarding
the use of serum S100 protein determinations in IBD do
exist and are mainly due to the small number of available
studies, especially in adults [33, 36, 37] and the large
number of diseases that could result in an upregulation of
S100 proteins in serum [4]. Feces, on the other hand, are in
direct contact with the intestinal mucosa and despite the
fact that the determination of calprotectin or calgranulin C
requires the use of enzyme-linked immunosorbent assay
(ELISA) techniques, a stability of fecal specimens is
acceptable for a 7 or 10-day period at room temperature
[38, 87, 88], thus allowing individual shipment of fecal
samples, even by custom mail [88]. Since new fecal rapid
tests have emerged which tend to exhibit remarkable sen-
sitivity and negative predictive value, in discriminating
IBD from IBS (100% for fecal calprotectin rapid test), it is
anticipated that this simplified determination will add up to
the efficiency of in-patient diagnostic testing and moni-
toring for IBD [50].

Confounding factors such as infectious gastroenteritis,
celiac disease, biological treatment for concomitant dis-
eases, i.e., rheumatoid arthritis or Sjogren’s syndrome and
pelvic radiation for different types of cancer could influ-
ence both calprotectin and calgranulin C levels, thus
reducing diagnostic utility in IBD. The impact of perianal
disease (abscess and fistula) on calprotectin or calgranulin
C levels should also be examined. A closer look at the
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Fig. 2 S100A8/A9 and
S100A12 proteins’ performance
as fecal IBD diagnostic tests.
Sens sensitivity, spec
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levels of calgranulins in treated IBD patients is also man-
datory, as it is not yet clear whether persisting high con-
centrations represent a potential flaw or a determinant of
potential disease flare-up. What should also be kept in
mind is that intestinal tumors have been shown to upreg-
ulate S100 proteins, calprotectin and calgranulin C inclu-
ded [7, 44], hence a careful interpretation is vital so that the
recorded upregulation is not wrongfully attributed to an
inflammatory process, thus delaying tumor diagnosis.

Based on the above-mentioned evidence, to rely solely
on calprotectin or calgranulin C determination, following a
single “best” laboratory test pattern can prove misleading.
Perhaps it is safer to apply a combined determination of
markers, as it has been suggested for colorectal cancer
diagnosis [42], in order to increase diagnostic efficiency in
all IBD types, irrespective of disease activity or location.

Whether calprotectin or calgranulin C could replace
other traditional markers such as CRP or ESR is a question
yet to be answered, although both have been shown to
exhibit a higher diagnostic efficiency than CRP and ESR
[40, 89].

It is possible that in the near future, calprotectin and
calgranulin C may serve as essential components in a
novel, updated activity index for UC and CD. A similar
task could be carried out with an emphasis on the predic-
tion of disease relapse [43, 72-79] or even the need for
surgical intervention, i.e., colectomy in severe UC [90].

Another possible link that should be examined is that
between calprotectin and stenosis, since it has been shown
that calprotectin may facilitate fibroblast apoptosis [82].
This might mean that in the actively diseased ileum where
S100A8/A9 is not overrepresented, fibroblasts may carry
out fibrotic tasks, which are not subject to a SIO0A8/A9
apoptotic control, thus leading to a greater risk for stenosis,
in the ileum, compared to the colon.

@ Springer

Further studies are needed in order to clarify whether
S100 proteins could serve as reliable diagnostic or prog-
nostic markers for IBD-related tumorigenesis.

There is also the intriguing notion that S100-positive
cells and S100 proteins, which can be present in excess in
IBD, comprise a line of defense against malignant cells
[84, 85] and that this beneficial effect could be amplified by
known pharmaceutical compounds [86]. Perhaps a modi-
fied S100A8/A9 molecule incapable of interacting with
RAGE, but capable of carrying out RAGE-independent
tasks could retain colonic inflammation while reducing
at the same time the risk for colorectal cancer in IBD
patients.

Conclusions

Taken together, all data designate the importance of S100
proteins in IBD. There is no doubt that this intense S100
protein-focused quest for evidence with regard to IBD has
been fruitful. Research on the other hand should always be
targeted towards the direction of new, perhaps even more
promising markers. Ideally, a member of S100 protein
family exhibiting better tissue-specific properties with
regard to intestinal mucosa could serve as an efficient
research tool and reliable diagnostic marker but also as a
promising target for more effective and selective therapies.
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