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a b s t r a c t

Background: Immune mechanisms have been implicated in nonceliac gluten sensitivity (NCGS), a con-
dition characterized by intestinal and/or extraintestinal symptoms caused by the ingestion of gluten in
non-celiac/non-wheat allergic individuals.
Aims: We investigated innate and adaptive immunity in self-reported NCGS versus celiac disease (CD).
Methods: In the supernatants of ex vivo-cultured duodenal biopsies from 14 self-reported NCGS patients,
9 untreated and 10 treated CD patients, and 12 controls we detected innate cytokines – interleukin (IL)-
15, tumor necrosis factor-�, IL-1�, IL-6, IL-12p70, IL-23, IL-27, IL-32�, thymic stromal lymphopoietin
(TSLP), IFN-�-, adaptive cytokines – interferon (IFN)-�, IL-17A, IL-4, IL-5, IL-10, IL-13-, chemokines –
IL-8, CCL1, CCL2, CCL3, CCL4, CCL5, CXCL1, CXCL10-, granulocyte colony stimulating factor (G-CSF) and
granulocyte-macrophage colony stimulating factor (GM-CSF).
Results: Mucosal innate and adaptive cytokines, chemokines and growth factors did not differ between
self-reported NCGS, treated CD and controls. On the contrary, IL-6, IL-15, IL-27, IFN-�, IFN-�, IL-17A, IL-
23, G-CSF, GM-CSF, IL-8, CCL1 and CCL4 were significantly higher in untreated CD than in self-reported
NCGS, treated CD and controls, while TSLP was significantly lower in untreated CD than in self-reported
NCGS, treated CD and controls.
Conclusion: In our hands, patients with self-reported NCGS showed no abnormalities of the mucosal
immune response.
. Introduction allergic patients [1–3]. Unlike celiac disease (CD), which is induced
in genetically susceptible individuals by both T helper cell type
Nonceliac gluten sensitivity (NCGS) is a clinical entity char-
cterized by intestinal and/or extraintestinal symptoms due to
he ingestion of gluten-containing foods in non-celiac/non-wheat
∗ Corresponding author at: Clinica Medica I, Fondazione IRCCS Policlinico San Mat-
eo, Università di Pavia, Piazzale Golgi 19, 27100 Pavia, Italy. Tel.: +39 0382 501596;
ax: +39 0382 502618.

E-mail address: a.disabatino@smatteo.pv.it (A. Di Sabatino).
1 These authors contributed equally to this paper and should be considered joint
rst authors.

1

(Th)1/Th17-mediated adaptive[4,5] and innate immune mecha-
nisms [6,7], NCGS has been presumed to be exclusively caused by
abnormalities of the mucosal innate immune response (reviewed
in Ref. [8]). The latter evidence was obtained in patients who did not
undergo an oral double-blind, placebo-controlled gluten challenge
test, and the concept of self-reported NCGS has been gaining inter-
national credibility [9,10]. Clinical features of patients who believe
themselves to be gluten sensitive have been widely described in ad
hoc studies [11,12].

On this basis, we aimed to perform a more in-depth investiga-
tion of a number of mucosal cytokines and chemokines, which are

dx.doi.org/10.1016/j.dld.2016.03.024
http://www.sciencedirect.com/science/journal/15908658
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nown to drive either the innate or the adaptive immune response
n chronic intestinal inflammation, by detecting their levels in 24 h-
ultured duodenal biopsy samples collected from patients with
elf-reported NCGS in comparison to those from CD patients.

. Materials and methods

.1. Patients and tissues

Well-oriented endoscopic biopsy specimens were collected
rom the second part of the duodenum of 14 subjects (mean age
7.5 years, range 20–62) referred to our Center because they were
ffected by self-reported NCGS, that is they complained of intestinal
nd/or extraintestinal symptoms which they themselves believed
o be caused by gluten-containing food (Table 1). All 14 subjects had
een under gluten-containing diet at the time of biopsy collection
or at least two months. CD was ruled out on the basis of nega-
ive serum anti-endomysial and anti-tissue transglutaminase (tTG)
ntibodies and demonstration of normal duodenal histology, while
hey were under gluten-containing diet, whereas wheat allergy was
xcluded on the basis of negative serum specific IgE for wheat. Biop-
ies were also taken from nine consecutive patients with untreated
D (mean age 35.0 years, range 18–54), used as positive controls,
nd ten consecutive patients with CD after at least 12 months of
luten-free diet (GFD) (mean age 34.2 years, range 18–77), and from
2 control individuals (mean age 56.3 years, range 32–76) under-
oing endoscopy for functional dyspepsia. All the control subjects
id not complain of any intestinal and/or extraintestinal symp-
om related to the ingestion of gluten-containing foods, and they
ere all negative for anti-endomysial and anti-tTG antibodies and
ith normal histology. CD diagnosis was based on the positivity

f serum anti-endomysial and anti-tTG antibodies associated with
ypical histopathological lesions, namely villous atrophy, increased
ntraepithelial lymphocyte (IEL) infiltration and crypt hyperplasia
13]. Among the nine untreated CD patients, seven showed a B2
esion and two showed a B1 lesion [14]. Histological improvement

as documented in all treated CD patients. After the perendo-
copic collection of duodenal biopsies, 11 out of the 14 patients
ith self-reported NCGS underwent an oral double-blind, placebo-

ontrolled, cross-over gluten challenge trial (for trial description,
ee Ref. [15]). Briefly, these patients belonged to a cohort of 61
atients randomly assigned to two groups given a 1-week treat-
ent with 4.375 g/day of purified wheat gluten or rice starch

placebo), both administered via gastrosoluble capsules. Gluten
apsules were free of fermentable, oligo-, di- and monosaccharides
nd polyols. After a 1-week wash-out period, participants crossed
ver to another week of placebo or gluten treatment, respectively.
uring the trial, patients filled in a daily questionnaire in order

o evaluate a rating scale of both intestinal and extraintestinal
ymptoms. Hence, for each of these 11 patients with self-reported
CGS we calculated the overall (intestinal plus extraintestinal)

core under gluten and the delta overall score, obtained by sub-
racting the weekly overall score under placebo from the weekly
verall score under gluten. All the subjects included in the study
ere tested to rule out gastrointestinal infections, and they were
ot taking any kind of medication. Biopsies were processed for rou-
ine histology or organ culture. Each patient who took part in the
tudy gave informed consent, and Ethics Committee approval was
btained in all cases.

.2. Duodenal histology

Sections were taken from paraffin blocks of biopsies and stained
ith hematoxylin–eosin and with immunoperoxidase using anti-
D3 antibody (1:100 dilution, clone PS1, Novocastra, Newcastle,
2
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g (Supplementary figure* 1C).
K). IEL number was counted as CD3-positive cells per 100 intesti-
al epithelial cells evaluating at least 500 intestinal epithelial cells.
he number of eosinophils in the lamina propria in each high power
eld (HPF) was counted as the peak of eosinophil count (the highest
umber of eosinophils per HPF; 40× objective).

.3. Direct double immunofluorescence

Mucosal anti-tTG2 IgA antibody deposits were investigated
y direct double immunofluorescence according to a method
escribed previously [16]. Briefly, six frozen duodenal sections per
atient were incubated with a mouse anti-human tTG2 antibody
1:100 dilution; CUB7402, NeoMarkers, USA) followed by an Alexa
uor 594-conjugated donkey anti-mouse IgG secondary antibody
1:100 dilution; Eugene, USA) and then by a fluorescein rabbit
nti-human IgA antibody (1:80 dilution; Dako, Denmark). The mul-
icolor analysis was performed using an Axioplan2 fluorescence

icroscope (Carl Zeiss, Germany) to localize the anti-tTG2 IgA anti-
ody deposits.

.4. Organ culture

Biopsies were placed in 24-well plates (VWR International,
utterworth, UK) in 300 �l serum-free HL-1 medium (Cambrex Bio-
cience, Wokingham, UK) supplemented with 100 U/ml penicillin
nd 100 �g/ml streptomycin, and cultured at 37 ◦C, 5%CO2. After
4 h culture, biopsies and supernatants were snap frozen and stored
t −70 ◦C.

.5. Cytokine array

Using the Proteome Profiler® Array Panel A kit (R&D Systems,
bingdon, UK) organ culture supernatants were analyzed for their
ytokine content, including tumor necrosis factor (TNF)-�, IL-1�,
L-6, IL-12p70, IL-23, IL-27, IL-32�, interferon (IFN)-�, IL-17A, IL-4,
L-5, IL-10, IL-13, IL-8, CCL1, CCL2, CCL3, CCL4, CCL5 CXCL1, CXCL10,
ranulocyte colony stimulating factor (G-CSF) and granulocyte-
acrophage colony stimulating factor (GM-CSF). Briefly, 150 �l of

upernatants were diluted and mixed with a cocktail of biotiny-
ated detection antibodies. Each sample/antibody mixture was
hen incubated onto a nitrocellulose membrane coated with spe-
ific capture antibodies. Any cytokine/detection antibody complex
resent was bound by its cognate immobilized capture antibody
n the membrane. Following a wash to remove unbound mate-
ial, streptavidin-HRP and chemiluminescent detection reagents
ere added sequentially, and pixel density of duplicate spots were

uantified by scanning densitometry and ImageJ software (National
nstitute of Mental Health, Bethesda, MD). Pixel density of each ana-
yte for any sample was normalized for averaged positive controls
f the nitrocellulose membrane and then expressed as ‰.

.6. ELISA

IL-15 concentration was measured in organ culture super-
atants using the IL-15 ELISA kit (R&D Systems), according to the
anufacturers’ instructions.

.7. Immunoblotting

Immunoblotting was performed according to a modified
ethod described previously [17]. Proteins (100 �g) from 24 h-

ultured duodenal biopsies were loaded and subjected to 10%
DS-PAGE under reducing conditions, followed by nitrocellulose
Bio-Rad Laboratories, Hercules, California, USA) transfer. Mouse
nti-human IFN-� (1:1000 dilution; Proteintech, Manchester, UK)
as used as primary antibody. Horseradish peroxidase-conjugated

oat anti-mouse antibody (1:2000 dilution; DAKO, High Wycombe,
3

UK) was then used as secondary antibody, and the reaction was
developed with the ECL plus kit (Amersham Biosciences, Little
Chalfont, UK). Blots were stripped and analyzed for internal load-
ing control using rabbit anti-�-actin antibodies (1:5000 dilution;
Abcam, Cambridge, UK). Bands were quantified using an LKB Ultra-
scan XL Laser Densitometer (Kodak, Hemel Hempstead, UK).

2.8. RNA extraction and analysis of mRNA expression by
quantitative RT-PCR

Reverse transcription (Im-PromII, Promega, Southampton, UK)
on 1 �g total RNA extracted from 24 h-cultured duodenal biopsies
was performed, and cDNA was used for PCR. Primer sequences
were as follows: thymic stromal lymphopoietin (TSLP) forward,
5′-CCCAGGCTATTCGGAAACTCAG-3′, and reverse, 5′-CGCCACAA-
TCCTTGTAATTGTG-3′; IFN-� forward, 5′-GTATTGCTTTGCGTTGG-
ACA-3′, and reverse, 5′-GAGTGTGGAGACCATCAAGGA-3′. Typically,
40 cycles of 20 s at 95 ◦C and 20 s at 60 ◦C were followed by
the thermal dissociation protocol for Fast SYBR green detec-
tion. PCR reactions were normalized by expression analysis of
cytokeratin 18 (CK18) with the following primers: forward, 5′-
TGATGACACCAATATCACACGAC-3′, and reverse, 5′-TACCTCCACGG-
TCAACCCA-3′ [18].

2.9. Statistical analysis

Data were analyzed in the GraphPad Prism statistical PC pro-
gram (GraphPad Software, San Diego, CA) using the non-parametric
Mann–Whitney U test or the Spearman’s correlation. A level of
p < 0.05 was considered statistically significant.

3. Results

3.1. IELs and lamina propria eosinophils

A few IELs were observed in self-reported NCGS (Fig. 1A),
whereas marked duodenal lymphocytosis was evident in the
atrophic mucosa of untreated CD (Fig. 1B). Similarly to self-reported
NCGS, a few IELs were identified in the mucosa of treated CD
patients (Fig. 1C) and controls (Fig. 1D). As shown in Fig. 1E, the
percentage of IELs did not differ in self-reported NCGS patients
(median 25.5%, range 14.0–45.0) compared to treated CD patients
(median 22.0%, range 17.0–31.0) and control subjects (median
24.0%, range 16.0–42.0). The percentage of IELs was significantly
(p < 0.0005) higher in the duodenum of untreated CD patients
(median 45.0%, range 32.0–50.0) in comparison to self-reported
NCGS patients, treated CD patients and control subjects. A few
eosinophils scattered in the lamina propria were evident in the
mucosa of all four groups (Fig. 1F–I). As shown in Fig. 1J, the num-
ber of eosinophils did not significantly differ between self-reported
NCGS (median 18.0, range 5.0–45.0), untreated CD (median 20.0,
range 15.0–60.0), treated CD (median 18.0, range 9.0–32.0) and
control subjects (median 17.0, range 1.0–35.0). No significant cor-
relation was found in self-reported NCGS patients undergoing
double-blind, placebo-controlled, cross-over trial between IEL or
eosinophil number and either overall score under gluten or delta
overall score (Supplementary Table 1).

3.2. Anti-tTG IgA antibody deposits

No mucosal anti-tTG IgA antibody deposits were detected in
any of the self-reported NCGS patients (Supplementary figure* 1A),
whereas they were evident in the duodenal mucosa of untreated
CD patients (Supplementary figure* 1B), and disappeared after GFD
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Fig. 1. Intraepithelial lymphocytes (IELs) and lamina propria eosinophils. In sections stained for CD3 (original magnification 40×), a few IELs were evident in a patient with
self-reported nonceliac gluten sensitivity (NCGS) (A), whereas IEL infiltration was marked in a patient with untreated celiac disease (UCD) (B). CD3-positivity was limited
to a few cells at intraepithelial layer both in a patient with treated celiac disease (TCD) (C) and in a control subject (CS) (D). Data are representative of staining performed
in 14 self-reported NCGS, nine UCD, ten TCD patients and 12 CS. A few eosinophils scattered in the lamina propria were evident in a patient with self-reported NCGS (F), a
patient with UCD (G), a patient with TCD (H) and a CS (I) (original magnification 40×). Data are representative of staining performed in 14 self-reported NCGS, nine UCD,
ten TCD patients and 12 CS. In panel E (IELs) and J (eosinophils), patients undergoing double-blind, placebo-controlled, cross-over trial are indicated with white, gray or
black triangles according to whether they had the highest (>+20), intermediate (between +20 and −20) or the lowest (<−20) delta overall score, calculated by subtracting the
weekly overall score under placebo from the weekly overall score under gluten, respectively. Horizontal bars are median values.
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.3. Ex vivo production of innate cytokines

As shown in Fig. 2, production of TNF-�, IL-1�, IL-6, IL-
2p70, IL-15, IL-23, IL-27 and IL-32� did not significantly differ

n self-reported NCGS patients compared to treated CD patients
nd control subjects. The amount of IL-6, IL-23 and IL-27 was
ignificantly higher in the supernatants of untreated CD biop-
ies in comparison to those of self-reported NCGS (p < 0.05),
reated CD patients (p < 0.05) and control subjects (p < 0.01). A
ignificantly (p < 0.05) higher concentration of IL-15 was found
n untreated CD supernatants (mean 568 ± 196 pg/ml) in com-
arison to self-reported NCGS (mean 326 ± 166 pg/ml), treated
D (mean 292 ± 143 pg/ml) and control (mean 235 ± 155 pg/ml)
upernatants. Furthermore, levels of TNF-�, IL-1�, IL-12p70, and
L-32� in untreated CD supernatants did not differ compared to
elf-reported NCGS, treated CD patients and control supernatants.
s IFN-� is over-produced in CD mucosa [19], we determined its
rotein levels by immunoblotting in cultured duodenal biopsies
f self-reported NCGS, untreated CD and treated CD patients, and
ontrol subjects (Supplementary figure* 2A). IFN-� protein did not
iffer between self-reported NCGS patients, treated CD patients
nd control subjects. As expected, a significantly (p < 0.05) higher
FN-� amount was observed in the mucosa of untreated CD com-
ared with self-reported NCGS, treated CD and controls. As TSLP

s known to be decreased in untreated CD [19], we then evaluated
4

mucosal TSLP transcripts by qRT-PCR (Fig. 3). Upon normalization
for CK18, no significant difference was found in TSLP transcripts
between self-reported NCGS patients, treated CD patients and con-
trol subjects. As expected, TSLP mRNA was significantly reduced in
untreated CD compared to self-reported NCGS (p < 0.005), treated
CD (p < 0.0001) and control subjects (p < 0.0005). No significant
correlation was found in self-reported NCGS patients undergoing
double-blind, placebo-controlled cross-over trial between innate
cytokine levels and either overall score under gluten or delta overall
score (Supplementary Table 1).

3.4. Ex vivo production of adaptive cytokines

As shown in Fig. 4, production of IFN-�, IL-17A, IL-4, IL-5, IL-
10 and IL-13 did not significantly differ in self-reported NCGS
patients compared to treated CD patients and control subjects. The
Th1 cytokine IFN-� and the Th17 cytokine IL-17A were signifi-
cantly (p < 0.05) higher in untreated CD supernatants in comparison
to self-reported NCGS, treated CD and control supernatants. As
a previous study [10] showed an increase in IFN-� transcripts
in self-reported NCGS patients after a short-term challenge with
gluten, we also assessed IFN-� mRNA by qRT-PCR (Supplementary
figure* 2B). Upon normalization for CK18, no significant differ-
ence was found in IFN-� transcripts between self-reported NCGS
patients, treated CD patients and control subjects. As expected,
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Fig. 2. Ex vivo production of innate cytokines. Levels of TNF-�, IL-1�, IL-6, IL-12p70, IL-23, IL-27 and IL-32� expressed as ‰ mean pixel intensity normalized for averaged
positive controls of the nitrocellulose membrane, were measured by cytokine array in the biopsy supernatants of 14 self-reported nonceliac gluten sensitivity (NCGS) patients,
nine untreated celiac disease (UCD) patients, ten treated celiac disease (TCD) patients and 12 control subjects (CS) and cultured for 24 h in the absence of stimuli. Levels of
IL-15, expressed in pg/ml, were measured by ELISA. Patients undergoing double-blind, placebo-controlled, cross-over trial are indicated with white, gray or black triangles
according to whether they had the highest (>+20), intermediate (between +20 and −20) or the lowest (<−20) delta overall score, calculated by subtracting the weekly overall
score under placebo from the weekly overall score under gluten, respectively. Horizontal bars are median values.

Fig. 3. Ex vivo production of TSLP. TSLP transcripts were quantified by qRT-PCR in
the cultured duodenal biopsies of 11 patients with self-reported nonceliac gluten
sensitivity (NCGS), nine patients with untreated celiac disease (UCD), ten patients
with treated celiac disease (TCD) and 12 control subjects (CS). Changes in transcript
levels were normalized for cytokeratin 18 (CK18). Patients undergoing double-blind,
placebo-controlled, cross-over trial are indicated with white, gray or black triangles
according to whether they had the highest (>+20), intermediate (between +20 and
−20) or the lowest (<−20) delta overall score, calculated by subtracting the weekly
overall score under placebo from the weekly overall score under gluten, respectively.
Horizontal bars are median values. au, arbitrary units.
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C

FN-� mRNA was significantly (p < 0.0001) increased in untreated
D compared to self-reported NCGS, treated CD and control sub-

ects. Moreover, the amount of the Th2 cytokines IL-4, IL-5, IL-10
nd IL-13 in untreated CD supernatants did not significantly dif-
er compared to self-reported NCGS patients, treated CD patients
nd control supernatants. No significant correlation was found in
CGS patients undergoing double-blind, placebo-controlled, cross-
ver trial between adaptive cytokine levels and either overall score
nder gluten or delta overall score (Supplementary Table 1).

.5. Ex vivo production of chemokines

As shown in Fig. 5, production of IL-8, CCL1, CCL2, CCL3,
CL4, CCL5, CXCL1 and CXCL10 did not significantly differ in
5

self-reported NCGS patients in comparison to treated CD patients
and control subjects. The amount of IL-8, CCL1 and CCL4 was signif-
icantly higher in untreated CD supernatants in comparison to NCGS
(p < 0.05), treated CD (p < 0.05) and control supernatants (p < 0.005).
Release of CCL2, CCL3, CCL5, CXCL-1 and CXCL10 in untreated
CD supernatants did not significantly differ compared to self-
reported NCGS patients, treated CD patients and control subjects.
No significant correlation was found in NCGS patients under-
going double-blind, placebo-controlled, cross-over trial between
chemokine levels and either overall score under gluten or delta
overall score (Supplementary Table 1).

3.6. Ex vivo production of growth factors

G-CSF and GM-CSF release did not significantly differ in self-
reported NCGS patients in comparison to treated CD patients and
control subjects (Supplementary figure* 3). The amount of G-CSF
and GM-CSF was significantly (p < 0.05) higher in untreated CD
supernatants in comparison to self-reported NCGS, treated CD
and control supernatants. No significant correlation was found
in self-reported NCGS patients undergoing double-blind, placebo-
controlled, cross-over trial between growth factor levels and either
overall score under gluten or delta overall score (Supplementary
Table 1).

4. Discussion

A considerable amount of conflicting evidence has recently
been provided on the mechanisms presumed to play a role in the
pathogenesis of NCGS, including intestinal permeability [21–23]
and innate immunity [10,22,24,25]. Abnormalities of the innate
immunity have been implicated on the basis of an increased IEL
infiltration, up-regulated Toll-like receptor 2 and 4 transcript lev-
els, and reduced transcript levels of the regulatory T cell marker
Foxp3 in the duodenal mucosa of NCGS patients [22,24]. Con-
versely, gliadin does not induce ex vivo inflammation in organ
culture biopsies or in vitro activation of peripheral basophils from
NCGS patients [25], and in vivo short-term gluten challenge of NCGS
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Fig. 4. Ex vivo production of adaptive cytokines. Levels of IFN-�, IL-17A, IL-4, IL-5, IL-10 and IL-13, expressed as ‰ mean pixel intensity normalized for averaged positive
controls of the nitrocellulose membrane, were measured by cytokine array in the biopsy supernatants of 14 self-reported nonceliac gluten sensitivity (NCGS) patients,
nine untreated celiac disease (UCD) patients, ten treated celiac disease (TCD) patients and 12 control subjects (CS) and cultured for 24 h in the absence of stimuli. Patients
undergoing double-blind, placebo-controlled, cross-over trial are indicated with white, gray or black triangles according to whether they had the highest (>+20), intermediate
(between +20 and −20) or the lowest (<−20) delta overall score, calculated by subtracting the weekly overall score under placebo from the weekly overall score under gluten,
respectively. Horizontal bars are median values.
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ucosa does not change transcript levels of IL-8 and CCL2 [10], two
hemokines implicated in recruiting immune cells in the inflamed
ut [26].

On the basis of these discrepant findings, we aimed to verify
hether innate and adaptive immune pathways are altered in the
uodenal mucosa of patients with self-reported NCGS. When we
etected the innate cytokines TNF-�, IL-1�, IL-6, IL-12p70, IL-15,
ig. 5. Ex vivo production of chemokines. Levels of IL-8, CCL1, CCL2, CCL3, CCL4, CCL5, C
ositive controls of the nitrocellulose membrane, were measured by cytokine array in the b
ine untreated celiac disease (UCD) patients, ten treated celiac disease (TCD) patients an
ndergoing double-blind, placebo-controlled, cross-over trial are indicated with white, gra
between +20 and −20) or the lowest (<−20) delta overall score, calculated by subtracting
espectively. Horizontal bars are median values.

6

IL-23, IL-27, and IL-32�, we found that none of them were abnor-
mally produced by self-reported NCGS biopsies. While for IL-6 and
TNF-� the results were expected on the basis of previous stud-
ies showing their normal mucosal concentration in NCGS patients
[10,22], these are the first data demonstrating unchanged IL-1�,
IL-12p70, IL-15, IL-23, IL-27 and IL-32� levels in this condition. As
IFN-� is up-regulated and drives Th1 response in CD mucosa [19],
XCL1 and CXCL10, expressed as ‰ mean pixel intensity normalized for averaged
iopsy supernatants of 14 self-reported nonceliac gluten sensitivity (NCGS) patients,
d 12 control subjects (CS) and cultured for 24 h in the absence of stimuli. Patients
y or black triangles according to whether they had the highest (>+20), intermediate

the weekly overall score under placebo from the weekly overall score under gluten,
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e detected this cytokine in self-reported NCGS mucosa where
ts levels were found to be normal. We also measured TSLP, an
pithelial-derived immunoregulatory cytokine shown to be down-
egulated in untreated CD [20], and its transcripts were found
nchanged in self-reported NCGS. Of note, we did find a signifi-
antly higher release of IL-23 and IL-27 from untreated CD biopsies
n comparison to treated CD and control biopsies. The increase in
L-23 is not surprising in the light of the well-known implication of
L-17A in active CD [5], whereas the over-production of IL-27 might
e involved in sustaining the abnormal Th1 response underlying
illous atrophy in untreated CD [4].

As regards adaptive immunity, in agreement with Sapone et al.
22,24] we showed no difference in IFN-� and IL-17A in self-
eported NCGS in comparison to controls, although both these
ytokines were significantly up-regulated in untreated CD in com-
arison to treated CD and controls in keeping with previous
tudies [4,5]. No data are available in the literature concern-
ng all the remaining adaptive cytokines, i.e. IL-4, IL-5, IL-10 and
L-13, which were found unchanged in the self-reported NCGS
upernatants. We also demonstrated that the spontaneous pro-
uction by self-reported NCGS biopsies of G-CSF and GM-CSF, two
rowth factors implicated in prolonging the survival of monocytes,
acrophages and neutrophils [27], was comparable to that of con-

rol mucosa. Our results are in apparent discrepancy with those of
azquez-Roque et al. [23] who showed increased GM-CSF levels in
esponse to in vitro gluten stimulation, although these results were
btained from peripheral and not mucosal mononuclear cells, and
rom nonceliac diarrhea-predominant irritable bowel syndrome
atients rather than NCGS patients. Conversely, both G-CSF and
M-CSF were significantly up-regulated in the supernatants of
ntreated CD biopsies in comparison to treated CD and control
ubjects. This result is in keeping with the demonstration of an
ncreased immunohistochemical expression of GM-CSF in the duo-
enal mucosa of active CD patients [28].

Recruitment of immune cells into the gut driven by mucosal
verexpression of adhesion molecules and chemokines is involved
n driving the inflammatory response in CD [13]. In particu-
ar, we previously showed that mucosal addressin cell adhesion

olecule-1, the ligand of integrin �4�7 expressed on lympho-
ytes, is increased in untreated CD mucosa, and this couples with
epletion of circulating integrin �4�7-positive lymphocytes [29].
s regards chemokines, we reported no difference in terms of CCL1,
CL2, CCL3, CCL4, CCL5, CXCL1, CXCL10 and IL-8 between self-
eported NCGS patients and controls. Our results are in keeping
ith those of Brottveit et al. [10] showing unchanged mucosal tran-

cript levels of CCL2 and IL-8 in self-reported NCGS patients after
n vivo gluten challenge. Moreover, we showed for the first time
hat CCL1 and CCL4 are released in great quantities by untreated
D biopsies and return to normal after GFD.

We also assessed eosinophil infiltration in self-reported NCGS
amina propria, as eosinophils have been presumed to be implicated
n this condition [30]. However, we did not observe their increase
n self-reported NCGS lamina propria, this being in keeping with
oth the recent findings by Zanini et al. [31] and the unchanged

L-5 levels in self-reported NCGS biopsy supernatants. While we
cknowledge that these results are not in agreement with those of
arroccio et al. [30], this discrepancy might be related to the differ-
nt count method used in our study, i.e. the peak rather than the
umber per HPF. The median percentage of IELs was also not sig-
ificantly increased in self-reported NCGS patients in comparison
o controls. Nevertheless, our results, which were obtained in well-
riented duodenal biopsy specimens, are in keeping with those by
rottveit et al. [10] and Bucci et al. [25].

Finally, we evaluated the duodenal biopsies of self-reported
CGS patients for mucosal anti-tTG IgA deposits, which have been
roposed as an early marker of celiac immunological response and
7

can be detected in patients with seronegative CD and/or in the
absence of intestinal damage on histology [16,32]. The absence of
mucosal anti-tTG IgA deposits confirms the absence of an adaptive
immunity involvement in self-reported NCGS and makes it possible
to exclude cryptic or early forms of CD.

As 11 of the 14 enrolled self-reported NCGS patients sub-
sequently underwent an oral double-blind, placebo-controlled,
cross-over gluten challenge trial (for trial description, see Ref. [15]),
we had the chance to correlate the mucosal cytokine/chemokine
milieu to the clinical response to gluten. This allowed us to neu-
tralize the nocebo effect commonly experienced by subjects who
believe they are intolerant to certain foods and widely proved
in double-blind, placebo-controlled studies [33–35]. We did not
observe any statistically significant correlation between the over-
all symptomatic (intestinal plus extraintestinal) response to gluten
– calculated as absolute or differential score – and IEL percent-
age, lamina propria eosinophil infiltration, cytokines, chemokines
or growth factors. Unfortunately, none of the patients included in
the present study turned out to be “true” gluten sensitive accord-
ing to the cut-off value a priori established in the double-blind,
placebo-controlled, cross-over trial [15]. This drawback together
with the lack of an ex vivo gliadin challenge of organ culture biop-
sies do not allow us to exclude an implication of innate immunity
in NCGS. However, we believe that understanding the pathogenesis
of NCGS cannot disregard the potential role of wheat components
other than gluten, such as amylase trypsin inhibitors [8,36], or that
of non-immune mechanisms, including the opioid agonistic action
of gluten [37–39] or starch malabsorption. Gluten-containing bread
and pasta have been shown to cause a significant increase of intesti-
nal fermentation processes even in healthy individuals [40,41],
but no data are available in patients with self-reported NCGS. The
investigation of these functional mechanisms could provide the
pathophysiological explanation for the significant clinical improve-
ment described in NCGS patients following dietary restriction of
other wheat components such as fermentable oligo- and disaccha-
rides, monosaccharides and polyols [42].
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