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Summary

Dendritic cells (DC) play a pivotal role in shaping the immune response in
both physiological and pathological conditions. In peripheral blood at least
two subsets, the myeloid and plasmacytoid, have been described as having
different T stimulatory functions and a variable degree of maturation. Cer-
tainly, antigen presentation plays a crucial role in the pathogenesis of coeliac
disease and circulating immune cells are thought to reflect the state of
immune response within the gut. Therefore, we aimed to investigate the quan-
titative and phenotypical modifications of peripheral blood DC, together with
their functional properties, in this pathological condition. Blood samples
from 11 untreated patients before and after a course of gluten-free diet, 27
treated patients and 14 controls underwent flow-cytometric analysis, while
immunomagnetically sorted DC from the CD patients and eight human leu-
cocyte antigen (HLA)-DQ2/8+ bone marrow donors were used to evaluate
maturation status through the CD83 expression, cytokine profile for interleu-
kin (IL)-6, IL-10, IL-12 and interferon (IFN)-a by enzyme-linked immunosor-
bent assay (ELISA), and functional properties by mixed leucocyte reaction
before and after pulsing with digested gliadin. We found that in both
untreated and treated patients, a significant reduction of the entire DC popu-
lation, mainly the plasmacytoid subset, in comparison to healthy controls was
observed. In active disease, an impaired allogenic lymphocyte reaction and a
significant reduction of IFN-a production, paralleled by the presence of a
more immature status, were also demonstrated. All the latter modifications
have been reverted by pulsing DC with digested gliadin.
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Introduction

Dendritic cells (DC) are professional antigen-presenting
cells having an amazing capacity to orchestrate both innate
and adaptive immune response, as well as to maintain
immune tolerance [1]. Their progenitors in the bone
marrow give rise to circulating precursors that home to
peripheral tissues where they recognize antigens and
undergo transition from immature antigen-capturing cells
to mature antigen-presenting cells [2]. DC maturation
includes the expression of human leucocyte antigen (HLA)
class II-bearing antigens and co-stimulatory molecules on
the cell surface that determine the ability of naive T cells to
expand [1,2]. Because DC may migrate from peripheral
tissues, both immature and mature cell populations are

present in peripheral blood [2]. Furthermore, irrespective of
their maturation, two main subsets are distinguished on the
basis of a different expression of surface molecules: the
myeloid (mDC, CD11c+) and the plasmacytoid-derived DC
(pDC, CD123+) [3–5]. Even though DC exhibit a consider-
able plasticity, the profile of T cell polarizing cytokines is also
dependent upon the type of antigen encountered and local
environmental factors [6,7].

Coeliac disease (CD) is an autoimmune enteropathy
whose immunological hallmark is a breakdown of the
peripheral tolerance towards wheat gluten proteins and
related prolamins [8]. The strong association with HLA class
II molecules suggests the relevance of gluten peptide presen-
tation to effector immune cells [9]. Indeed, it has been
shown recently that DC, as well as macrophages, accumulate
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in coeliac intestinal lesions and activate gluten reactive T
cells efficiently [10]. Because circulating immune cells have
been thought to reflect the state of immune response within
the gut [11,12], and CD may be considered a systemic
disease, in the present study we searched for a putative modi-
fication of the immune phenotype and functional properties
of circulating DC in this pathological condition. It is note-
worthy that the presence of an important derangement of
blood DC in another two autoimmune diseases, such as
systemic lupus erythematosus [13] and type 1 diabetes [14],
together with the recent demonstration that patients suffer-
ing from inflammatory bowel diseases experienced a signifi-
cant drop of circulating DC that correlates with disease
activity [15], all strengthen our purpose.

By using multi-parameter flow cytometry [16] and apply-
ing new dendritic cell specific antibodies, such as blood
dendritic cell antigens (BDCA)-1–4 [17], we found an
important depletion of peripheral DC, mainly the plasma-
cytoid subset, in both active and treated CD. In addition, our
functional experiments clearly demonstrated an impaired
ability of DC to induce the allogenic T cell proliferative
response, due probably to their immaturity, which disap-
peared upon pulsing with digested gliadin.

Patients and methods

Patients

Samples of whole peripheral blood were obtained from
11 CD patients before and after a course of at least
12 months of gluten-free diet, 27 treated CD patients and 14
healthy subjects (hereafter indicated as controls) undergoing
upper gastrointestinal endoscopy for functional dyspepsia.
All patients and controls were enrolled consecutively at the
Day Service of Gastroenterology, First Department of Medi-
cine, IRCCS Policlinico San Matteo Foundation of Pavia,
Italy, between January 2005 and December 2006, and each
patient gave informed consent to participate in the study
after obtaining approval from the local Ethical Committee.
Their clinical features are reported in Table 1. Patients with

an uncertain diagnosis or poor mucosal recovery, as well as
controls using steroidal or non-steroidal anti-inflammatory
drugs or presenting an inflamed mucosa at histology, were
excluded from the study.

For functional experiments, blood samples from an addi-
tional eight healthy subjects selected from the bone marrow
donors (all adult females, carrying the HLA-DQ2 or -DQ8
phenotypes, hereafter indicated as bone marrow donors), in
whom no anti-endomysial antibodies were detected in the
absence of IgA deficiency, were used.

Monoclonal antibodies for DC analysis

The immune phenotyping of fresh peripheral blood DC
from each patient and control subject was performed on
samples of 1 ¥ 106 mononuclear cells obtained previously by
means of Ficoll density gradient centrifugation (Ficoll-
Paque Plus, Amersham Biosciences, Amersham, Bucks, UK).
The following mouse anti-human monoclonal antibodies
were used: fluorescein isothiocyanate (FITC)-labelled anti-
CD3, -CD19, -CD20, -CD14, -HLA-DR, phycoerythrincya-
nin 5 (PC5)-labelled anti-HLA-DR, phycoerythrin (PE)-
labelled anti-CD19 (Coulter, Miami, FL, USA); FITC-
labelled anti-CD11b, -CD16, -CD34, PE-labelled anti-
CD11c (Immunotech, Marseille, France); FITC-labelled
anti-CD56 (Southern Biotechnology; Birmingham, UK);
PE-labelled anti-CD83, -CDw123 (BD Pharmingen, San
Jose, CA, USA); FITC-labelled anti-BDCA-1, anti-BDCA-2
and PE-labelled anti-BDCA-3 (Miltenyi Biotech GmbH,
Bergisch Gladbach, Germany).

Quantification and immune phenotyping of DC

According to the literature [4,5,16], DC were detected as
HLA class II expressing cells (HLA-DR+) and lacking in
markers of T cells (CD3, CD11b), B cells (CD19, CD20),
natural killer (NK) cells (CD16, CD56), monocytes/
macrophages (CD14) and haematopoietic progenitor cells
(CD34). Furthermore, DC subsets were identified by using
two approaches: (a) calculating the percentage of circulating

Table 1. Clinical and pathological features of patients and controls.

Coeliac disease before/after GFD Treated coeliac disease Healthy controls

F : M 7 : 4 18 : 9 6 : 8

Mean age � s.e.m. (years) – (range) 44 � 6/45 � 7

(32–57)

43 � 11

(18–71)

36 � 8

(21–54)

DQ2 : DQ8 haplotype 10 : 1 16 : 1

(10 n.d.)

n.d.

Anti-endomysial antibody +/- – –

Histology Marsh Oberhuber 3 (a,b,c)/1–2 1–2 0

Associated conditions* 6 18 0

GFD � s.e.m.

(months)

0/14 � 2 38 � 12 –

n.d. = Not detected; *autoimmune diseases, osteoporosis, infertility, hypertransaminasaemia, hyposplenism; s.e.m. = Standard error mean.
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DC when gated as lineage–, HLA-DR+ and identified as mDC
or pDC according to the expression of CD11c and CD123,
respectively; (b) using three specific markers: BDCA-1
(CD11chigh/CD123low, mDC), BDCA-2 (CD11c–/CD123high,
pDC) and BDCA-3 (CD11clow/CD123–, mDC) [17]. Cells
labelled with PE-, FITC- and PC5-conjugated isotype mono-
clonal antibodies that were non-reactive to human cells
were used as controls to determine the background of
fluorescence. Samples were incubated with the appropriate
monoclonal antibodies for 10 min at room temperature in
the dark, washed twice, centrifuged and resuspended in 1 ml
of the phosphate-buffered saline (PBS) solution. One
hundred thousand events were analysed for each sample
with an epics xl.mcl (Instrumentation Laboratory; Milan,
Italy) flow cytometer equipped with a 480-nm argon ion
laser and three fluorescence detectors with filter setting for
FITC (530 nm), PE (585 nm) and PC5 (670 nm). The inves-
tigator performing the analysis was blinded regarding the
origin of the samples from patients versus normal controls.
After instrument setting with a calibrated microsphere DNA
Check (Coulter), forward-scatter (FSC) and side-scatter
(SSC) gates were set to exclude erythrocytes and debris.
Finally, DC absolute number was determined by applying a
formula as indicated in the manufacturer’s instructions
(Miltenyi).

Isolation of DC and T lymphocytes

For functional experiments, peripheral blood samples were
collected from the 11 CD patients before and in six patients
also after a course of gluten-free diet, 10 of 27 treated
patients and the eight bone marrow donors to isolate mono-
nuclear cells by using a Ficoll density gradient centrifugation
(Amersham). A fresh buffy coat was also used for each
experiment. After separation and washing twice, cells were
recovered and suspended in RPMI-1640 medium (Gibco,
Life Technologies Ltd, Paisley, UK) supplemented with 10%
pooled, inactivated human serum, plus 100 U/ml of penicil-
lin and 100 mg/ml of streptomycin. The viability of the single
cell suspension was determined by trypan blue dye exclusion
and cells were not used if viability was below 95%. From this
cell population, DC from the CD patients and bone marrow
donors and T lymphocytes from the buffy coats were puri-
fied immunomagnetically as a negative selection using the
Blood Dendritic Cell Isolation Kit II and the Pan T Cell
Isolation Kit II, respectively (both from Miltenyi), following
the manufacturer’s instructions. After determination of
purity as the presence of more than 95% of HLA-DR+/
lineage– cells for DC and of CD3+ cells for T lymphocyte at
flow cytometric analysis, the isolated DC and T cells were
suspended separately in culture medium to be used for
mixed leucocyte reaction, cytokine profiling and evaluation
of maturation status. Furthermore, when available, samples
of 1 ¥ 106 DC were pulsed for 20 h with 100 mg/ml
a-chymotrypsin-treated wheat gliadin (ct-gliadin, see

below), or with culture medium as negative control, or with
1 mg/ml lipopolysaccharide (Sigma-Aldrich, St. Louis, MO,
USA) as positive control, and used for functional
experiments. Finally, a sample of 2 ¥ 105 DC from each
patient and bone marrow donor was spun down on slides in
a cytocentrifuge (Cytospin, Shandon, Pittsburg, PA, USA),
fixed with cold methanol and stained with May–Grünwald–
Giemsa to undergo morphological analysis at light mycros-
copy (Zeiss Axioplan 2, Oberkochen, Germany).

Wheat gliadin preparation

Wheat gliadin was digested by a-chymotrypsin (both from
Sigma-Aldrich) according to a method described previously
[18]. Briefly, both powders were solubilized in 174 mM Tris/
HCl pH 7·8, containing 2 M urea (100 : 1 w/w, protein :
enzyme ratio) and incubated overnight at 37°C. After cen-
trifugation at 1500 g for 15 min at room temperature, the
supernatant was sterilized by filtering through 0·2-mm Acro-
disc Syringe Filter and aliquots were stored at -20°C until
requested.

Mixed leucocyte reaction

Pulsed and unpulsed DC were plated in triplicate in 200 ml of
culture medium with allogenic T cells at different ratios
(1 : 10, 1 : 50, 1 : 100) in 96-well, flat-bottomed microwell
plates for 5 days. Each culture was then incubated with
[3H]-thymidine (1 mCi/well, Amersham-Pharmacia) and
harvested after 18 h, when incorporated radioactivity was
measured in a liquid scintillation counter and expressed as
counts per minute. For each experiment, separate cultures
were carried out of T lymphocytes alone and T lymphocytes
plus 1 mg of phytohaemagglutinin as negative and positive
controls, respectively. A positive T cell response was defined
as a stimulation index calculated by dividing the mean
counts per minute of T cells cultured in the presence of DC
by the mean counts per minute of T cells alone. A stimula-
tion index of 3 or more was considered positive.

A parallel series of co-cultures was set up in the slide
chambers to study the putative cognate interaction between
DC and T lymphocytes at computer-aided microscopy.
Digital pictures were made by using a Leica system (photo-
camera Leica DFC 320 and software Leica IM500; Leica
Microsystems GmbH, Wetzlar, Germany).

Cytokine profiling

Quantification of interleukin (IL)-6, IL-10, IL-12p70 and
interferon (IFN)-a was performed by enzyme-linked immu-
nosorbent assays (ELISA) from the supernatants of 24-h
cultured DC sorted from coeliac patients and bone marrow
donors following the manufacturer’s instructions (Pierce
Endogen, Rockford, IL, USA). IFN-a production was also
determined on supernatants of ct-gliadin-pulsed DC.

Dendritic cells in coeliac disease
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Statistical analysis

Statistical comparisons between mean values were per-
formed using the Mann–Whitney U-test for non-parametric
data and a P level of less than 0·05 was considered statistically
significant.

Results

Dendritic cell characterization

Although no difference was found in the absolute number of
white blood cells between CD patients and controls, a statis-
tically significant reduction of the absolute number of DC in
both untreated and treated CD patients in comparison to
controls was observed, together with a decrease of the pDC
subset, as shown in Table 2. The mDC/pDC ratio was there-
fore increased greatly in both coeliac groups in comparison
to the control group. Because the results obtained from the
11 CD patients after gluten-free diet mirrored those from all
the other treated patients, the data were considered together.
Furthermore, even though the two types of immunopheno-
typical characterization of peripheral blood DC identify cel-
lular subsets which do not completely overlap [17], the
method based on BDCA detection also revealed the reduc-
tion of the plasmacytoid subset in both untreated and
treated coeliac patients in comparison to controls, as shown
in Table 2. Figures 1 and 2, for each one of the two methods
used, show representative flow cytometric profiles of
untreated, treated CD patients and controls, while in Fig. 3
the isotype control panels for the BDCA antibody series are
given.

The evaluation of DC maturation through the CD83
marker [19] showed a significantly lower expression in active
CD patients in comparison to treated patients and the bone
marrow donor group (P < 0·001 for both), indicating the
presence of a more immature circulating DC population
(Fig. 4, upper panels). In the treated group, a pattern similar

to that found in bone marrow donors was observed (data not
shown). However, when pulsing DC from untreated coeliacs
with ct-gliadin, recovery of the maturation status was
observed (Fig. 4, lower panels).

Mixed leucocyte reaction

The ability of peripheral blood DC to stimulate a lympho-
cyte proliferative response was tested by using the mixed
leucocyte reaction. In physiological conditions, freshly iso-
lated DC were able to give rise to a significant increase of
primary T cell response in comparison to T cells alone at all
the DC : T cell ratios examined (Fig. 5). Also, in both active
and treated CD conditions, the induced T cell proliferation
was consistently higher with respect to unstimulated T cell at
all the DC : T cell ratios examined, with the sole exception of
the 1 : 10 DC : T cell ratio of active patients. However, the
level of stimulation was always lower than in bone marrow
donors, even more so when active patients were considered
(Fig. 5). When studying ct-gliadin-pulsed DC, again the
strongest T cell response was observed for DC isolated from
bone marrow donors and at the 1 : 10 DC : T cell ratio
(Fig. 6). Interestingly, DC isolated from untreated CD
patients recovered their stimulation ability, which appeared
comparable with that of the treated group, even though at a
lower level than bone marrow donors. Similarly to the latter
condition, the higher peak was at the 1 : 10 ratio. Finally, in
all cases, DC stimulated with lipopolysaccharide gave rise to
a high T cell proliferation rate of the same magnitude as that
observed for ct-gliadin-pulsed DC from bone marrow
donors (data not shown).

With regard to the microscopic feature of the DC : T cell
co-cultures, a substantially different behaviour was observed
between the groups (Fig. 7). Indeed, whereas in both bone
marrow donors and treated coeliacs a high rate of lymphocyte
proliferation and the rosette formation were observed, both
phenomena suggesting the presence of a functional cell-to-
cell contact, neither proliferation nor rosette formation were

Table 2. Dendritic cell characterization.

Untreated coeliac disease patients All treated coeliac disease patients Healthy subjects

WBC 6841 � 673 5925 � 999 6406 � 570

DC* 22·32 � 2·14

(P = 0·009 versus HC)

24·30 � 5·64

(P = 0·004 versus HC)

35·00 � 7·07

mDC* 14·06 � 1·85 13·12 � 2·87 16·33 � 6·53

pDC* 9·40 � 2·47

(P = 0·001 versus HC)

12·10 � 3·30

(P = 0·001 versus HC)

18·33 � 3·40

mDC/pDC 1·72 � 0·43

(P = 0·008 versus HC)

1·33 � 0·40

(P = 0·04 versus HC)

0·96 � 0·37

BDCA-1* 17·50 � 1·90 15·60 � 5·09 18·33 � 5·47

BDCA-2* 8·20 � 1·15

(P = 0·001 versus HC)

9·01 � 3·69

(P = 0·001 versus HC)

16·67 � 3·67

BDCA-3* 0·33 � 0·24 0·34 � 0·12 0·22 � 0·16

WBC = white blood cells (expressed as number/ml), DC = dendritic cells (expressed as number/ml), *absolute values. BDCA = blood dendritic cell

antigen.
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evident in active coeliac patients and many lymphocytes
showed apoptotic features (Fig. 7a–c). However, when con-
sidering the morphology of freshly isolated DC, no differ-
ences were found within the three groups with regard to
monocytoid and plasmacytoid populations, even though
almost no DC with plasmacytoid features were found in the
untreated group and very few in the treated group (Fig. 7d–f).

Cytokine profiling

Quantification of the cytokine pattern revealed a sixfold
decrease of IFN-a secretion by freshly isolated DC in active,
and a threefold decrease in treated coeliac patients in com-
parison to the bone marrow donor group, whereas no sta-
tistically significant differences were observed with regard to
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IL-6, IL-10 and IL-12 levels, as shown in Fig. 8. By contrast,
when pulsing DC with ct-gliadin, the level of IFN-a expres-
sion in active and treated CD rose to the level found in
physiological conditions, even though in treated CD it
appeared significantly lower than in untreated CD (Fig. 8).

Discussion

Because the immunological abnormalities in CD are not
confined to the small bowel mucosa and circulating
immune cells may mirror the state of the immune response

Fig. 4. Maturation status of pulsed and

unpulsed peripheral blood dendritic cells. Flow

cytometric profiles of CD83 expression of

unpulsed dendritic cells (upper panels) from

one representative case of healthy control (HC)

and one representative case of untreated coeliac

disease (UCD) are shown. Filled histograms

represent the staining with the antibody

anti-CD83 and empty histograms represent the

staining with an isotype control antibody. A

shift towards the left side of the panel with a

parallel reduction of the histogram height in

the UCD patient in comparison to HC is clearly

evident, indicating the presence of an immature

status. After pulsing dendritic cells with

digested gliadin (lower panels), a shift toward

the right side with a parallel increase of the

histogram height in UCD, indicating a mature

status similar to that found in healthy controls,

was observed.
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representative of at least four experiments.

UCD

TCD

HC

T cells

T cells + PHA

DC : T cell ratio

1 : 10 1 : 50 1 : 100

Pulsed DC

S
ti
m

u
la

ti
o
n
 i
n
d
e
x

0

10

5

15

Fig. 6. Mixed leucocyte reaction with pulsed dendritic cells. The

ability of pulsed dendritic cells (DC) from peripheral blood samples

of untreated coeliac disease patients (UCD), treated coeliac disease

patients (TCD) and healthy controls (HC) to stimulate a primary T

cell proliferative response at three different DC : T cell ratios is shown.

The proliferative rate (y-axis) was assessed by the uptake of

[3H]-thymidine and a positive T cell response was defined as a

stimulation index of 3 or more as described in the Methods section.

The values of the stimulation index of T cells cultured in the absence

of DC with or without phytohaemagglutinin (PHA) used as positive

and negative controls, respectively, are also shown. Results represent

the mean � standard error of the mean of triplicate cultures and are

representative of at least four experiments.
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Fig. 7. Morphological characterization. Microscope features of dendritic cells cultured with allogenic T cells (a,b,c). After 5 days’ co-culture, a high

rate of lymphocyte proliferation and the rosette formation are evident in both the healthy control (HC) and treated coeliac patient (TCD), whereas

in the untreated coeliac patient (UCD), only loosely adherent clusters and isolated cells are evident and many lymphocytes show apoptotic features.

Original magnification ¥200. Microscope features of freshly isolated DC from UCD, TCD and HC stained with May–Grünwald–Giemsa (d,e,f).

Even though freshly isolated DC do not exhibit the characteristic morphology because they require a period of in vitro culture, the typical

differences between the two subsets are clearly evident, the plasmacytoid population showing a rounded morphology with an oval or indented

nucleus (single arrow), whereas the monocytoid population has a more irregular outline and a hyperlobulated nucleus (double arrow). Original

magnification ¥500.

Fig. 8. Cytokine profile. Enzyme-linked

immunosorbent assays (ELISA) for

quantification of interferon (IFN)-a,

interleukin (IL)-6, IL-10 and IL-12 were carried

out on the supernatants of 24 h-cultured

dendritic cells (DC) sorted from untreated

coeliac patients (�), treated coeliac patients

(�) and healthy controls (�). IFN-a secretion

was determined on supernatants of both

unpulsed and pulsed DC. The data are

expressed as pg/ml and horizontal bars indicate

medians.
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within the gut [11,12], the results of the investigation of
peripheral DC modifications in this condition are of great
interest. In the present study, we demonstrated a significant
reduction of the absolute number of DC, mainly the plas-
macytoid subset, both in untreated and treated coeliac
patients. In fact, it is unknown whether this may reflect a
primary alteration due to a decreased generation of DC pre-
cursors in the bone marrow [20] or a secondary phenom-
enon due to the recruitment of these cells in the diseased
tissue [21]. The low expression of CD83 found in active CD,
a cell surface molecule which is up-regulated upon antigen
capture [19], together with the recent demonstration of a
significant increase of antigen-presenting cell density in dis-
eased mucosa in comparison to physiological condition
[10], both favour the latter hypothesis. However, we
remained puzzled by the low numbers of circulating pDC
found in our patients, as in the paper by Raki and cowork-
ers no pDC were detected in the duodenal mucosa [10]. If
confirmed, the reason might lie in a mucosal phenotypical
switch due to the high plasticity of DC [22]. Furthermore,
to determine whether the observed DC depletion represents
a ‘one-time’ phenomenon or whether their number changes
during the course of the disease, we carried out longitudinal
analysis and found no normalization of the number of DC
and the plasmacytoid subset after a course of gluten-free
diet. The persistence of these abnormalities may be
explained by inadvertent gluten intake and/or by the capac-
ity of DC to retain the antigen for a long time in a quiescent
status [23].

Moreover, the prominent decrease of circulating pDC is
paralleled by the low expression of its main cytokine, IFN-a
[24]. It is noteworthy that ct-gliadin pulsing induced both
maturation and IFN-a secretion by DC from CD patients.
These findings, along with the notion that IFN-a adminis-
tration may trigger CD in genetically susceptible individuals
[25] and CD-like lesions in human fetal gut explants [26],
further points to an involvement of pDC in CD
pathogenesis. In fact, it is known that, by secreting immuno-
modulatory cytokines, mucosal pDC are responsible for the
de novo differentiation of regulatory T cells in response to
enteric antigens [27]. However, the direction of the immune
response towards tolerance or inflammation depends on the
accessory signals DC receive [28], the type of pathogen
encountered and local environment [2,29]. As far as the
antigen is concerned, gliadin has been shown recently to
enhance the expression of maturation markers and the secre-
tion of chemokines and cytokines by monocyte-derived DC
either when isolated from healthy humans [30] or when
generated by bone marrow of BALB/c mice [31]. Therefore,
in CD, the type of antigen/s and the presence of a peculiar
microenvironment [32] may be responsible for massive DC
recruitment at mucosal level and their subsequent switch
from tolerogenic to immunogenic [33,34]. This hypothesis is
strengthened by a recent model in which, in physiological
conditions, IFN-a and tumour necrosis factor-a-producing

DC subsets synergize in protective immunity while, in the
case of antigen-driven prevalence of one of these cytokines,
autoimmunity occurs, sharing different features on the basis
of which the DC subset undergoes activation [35–36].

Finally, the previously mentioned lack of maturation is
also highlighted by the inability of DC isolated from active
CD patients to stimulate T cell proliferation in a mixed leu-
cocyte reaction, which is paralleled by the microscopic fea-
tures of cell co-cultures, showing that in this condition DC
were unable to create an efficient contact with T cells which,
in turn, undergo apoptosis. These findings are in agreement
with those obtained in children suffering from type 1 diabe-
tes, in whom a defect in the expression of co-stimulatory
molecules and an impairment of DC priming function have
also been observed [14]. However, upon ct-gliadin pulsing,
DC isolated from CD patients recovered this ability even
though at a lower level, if compared with physiological con-
dition, in accordance with the induced maturation and
cytokine secretion.

Taken together, our results demonstrate clearly that in CD
the pool of circulating DC, mainly the plasmacytoid subset,
is depleted and has an impaired function as a consequence of
their immature status, probably because they are replenish-
ing the pool of gut-residing DC continuously. This cell
population maintains its potential activity, however, because
following antigen stimulation all the observed abnormalities
undergo normalization.
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