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Tissue-Infiltrating Lymphocytes Analysis Reveals
Large Modifications of the Duodenal ‘‘Immunological
Niche’’ in Coeliac Disease After Gluten-Free Diet

Rossella Cianci, MD, PhD1, Giovanni Cammarota, MD1, Giovanni Frisullo, MD2, Danilo Pagliari, MD1, Gianluca Ianiro, MD1,
Maurizio Martini, MD3, Simona Frosali, BSc, PhD1, Domenico Plantone, MD2, Valentina Damato, MD2, Fabio Casciano, BSc, PhD1,
Raffaele Landolfi, MD1, Anna Paola Batocchi, MD2,{ and Franco Pandolfi, MD1

OBJECTIVES: The role of T lymphocytes in the pathogenesis of Celiac disease (CD) is well established. However, the
mechanisms of T-cell involvement remain elusive. Little is known on the distribution of T subpopulations: T-regulatory (Treg),
Th17, CD103, and CD62L cells at disease onset and after gluten-free diet (GFD). We investigated the involvement of several
T subpopulations in the pathogenesis of CD.
METHODS: We studied T cells both in the peripheral blood (PB) and the tissue-infiltrating lymphocytes (TILs) from the mucosa of
14 CD patients at presentation and after a GFD, vs. 12 controls.
RESULTS: Our results extend the involvement of Treg, Th1, and Th17 cells in active CD inflammation both in the PB and at the
TILs. At baseline, Tregs, Th1, and Th17 cells are significantly higher in active CD patients in TILs and PB. They decreased after
diet. Moreover, CD62Lþ TILs were increased at diagnosis as compared with GFD patients.
CONCLUSIONS: Our data show significant modifications of the above-mentioned subpopulations both in the PB and TILs. The
increase of suppressive Tregs in active CD both in the PB and TILs is intriguing. T lymphocytes are known to have a crucial role
in the pathogenesis of CD. We have shown that gluten trigger results in systemic recruitment of T lymphocytes, the unbalance
between pro-inflammatory and anti-inflammatory populations and the increase of CD62Lþ T cells in TILs. Our results delineate
a more complete picture of T-cell subsets in active vs. GFD disease. Our data of T-cell subpopulations, combined with known
data on cytokine production, support the concept that duodenal micro-environment acts as an immunological niche and this
recognition may have an important role in the diagnosis, prognosis and therapeutical approach of CD.
Clinical and Translational Gastroenterology (2012) 3, e28; doi:10.1038/ctg.2012.22; published online 13 December 2012
Subject Category: Colon/Small Bowel

INTRODUCTION

Celiac disease (CD) is a relatively common pathology,
characterized by an abnormal immune response to
gliadin in genetically predisposed individuals.1–4 Gluten
intolerance causes inflammation to the mucosa of the small
intestine resulting in villous atrophy. There is no specific
treatment, but the symptoms can be ameliorated or resolved
by eliminating gluten from the diet. The reversibility of the
disease is closely linked to the intake by celiac patients of
gluten-free food.5

T lymphocytes are known to have a crucial role in the
pathogenesis of CD. So far, the main actors of inflammation
were thought to be played by 1) cytotoxic CD8 and NK cells
among intraepithelial lymphocytes6 in an environment with
elevated production of IFN-gamma.7 CD8 cells express FasL
and therefore induce apoptosis of mucosal cells8,9 and by 2)
Th1-secreting CD4 cells in the lamina propria (LP).10,11 Thus,
CD4 cells participate to developing inflammation through
cytokine production with a prevalence of a Th1 pattern of

pro-inflammatory cytokines. T-box transcription factor T-bet

has been identified as a key transcription factor for the

development of Th1 cells and has also been shown to be

involved in the regulation of CD8þ T cells (Tc1) and CD19þ
B cells (Be1). T-bet induces the production of IFN-gamma and

orchestrates the Th1 cell–migratory program by regulating the

expression of chemokines and chemokine receptors. CD4

cells massively infiltrate the LP12 CD4 clones responding to

gliadin-deaminated immunodominant peptides have been

shown to produce IFN-gamma.13

Recently, the focus of CD pathogenesis has shifted to the
role of novel subsets of T lymphocytes: T-regulatory (Tregs)

and Th17 cells. Although heterogeneity of CD4 cells has been

reported some decades ago,14,15 only recently novel CD4þ
subpopulations such as Tregs and Th17 cells have been

described (review in Pandolfi et al.16).
Tregs are CD3/CD4þ /CD25þ /FoxP3þ cells that

exert a strong inhibitory effect on the immune responses.17,18

Recently, after the description of an inverse relationship
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between the expression of FoxP3 and CD127,17 it has
become possible to define an alternative phenotype of
Tregs as CD3/CD4/CD25high/CD127� cells. Previous works
have reported that both Tregs and Th17 cells are involved in
active CD.19–21 Tregs perform an anti-inflammatory activity
and can downregulate the immune response. Despite their
suppressor activity on the immune response, Tregs are
increased in the inflamed mucosa of active CD. However,
only few studies on the role of Treg in CD are available.22–24

Th17 cells are characterized by the synthesis and produc-
tion of IL (interleukin)-17A and F, by the activation of nuclear
transcription factor STAT-3, and by the induction of retinoic
acid-related nuclear transcription factor ROR-gammat.16 In
active CD, severe inflammation is present and it is not
surprising that Th17 cells have been found to be
increased.21,25,26 Tregs have been localized in the LP.22 Data
on Th17 cells localization are preliminary. Sapone et al. 27

showed IL-17 mRNA mostly in the LP, but their immuno-
fluorescence stains do not allow to determine their localization
in the CD mucosa.

There are only few works analyzing a wide panel of
lymphocyte subpopulations in both peripheral blood (PB)
and intestinal mucosa of patients with CD at diagnosis and
after gluten-free diet (GFD), compared with non-CD
patients.19,22,26,28 Therefore, we compared the distribution
of several subsets of T lymphocytes (Treg, Th17 and naı̈ve
CD62L cells) in both PB and in the duodenal mucosa of CD
patients at diagnosis and after a GFD diet, as compared with
non-CD controls. Finally, as T cells expressing the adhesion
molecule CD103 are known to home in the intestine, we also
evaluated CD103þ cells to get insights in the homing of T
cells during the disease.

These intricate interactions between several T-cell sub-
populations described above, reinforce the idea of a complex
regulation of tissue immune system in duodenal mucosa of
CD patients. Cytokines also have an important role and can
modulate immune response in a pro-inflammatory or anti-
inflammatory pathway.

Therefore, duodenal micro-environment can be considered
as an ‘‘immunological niche’’, that is, a definite anatomo-
functional region that hosts the components of a complex
immune functional tissue. Immunological niche has a direct
role in the homeostasis of local immune system, regulating
inflammation, apoptosis, immune T-cell differentiation, per-
ipheral tolerance and anergy.29 The complex functional and
cellular structure of the immunological niche of duodenal
mucosa in CD includes pro-inflammatory cytokines (such as,
IFN-gamma, IL-12, IL-15, IL-23), anti-inflammatory cytokines
(such as, TGF-beta, IL-10), gluten-specific naı̈ve and memory
T cells, Tregs, and Th17 cells.29

The concept of ‘‘niche’’ was first formulated by Schofield,30

in the 1970s, defining the ‘‘haematopoietic stem cell niche’’, as
a region within the bone marrow containing functional cell
types that can maintain haematopoietic stem cell potency
throughout life. Haematopoietic stem cell niche, such as
immunological niche here examined, are specialized micro-
environments composed by numerous cell types and a
plethora of signals that dictate their behavior with respect to
homeostatic requirements and exogenous stresses in a
complex picture, with functional crosstalk between cells. The

immunological niche constitutes a basic unit of tissue
physiology, integrating signals that mediate the balanced
cellular response to the needs of organisms.31

METHODS

Patients’ recruitment. Fourteen consecutive patients (11
females and 3 males, age range: 21–51 years, mean age
41.14 years) with diagnosis of CD (diagnosed in accordance
with the latest international recommendation32) were
recruited. This study has been approved by the Ethical
Committee of Catholic University. All patients, were eval-
uated both before (Time 0 or T0) and after 12 months (T1) of
GFD. They underwent upper gastrointestinal tract endoscopy
and duodenal biopsies to evaluate histological and immuno-
histochemical findings and T-subpopulation analysis. All
patients were analyzed for anti-endomysium antibodies
(EMAs) and anti-tissue transglutaminase (anti-tTG) antibo-
dies that are landmarks of serological diagnosis even if their
pathogenetical role is not completely understood.33 We
included in our study only untreated patients with total villous
atrophy and with EMA and anti-tTG antibody positivity.
Dietary compliance was established on dietary history and
negative EMA and anti-tTG antibodies. After 12-month GFD
(T1), CD patients underwent upper gastrointestinal tract
endoscopy and duodenal biopsies to evaluate the histologi-
cal and immunohistochemical findings and T-subpopulation
analysis.

The control population consisted of 12 non-celiac subjects,
age- and sex- matched (9 females, 3 males, age range 22–53
years, mean age 41.08 years), with no family history of CD or
other autoimmune diseases, who were selected randomly
from the same geographical area as the CD patients, who
underwent a diagnostic esophageal-gastro-duodenoscopy
resulting negative for celiac, neoplastic and inflammatory
ulcerative disease.

Lymphocytes immunophenotyping from PB lympho-
cytes and from duodenal biopsy. At baseline, eligible
patients and controls were submitted to a venous puncture of
5 cc of PB in lithium heparin tube. In CD patients, two
samples at T0 and T1 were obtained.

Peripheral blood mononuclear cells (PBMC) were sepa-
rated according to standard procedures.34 Tissue samples
obtained from the duodenal mucosa were incubated in 24
multiwell Falcon dishes within 3 h from collection. Incubation
took place at 37 1C in complete RPMI 1640 supplemented with
gentamicin 50 mg/ml and 10% fetal calf serum. Human
recombinant IL-2 (100 UI/ml) was added to allow lymphocyte
growth, as previously reported.35 Cells were observed with an
inverted microscope until a number sufficient to perform the
immunophenotype was reached (usually after 48 h of culture).
After washing, surface markers were studied by immuno-
fluorescence. Tregs were identified by four-color immuno-
fluorescence, performed on a FACSCalibur (Becton
Dickinson, Franklin Lakes, NJ, USA) and characterized by
the following phenotype: CD3 positive-fluorescein isothiocya-
nate, CD4-positive peridinin chlorophyll protein, CD25-posi-
tive phycoerythrin (PE), CD127-negative Alexa Fluor 647
(Becton Dickinson).16–18 For the detection of Foxp3
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expression, PBMC were also analyzed by three-color
intracellular flow cytometry using anti-CD4-PE-CY5 (Beck-
man Coulter, Miami, FL, USA), anti-CD25-fluorescein iso-
thiocyanate (Beckman Coulter) and anti-Foxp3-PE-matched
monoclonal antibody (mAb) (clone 236A/E7, eBioscience,
San Diego, CA, USA).

Th17 cells were evaluated on fixed permeabilized cells by
staining with an anti-IL-17A-PE mAb (Becton Dickinson).
Their phenotype was identified as CD4-peridinin chlorophyll
or CD8-fluorescein isothiocyanate according to positivity with
three respective antibodies, flow cytometric evaluation was
performed immediately on these cells. The percentage of
positive cells was calculated by background staining
assessed by isotype-matched fluorochrome-conjugated irre-
levant mAb.

All stainings, both for surface molecules and the expression
of intracytoplasmic cytokines and or transcription factors,
have been performed on fresh samples by incubating the cells
with monoclonal antibodies variously combined; for the
intracytoplasmic staining, the surface marking was followed
by membrane fixation and permeabilization using Cytofix-
Cytoperm kit (BD Bioscience, Franklin Lakes, NJ, USA).

For the detection of T-bet expression, PBMCs were
analyzed using a double-labeling procedure staining with an
anti-CD4-PE-Cy5, anti-CD8-PE-Cy5, and anti-CD19-PE-Cy5
(Beckman Coulter). After fixation, cells were permeabilized
using a commercially available perm/wash kit (BD Bios-
ciences/Pharmingen, Franklin Lakes, NJ, USA). Upon per-
meabilization, 5� 105 PBMCs and 2� 105 tissue
lymphocytes were re-suspended in 100 ml of PBS and
incubated for 30 min with anti-pSTAT1(A-2)-PE antibody,
anti-pSTAT3(B-7)-PE antibody, and anti-T-bet(4B10)-PE
antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA).
Appropriate fluorochrome-conjugated isotype-mAb (Beck-
man Coulter) was used as control for background staining in
each flow acquisition.

Each analysis was performed using at least 10,000 cells
that were gated in the region of the lymphocyte–monocyte
population, as determined by light-scatter properties (forward

scatter vs. side scatter). To analyze the expression of
transcription factors in lymphocytes (CD4þ , CD8þ T cells
and CD19þ B cells), cells were gated in both the lymphocyte
and CD4þ /CD8þ /CD19þ regions.

Quadrants of dot plot were set using appropriate isotype
controls for each intra- and extra-cellular antibody. Appro-
priate fluorochrome-conjugated isotype-matched mAbs
(Beckman Coulter) were used as control for background
staining in each flow acquisition. In these assays, careful color
compensation was performed before cell analysis. Mean
fluorescence intensity (MFI) was calculated only for positive
events after subtraction of specific isotype control MFI.

Immunohistochemical analysis for Foxp3 and
IL-17. Immunohistochemical analysis for Foxp3 and IL-17
was performed on 3 mm tissues slides using the antihuman
mouse monoclonal Foxp3 antibody (eBioscience; dilution
1/250) and antihuman rabbit polyclonal antibody IL-17
(H132) (Santa Cruz Biotechnology, clone 236A/E7, dilution
1/100), after a step of antigen retrieval in microwave oven for
10 min in citrate buffer (0.01 M; pH 6), at 750 W. Hydrogen
peroxide, serum-biotinylated immunoglobulins, and avidin–
biotin complexes were used according to the manufacturer’s
instructions (Dako LSAB; Dakopatts, Golstrup, Denmark).
Slides were then incubated overnight at 4 1C (1.5 mg/ml
concentration of primary antibody). After induction of the
color reaction with freshly made diaminobenzidine solution
(Dakopatts), slides were counterstained with hematoxylin.
The FoxP3 showed a nuclear and perinuclear staining,
whereas IL-17 showed a cytoplasmatic staining.

Statistical analysis. Differences between groups were
compared using Student’s t-tests. Differences were consid-
ered as statistically significant for Po0.05.

RESULTS

Lymphocytes in the PB. Percentages of peripheral lym-
phocytes in CD patients and controls pre- and post-diet are

Table 1 Expression of markers in peripheral lymphocytes in celiac disease patients and controls

Celiac disease patients

Peripheral blood Controls T0 (pre-diet) T1 (after-diet)

Tregs 6.19 (1.80–9.78) 7.27 (3.60–11.65) 5.66 (2.84–9.93)
Th17 cells 0.39 (0.03–1.40) 1.05* (0.08–1.80) 0.14# (0.04–0.34)
CD4þ /IL17Aþ 0.24 (0.00–1.60) 0.23 (0.03–1.01) 0.07 (0.00–0.15)
CD8þ /IL17Aþ 0.28 (0.00–1.11) 0.67 (0.08–2.23) 0.04# (0.00–0.10)
CD103þ 1.13 (0.33–3.94) 1.14 (0.26–2.80) 0.55 (0.18–1.58)
CD4þ /CD103þ 0.38 (0.10–1.10) 0.79 (0.08–4.89) 0.26 (0.09–0.75)
CD8þ /CD103þ 0.46 (0.08–2.14) 0.55 (0.13–1.73) 0.17 (0.04–0.34)
CD62Lþ 54.34 (22.11–81.00) 50.16 (8.35–81.70) 59.25 (16.07–86.90)
CD4þ /CD62Lþ 20.66 (6.44–44.13) 22.66 (2.35–53.70) 35.28 (4.08–53.70)
CD8þ /CD62Lþ 11.16 (0.34–24.42) 13.34 (2.57–22.80) 10.62 (4.37–18.37)
CD19þ 1.71 (0.10–3.71) 2.45 (0.01–5.33) 3.38 (0.39–8.24)
CD4þ /T-betþ 2.81 (0.26–6.29) 7.64*# (1.29–14.02) 0.98 (0.06–1.98)
CD8þ /T-betþ 1.41 (1.06–10.37) 13.87*# (1.57–22.83) 3.95 (0.98–9.03)
CD19þ /T-betþ 4.42 (2.77–6.71) 7.81*# (3.68–16.10) 4.05 (3.90–7.21)

GFD, gluten-free diet; Treg, T-regulatory.
Results are expressed as a percentage of positive cells (range in parentheses).
*Po0.05 pre-GFD vs. controls levels; #Po0.05 post-GFD vs. pre-GFD levels. Calculated by Student’s t-test.
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listed in Table 1. At baseline, the percentage of Tregs (evaluated
on the basis of a four-color staining CD3þ /CD4þ /CD25þ /
CD127� ) was higher in untreated CD patients as compared
with both in GFD CD patients and healthy subjects.

Th17 cells were significantly increased in CD patients at T0
and decreased at T1 (P¼ 0.00 01), cells with the most
significant reduction being observed in the subset of CD8þ /
Th17þ cells (P¼ 0.004).

In patients after GFD, CD103þ T cells, double-positive
CD4þ /CD103þ and CD8þ /CD103þ decreased compared
with active CD, showing values inferior even to controls.

CD62Lþ T cells and double-positive CD8þ /CD62Lþ T
cells did not significantly change after treatment. On the other
side, CD4þ /CD62Lþ increased after GFD with respect to
controls and pre-diet (P¼ 0.07).

T-bet expression in circulating T cells and B cells. We
observed higher percentages of circulating T-betþ CD4þ ,
CD8þ T cells and CD19þ B cells from untreated than from
treated CD patients (P¼ 0.0076, P¼ 0.0090, and
P¼ 0.0052, respectively) and healthy subjects (P¼ 0.0206,
P¼ 0.0023, and P¼ 0.0055, respectively). No significant
difference in the percentages of circulating T-betþ CD4þ ,
CD8þ T cells, and CD19þ B cells was observed between
treated CD patients and controls. We didn’t find any
significant difference between the MFI of T-bet in the
circulating CD4þ , CD8þ T cells, and CD19þ B cells among
treated and untreated CD patients and controls (Figure 1).

Lymphocytes in tissue-infiltrating lymphocytes (TILs) of
duodenal mucosa. Percentages of lymphocytes subpopu-
lations in duodenal mucosa of CD patients and in normal
duodenal mucosa are reported in Table 2. At baseline, Tregs
(evaluated on the basis of a four-color staining CD3þ /
CD4þ /CD25þ /CD127� ) were significantly higher than
controls (P¼ 0.0009). After diet, the levels of Tregs were
significantly lower than pre-diet (P¼ 0.0004), showing values
similar to control group. Total Th17 cells were significantly
decreased after diet vs. pre-diet (P¼ 0.02). The decreased
values are the result of a more marked reduction of CD8þ /
Th17 (P¼ 0.03).

CD103þ in CD patients (pre- and post-diet) and controls
were not statistically different. In CD patients pre and post
diet, there was a decrease in CD4þ /CD103þ cells (P¼ 0.03
and 0.01, respectively) with respect to controls; the CD8þ /
CD103þ cells were significantly reduced in active CD
patients vs. controls (P¼ 0.04). In conclusion, in active CD,
CD103þ are significantly reduced in the tissue vs. the
controls. In addition, they are still reduced after GFD.
However, this datum is only significant for CD4þ /CD103þ .

CD62Lþ cells were significantly reduced in CD patients
after GFD with respect to controls and active CD patients
P¼ 0.02 and 0.007, respectively), with particular regard to
CD4þ /CD62Lþ subpopulations in which there is a signifi-
cantly reduction post diet vs. active patients (P¼ 0.03).

T-bet expression in TILs of duodenal mucosa. Among
TILs, there was no significant difference between the
percentage of T-betþ CD4þ , CD8þ , and CD19þ between
treated and untreated CD patients. Untreated CD patients
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Figure 1 T-bet expression in PBMC and TIL from circulating T cells and B cells.
Mean percentage of CD4þ T-bet (a), CD8þ T-bet (b) T cells, and CD19þ T-bet
B cells (c) in peripheral blood and in duodenal mucosa of healthy subjects and celiac
disease. Box plots express the first (Q1) and third (Q3) quartiles within a given data
set by the upper and lower horizontal lines in a rectangular box, in which there is a
horizontal line showing the median. The whiskers extend upwards and downwards
to the highest or lowest observation within the upper (Q3þ 1.5 � interquartile
range) and lower (Q1–1.5 � interquartile range) limits. P-values indicate statistical
significances (o0.05) between the different groups. GFD, gluten-free diet; MFI,
mean fluorescence intensity.
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showed increased percentages of T-betþ CD8þ and
CD19þ TILs then controls (P¼ 0.0133 and P¼ 0.0066,
respectively), but no significant difference was observed
between the percentages of T-betþ CD4þ TILs. The
percentages of T-betþ CD19þ TILs were higher in treated
CD patients than in controls (P¼ 0.0051). We found no
significant difference between the percentages of T-betþ
CD4þ and CD8þ TILs from untreated than from treated CD
patients (Figure 1).

We observed no significant difference between the MFI of
T-bet in the CD4þ , CD8þ , and CD19þ TILs among treated
and untreated CD patients and controls.

DISCUSSION

In this report, we show that the combination of several
immunological techniques allows a better understanding of
complex immunological modifications present in CD. Our
analysis included lymphocyte characterization both in the
periphery and in mucosa-derived TILs, by surface markers
and intracytoplasmic staining (IL-17, FoxP3, T-bet). Data
were also compared in a few number of cases with
immunohistochemestry (Figure 2). To our knowledge, this is
the first time that such a vast approach is used to characterize
CD patients at diagnosis and after 12 months GFD.

Our data show significant modifications of several T-cell
subsets both in the PB and in TILs in active CD as compared
with both normal controls and CD patients after GFD,
confirming and expanding with a more detailed analysis
previous data showing that high levels of inflammatory activity
are reduced after GFD.

Tregs were significantly increased in active CD TILs. Th17
cells were also significantly increased both PB and TILs.
Notably both subpopulations returned to normal values after
12 months GFD (Figure 3).

Our data showing high levels of Tregs in TILs of active CD
with high inflammation are intriguing on the light that Tregs are
usually considered anti-inflammatory cells. On the basis of
their common function, high levels of Tregs would be easier to

understand in an immunopathological micro-environment with
low levels of inflammation. However, in CD, we experience the
opposite. We therefore hypothesize that naive T cells are
recruited by gluten at the tissue level, where because of the
tissue micro-environment (cytokines and interactions with
other T-cell subsets) differentiate into Tregs.

The increased level of Tregs in duodenal mucosa of CD
patients support our idea of an immunological niche, where
naı̈ve T cells are recruited by gluten trigger from PB home to
local tissue and differentiate into Tregs in the presence of anti-
inflammatory cytokine (TGF-beta, IL-10).29 However, their
number although increased is insufficient to reduce the
inflammatory damage. Thus, the increase of Tregs in active
CD may suggest insufficient recruitment. Recent data have
shown that IL-15 interferes with suppressor activity of Tregs,
and this is probably related to enhanced expression of IL-15

Table 2 Expression of markers in duodenal mucosa lymphocytes in celiac disease patients and controls

Celiac disease patients

Duodenal mucosa Controls T0 (pre-diet) T1 (after-diet)

Tregs 5.57 (3.00–6.91) 16.43* (10.43–21.70) 4.60# (1.83–11.30)
Th17 cells 1.56 (0.82–2.18) 2.00 (0.90–3.77) 1.09# (0.10–2.34)
CD4þ /IL17Aþ 0.96 (0.14–2.06) 0.75 (0.00–2.00) 0.82 (0.00–3.62)
CD8þ /IL17Aþ 1.70 (0.17–5.10) 1.12 (0.08–2.75) 0.50# (0.01–1.20)
CD103þ 55.73 (29.17–76.00) 43.72 (9.75–97.0) 42.04 (14.80–85.00)
CD4þ /CD103þ 25.20 (4.64–66.00) 8.99* (0.71–26.63) y7.02 (1.90–17.35)
CD8þ /CD103þ 36.46 (12.40–69.53) 21.50* (3.07–47.80) 24.60 (0.84–57.29)
CD62Lþ 25.85 (1.30–74.89) 11.30 (0.93–26.15) y5.90# (0.25–24.20)
CD4þ /CD62Lþ 3.20 (0.40–6.87) 4.70 (0.39–15.39) 1.63# (0.18–7.78)
CD8þ /CD62Lþ 6.61 (0.85–25.57) 4.74 (0.45–9.13) 3.02 (0.16–11.60)
CD19þ 2.22 (0.10–2.82) 1.61 (0.99–2.70) 2.59 (0.20–8.08)
CD4þ /T-bet 17.85 (3.78–71.49) 14.52 (7.18–32.10) 18.65 (10.8–30.51)
CD8þ /T-bet 34.81 (25.63–50.73) 26.74* (6.42–29.05) 29.01 (4.89–30.15)
CD19þ /T-bet 29.85 (20.93–43.32) 40.52* (27.80–60.25) 54.16y (20.26–59.89)

GFD, gluten-free diet; Treg, T-regulatory.
Results are expressed as a percentage of positive cells (range in parentheses).
*Po0.05 pre-GFD vs. controls levels; #Po0.05 post-GFD vs. pre-GFD levels; yPo0.05 post-GFD vs. controls levels. Calculated by Student’s t-test.

Figure 2 Immunohistochemistry for FoxP3 and IL-17 of gut mucosa in CD
patients. Immunohistochemistry for FoxP3 and IL-17 proteins in a representative
case of celiac disease (a for FoxP3 and c for IL-17) and in normal mucosa (b for
FoxP3 and d for IL-17) (Avidin–Biotin–Peroxidase complex method in paraffin
section lightly counterstained with ematoxylin. Original magnification, � 100
(a,b and d); � 200 (c).
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receptor.22 In addition, an alternative explanation for lack of
T-regulatory activity may be found in the data by Hmida
et al.,24 who demonstrated that IL-15 could make human
T cells resistant to Tregs suppression.

Th17 cells showed a similar modification trend as Tregs. In
fact, both CD4þ and CD8þ Th17þ subpopulations
decreased after GFD both in PB and at tissue level, confirming
the presence of increased level of pro-inflammatory Th17
cells in active CD patients.

Th17 cells have a role in the pathogenesis of the disease.
Th17 cells can produce pro-inflammatory cytokines (such as,
IL-17, IFN-gamma and IL-21).21 However, Th17 cells also
produce mucosa-protective IL-22 and TGF-beta, which
actively modulates IL-17A production.26

The increase of pro-inflammatory Th17 cells and of T-bet
cells supports the common idea that a major inflammation is
present in active CD disease. Although Th17 cells are
commonly observed after in vitro activation of T cells, it is
worth noting that in active CD, Th17 cells were present among
TILs, suggesting their presence in vivo. This is also supported
by our immunochemistry data showing both Tregs and Th17
cells located to the LP adjacent to the submucosa. It is
interesting to note that CD4þ T-betþ (Th1), CD8þ T-betþ
(Tc1) e CD19þ T-betþ (Be1) show a similar pattern to Th17
cells (i.e., increased in active disease and reduced after GFD).

Only anecdotal reports are available on CD103þ cell in the
mucosa of CD patients. Kolkowsky et al.36 showed an
expansion of CD8þ CD103þ clones with reduced produc-
tion of IL-10. However, these conclusions were based on

clonal analysis from only two CD biopsies. Others have
reported the presence of abnormal CD103þ CD7þ cells
lacking membrane expression of the TCR.37 We showed that
CD103þ cells were slightly reduced in PB of GFD CD
patients vs. active CD patients. This suggests the systemic
recruitment of growing numbers of T cells to support ongoing
inflammation in active CD intestine-homing cells, a pattern
similar to that observed by us in a different inflammatory bowel
disease.34 Among TILs, CD103þ cells in CD patients pre-
and post-diet and controls were similar, as expected in cells
homing to the gut. In CD patients, CD4þ /CD103þ cells were
decreased (P¼ 0.03 and 0.01, respectively) with respect to
controls. The CD8þ /CD103þ cells were significantly
reduced in CD patients pre-diet vs controls (P¼ 0.04).

On the basis of available information, several hypotheses
can be formulated to explain the reduction of CD103 cells in
active CD reported by us in 14 patients. This reduction may be
related to ongoing apoptosis or cell damage associated to
villous damage. Alternatively, it could be the result of
decreased TGF-beta activity. In fact, CD103 has been
described as both a homing receptor and an activation
marker.38 CD103 expression is increased by TGF-beta. In
CD, TGF-beta production is defective39 and its activity is
inhibited by IL-15.40

Integrins alpha4-beta7 (LPAM-1) and alphaE-beta7
(CD103) are adhesion molecules generally considered
responsible for intestinal homing.41–43 LPAM-1 binds to the
mucosa-addressing cell adhesion molecule (MadCaM-1),
whereas CD103 binds to cadherin-E widely expressed on
epithelial cells. A crucial role for both integrins in gut homing
has been suggested by several studies and in knockout mice.
In fact, both beta7 � /� and alphaE

� /� mice show severe
impairment of gut-associated lymphoid tissue, including
lamina propria and intraepithelial lymphocytes.44 Gut-homing
CD103þ (and/or LPAM-1) cells have an essential role in the
regulation of experimental colitis and are involved in several
diseases resulting in colonic inflammation. These data
suggest that CD103 cells are involved in the pathogenesis
of T-cell-mediated inflammatory conditions of the gastro-
intestinal tract. CD8þ /CD103þ intraepithelial lymphocytes
are activated in inflammatory bowel diseases, and may exert a
regulatory function.45

Naive cells identified by CD62L were significantly reduced at
tissue level after diet. We suggest that GFD contributes to
increase memory T-cell subsets, as the percentages of naive T
cells (CD62Lþ ) decreased. Further data on the characteriza-
tion of memory cells might allow the identification of these cells
as part of the effector memory pool ready to react against non-
self antigenic stimuli. Once the gluten is removed, naive CD62L
cells are reduced possibly as a result of decreased recruitment.

In a very short summary, there is a gluten-related systemic
recruitment of T cells at duodenal site. After 12 months GFD,
these T-cell subpopulations are deeply modified.

Our data therefore confirm the importance of studying the
many actors playing their roles in the duodenal immunological
niche to understand the complex immunopathogenesis of CD:
the close relationship between T cells and their related pattern
of secreted cytokines in duodenal micro-environment may
have important role in the diagnostic, prognostic, and
therapeutical approach of CD.

Figure 3 Tregs and Th17 expression in PBMC and TIL from CD patients before
and after GFD. PMBC Tregs (CD3þ /CD4þ /CD25þ /CD127� ) (a) are
augmented in CD patients and decrease after GFD, returning to similar value of
control patients. TIL Tregs (b) are significantly augmented in CD patients and
significantly decrease after GFD. PMBC Th17 cells (c) are significantly augmented
in CD patients and significantly decrease after GFD. TIL Th17 cells (d) are
augmented in CD patients and significantly decrease after GFD. #Po0.05 post-
GFD vs. pre-GFD levels. GFD, gluten-free diet; PBMC, peripheral blood
mononuclear cell; TIL, tissue-infiltrating lymphocytes; Treg, T-regulatory.
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Study Highlights

WHAT IS CURRENT KNOWLEDGE

| Celiac disease (CD) is a condition characterized by the
involvement of several T-cell subpopulations recruited by
gluten in duodenal mucosa.

| Preliminary data performed with different techniques have
shown increased number of Tregs and Th17 cells in
peripheral blood (PB) and in duodenal mucosa of CD
patients.

| The only current treatment for CD is a gluten-free diet
(GFD). Studies of T-cell population before and after GFD
are anecdotal.

WHAT IS NEW HERE

| In CD mucosa, the increase of Tregs and Th17 cells,
together with the well-known presence of cytokine
production, generates a definite anatomo-functional region
and therefore we propose that the duodenal mucosa in CD
should be considered as a novel example of an
‘‘immunological niche’’.

| GFD induces a profound modification of T-cell
subpopulations: Tregs, Th17 cells, CD103 and CD62L
cells in both PB and tissue level.
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