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Abstract In the central nervous system glial-derived

S100B protein has been associated with inflammation

via nitric oxide (NO) production. As the role of ent-

eroglial cells in inflammatory bowel disease has been

poorly investigated in humans, we evaluated the

association of S100B and NO production in ulcerative

colitis (UC). S100B mRNA and protein expression,

inducible NO synthase (iNOS) expression, and NO

production were evaluated in rectal biopsies from 30

controls and 35 UC patients. To verify the correlation

between S100B and NO production, biopsies were

exposed to S100B, in the presence or absence of spe-

cific receptor for advanced glycation end-products

(RAGE) blocking antibody, to measure iNOS expres-

sion and nitrite production. S100B and iNOS expres-

sion were evaluated after incubation of biopsies with

lipopolysaccharides (LPS) + interferon-gamma (IFN-c)

in the presence of anti-RAGE or anti-S100B antibodies

or budesonide. S100B mRNA and protein expression,

iNOS expression and NO production were signifi-

cantly higher in the rectal mucosa of patients com-

pared to that of controls. Exogenous S100B induced a

significant increase in both iNOS expression and NO

production in controls and UC patients; this increase

was inhibited by specific anti-RAGE blocking anti-

body. Incubation with LPS + IFN-c induced a signifi-

cant increase in S100B mRNA and protein expression,

together with increased iNOS expression and NO

production. LPS + IFN-c-induced S100B up-regulation

was not affected by budesonide, while iNOS expres-

sion and NO production were significantly inhibited

by both specific anti-RAGE and anti-S100B blocking

antibodies. Enteroglial-derived S100B up-regulation in

UC participates in NO production, involving RAGE in

a steroid insensitive pathway.

Keywords enteric glia, nitric oxide, S100B, ulcerative

colitis.

INTRODUCTION

Enteric glial cells (EGC) represent an extensive cell

population of the enteric nervous system within the

gastrointestinal tract. Although they have so far been

quite poorly described, evidence is accumulating that

they are the morphological and functional equivalent of

the astrocytes found in the central nervous system

(CNS).1 In the brain, a factor released by astrocytes is

S100B, a diffusible Ca+2/Zn+2-binding protein consid-

ered a �janus face� neurotrophin.2,3 Indeed, once released,

it has opposite effects depending upon its concentrations

in the extracellular milieu: a pro-survival effect on

neurons and neurites outgrowth at nanomolar concen-

trations, and a toxic effect at micromolar concentra-

tions.3 S100B reaches micromolar concentrations

during CNS neuro-inflammatory processes, thus stim-

ulating the expression of inducible nitric oxide (NO)

synthase (iNOS) protein and, consequently, inducing

NO production acting as a full title brain cytokine.4–6
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In the gut, EGC have been traditionally regarded as

passive, supporting partners of enteric neurons. How-

ever, the recent studies have demonstrated the active

role of enteric glia in maintaining and regulating gut

homeostasis.7–9 The fundamental role played by EGC

was demonstrated in a transgenic mouse model in

which enteric glia were specifically ablated, resulting

in fulminating intestinal inflammation.10 In vitro

experiments showed that chronic activation of EGC

causes the release of pro-inflammatory cytokines and

NO in the enteric neuro-immune network.11,12 Alter-

ations in enteroglial structure have been described in

patients with inflammatory bowel diseases (IBD),13 but

EGC activation and, more specifically, the role of

enteroglial-derived S100B protein14,15 in the patho-

physiology of gut inflammation, are still far from being

fully characterized.

We recently demonstrated that S100B is up-regulated

and stimulates NO production in the duodenal mucosa

of patients with celiac disease.16 As increased NO

production by iNOS has been involved in the patho-

genesis of IBD,17–20 and, to clarify the role of enteric

glia during chronic intestinal inflammation, the pres-

ent study was undertaken to evaluate the expression of

S100B in the rectal mucosa of patients with ulcerative

colitis (UC), and its relationship with NO production.

In addition, to further investigate the primary role of

enteric glia during the intestinal inflammatory sce-

nario, we evaluated S100B expression in an in vitro

model of intestinal inflammation by stimulating rectal

mucosal biopsies with lipopolysaccharides (LPS) and

interferon-gamma (IFN-c).

METHODS

Patients

The experimental groups comprised 65 subjects: 35 patients with
newly diagnosed UC (median age 35 years, range 25–47 years; 20
females/15 males) and 30 controls (median age 50 years, range 43–
65 years, 18 females/12 males). Controls were recruited from
subjects undergoing colonoscopy for cancer screening; in all the
morphology of the rectal mucosa was normal. All patients
underwent endoscopic rectal biopsy for histological assessment.
We obtained informed consent from all the participants. The
study was approved by the Ethics Committee of the Federico II
University of Naples.

Tissue culture

According to Coeffier et al.,21 rectal biopsy specimens were placed
in 24-well plates and cultured in Dulbecco Modified Eagle�s
medium supplemented with 5% fetal bovine serum, 2 mmol L)1

glutamine, 100 U mL)1 penicillin, 100 lg mL)1 streptomycin
(Biowhittaker, Milan, Italy) at 37 �C in 5% CO2/95% air for

24 h. The release of S100B and nitrite levels, using Griess
reagents,22 were measured in the supernatant in the different
experimental conditions.

Immunohistochemistry assay

For S100B immunohistochemistry, rectal biopsy specimens were
fixed in buffered formalin, embedded in paraffin and cut into
4 lm-thick serial sections. Sections were stained with the primary
S100B antibody (1 : 200; NeoMarker, Fremont, CA, USA). After
three 5-min washes, the secondary antibody was added and the
samples were incubated at room temperature for 20 min. The
streptavidin-HRP detection system (Chemicon Int., Temecula,
CA, USA) was added and samples were incubated at room
temperature. After three 5-min washes, 50 lL of chromogen was
added and the reaction terminated after 1 min in water. Sections
were then counterstained with haematoxylin eosin at room
temperature. Negative controls were performed by omitting
primary antibody.

Double immunofluorescence staining for glial
fibrillary acidic protein and S100B

In order to demonstrate enteroglial origin of S100B protein, we
performed double immunofluorescence for glial fibrillary acidic
protein (GFAP)/S100B in rectal biopsy specimens. Tissues were
fixed in buffered formalin, embedded in paraffin and cut into
4 lm-thick serial sections. Sections were deparaffinized and
hydrated and subsequently blocked with 10% goat serum and
10% fetal calf serum in phosphate buffer saline (PBS) 1X (blocking
buffer) for 2 h at room temperature. Tissue sections were then
exposed to primary antibodies mouse anti-S100B (1 : 1000;
AbCam, Cambridge, UK) and rabbit anti-GFAP (1 : 1000; AbCam),
which were also diluted in the blocking buffer, 24 h at room
temperature. After incubation, sections were rinsed in PBS 1X
(3 · 10 min), subsequently incubated at room temperature for 1 h
with the secondary antibodies anti-mouse (1 : 200; Alexa fluor
546; Invitrogen, Milan, Italy) and anti-rabbit (1 : 200; Alexa fluor
488; Invitrogen) and finally mounted in PBS/glycerol (1 : 1).
Immunofluorescence analysis was performed at a confocal laser
scanner microscope (LSM 510; Zeiss, Gottingen, Germany). The
lambda of the argon ion laser was set at 488 nm, and that of the
HeNe laser was set at 543 nm. Fluorescence emission was
revealed by BP 505–530 band pass filter for Alexa Fluor 488 and
by BP 560–615 band pass filter for Alexa Fluor 546.

RNA isolation and quantitative real-time
polymerase chain reaction

Total RNA was isolated from homogenized tissue using Trizol
reagent (Invitrogen), according to the manufacturer�s instructions.
One microgram of total RNA was used to generate a complemen-
tary DNA (cDNA) template using a reaction mix containing 4 lL of
5· Reverse Transcriptase Buffer, 2 lL of pDN6 50 lmol L)1, 2 lL of
100 mmol L)1 dithiothreitol, 0.2 lL of 100 mmol L)1 dNTP mix,
4 lL of 25 mmol L)1 MgCl2, 1 lL of RNAsi 20 units lL)1 and 200
units of MMLV Reverse Transcriptase (Invitrogen). The total
reaction volume was 20 lL. The mixture was incubated at 25 �C
for 10 min and subsequently at 42 �C for 45 min. The reaction was
stopped by heating at 99 �C for 3 min. Quantitative real-time
polymerase chain reaction (PCR) for S100B and b-actin was
performed on an iCycler instrument from Bio-Rad Laboratories
(Hercules, CA, USA) using the Bio-Rad iCycler IQ� Real-Time PCR
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Detection System Software (version 3.0A) for data acquisition and
analysis. Amplification of S100B and b-actin fragments was
performed using the SYBR Green PCR master mix (Bio-Rad
Laboratories).23 Primer sequences used were S100B forward:
GTGACTTCCAGGAATTCATGGC; S100B reverse: CAGGA-
AAGGTTTGGCTGCTT; b-actin forward: CGACAGGATGCAG-
AAGGAGA; b-actin reverse: CGTCATACTCCTGCTTGCTG.
Reaction conditions were 3 min at 95 �C followed by 40 cycles at
95 �C for 15 s, 55 �C for 30 s, 72 �C for 20 s. S100B mRNA was then
normalized to the respective amount of control b-actin. To evaluate
real-time PCR efficiencies, a 10-fold serially diluted cDNA was
used for each amplicon and the slope values given by the instrument
were used in the following formula: Efficiency = [10(1/slope)] ) 1.
All primer sets had efficiencies of 100% (+/)10%). The compara-
tive-threshold cycle (CT) method against the expression level of
b-actin was used for quantization. The data are expressed as the
increase compared to biopsy specimens cultured in medium alone
after normalization to b-actin mRNA. Each experiment was
performed in triplicate.

Protein extraction and western immunoblot
analysis

Biopsy specimens were rapidly homogenized in 60 lL of ice-cold
hypotonic lysis buffer and incubated in ice for 45 min. After this
time, the cytoplasmatic fraction was then obtained by centrifu-
gation at 13 000 g for 15 min and protein concentration was
determined with Bio-Rad assay kit. Equivalent amounts of each
sample were denatured, separated on a 10% sodium dodecyl
sulfate-polyacrylamide gel, and transferred to a nitrocellulose
membrane (Amersham, Milan, Italy). Membranes were blocked
for 2 h at room temperature in milk buffer (10% non-fat dry milk)
and then incubated overnight at 4 �C with anti-S100B (1 : 1000;
AbCam) or anti-iNOS (1 : 2000; Pharmingen, Milan, Italy) mouse
monoclonal antibodies. Subsequently, the membranes were incu-
bated for 2 h at room temperature with anti-mouse IgG conju-
gated to horseradish peroxidase (1 : 2000; AbCam). After washing,
the membranes were analysed by enhanced chemiluminescence
(ECL+; Amersham) and the optical density of the immunoreactive
bands was determined by an image analysis system (GS-700
imaging densitometer, Bio-Rad Laboratories).

Enzyme-linked immunosorbent assay for S100B

Enzyme-linked immunosorbent assay (ELISA) for S100B was
carried out on tissue supernatants as described by Green et al.24

Briefly, 50 lL of sample plus 50 lL of Tris buffer were applied on a
microtitre plate previously coated with monoclonal anti-S100B
(1 : 1000; AbCam) in carbonate buffer and blocked with 1% bovine
serum albumin. After washing, peroxidase-conjugated anti-S100
(1 : 2000; AbCam) was added and incubation continued for 1 h. The
plate was washed, 0.2 mL of peroxidase substrate (Fast OPD; Sigma,
Milan, Italy) were added and the plate incubated for a further 30-min
period in the dark. Absorbance was measured at 450 nm on a
microtitre plate reader. S100B levels in the culture medium were
determined using a standard curve of S100B.

Effects of exogenous S100B on iNOS protein
expression

In a second set of experiments, the effect of exogenous purified
S100B protein on iNOS protein expression and relative NO
production was assessed by incubating cultured biopsies with

S100B 5 lM (AbCam) for 24 h. This maximal concentration was
based on a dose–response curve obtained by incubation of control
biopsies to increasing concentrations of S100B (0.005–5 lM) and
according to our previous report.16

In parallel, paired biopsy specimens from controls and UC
patients were incubated for 24 h with exogenous S100B alone, or
in the presence of either budesonide25 (30 nmol L-1; Sigma) or
specific receptor for advanced glycation end-products (RAGE)
blocking antibody26 (1 : 10000–1 : 1000, dil. v/v; R&D Systems,
Minneapolis, MN, USA) to evaluate iNOS protein expression and
NO production. Budesonide was added to culture medium 2 h
before S100B exposure whereas specific RAGE blocking antibody
was added 30 min before S100B stimulus.

Effects of LPS plus IFN-c on S100B mRNA,
protein expression and release, iNOS protein
expression and nitrite production

To evaluate the specific involvement of S100B increase in
intestinal inflammation and its implications in NO production,
further experiments were performed by incubation of cultured
biopsies with a mixture of LPS and IFN-c, which was previously
demonstrated to stimulate NO production in human rectal
mucosa.25 In brief, mucosal biopsy specimens were incubated
for 24 h with LPS plus IFN-c (10 lg mL)1 and 300 U mL)1,
respectively, both from Sigma). S100B mRNA, protein expression
and secretion were then evaluated in the presence and in the
absence of budesonide (30 nmol L-1, Sigma), while iNOS protein
expression and nitrite accumulation were measured in the
presence of either S100B blocking antibody16 (1 : 1000, dil. v/v,
Abcam) or specific RAGE blocking antibody26 (1 : 1000, dil. v/v,
R&D Systems). Control experiments were performed by incubat-
ing mucosal biopsies from UC patients in the presence of anti-
S100B or anti-RAGE neutralizing antibodies and in the absence of
any stimulation. An isotype match IgG anti-GFAP antibody16

(1 : 1000 v/v dil.; AbCam) served as control (data not shown).
S100B mRNA, protein expression and iNOS protein expression
were then measured in tissue, while the supernatant was analysed
for S100B protein secretion and nitrite release. Effective budeso-
nide concentration was in the range of the plasma levels typically
achieved during treatment with steroids for active UC.27 Mucosal
viability was assessed by LDH release in the medium at the
beginning and after 24 h of incubation.

Statistical analysis

The normal distribution of the data was verified by the Komo-
lgorov–Smirnov test for normality. Statistical analysis was thus
performed with ANOVA, and multiple comparisons with Bonfer-
roni�s test. Results were expressed as the mean ± SD of n

experiments. The level of statistical significance was fixed at
P < 0.05.

RESULTS

Basal S100B mRNA, protein expression and
release, iNOS protein expression and NO
production

In the Fig. 1 it is reported that S100B is a valid marker

of rectal mucosal EGC as it mostly co-localizes with
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Figure 1 (Upper panel) GFAP/S100B co-localization in the rectal mucosa of controls (A–C) and UC patients (D–F). Representative pictures of

rectal mucosal biopsies double labelled with anti-GFAP and anti-S100B antibodies (A, D and B, E respectively). Panels (C and F) illustrate merged

images in which it appears that S100B immunoreactivity mostly co-localizes with the GFAP positive enteroglial mucosal network. Note the

slight immunoreactivity increase for both GFAP and S100B in UC compared to controls (A–C and D–F respectively). Scale bar = 50 lm. (Lower panel)

S100B immunoreactivity in the rectal mucosa of controls (G and H) and UC patients (I and J). UC patients displayed stronger S100B immunopositivity

in the submucosa, along with S100B immunoreactivity in the mucosa (scale bar = 100 lm). Note that S100B immunopositivity was not present

in immune cells (H and J). In controls and UC patients (H and J, respectively), the pattern of S100B-positive enteric glia is represented at high

magnification (scale bar = 25 lm).
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GFAP in both controls and UC patients (panels

Fig. 1A–C and Fig. 1D–F respectively). Further immun-

ohistochemistry demonstrated that S100B immuno-

positivity was most readily detectable and confined

within the submucosa, with only few EGC processes

extended to the mucosa (Fig. 1G and H). In contrast, in

UC patients, a stronger and diffuse S100B immunore-

activity was present in the submucosa, together with a

marked S100B positivity in the mucosa (Fig. 1I and J).

Accordingly, we observed that both mucosal S100B

mRNA (�38-fold, P < 0.01) and protein expression

(1476 ± 18%, P < 0.01) were significantly higher in

UC patients than in controls (Fig. 2A and B). In the

Fig. 2(C), we show that rectal biopsy specimens of

patients with colitis were also able to secrete higher

levels of S100B in the culture medium than those of

control subjects (538 ± 50%, P < 0.01).

As expected, in basal conditions, mucosal iNOS

protein expression and NO production in the culture

medium were significantly higher (1031 ± 33% and

268 ± 38%, P < 0.01, respectively) in the rectal biopsies

of UC patients than in those of controls (Fig. 2D and E).

S100B-induced iNOS protein expression and NO
production

In in vitro experiments, we found that a 24-h incuba-

tion of controls� biopsy specimens with exogenous

S100B significantly increased in a concentration-

dependent fashion both tissue iNOS protein expression

and NO levels in the culture medium compared to

unstimulated biopsy specimens (Fig. 3A and B). As

showed in the Fig. 4(A and B), S100B-dependent

increased NO production was significantly inhibited

by specific RAGE blocking antibody in a concentra-

tion-dependent fashion, and by budesonide.

In rectal biopsies from UC patients, the increase in

S100B-mediated iNOS protein expression and NO

production were also significantly inhibited by RAGE

blocking antibody and by budesonide (Fig. 4C and D).
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Figure 2 (A) S100B mRNA expression by quantitative real-time PCR. S100B mRNA was higher in patients with UC than in control subjects. The

extent of the increase was compared to that of the control group, after normalization to b-actin mRNA. Each bar is the mean ± SD of eight

experiments, **P < 0.01. (B) Western blot analysis showing the expression of S100B protein in controls and patients with colitis. Upper panel: S100B

protein expression in tissue homogenates; graph: densitometric analysis of the corresponding bands. The upper panel refers to n = 30 experiments.

Each bar in the graph is the mean ± SD of 30 experiments. **P < 0.01 vs controls. (C) Increase in S100B release by rectal biopsy specimens from

UC patients vs control subjects. Each bar is the mean ± SD of 30 experiments. **P < 0.01 vs controls. (D) Western blot analysis showing the

expression of iNOS protein in controls and patients with colitis. Upper panel: iNOS protein expression in tissue homogenates; graph: densitometric

analysis of the corresponding bands. The upper panel refers to n = 30 experiments; each bar in the graph is the mean ± SD of 30 experiments.

**P < 0.01 vs controls. (E) NO medium accumulation in control subjects and UC patients cultured biopsies. NO production was assessed measuring

the accumulation of nitrite in culture medium at 24 h. Each bar is the mean ± SD of 30 experiments. **P < 0.01 vs controls.
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A positive correlation between S100B and nitrite

production was observed in both basal and stimulated

conditions, but it did not reach statistical significance

(data not shown).

Effect of LPS + IFN-c on S100B mRNA, protein
expression and release

When biopsy specimens from controls and UC

patients were exposed for 24 h to LPS plus IFN-c,

we observed a significant increase in S100B mRNA

(�20-fold and �fourfold, P < 0.01 respectively), protein

expression (191 ± 50% and 97 ± 16% P < 0.01, respec-

tively) and secretion (296 ± 63% and 150 ± 29%,

P < 0.01, respectively), which, most interestingly,

were not affected by preincubation with budesonide

(Fig. 5A–F).

Effect of LPS + IFN-c on iNOS protein expression
and NO production

Besides S100B up-regulation, incubation of biopsy

specimens from controls and UC patients with LPS

plus IFN-c resulted in a significant increase of both

iNOS protein expression and NO production, which

were significantly inhibited by preincubation with

budesonide (Fig. 6A–D).

In the same experimental conditions, preincubation

with specific RAGE blocking antibody 30 min before

LPS + IFN-c addition, significantly inhibited both iNOS

protein expression and NO production (Fig. 6A–D).

Similarly, anti-S100B antibody added 30 min before

LPS + IFN-c challenge, caused a significant inhibition

of iNOS protein expression and NO production in

both controls and UC patients (Fig. 6A–D). Further

supporting the specificity of S100B-mediated responses,

LPS + IFN-c-induced nitrite production in biopsy

specimens was unaffected by preincubation with

anti-GFAP antibody (data not shown). In our hands,

both anti-S100B and anti-RAGE antibodies, in the

absence of any stimulation, were not able to reduce

iNOS expression and nitrite production in UC biopsies

(data not shown).

DISCUSSION

Several studies suggest the involvement of enteric glia

in IBD,13,28 although clear evidence that EGC are

directly involved in the mechanism of gut inflamma-

tion in humans is still lacking. Changes in enteroglial

architecture, with proliferation of EGC, have indeed

been previously reported in patients with IBD,28,29 but,

here again, the significance of this phenomenon is still

not totally clear.

Here, we provide evidence that EGC directly partic-

ipate to chronic mucosal inflammation of patients

with UC. The enteroglial-derived S100B protein is

physiologically expressed by, and represents a specific

marker for the identification and activation of entero-

glial cells.15,16 Here, we confirm that S100B is a good

marker for EGC, since it mostly co-localizes with

GFAP in the enteroglial network of mucosal biopsies

from human rectum. However, as evident in the

Fig. 1(C), some GFAP positive EGC do not express

S100B. As recently reported in human isolated ganglia,

this finding is probably related to some limitations of

the immunofluorescence technique, like an irregular

S100B antibody penetration.30

In the present study we showed that in the rectal

mucosa of UC patients there is an increased S100B

immunoreactivity, together with a significant increase

in S100B mRNA, protein expression and secretion.
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Figure 3 (A) Western blot analysis showing
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genates; graph: densitometric analysis of the

corresponding bands. The upper panel
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5 lM) on nitrite production in cultured
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determined by measuring the accumulation

of nitrite in culture medium. Each bar is

the mean ± SD of 15 experiments. *P < 0.05,

**P < 0.01 vs unstimulated.
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This up-regulation is associated with enhanced NO

production through the specific stimulation of iNOS.

A growing body of evidence indicates that UC is

characterized by abnormal mucosal NO production

consequent to iNOS induction by pro-inflammatory

cytokines.25,31

In the brain, S100B has been demonstrated to

promote the synthesis of NO through the induction

of specific pro-inflammatory transcription factors,32–34

but the role of this protein in gut inflammation has

been less investigated. Within this context, the ability

of enteric glia to modulate NO production, and the

specificity of S100B protein-mediated responses seems

pivotal. In a previous study, we were able to demon-

strate that the extent of S100B expression was associ-

ated with increased NO production in the duodenal

mucosa of celiac patients.16 In the present study, we

confirmed that the application of exogenous S100B

induces a significant and concentration-dependent

increase in NO production, through iNOS expression,

also in the human rectal mucosa. While micromolar

concentrations of S100B mediate a significant NO

increase in UC patients, most interestingly, we

observed that similar concentrations of this protein

were also able to stimulate NO production in the rectal

mucosa of controls. This finding suggests that enteric

glia is able to mediate mucosal NO-dependent

inflammatory responses by increasing S100B protein

concentrations.

Data from CNS indicate that S100B acts as extracel-

lular ligand for cell surface receptors, such as RAGE, by

triggering pro-inflammatory signals that lead to NO

production.35,36 To the best of our knowledge, there are

not previous reports discussing whether a similar

mechanism is involved in mediating S100B-responses

in the gut. In our experimental setting, S100B-medi-

ated NO production was significantly inhibited by

preincubation with specific RAGE blocking antibody.

It has been previously demonstrated that other mem-

bers of this family (i.e. S100A12), play a role during

intestinal inflammation in IBD via RAGE interac-

tion.37 More specifically, the S100A12/RAGE-medi-

ated pathway may affect immune cell-derived NO

production. Although we cannot definitely rule out the

effect of other inflammatory effectors in mediating

iNOS induction in the mucosa of UC patients, our
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Figure 4 Western blot analysis showing the effect of exogenous S100B (5 lM), in the presence or absence of budesonide (30 nM) or anti-RAGE

antibody (1 : 10 000–1 : 1000, dil. v/v), on iNOS protein expression at 24 h in cultured biopsies from controls (A) and UC patients (B). Upper

panel: iNOS protein expression in tissue homogenates; graph: densitometric analysis of the corresponding bands. The upper panel refers to n = 15

experiments; each bar in the graph is the mean ± SD of 15 experiments. **P < 0.01 vs unstimulated; ��P < 0.01 vs untreated. Effect of exogenous

S100B (5 lM), in the presence or absence of budesonide (30 nM) or anti-RAGE antibody (1 : 1000, dil. v/v), on NO production at 24 h in cultured

biopsies from controls (C) and UC patients (D). NO production was determined by measuring the accumulation of nitrite in culture medium. Each

bar is the mean ± SD of 15 experiments. **P < 0.01 vs unstimulated; ��P < 0.01 vs untreated.
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results seem to suggest that enteroglial-derived S100B

protein is likely to participate in NO production via a

RAGE-dependent mechanism.

It has been hypothesized that EGC are part of the

complex system of immunoregulatory effectors in the

gut,3 and, in vitro studies showed that treatment of

EGC lines with a combination of pro-inflammatory

cytokines induces the expression of major histocom-

patibility complex (MHC) class II molecules.29,38 Sim-

ilarly, it has been reported that, in patients with IBD,

enteroglial cells express MHC II.29,39 These data may

provide the initial evidence that EGC activation is

involved in the intestinal inflammation that modu-

lates immune responses.

To further confirm the specificity of inflammatory-

induced enteroglial activation, we tested S100B pro-

duction in an experimental model of gut inflammation.

In our experiments, the addition of LPS + IFN-c to

rectal mucosa tissue, led to a significant increase in

S100B mRNA, protein expression and release, together

with an enhanced NO production. These findings

indicate that EGC are able to recognize inflammatory

stimuli and that, once activated, they produce and

release S100B up to micromolar concentrations, thus

contributing to the induction of iNOS. In addition,

a positive but not significant correlation between

S100B and nitrite production was observed in both

basal and stimulated conditions, probably because NO
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the addition of LPS (10 lg mL)1) plus IFN-c (300 U mL)1). S100B mRNA levels were quantified in relation to b-actin levels. No significant differences
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at 24 h by biopsies from control subjects (C) and UC patients (F) stimulated with LPS (10 lg mL)1) plus IFN-c (300 U mL)1) in the presence or absence
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production is also stimulated by other factors and is

produced by different cell types.

In basal conditions, both anti-S100B and anti-RAGE

antibodies were not able to reduce iNOS expression

and nitrite production in UC biopsies. This finding is

probably due to the fact that while such pathways are

able to prevent the induction of iNOS, they are not

affecting the enzymes that are already induced. Con-

versely, LPS + IFN-c-induced NO production was sig-

nificantly inhibited by preincubation with either anti-

S100B or anti-RAGE blocking antibodies, further con-

firming the specificity and the ability of enteroglial-

derived S100B protein to modulate intestinal inflam-

mation, at least in part, by enhancing NO production.

In the study by Linehan et al.,25 LPS + IFN-c had an

excitatory effect, and budesonide an inhibitory effect

on iNOS and NO production in colonic biopsies. As

expected, in our experimental setting, budesonide

significantly inhibited enhanced NO production, but,

most importantly, it did not affect LPS + IFN-c-in-

duced S100B mRNA, protein expression and secretion,

suggesting that enteroglial activation occurs via a

steroid-insensitive mechanism.

In conclusion, we have demonstrated that EGC,

via S100B up-regulation, actively participate to the

increased NO production occurring in the mucosa of

patients with UC.

Although other investigations are needed, our find-

ings contribute to understand the role of enteric glia in

the complex scenario of intestinal inflammation and

pave the way to future therapeutic options targeting

NO overproduction in IBD by acting on enteroglial

activation.
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