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The expression of the inflammatory S100 calgranulin proteins

(S100A8, S100A9 and S100A12) in normal and Helicobacter pylori-

infected gastric mucosa of children were examined. S100A8, S100A9

and S100A12, which were virtually absent in normal gastric mucosa,

were highly expressed in H pylori-infected mucosa. This expression

correlated with the severity of gastritis (r=0.9422, P<0.05). S100 cal-

granulins may be involved in bacterial-induced gastritis and may

limit bacterial growth.
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Les calgranulines S100A8, S100A9 et
S100A12 sont exprimées dans la muqueuse
gastrique enflammée d’enfants infectés par
Helicobacter pylori

L’expression des protéines calgranulines S100 inflammatoires (S100A8,

S100A9 et S100A12) a été examinée dans la muqueuse gastrique d’en-

fants en santé et d’enfants infectés par Helicobacter pylori. Les calgranu-

lines S100A8, S100A9 et S100A12, qui sont pour ainsi dire absentes dans

la muqueuse gastrique normale, étaient fortement exprimées dans la

muqueuse infectée par H. pylori. Cette expression était en corrélation

avec la gravité de la gastrite (r = 0,9422, p < 0,05). Les calgranulines S100

pourraient être associées à la gastrite d’origine bactérienne et elles pour-

raient limiter la croissance bactérienne.

The S100 calgranulin proteins (S100A8, S100A9 and
S100A12) comprise approximately 45% of neutrophil

cytoplasm. S100A8 and S100A12 are upregulated by bacterial
lipopolysaccharides (1,2). In general, the calgranulin proteins
are associated with infection (3) and inflammation, including
intestinal inflammation (4). One specific extracellular func-
tion of S100A8 and S100A9 is the regulation of leukocyte
transmigration. Also, the calprotectin complex (a heterodimer
of S100A8 and S100A9) has antimicrobial properties by virtue
of its ability to sequester zinc (5). S100A12 is a potent mono-
cyte chemoattractant (2) and activates mast cells (6).
Expression of these S100 proteins in the upper gastrointestinal
tract has not been defined.

Colonization of the stomach with Helicobacter pylori, a
spiral-shaped bacterium, leads to a life-long gastric infection
unless specifically eradicated. Infection results in gastritis with
a small percentage of those infected developing peptic ulcera-
tion and gastric cancer (7). We aimed to establish whether
S100A8, S100A9 and S100A12 are present in the normal gas-
tric mucosa and whether H pylori infection is associated with
altered expression of these S100 proteins in the gastric mucosa.

METHODS
Patient demographics and H pylori status
Eighteen children between eight and 18 years of age scheduled
to undergo esophagogastroduodenoscopy at the Hospital for
Sick Children (Toronto, Ontario) for investigation of upper
gastrointestinal symptoms were consecutively enrolled in the
present study before endoscopy. The inclusion criterion was
upper gastrointestinal symptoms without a previous specific
etiological diagnosis. Exclusion criteria included administra-
tion of antibiotics in the month preceding endoscopy, the use
of proton pump inhibitors or histamine-2 antagonists in the
two weeks before endoscopy or a known history of H pylori
infection. At endoscopy, antral biopsies were collected for
microbiological culture and histological examination. The
study was conducted in accordance with institutional guide-
lines, and was approved by the hospital’s Research Ethics
Review Board. 

Gastritis grading 
Sections (5 μm) cut from formalin-fixed, paraffin-embedded
antral biopsies were stained with hematoxylin-eosin (Amber
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Scientific Inc, Australia). Slides were blinded and one biopsy
section from each patient was viewed with a light microscope
(Nikon, Japan) at ×400 magnification. The entire biopsy section
was scanned and graded visually for neutrophil and/or mononu-
clear cell numbers: grade 0 (normal), grade 1 (mild), grade 2
(moderate) or grade 3 (marked), based on the grading system
suggested by the updated Sydney system for classification and
grading of gastritis (8). The numerical scores for each of the
two variables (neutrophil grade and mononuclear grade) were
combined to generate a single grade (with a maximum grade of
6) that was representative of the overall severity of gastritis.

S100 immunofluorescence
Serial sections (5 μm) from formalin-fixed, paraffin-embedded
antral biopsies were stained for S100A8, S100A9 and
S100A12 by immunofluorescence. Sections were heated in
0.01 M trisodium citrate in 0.0044 M hydrochloride until boil-
ing. The solution was removed from the heat source and sec-
tions were maintained in the heated solution for 15 min.
Sections were then blocked with 10% goat serum in 0.1%
bovine serum albumin (BSA) (Sigma-Aldrich Co, USA) in
phosphate-buffered saline (PBS) for 20 min at room tempera-
ture, then incubated overnight at 4°C with either polyclonal
rabbit anti-S100A8 immunoglobulin G (IgG), anti-S100A9
IgG or anti-S100A12 IgG (prepared as previously described
(2); cross-reactivity to the other calgranulins was absorbed out
for each antiserum preparation) (2 μg/mL in 0.05% saponin
[Sigma-Aldrich Co] in PBS and BSA). Following extensive
PBS washing, sections were incubated with Alexa Fluor
594 goat-antirabbit IgG (Molecular Probes Inc, USA) 1:200 in
saponin/BSA/PBS for 2 h at room temperature, washed in PBS
and then counterstained with 300 nM (in PBS) 4’6-diamidino-
2-phenylindole⋅dihydrochloride (DAPI) (Molecular Probes
Inc) for 5 min at room temperature before mounting in fluo-
rescent mounting media (Dako, Denmark). Control slides
were treated exactly as test slides, except that purified rabbit
IgG was used as the primary antibody.

Serial biopsy sections, stained for S100A8, S100A9 or
S100A12, were viewed at ×100 magnification on an
Axioplan 2 fluorescence microscope (Zeiss, Germany). Images
were collected and analyzed using AxioVision software (Zeiss).
The entire sections of one each of S100A8-, S100A9- and
S100A12-stained biopsies were viewed for each patient and
the two-dimensional biopsy area was calculated using the
above software. All S100-positive cells were counted and the
S100-positive cell density in the gastric mucosa was calculated. 

Statistical analysis
The χ2 and Fisher’s exact tests were used to assess sex distribu-
tions. Groups were compared by one-way ANOVA, with
Tukey’s multiple comparison test used for post-hoc analysis.
Correlations were tested by Spearman’s rho correlation. All
statistics were generated using GraphPad Prism version 3.00
for Windows (GraphPad Software, USA) and are presented as
mean ± SD. Significance was accepted if P<0.05. 

RESULTS 
The eighteen children were divided into three groups.
Six children (four boys and two girls, mean age 14.9±1.2 years)
identified as H pylori-positive, as indicated by positive H pylori
culture (n=4), histology assessment (n=6) or both (n=4), were

designated as group 1 (gastritis-positive and H pylori-positive).
Six children (four boys and two girls, mean age 11.6±2.6 years),
designated as group 2, had no indications of gastritis and had
negative H pylori culture and histology. Finally, six children (two
boys and four girls, mean age 10.1±1.3 years), designated as
group 3, presented with evidence of gastritis, but were negative
for H pylori culture and histology. The children in group 1 were
significantly older (P<0.05) than children in the other groups,
although there was no significant difference in sex distribution
among the groups. Gastritis scores for the groups were
4.8±2.1 for group 1, 0.3±0.5 for group 2 and 2.2±2.2 for group 3.

S100-positive cells in the gastric mucosa
S100A8-, S100A9- and S100A12-specific staining with these
antibodies has previously been reported (2,4). Further, all con-
trol sections had no indications of nonspecific binding. The nor-
mal gastric mucosa of children in group 2 contained very few
S100A8-positive (Figure 1A), S100A9-positive (Figure 1B) or
S100A12-positive cells (Figure 1C). Similarly, the gastric
mucosa of children in group 3 had low numbers of S100-positive
cells. In contrast, S100A8-positive (Figure 1D), S100A9-
positive (Figure 1E) and S100A12-positive cells (Figure 1F)
were prominent throughout the gastric mucosa of biopsies from
children in group 1. There was limited cellular expression of
S100A9 (Figure 1G). Unlike S100A8 (Figure 1H) and
S100A12 (Figure 1F), S100A9 was prominent in the underlying
matrix and was not generally associated with cellular structures.
S100A8, S100A9 and S100A12 were seen only within the lam-
ina propria and not – in any group – in the gastric epithelium.

S100-positive cell numbers
There were significantly more S100A8-positive cells in the
gastric mucosa of children in group 1 (89±69 cells/mm2)
(P<0.01) than in the gastric mucosa of children from group 2
(0±0 cells/mm2) and group 3 (4±9 cells/mm2). Furthermore,
numbers of S100A8-positive cells positively correlated with
gastritis scores (r=0.9411, P<0.05). 

Similar to S100A8-positive cell numbers, there were signif-
icantly more S100A12-positive cells in the gastric mucosa of
children in group 1 (100±113 cells/mm2; P<0.05) than in the
gastric mucosa of group 2 (0±0 cells/mm2) and group 3
(0.3±0.8 cells/mm2) children, although there was a weaker
correlation between S100A12-positive cells and gastritis scores
(r=0.7590, P>0.05). S100A9-positive cell numbers could not
be assessed because staining was predominantly concentrated
in the extracellular matrix.

DISCUSSION
The present study strongly links the expression of the S100
calgranulins S100A8, S100A9 and S100A12 in the gastric
mucosa to H pylori infection. These proteins were not evident
in normal noninflamed mucosa that was free of H pylori infec-
tion, but were widespread throughout the inflamed gastric
mucosa of H pylori-infected children (group 1). Furthermore,
there were very few calgranulin-positive cells in the mucosa of
group 3 (gastritis-positive and H pylori-negative) children,
although the level of gastritis was not as severe as in the
mucosa of children in group 1. Therefore, we are unable to
conclude whether the presence of these calgranulin-positive
cells is the direct result of H pylori infection or a result of
inflammation. Nevertheless, in group 1 children, S100A8 and
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S100 proteins in the gastric mucosa
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Figure 1) S100-positive cells in the gastric mucosa. Gastric biopsies were obtained from six gastritis-negative and H pylori-
negative children (group 2 representative sections are shown [A,B,C]), and six gastritis-positive and H pylori-positive children
(group 1 representative sections are shown [D,E,F]). Sections were processed and stained with anti-S100A8 (A,D), anti-
S100A9 (B,E) or anti-S100A12 (C,F) antibodies. Higher magnification (×630) views of the gastric mucosa are shown for
S100A9-stained (G) and S100A8-stained (H) gastric mucosa; nuclei are stained blue
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S100A12 were strongly expressed within cells distributed
throughout the lamina propria. S100A9 was also abundant in
the infected mucosa, although it was mainly associated with
the underlying tissue matrix (Figure 1G). S100A9 binds to
heparan sulphate and matrix glycosaminoglycans with a high
affinity (9). This would allow for its concentration in the lam-
ina propria following release from cells. We speculate that
S100A9 may have multiple functions in the gastric mucosa
during H pylori infection. Initially, extracellular S100A9 may
generate a chemotactic gradient that allows for neutrophil
recruitment (10). This may be particularly efficient when
S100A9 is matrix-bound and may occur in a manner similar to
chemokine ligand 27, a chemokine that binds to the extracel-
lular matrix and promotes leukocyte adhesion and chemotaxis
in skin inflammation (11). Furthermore, at high concentra-
tions, it is possible that S100A9 may display bacteriostatic
properties by chelating zinc (5), thereby limiting the availabil-
ity of this essential nutrient to H pylori. 

In comparison, we speculate that S100A8 may have a
protective role in the gastric mucosa. Murine S100A8 is
induced by lipopolysaccharides in activated macrophages,
and its expression is dependent on interleukin-10 and
prostaglandin E2 via a cyclic AMP-mediated pathway (1).
Human and murine S100A8 proteins are exquisitely sensitive
to oxidation and are proposed to be oxidant scavengers (12).
Indeed, S100A8-positive cell numbers appeared to be closely
associated with gastritis, and numbers increased with gastritis
severity. Therefore, S100A8 may have a role in protecting the
gastric mucosa from oxidative damage and cytokine-induced
injury during H pylori infection.

In contrast, we speculate that S100A12 expression during
H pylori infection may promote gastritis, because it is known
that S100A12 is a potent monocyte chemoattractant (2), as

well as a potent activator of mast cells (6). Given that mast
cell numbers have been shown to be increased in the gastric
mucosa during H pylori infection and that mast cell degranula-
tion and mediator release is proposed to play an important role
in H pylori-mediated gastritis (13), we suggest that S100A12
upregulation in the gastric mucosa during H pylori infection
may contribute to the development of this gastritis.

The precise identification of the infiltrating calgranulin-
positive cells was not determined in the present study. The cell
types that express the calgranulin proteins include neutrophils
(14), macrophages (15), epithelial cells (16), eosinophils (17)
and keratinocytes (18). Furthermore, gastritis grading indicates
an influx of inflammatory cells (neutrophils and macrophages)
in the gastric mucosa. Therefore, it is likely that neutrophils
and macrophages are the predominant source of calgranulin
proteins in the inflamed gastric mucosa, but further studies are
needed to confirm this. 

CONCLUSIONS
S100A8, S100A9 and S100A12 proteins, which were not
present in the normal gastric mucosa, were abundantly
expressed in the gastric mucosa of H pylori-infected children
(group 1). These findings are the first to show the expression
of the S100 calgranulin proteins in H pylori-infected gastric
mucosa and to indicate that they may be involved in the host
response at this site. Based on these preliminary findings, fur-
ther investigation into the role of S100 proteins in H pylori-
related disease is warranted.
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