
Tamara Vorobjova, Raivo Uibo, Department of Immunology, 
Institute of Biomedicine and Translational Medicine, University 
of Tartu, 51014 Tartu, Estonia
Oivi Uibo, Department of Pediatrics, University of Tartu, Tartu, 
Estonia, Children’s Clinic of Tartu University Hospital, 51014 
Tartu, Estonia 
Kaire Heilman, Department of Pediatrics, University of Tartu, 
Tartu, Estonia, Tallinn’s Children’s Hospital, 13419 Tallinn, 
Estonia
Author contributions: Vorobjova T and Uibo R contributed 
equally to the research design; Vorobjova T performed the 
research, including immunohistochemical and immuno-
fluorescence studies and microscopy, and analyzed the data and 
wrote the paper; Uibo O and Heilman K were responsible for the 
collection of clinical material, performed the gastroduodenoscopy 
and revised and approved the final version of the article; Uibo R 
guided and supervised the research and the drafting and editing 
of the final revision of the article. 
Supported by grants from the Estonian Research Foundation, 
No. 7749 and No. 8334; EU Regional Developmental Fund; 
and the Estonian Ministry of Education and Research, No. SF 
0180035s08 and No. IUT20-43.
Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Tamara Vorobjova, MD, PhD, Sc med, 
Senior Researcher, Department of Immunology, Institute of 
Biomedicine and Translational Medicine, University of Tartu, 
Ravila 19, 51014 Tartu, Estonia. tamara.vorobjova@kliinikum.ee
Telephone: +372-7-374233
Fax: +372-7-374232
Received: April 1, 2014
Peer-review started: April 2, 2014
First decision: April 28, 2014
Revised: May 15, 2014
Accepted: July 22, 2014
Article in press: July 22, 2014
Published online: January 14, 2015

Abstract
AIM: To investigate the densities of dendritic cells 
(DCs) and FOXP3+ regulatory T cells (Tregs) and their 
interrelations in the small bowel mucosa in untreated 
celiac disease (CD) patients with and without type 1 
diabetes (T1D).

METHODS: Seventy-four patients (45 female, 29 
male, mean age 11.1 ± 6.8 years) who underwent 
small bowel biopsy were studied. CD without T1D 
was diagnosed in 18 patients, and CD with T1D was 
diagnosed in 15 patients. Normal small bowel mucosa 
was found in two T1D patients. Thirty-nine patients 
(mean age 12.8 ± 4.9 years) with other diagnoses 
(functional dyspepsia, duodenal ulcer, erosive gastritis, 
etc .) formed the control group. All CD patients had 
partial or subtotal villous atrophy according to the 
Marsh classification: Marsh grade Ⅲa in 9, grade Ⅲ
b in 21 and grade Ⅲc in 3 cases. Thirty-nine patients 
without CD and 2 with T1D had normal small bowel 
mucosa (Marsh grade 0). The densities of CD11c+, 
IDO+, CD103+, Langerin (CD207+) DCs and FOXP3+ 
Tregs were investigated by immunohistochemistry 
(on paraffin-embedded specimens) and immuno-
fluorescence (on cryostat sections) methods using 
a combination of mono- and double-staining. Sixty-
six serum samples were tested for IgA-tissue 
transglutaminase (tTG) using a fully automated EliA™ 
Celikey® IgA assay (Pharmacia Diagnostics, Freiburg, 
Germany). 

RESULTS: The density of CD11c+ DCs was significantly 
increased in CD patients compared with patients with 
normal mucosa (21.67 ± 2.49 vs  13.58 ± 1.51, P  = 
0.007). The numbers of FOXP3+ cells were significantly 
higher in CD patients (10.66 ± 1.50 vs  1.92 ± 0.37, P  
= 0.0002) and in patients with CD and coexisting T1D 
(8.11 ± 1.64 vs  1.92 ± 0.37, P  = 0.002) compared with 
patients with normal mucosa. The density of FOXP3+ 
cells significantly correlated with the histological 
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in rye and barley, which leads to inflammation, villous 
atrophy and crypt hyperplasia in the small bowel mucosa, 
accompanied by an increased number of  infiltrating 
lymphocytes in the epithelium and in the lamina propria 
(LP)[1]. The generation of  inflammatory and damaging 
T cells is governed by several control mechanisms, while 
intestinal dendritic cells (DCs) are the key cells that 
regulate which T cells become activated or deleted. In this 
process, regulatory T cells (Tregs) also play an important 
role in intestinal homeostasis[2,3].

The role of  the gut immune system is also thought 
to be of  crucial importance in the pathogenesis of  
type 1 diabetes (T1D)[4-6]. Several research groups have 
demonstrated a marked association between the deve-
lopment of  T1D and preceding alterations in the small 
bowel mucosa, including altered gut microbiota in these 
patients[4,7,8]. As a result, CD and T1D coexist more 
frequently compared with chance occurrence, with an 
average prevalence of  CD among children with T1D of  
4.5% (0.97%-16.4%) in 26 reports[9].

DCs have received much attention in CD due to 
their strategic role in gut homeostasis by processing 
external antigens (including wheat proteins) and by 
determining tolerance to self-antigens[10,11]. The important 
role of  CD11c+CD103+ DCs in the induction of  Tregs 
differentiation has been established[12]. CD103+ DCs 
are required for the induction of  tolerogenic immune 
responses and contribute to the control of  inflammatory 
responses and homeostasis in the intestinal mucosa by 
the incremental conversion of  naive T cells into FOXP3+ 
Treg cells[13,14]. Functionally specialized CD103+ DCs 
derived from the small intestinal LP appear to be the only 
cells able to regulate T cells homing[15].

In addition to the role of  CD103+ DCs, that of  
indoleamine 2,3-dioxygenase (IDO) for Tregs induction 
was also demonstrated[16-18]. IDO is an immunomodulatory 
enzyme involved in tryptophan catabolism with 
immunosuppressive effects that has been implicated in 
the control of  intestinal inflammation[17]. Higher IDO 
expression has been measured in intestinal biopsies from 
CD patients[19].

Among the DCs covering body surfaces, either 
mucosa or skin, DCs carrying Langerin (CD207) proteins 
have received considerable interest[20]. Langerin was 
originally identified as a Langerhans cell (LC)-specific 
C-type lectin receptor involved in antigen capture[21]. 
Langerin expression is predominant in skin DCs, but 
Langerin-expressing DCs are also present in the mu-
cosal tissue and can be induced by immunization and 
sometimes by nutrient deficiency[22]. The expression of  
Langerin by CD103+CD11b+ LP DCs in the human 
ileum has recently been reported[23]. However, the 
presence of  Langerin+ DCs in the small bowel mucosa 
in pathological conditions such as CD and T1D has not 
yet been studied. Still, one could preclude that Langerin+ 
cells might be involved in CD pathogenesis, taking 
into account the fact that interleukin (IL)-15, a central 
cytokine in the CD mucosa[24,25], can skew DC precursors 
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grade of atrophic changes in the small bowel mucosa 
according to the March classification (r  = 0.62; P  < 
0.0001) and with levels of IgA antibody (r  = 0.55; P  < 
0.0001). The densities of IDO+ DCs were significantly 
higher in CD patients (21.6 ± 2.67 vs  6.26 ± 0.84, P  = 
0.00003) and in patients with CD and coexisting T1D 
(19.08 ± 3.61 vs  6.26 ± 0.84, P  = 0.004) compared 
with patients with normal mucosa. A significant 
correlation was identified between the densities of 
IDO+ DCs and FOXP3+ T cells (r  = 0.76; P  = 0.0001). 
The mean values of CD103+ DCs were significantly 
higher in CD patients (10.66 ± 1.53 vs  6.34 ± 0.61, P  
= 0.01) and in patients with CD and associated T1D 
(11.13 ± 0.72 vs  6.34 ± 0.61, P  = 0.00002) compared 
with subjects with normal small bowel mucosa. The 
mean value of Langerin+ DCs was higher in CD patients 
compared with persons with normal mucosa (7.4 ± 0.92 
vs  5.64 ± 0.46, P  = 0.04).

CONCLUSION: The participation of diverse DC subsets 
in the pathological processes of CD and the possible 
involvement of tolerogenic DCs in Tregs development 
to maintain intestinal immunological tolerance in CD 
patients are revealed.

Key words: CD11c+, CD103+, IDO+, langerin (CD207+) 
dendritic cells; FOXP3+ regulatory T cells; Small bowel 
mucosa; Immunohistochemistry; Immunofluorescence; 
Celiac disease; Type 1 diabetes; Children
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Core tip: Significantly higher densities of CD11c+ 
dendritic cells (DCs) and of tolerogenic IDO+, CD103+ 
and Langerin+ DCs in the small bowel mucosa of 
patients with celiac disease (CD) compared with 
subjects with normal small bowel mucosa were 
revealed using immunohistochemistry in 74 patients. 
This article highlights the participation of diverse DC 
subsets in the pathological processes in the small bowel 
mucosa, pointing out the importance of Langerin+ 
DCs in untreated CD patients with and without type 
1 diabetes and indicating the possible involvement 
of tolerogenic DCs in regulatory T cells development 
to maintain intestinal immunological tolerance in CD 
patients.
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INTRODUCTION
Celiac disease (CD) is characterized by an altered immune 
response to ingested wheat gluten and related prolamins 



to differentiate into Langerin+ cells[26]. In addition, we do 
not know how Langerin+ DCs are related to other DC 
subsets and Tregs in the human small intestinal mucosa. 
Because Langerin+ DCs are significant modulators of  
events in the skin, another important immunological 
barrier of  the organism, knowledge of  the function 
of  these cells in the small intestinal mucosa may be of  
general importance. 

In the present study, we aimed to investigate the 
densities of  CD11c+ DCs, CD103+ DCs, IDO+ DCs 
and Langerin+ DCs, along with FOXP3+ Treg cells, 
in the small bowel mucosa in CD patients with and 
without coexisting T1D and to compare these densities 
with the those found in histologically normal intestinal 
mucosa in persons with functional dyspepsia using 
immunohistochemical and immunofluorescence methods.

MATERIALS AND METHODS
Study population
Seventy-four patients (45 female, 29 male, mean age 11.1 
± 6.8 years) who were admitted to the Children’s Clinic 
of  Tartu University Hospital and underwent small bowel 
biopsy were studied. All patients were recruited at the 
time of  CD diagnosis. CD without T1D was diagnosed 
in 18 (mean age 9.9 ± 10.7 years) patients, and CD with 
T1D was diagnosed in 15 (mean age 8.5 ± 3.7 years) 
patients. Normal small bowel mucosa was found in two 
T1D patients with equivocal values of  IgA antibodies 
to tissue transglutaminase (tTG, 7.0 and 9.8 U/ml, 
respectively; both boys, 13 and 4 years old). Because 
healthy persons could not be included in the control 
group due to ethical constraints (gastroduodenoscopy), 
we selected thirty-nine patients (mean age 12.8 ± 4.9 
years) with other diagnoses (mainly with functional 
dyspepsia, duodenal ulcer and erosive gastritis) for the 
control group (Table 1). Diagnosis of  CD was established 
on the basis of  the European Society for Pediatric Gas-
troenterology, Hepatology and Nutrition (ESPGHAN) 
criteria[27]. Morphologically, the small bowel mucosa was 
assessed according to the Marsh classification[28] on the 
basis of  biopsy samples taken by gastroduodenoscopy 
from distal duodenum.

According to this classification, all CD patients had 
partial or subtotal villous atrophy: a Marsh grade of  Ⅲa 
was observed in 9 cases, grade Ⅲb in 21 cases and grade 

Ⅲc in 3 cases. Thirty-nine patients without CD and 2 with 
T1D had normal small bowel mucosa (Marsh grade 0). 

All patients with CD had IgA antibodies to tTG as 
assessed using an EliA™ Celikey® IgA assay (Pharmacia 
Diagnostics, Freiburg, Germany) (mean value 414.5 ± 
130.5 U/ml). In the control group, two persons with 
normal small bowel mucosa (a 16-year-old boy and an 
8-year-old girl, both with functional dyspepsia) were 
positive for IgA antibodies to tTG (515.0 and 58.3 U/
ml, respectively). The mean value of  IgA antibodies to 
tTG in the control group was 17.9 ± 14.7 U/ml.

Ethics
This study complies with the Declaration of  Helsinki 
and was approved by the Ethics Review Committee for 
Human Research of  the University of  Tartu. All studied 
children and/or their parents gave written informed 
consent to participate in the study.

Material 
Small bowel biopsy from the distal duodenum was 
performed by gastroduodenoscopy. Two specimens 
were used for morphological and immunohistochemical 
examinations, and the third specimen was immediately 
quick-frozen in Tissue Tek OCT Compound (Sakura, 
Finetek, Finland) and stored at -80 ℃ for further use in 
immunofluorescence studies. 

Immunohistochemistry on paraffin-embedded 
specimens 
The following antibodies were used: monoclonal mouse 
anti-CD11c (NCL-L-CD11c-563) Novocastra™ Liquid, 
diluted 1:80; monoclonal mouse anti-human FOXP3 
antibodies (clone 236A/E7, Abcam, Cambridge, United 
States), diluted 1:60 (16.6 µg/mL in 1% normal horse 
serum); and anti-IDO (mouse monoclonal-anti-human 
indoleamine 2,3-dioxygenase), clone 1F8.2 (Chemicon, 
Millipore Corporation), diluted 1:50. 

For the detection of  CD11c+ DCs and FOXP3+ T 
cells in the small bowel mucosa of  63 patients, double 
staining was used; mono-staining for IDO+ DCs was 
performed in 58 patients. 

Formalin-fixed biopsy specimens of  the small bowel 
mucosa were studied using the Avidin-Biotin method. 
Paraffin slides were deparaffinized, and antigen retrieval 
was achieved by microwave treatment in 1 mmol/L 
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Table 1  Numbers, mean ages, genders and IgA-tTG positivity results of the persons studied  n  (%)

Study group Number of persons Age1 (yr) Male Female IgA-tTG-positive

n Age1 (yr) n Age1 (yr) (> 10 U/mL)

CD 18     9.9 ± 10.7   5 (28)b   8.3 ± 3.1 13 (72)b 10.5 ± 12.5  18/18b

CD with T1D 15   8.5 ± 3.7 8 (53)   8.6 ± 4.8  7 (47) 8.5 ± 2.1 11/11
T1D   2   8.5 ± 6.4   2 (100)   8.5 ± 6.4 0 - 0/2
Control group 39 12.8 ± 4.9 14 (36)b 11.4 ± 5.9 25 (64)b 13.5 ± 4.3   2/35b

Total 74 11.1 ± 6.8 29 (39)b   9.9 ± 5.2 45 (61)b 11.9 ± 7.6 31/66

1Value is the mean ± SD. bP ≤ 0.01, study group vs control group. CD: Celiac disease; T1D: Type 1 diabetes; IgA-tTG: IgA antibody.
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Plus slides (Menzel GmbH and Co KG, Braunschweig, 
Germany), air-dried for 1 h and used immediately. Tissue 
sections were fixed in 4% paraformaldehyde for 10 min 
at rt, followed by permeabilization with 0.3% Triton-X 
100 (SERVA, Feinbiochemica, Heidelberg, Germany) in 
Tris buffer for 30 min at rt.

Before incubation with primary anti-IDO antibodies, 
endogenous biotin was blocked using the Biotin Blocking 
System Kit (DAKO, Cytomation, Carpinteria, United 
States) for 10 min at rt. Additionally, to block the binding 
of  antibodies to the Fc receptor, the FcR Blocking 
Reagent (human from Miltenyi Biotec GmbH, Germany), 
diluted 1:100, was used on all studied sections for 10 min 
at 4 ℃. This reagent was also used before incubation 
with anti-CD11c, anti-CD103 and anti-Langerin primary 
antibodies.

The sections were incubated with anti-IDO clone 
1F8.2 (Chemicon, Millipore Corporation) monoclonal 
mouse-anti human IDO antibody, diluted 1:50, in 
TRIS buffer overnight at 4 ℃ in a humid chamber 
under coverslips. For the secondary antibody, we used 
biotinylated anti-mouse IgG (in horse), diluted 1:150 
(Vector Laboratories, Burlingame, CA, United States), 
and a positive reaction was visualized after the incubation 
with Streptavidin-Alexa blue 350 (Invitrogen, by Life 
Technologies), diluted 1:100, for 1 h at rt. After that, the 
slides were double-stained with anti-CD103 [Integrin αE 
(N-19): sc-6606, Santa Cruz Biotechnology] polyclonal 
goat-anti-human antibody, diluted 1:50, overnight at 4 ℃, 
followed by incubation with donkey-anti-goat-Alexa 488 
(Invitrogen, by Life Technologies), diluted 1:100 and 
incubated for one hour at rt, as the secondary antibody.

Cryostat sections cut from the same frozen biopsies 
were incubated in parallel with anti-CD11c [Integrin 
alpha X (H-68): sc-28663, Santa Cruz Biotechnology] 
and polyclonal rabbit-anti-human (diluted 1:50 and 
incubated overnight at 4 ℃), followed by incubation 
with anti-rabbit IgG (whole molecule) conjugated with 
a Cy3 (Fab’) fragment sheep antibody (SIGMA-Aldrich, 
United States), diluted 1:100 and incubated for one 
hour at rt. After washing in TRIS buffer, the slides were 
double-stained with anti-CD103 [Integrin αE (N-19): 
sc-6606. Santa Cruz Biotechnology] polyclonal goat-anti-
human (diluted 1:50 and incubated overnight at 4 ℃), 
followed by incubation with donkey-anti-goat-Alexa 488 
(Invitrogen, by Life Technologies), diluted 1:100 and 
incubated for one hour at rt, as the secondary antibody.

A separate cryostat section from the same frozen 
biopsy specimen was incubated with anti-Langerin 
(CD207) (N-14) goat-anti-human polyclonal antibody 
(Santa Cruz Biotechnology), diluted 1:50 and incubated 
overnight at 4 ℃, followed by incubation with donkey-
anti-Goat-Alexa 488 (Invitrogen, by Life Technologies), 
diluted 1:100 and incubated for one hour at rt, as the 
secondary antibody. After washing in TRIS buffer, the 
slides were mounted in TRIS-glycerol solution. The 
negative control was performed by omitting the primary 
antibody (incubation with TRIS buffer alone).

EDTA (Scharlau Chemie S.A., pH 8.0), once at 900 W 
for 7 min and twice at 440 W for 5 min. After cooling 
for 20 min at room temperature (rt), endogenous 
peroxidase activity was quenched by incubating the 
slides for 30 min at rt in 0.5% H2O2-methanol. To 
avoid nonspecific reactions, slides were treated with 
2.5% normal horse serum (Vectastain ABC Kit, Vector 
Laboratories, Burlingame, CA, United States) for 10 min 
at rt. Additionally, to block the binding of  antibodies 
to the Fc receptor, the FcR Blocking Reagent (human, 
Miltenyi Biotec GmbH, Germany), diluted 1:100, was 
used for 10 min at 4 ℃. The sections were incubated 
with monoclonal mouse anti-CD11c antibody for 15 min 
at rt, then overnight at 4 ℃. We used biotinylated anti-
mouse IgG (Vectastain ABC Kit, Vector Laboratories, 
Burlingame, CA, United States), diluted 1:200 (incubation 
for 30 min at rt), as the secondary antibody. The bound 
antibody was detected with a commercial avidin-biotin 
immunoperoxidase system (Vectastain ABC Kit, Vector 
Laboratories, Burlingame, CA, United States) according 
to the manufacturer’s instructions, using the Vector VIP 
Peroxidase substrate kit (SK-4600) (incubation for 10 
min) (purple-red staining). The reaction was stopped by 
rinsing the sections in cold water, after which staining 
for FOXP3 was performed using monoclonal mouse 
anti-human FOXP3 antibodies for 1 h at rt, followed 
by incubation overnight at 4 ℃. After washing in 1 × 
Tris-buffered saline (Tris-HCI, pH 7.5), the sections 
were incubated with the above-mentioned secondary 
antibodies using the Vectastain ABC Kit (Vector Labo-
ratories, Burlingame, CA, United States). The bound 
antibody was visualized using Vector SG (Vector Labo-
ratories, Burlingame, CA, United States) as the substrate 
(incubation for 10 min) (blue staining). Next, the sections 
were immersed in cold water to stop the reaction, after 
which the stained tissue sections were dehydrated and 
mounted in Canada balsam. We used tissue sections 
without primary antibody (incubation with 1% horse 
serum) for the negative control and human tonsil sections 
for the positive control. 

Staining for IDO+ DCs on paraffin sections was 
performed as described above; primary antibodies were 
incubated with the sections overnight at 4 ℃. The bound 
antibody was detected with a commercial avidin-biotin 
immunoperoxidase system (Vectastain ABC Kit, Vector 
Laboratories, Burlingame, CA, United States) according 
to the manufacturer’s instructions, using the Vector VIP 
Peroxidase substrate kit (SK-4600) (incubation for 10 
min) (purple-red staining).

Immunofluorescence staining on cryostat sections
Double-staining for IDO and CD103 and for CD11c 
and CD103 was performed on frozen sections of  the 
small bowel mucosa of  71 patients. Mono-staining for 
Langerin (CD207) on sections from the same frozen 
biopsies was performed for 70 patients. The 4 μm frozen 
sections cut with a cryomicrotome (Leica CM1950, Leica 
Microsystems, Germany) were mounted on SuperFrost 
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The paraffin sections were microscopically examined 
using a objective × 40 and a eyepiece × 10 in a Zeiss 
KF 2 transmitted light microscope (Carl Zeiss, Jena, 
Germany). The cryosections were examined under an 
immunofluorescence microscope (Olympus BX50, Japan) 
using objectives with magnification × 40 and an eyepiece 
with magnification × 10. The micro-photos were 
obtained using a Leica DM5500 B (Leica Microsystems 
CMS GmbH, Germany) under the same magnifications. 

All sections were studied with the investigator 
blinded to the diagnosis data. In each of  the 5 different 
microscopic fields, DCs positive for CD11c, CD103, 
IDO and Langerin, along with lymphocytes positive for 
FOXP3, were counted. Cell densities were expressed as 
the mean number of  positively stained cells per field. The 
results of  double-staining for IDO and CD11c and for 
CD11c and CD103 were analyzed in a similar manner.

Tissue transglutaminase IgA antibody immunoassay 
using the EliATM Celikey® IgA assay.
Sixty-six sera samples were tested for IgA antibody (IgA-
tTG) using a fully automated EliA™ Celikey® IgA assay 
(Pharmacia Diagnostics, Freiburg, Germany) according 
to the manufacturer’s instructions. According to the 
manufacturer’s suggestions, IgA-tTG values higher than 
10 EliA U/ml were considered positive. 

Statistical analysis
The results obtained for the different study groups are 
presented as mean ± SE. Statistical calculations were 
performed using the Graph Pad Prism 5.0 software using 
the t-test, Mann-Whitney U test and Spearman’s rank 
correlation test. The χ 2 or Fisher exact test was used for 
nominal variables.

Differences were considered statistically significant 
at P < 0.05. Sensitivity, specificity and receiver operating 
characteristic (ROC) curves with the areas under the 
curve (AUC) were calculated for different DC markers 
and FOXP3 using StatsDirect software. 

RESULTS
Using double-staining on paraffin sections, both CD11c+ 
DCs and FOXP3+ Treg cells were detected in the small 
bowel mucosa (Figure 1).

The density of  CD11c+ DCs was significantly 
increased in CD patients compared with patients with 
normal mucosa (P = 0.007) (Figure 2A). The numbers of  
FOXP3+ Tregs were significantly higher in CD patients 
(P = 0.0002) and in patients with CD and coexisting T1D 
(P = 0.002) compared with patients with normal mucosa 
(Figure 2B). The density of  FOXP3+ Tregs significantly 
correlated with the histological grade of  atrophic changes 
in the small bowel mucosa according to the March 
classification (r = 0.62; P < 0.0001) and with levels of  
IgA-tTG (r = 0.55; P < 0.0001) (Figure 2C and D). 

IDO+ DCs were detected on paraffin sections by mono-
staining using the avidin-biotin immunohistochemical 
method (Figure 3).

The densities of  IDO+ DCs were significantly higher 
in CD patients (P = 0.00003) and in patients with CD 
and coexisting T1D (P = 0.004) compared with patients 
with normal mucosa (Figure 4A). This difference was 
dependent on the grade of  atrophic and inflammatory 
changes in the small bowel mucosa, e.g., in subtotal 
villous atrophy (grade Ⅲb, according to Marsh), the mean 
value of  IDO+ DCs was 10.37 ± 1.24 vs 6.40 ± 1.75 in 
partial villous atrophy (grade Ⅲa; P = 0.03). This finding 
is also supported by analysis of  the correlation of  density 
of  IDO+ DCs on paraffin sections with the histological 
grade of  the small bowel mucosa (r = 0.64; P < 0.0001) 
and with levels of  IgA-tTG (r = 0.48; P = 0.0002) (Figure 
4B and C). A significant correlation was established 
between the densities of  IDO+ DCs and FOXP3+ Treg 
cells on paraffin sections for the entire study group (r = 
0.76; P = 0.0001) (Figure 4D). 

To simultaneously study the densities of  CD11c+, 
CD103+ and IDO+ DCs in the same tissue section, we 
used double immunofluorescence staining on two con-
secutive cryostat serial sections from the same biopsy 
specimen of  the small bowel mucosa - one for CD103 
and IDO (Figure 5A) and the other for CD103 and 
CD11c (Figure 5B). The mean values of  CD103+ DCs 
were significantly higher in CD patients (P = 0.01) and 
in patients with CD and associated T1D (P = 0.00002) 
compared with subjects with normal small bowel 
mucosa (Figure 6A). The density of  CD103+ DCs was 
correlated with the histological grade of  small bowel 
mucosa atrophy (r = 0.39; P = 0.0008) (Figure 6B). 
A significant correlation was identified between the 
densities of  CD103+ DCs and FOXP3+ Tregs for the 
entire study group (r = 0.33; P = 0.0087) (Figure 6C). 
The mean values of  CD11c+, IDO+ and CD103+ DCs 
were significantly higher in CD patients compared with 
persons with normal small bowel mucosa (Figure 7). 

The IDO+ and CD103+ markers were simultaneously 
expressed in 30% of  the DCs in the LP of  the bowel 
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Figure 1  Double staining for CD11c (purple-red, short arrow) and FOXP3 
(blue, long arrow) on a paraffin section of the small bowel mucosa. 
Original magnification, objective × 40; eyepiece × 10.
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mucosa of  CD patients and in 25% of  the DCs in the 
normal mucosa. Both markers, CD11c and CD103, were 
expressed in 5% of  the DCs in the LP of  the bowel 
mucosa of  the studied persons, with CD11c accounting 
for 47.5% and CD103 accounting for 47%. Double 
expression of  CD11c and CD103 was observed in 6.5% 
of  the DCs in the CD group compared with 4.2% of  the 

visualized DCs in persons with normal mucosa.
Immunofluorescence staining for Langerin on a 

cryostat section of  the small bowel mucosa is presented 
in Figure 8. Langerin+ DCs were identified in both the 
LP (Figure 8A) and the epithelium of  the villus of  the 
small bowel mucosa (Figure 8B).

The mean value of  Langerin+ DCs was higher in CD 
patients compared with persons with normal mucosa 
(P = 0.04; Figures 7 and 9). The correlations between 
Langerin+ DCs and CD11c+ DCs (r = 0.57; P = 0.04) and 
between Langerin+ DCs and CD103+ DCs were more 
pronounced in female CD patients (r = 0.77; P = 0.002).

According to the analysis of  the ROC curves, FOXP3 
and IDO positivity had the highest discriminative power 
(AUC) for both CD (AUC = 0.92 for FOXP3 and 0.88 
for IDO) and CD with coexisting T1D (AUC = 0.91 for 
FOXP3 and 0.91 for IDO), while CD103 had also a high 
discriminative power for CD associated with T1D (AUC 
= 0.86) (Table 2 and Figure 10).

The densities of  IDO+ DCs (6.55 ± 0.51 vs 4.67 + 
0.72), CD103+ (7.16 ± 0.85 vs 4.93 ± 0.65) and CD11c+ 
DCs (7.62 ± 0.43 vs 5.83 + 0.37) were significantly higher 
in females compared with males (P = 0.042, P = 0.04 and 
P = 0.003, respectively). The number of  Langerin+ DCs 
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Figure 2  Density of CD11c+ dendritic cells (A), FOXP3+ regulatory T cells (B) in paraffin sections for the different study groups; Spearman’s rank 
correlation between the histological grades (according to Marsh) and FOXP3+ regulatory T cells cell densities (C) or between the densities of FOXP3+ 
regulatory T cells and serum IgA-tTG levels (D) in the studied persons. bP < 0.01, CD total vs normal mucosa; dP < 0.01, CD vs normal mucosa; fP < 0.01, CD 
with T1D vs normal mucosa; hP < 0.01, CD total vs normal mucosa; iP value for CD vs CD with T1D not statistically significant. CD: Celiac disease; T1D: Type 1 
diabetes; DC: Dendritic cell; IgA-tTG: IgA antibody; Tregs: regulatory T cells.

Figure 3  Positive staining for indoleamine 2,3-dioxygenase (purple-red) 
on a paraffin section of the small bowel mucosa. Original magnification, 
objective × 40; eyepiece × 10.
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(6.27 ± 0.61 vs 4.56 ± 0.62) was also higher in females 
than in males (P = 0.01). Among all persons studied, the 
density of  IDO+ DCs was significantly higher in females 
compared with males (8.41 ± 0.70 and 5.41 ± 0.73, 
respectively; P = 0.004). 

DISCUSSION
The main finding of  this study was the significantly 
higher densities of  CD11c+, tolerogenic IDO+, CD103+ 
and Langerin+ DCs in the small bowel mucosa of  
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Figure 4  Densities of IDO+ DCs on paraffin sections for the different study groups (A); Spearman’s rank correlation between the histological grades 
(according to Marsh) and IDO+ DCs (on paraffin sections) for the studied persons (B); between the densities of IDO+ DCs and serum IgA-tTG levels in the 
studied persons (C); or between the densities of IDO+ DCs and FOXP3+ Treg cells for the entire study group, evaluated on paraffin sections (r = 0.76; P = 
0.0001) (D). The dots represent the mean values of positively stained cells per microscopic field. bP < 0.01, CD vs normal mucosa; dP < 0.01, CD with T1D vs normal 
mucosa; fP < 0.01, CD total vs normal mucosa. CD: Celiac disease; DC: Dendritic cell; T1D: Type 1 diabetes; IgA-tTG: IgA antibody; Tregs: regulatory T cells; IDO: 
Indoleamine 2,3-dioxygenase.

A B

Figure 5  Double-staining for IDO (blue) and CD103 (green) (merged, A) and double-staining for CD11c (red) and CD103 (green) (merged, B) on cryostat 
sections of the small bowel mucosa. Original magnification, objective × 40; eyepiece × 10. IDO: Indoleamine 2,3-dioxygenase.
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patients with CD compared with subjects with normal 
small bowel mucosa. The densities of  IDO+ and 
particularly of  CD103+ DCs were high in CD patients 
with coexisting T1D, possibly demonstrating the 
strongest pressure on the local immune system in these 
patients. These results are consistent with our finding 
that FOXP3+ Tregs are present at higher densities in CD 
patients with and without coexisting T1D. A significant 
correlation between the densities of  tolerogenic DCs and 
FOXP3+ Tregs in the small bowel mucosa of  the persons 
studied might confirm the involvement of  these DCs in 
enhanced FOXP3+ Tregs development.

Accumulation of  CD11c+ DCs in celiac lesions was 
also observed in a study by Ráki et al[29], who showed 
that CD11c+ DCs are able to activate gluten-reactive T 
cells. In a subsequent study, the same group of  authors 
established that rapid accumulation of  CD14+CD11c+ 
DCs occurred in the LP of  the gut mucosa of  treated 
patients with CD after a three-day gluten challenge 
and asserted that gluten-induced recruitment of  these 
cells is specific for CD[30]. Another study by this group 
demonstrated the increased density of  CD163+CD11c+ 
DCs in celiac lesions[31]. However, according to their 

446 January 14, 2015|Volume 21|Issue 2|WJG|www.wjgnet.com

m
ea

n 
va

lu
e 

of
 C

D
10

3+
 D

Cs

40

30

20

10

0
Normal mucosa 

n  = 38
CD 

n  = 18
CD with T1D 

n  = 13
T1D 

n  = 2
CD total 
n  = 31

fA
d

b

-1               0               1                2               3               4
                 Histological grade (according to Marsh)

40

30

20

10

0

m
ea

n 
va

lu
e 

of
 C

D
10

3+
 D

Cs

r  = 0.39, P  = 0.0008

0: Normal small bowel mucosa
1: Marsh Ⅲa
2: Marsh Ⅲb
3: Marsh Ⅲc

B

0                   10                  20                   30                  40
                                   CD103+ DCs

25

20

15

10

5

0

FO
XP

3+
 T

re
g 

ce
lls

r  = 0.33, P  = 0.0087C

Figure 6  Densities of CD103+ DCs on cryostat sections for the different study groups (A); Spearman’s rank correlation between the histological grades 
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results, the density of  CD103+ DCs was decreased in 
CD patients. Importantly, in these studies, the study 
group consisted of  older patients (mean age 39 years) 
compared with the patients in our CD group (mean age 
11.1 ± 6.8 years), which might at least partly explain the 
discrepancies between the results of  their study and ours. 
Thus, we believe that the increased density of  CD103+ 
DCs in the proximal part of  the small intestinal mucosa 
of  CD patients, particularly those with coexisting T1D, is 
of  pathogenic relevance.

Another important finding in our study was the 
significant correlation between densities of  IDO+ DCs 
and FOXP3+ Tregs, indicating the tolerogenic capacity 
of  IDO+ DCs. Moreover, 29.7% of  the LP DCs were 
double-positive for both IDO and CD103 markers in 
the CD patient group. Thus, our data are in agreement 
with those of  Matteoli et al[18], who reported that IDO 
expression was particularly associated with CD11c+ 
CD103+ DCs, both in mouse and human LP. According 
to these authors, IDO is involved in the capacity of  
CD103+ DCs to drive FOXP3+ Tregs development. 

However, the study of  Badami et al [32] showed 

that T1D patients had a reduced number of  FOXP3+ 
Treg cells due to both impaired differentiation by gut-
associated CD103+CD11c+ DC and their need to 
maintain immune tolerance for pancreatic cells. These 
authors did not find any difference in the amount of  
intestinal CD103+CD11c DCs in the LP between T1D 
patients, CD patients and controls. The discrepancy 
between the results in the above-mentioned study and 
ours could be partly explained by the different me-
thods used in these two studies. Badami et al[32] used 
multiparametric fluorescent-activated sorter analysis of  
the cell subsets in the biopsy specimens of  the studied 
persons and a conversion assay for the assessment of  
tolerogenic function of  the LP DCs or blood monocyte-
derived DCs in vitro. We performed immunohistochemical 
evaluations of  a subpopulation of  DCs and T cells in 
duodenal biopsy specimens. It should also be noted that 
their T1D group was significantly older (mean age 29 
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Figure 8  Staining for Langerin (CD207) on cryostat sections of the small bowel mucosa in the lamina propria (A) and in the epithelium of the villus of the 
small bowel mucosa (B). Original magnification, objective × 40; eyepiece × 10.
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Figure 9  Densities of Langerin+ dendritic cells on paraffin sections for 
the different study groups. The dots represent the mean values of positively 
stained cells per microscopic field. aP < 0.05, CD total vs normal mucosa. CD: 
Celiac disease; T1D: Type 1 diabetes; DC: Dendritic cell.

Se
ns

iti
vi

ty

1.00

0.75

0.50

0.25

0.00
0.00                 0.25                0.50                 0.75              1.00
                                       1-Specificity

FOXP3
IDO paraff
CD103
CD11c IF
IDO IF
CD11c paraff
Langerin

ROC plot

Figure 10  Receiver operating characteristic curves of dendritic cell and 
Tregs markers, showing their overall capacity to discriminate between 
individuals with and without the disease. The diagonal line represents a 
worthless test (sensitivity = 1 - specificity). The further the curve is from the 
diagonal line and the closer it is to the upper left- hand corner of the graph, 
the better the discriminative power of the test. CD: Celiac disease; IDO: 
Indoleamine 2,3-dioxygenase; ROC: Receiver operating characteristic.

Vorobjova T et al . DCs in intestinal mucosa in celiac children



years) than our patient and control populations, which 
might also have influenced the results. 

Similarly to other authors, we observed increased 
expression levels of  FOXP3 mRNA and protein in the 
small bowel mucosa of  patients with CD with and without 
associated T1D in our previous study, which might 
indicate an imbalance between regulatory and effector 
mechanisms in the pathogenesis of  these diseases[33,34]. 

The results of  the present study regarding the hi-
gher density of  FOXP3+ Tregs in CD patients with 
and without coexisting T1D are consistent with the 
relevant results of  other studies. Cianci et al[35] reported 
increased Tregs in the peripheral blood and the duodenal 
mucosa of  patients with active CD; they regarded this 
phenomenon as an example of  an “immunological 
niche”, where naive T cells recruited by the gluten 
trigger from the peripheral blood to local mucosa tissue 
will differentiate into Tregs in the presence of  anti-
inflammatory cytokines, such as transforming growth 
factor (TGF)-beta and IL-10. A significant increase in 
the density of  FOXP3+ T regs in the LP of  CD patients, 
correlated with both the histological Marsh grade and the 
serum levels of  transglutaminase type 2 autoantibodies, 
was demonstrated by Brazowski et al[36]. The increased 
expression of  CD4+CD25+FOXP3+ circulating Tregs in 
untreated CD patients can be explained as an attempt to 
quench intestinal inflammation and the immune response 
to dietary gluten[37]. Borrelli et al[38] reported an increased 
density of  FOXP3+ Tregs in the duodenal mucosa and in 
the peripheral blood of  patients with potential CD and 
interpreted this phenomenon as an effort by the immune 
system to down-regulate current inflammation and to 
restrict its progression toward mucosal damage through 
either the redistribution of  FOXP3+ Tregs or their local 
proliferation. 

In a study by Kivling et al[39], children with CD with 
or without associated T1D had significantly higher 
FOXP3 mRNA expression levels compared with children 
with only T1D. This difference could indicate increased 
Tregs-associated activity in the case of  two autoimmune 
disorders (CD and coexisting T1D) in contrast to a 
single disorder of  the immune system (children with 
only T1D). However, some studies have established 

impairment of  the regulatory activity of  both intestinal 
and peripheral blood FOXP3+ Treg cells in patients with 
active CD[40-42]. This phenomenon could be explained by 
the overproduction of  IL-15, a cytokine preventing the 
response of  effector T cells to the suppressive effects of  
Tregs, and partly by the overexpression of  IL-15Rα in 
CD patients[41,43]. 

There is evidence that IDO plays an important role 
as a suppressor of  lymphocyte-mediated inflammatory 
responses[17]. In our study, the number of  IDO+ DCs 
was greater in the small bowel mucosa of  patients with 
higher-grade CD, i.e., grade Ⅲb according to the Marsh 
classification, compared with patients with grade Ⅲ
a small bowel mucosa. The high discriminative power 
of  the IDO marker in CD patients with and without 
T1D established in our study also supports the above 
statement. This finding is in good agreement with the 
results of  Torres et al[19], who revealed high expression 
levels of  IDO in intestinal biopsies of  CD patients. 
Moreover, these authors observed that increased levels 
of  interferon-gamma and tumor necrosis factor-alpha 
were potent inducers of  IDO expression levels in CD 
patients. The increase in IDO activity is considered to be 
an attempt to control chronic antigen stimulation via the 
down-regulation of  T cell-mediated autoimmunity[19].

A central novel finding in our study was the presence 
of  variable densities of  Langerin+ (CD207+) cells in 
patients with normal or atrophic small bowel mucosa, 
pointing to their role among the other DCs of  the 
intestinal mucosa. The presence of  Langerin+ cells in 
the duodenal epithelium (Figure 8) could indicate the 
possibility that these cells actively participate in the 
transportation of  antigenic material through the epithelial 
layer, as has been demonstrated earlier for CD11c+ 
DCs[44]. The presence of  different types of  DCs in both 
the LP and the villous epithelium has also been shown 
by Farache et al[45]. Because the density of  Langerin+ 
DCs in the small bowel mucosa was significantly higher 
in CD patients compared with persons with normal 
intestinal mucosa, these cells might indeed play a specific 
role in CD. This difference may be due to the capacity 
of  Langerin+ DCs to take up and route the antigen(s) 
from the epithelium into the organelles[44]. Rochereau et 
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Table 2  Areas under the curve values and the cut-off, sensitivity and specificity values for different dendritic cells and Tregs 
markers in the groups studied

Markers Entire study group Patients with CD Patients with CD and T1D

AUC Cut-off Sensitivity Specificity AUC Cut-off Sensitivity Specificity AUC Cut-off Sensitivity Specificity

FOXP3 (paraff) 0.92   4.8 0.87 0.94 0.92   4.8 0.88 0.94 0.91   5.0 0.85 0.94
IDO (paraff) 0.89 11.2 0.85 0.87 0.88 13.1 0.81 0.93 0.91 11.2 0.90 0.87
CD11c (IF) 0.72 10.1 0.55 0.92 0.79 10.1 0.61 0.92 0.62 12.1 0.38 1.00
IDO (IF) 0.70   9.7 0.45 0.95 0.72 10.1 0.50 0.97 0.67   9.7 0.39 0.95
CD11c (paraff) 0.70 10.6 0.87 0.45 0.71 24.8 0.47 0.90 0.68 16.6 0.62 0.71
CD103 (IF) 0.77   7.8 0.74 0.74 0.71   8.8 0.61 0.76 0.86   7.3 1.00 0.68
Langerin (IF) 0.57   8.8 0.36 0.90 0.59   8.6 0.44 0.84 0.55   7.4 0.54 0.68

AUC: Area under the receiver operating characteristic curve; Cut-off: Marker value at which sensitivity and specificity are optimal; CD: Celiac disease; 
paraff: Immunohistochemistry on paraffin-embedded specimens; IF: Immunofluorescence staining on cryostat sections; T1D: Type 1 diabetes. 
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al[46] confirmed the presence of  CD11c+/Langerin+ DCs 
in mouse Peyer’s Patches, located predominantly in the 
dome region, which supports their function in antigen 
uptake. However, Langerin+ DCs could be actively 
recruited to the CD mucosa through their binding to 
different sugar residues on microorganisms, and some 
of  these interactions might be directly connected to 
CD development[47]. The binding of  Langerin+ DCs 
to heparin[48], which is reactive to the disease-specific 
autoantigen tTG, might have an additional impact, 
namely because the heparin-binding residues of  tTG are 
strong autoantigenic epitopes[49].

One of  the limitations of  the study is related to a 
gender imbalance between the study groups, which might 
have an influence on the results. In female patients, 
the density of  DCs in normal small bowel mucosa was 
significantly higher compared with male patients. This 
difference indicates that some results may have been 
skewed due to divergences in the composition of  the 
study groups. However, Sankaran-Walters et al[50] showed 
that women have higher levels of  T cell proliferation and 
activation and up-regulation in gene expression-related 
immune functions in the gut microenvironment in the 
absence of  disease, all of  which can predispose women 
to inflammation-associated diseases. Moreover, DC 
differentiation and function are regulated by the estrogen 
receptor ligands[51]. Mao et al[52] reported that estrogen-
dependent CD11c+CD11b Ly6C- DCs express Langerin 
(CD207). Our result regarding the significant correlation 
between the densities of  CD11c+ and Langerin+ DCs, 
particularly in female patients with CD, is in agreement 
with the finding of  the above authors. Xiao et al[53] 

demonstrated that estrogen can induce IDO expression 
by DCs through suppression of  T cell function via the 
IDO pathway. In our study, the higher prevalence of  
IDO+ DCs in female compared with male patients, 
especially in the group with normal mucosa and a mean 
age of  13.5 ± 4.3 years, could have already been affected 
by the female hormonal status, although the mean age of  
male subjects with normal mucosa (11.4 ± 5.8) did not 
differ significantly from female subjects of  similar age 
(P = 0.25). Despite the gender influences, we still believe 
that differences in the distribution of  the DC subsets in 
the small intestinal mucosa of  CD patients and controls 
are significant.

Another limitation of  our study is that we did not 
know the microbiota status of  the small intestines of  
the studied persons. We agree that the microbiota can 
strongly influence and regulate the homeostasis of  
effector immune cells, including the distribution of  
different subtypes of  DCs and Treg cells, along with 
other immunoregulatory events, in the small bowel 
mucosa[3,54]. However, this factor is known to be one 
of  the major limitations of  other similar studies, unless 
the intestinal microbiota is studied specifically[55]. Even 
in cases where it is studied, the interpretation of  study 
results is difficult because the intestinal microbiota is 
dependent on different nutritional factors[7,8].

In conclusion, we established that CD patients expre-
ssed higher densities of  CD11c+, IDO+ and CD103+ 
DCs and Langerin+ DCs in the small bowel mucosa 
compared with the control persons. The densities of  
both FOXP3+ Tregs and IDO+ DCs were significantly 
increased in CD patients with and without coexisting 
T1D. A significant correlation was identified between 
the densities of  CD103+ DCs and FOXP3+ Tregs and 
between the densities of  IDO+ DCs and FOXP3+ Tregs. 
This finding highlights the participation of  diverse 
DC subsets in the pathological processes of  CD and 
indicates the possible involvement of  tolerogenic DCs in 
Tregs development to maintain intestinal immunological 
tolerance in CD patients. Our results demonstrate the 
diversity of  the mechanisms of  immunoregulation and 
the various types of  DC involvement in CD, emphasizing 
the importance of  Langerin+ DCs in the small intestinal 
mucosa.
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COMMENTS
Background
The role of the gut immune system is thought to be of crucial importance in 
the pathogenesis of celiac disease (CD) and type 1 diabetes (T1D). Several 
research groups have demonstrated a marked association between the 
development of T1D and preceding alterations in the small bowel mucosa. 
Dendritic cells (DCs) have received much attention in both diseases due to their 
strategic role in gut homeostasis by processing external antigens (including 
wheat proteins) and by determining tolerance to self-antigens. 
Research frontiers
The important role of CD11c+CD103+ DCs and indoleamine 2,3-dioxygenase 
(IDO) in the induction of regulatory T cells (Tregs) differentiation have been 
established. In addition, DCs carrying Langerin (CD207) proteins have received 
considerable interest. The expression of Langerin by CD103+CD11b+ lamina 
propria DCs in the human ileum has recently been reported. However, the 
presence of Langerin+ DCs in the small bowel mucosa in pathological conditions 
such as CD and T1D has not yet been studied. We also do not know how 
Langerin+ DCs are related to other DC subsets and Tregs in the human small 
intestinal mucosa. Because Langerin+ DCs are significant modulators of events 
in the skin, another important immunological barrier of the organism, knowledge 
of the function of these cells in the small intestinal mucosa may be of general 
importance. This research aims to investigate the densities of CD11c+ DCs, 
CD103+ DCs, IDO+ DCs and Langerin+ DCs, along with FOXP3+ Tregs, in the 
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small bowel mucosa in CD patients with and without coexisting T1D and to 
compare these densities with those found in histologically normal intestinal 
mucosa in persons with functional dyspepsia using immunohistochemical and 
immunofluorescence methods.
Innovations and breakthroughs
The main finding of this study was the significantly higher densities of CD11c+, 
tolerogenic IDO+, CD103+ and Langerin+ DCs in the small bowel mucosa of 
patients with CD compared with subjects with normal small bowel mucosa. 
The densities of IDO+ and particularly of CD103+ DCs were high in CD patients 
with coexisting T1D, possibly demonstrating the strongest pressure on the 
local immune system in these patients. A significant correlation between the 
densities of tolerogenic DCs and FOXP3+ Tregs in the small bowel mucosa of 
the persons studied might confirm the involvement of these DCs in enhanced 
FOXP3+ Tregs development.
Applications
This finding highlights the participation of diverse DC subsets in the pathological 
processes of CD and indicates the possible involvement of tolerogenic 
DCs in Tregs development to maintain intestinal immunological tolerance 
in CD patients. This results demonstrate the diversity of the mechanisms of 
immunoregulation and the various types of DC involvement in CD, emphasizing 
the importance of Langerin+ DCs in the small intestinal mucosa.
Terminology
IDO is an immunomodulatory enzyme involved in tryptophan catabolism with 
immunosuppressive effects that has been implicated in the control of intestinal 
inflammation. Higher IDO expression has been measured in intestinal biopsies 
from CD patients. Langerin was originally identified as a Langerhans cell 
-specific C-type lectin receptor involved in antigen capture. Tolerogenic DCs are 
dendritic cells, predominantly CD103+, that are isolated from lamina propria and 
mesenteric lymph nodes and are able to drive the development of CD4+FOXP3+ 
Tregs. Tregs are a subpopulation of CD4+CD25+FOXP3+ T cells that modulate 
the immune system, mainly by immunosuppressive activity, and play an 
important role in intestinal homeostasis.
Peer review
The current manuscript studied DCs and FOXP3-positive Tregs and their 
interactions in the small bowel mucosa of patients with CD with or without T1D.
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