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Introduction

Summary

Coeliac disease (CD) is considered a T cell-mediated autoimmune disease, and
up-regulation of T-bet and phosphorylated signal transducers and activators
of transcription (pSTAT)1, key transcription factors for the development of T
helper type 1 (Thl) cells, has been described in the mucosa of patients with
untreated CD. Using transcription factor analysis, we investigated whether
T-bet and pSTAT1 expressions are up-regulated in the peripheral blood of CD
patients and correlate with disease activity. Using flow cytometry, we analysed
T-bet, pSTAT1 and pSTAT3 expression in CD4*, CD8* T cells, CD19* B cells
and monocytes from peripheral blood of 15 untreated and 15 treated CD
patients and 30 controls, and longitudinally in five coeliac patients before and
after dietary treatment. We evaluated using enzyme-linked immunosorbent
assay (ELISA), interferon (FN)-v, interleukin (IL)-17 and IL-10 production by
peripheral blood mononuclear cell (PBMC) cultures. T-bet expression in
CD4", CD8"* T cells, CD19* B cells and monocytes and IFN-Y production by
PBMC was higher in untreated than in treated CD patients and controls.
pSTAT1 expression was higher in CD4*T cells, B cells and monocytes from
untreated than from treated CD patients and controls. pSTAT3 was increased
only in monocytes from untreated patients compared with CD-treated
patients and controls. The data obtained from the longitudinal evaluation of
transcription factors confirmed these results. Flow cytometric analysis of
pSTAT1 and T-bet protein expression in peripheral blood mononuclear cells
could be useful and sensible markers in the follow-up of CD patients to
evaluate disease activity and response to dietary treatment.
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membrane and the lamina propria [3,4]. The detection of
gluten-reactive CD4* T cells producing interferon (IFN)-yin

Coeliac disease (CD) is a frequently occurring food gluten-
sensitive enteropathy characterized by small-intestinal
mucosal injury and nutrient malabsorption. It is precipitated
in genetically susceptible individuals by the ingestion of
wheat gluten and similar proteins of other cereals, inducing
an abnormal immune response [1]. The genetic susceptibil-
ity of CD is associated with specific major histocompatibility
complex (MHC) II alleles that encode human leucocyte
antigen (HLA) DQ2 or HLA DQ8 heterodimers [1,2]. The
immune reaction in CD involves the adaptive as well as the
innate immune response and is characterized by the pres-
ence of anti-gluten and anti-transglutaminase 2 antibodies,
lymphocyte infiltration and expression of multiple cytokines
and other signalling proteins in the intestinal epithelial

the small intestine mucosa of CD patients suggests a T helper
type 1 (Th1) polarization [4-6].

The main regulation of T cell differentiation and cytokine
pathway seems to be provided by cytoplasmic and nuclear
transcription factors. In coeliac disease Th1 cell polarization
has been confirmed by the up-regulation of T-bet in the
mucosa of untreated CD patients which returns to levels
comparable with healthy controls after a gluten-free diet [6].
T-bet has been identified as a key transcription factor for the
development of Thl cells and the induction of IFN-y pro-
duction [7]. Mice deficient for T-bet do not develop Th1 cells
[8], and when ectopically expressed T-bet induces Thl cell
differentiation of Th precursor cells and of polarized Th2
cells [9]. T-bet has been described in T, B and natural killer
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(NK) cells, antigen-presenting cells, such as monocytes,
macrophages, dendritic cells (DC) and myeloid cells [10,11].
T-bet is induced during T cell activation by the IFN-y signal
transducer and activator of transcription (STAT)-1 signal-
ling pathway [12] and once expressed, amplifies the produc-
tion of IFN-y [10]. The STAT proteins are cytoplasmic
transcription factors that are activated via receptors from
cytokines, growth factors and hormones [13]. In particular,
IFN-y is a potent activator of STAT-1 which, in this way,
represents a regulator of T-bet expression in lymphoid and
non-lymphoid cells through IFN-y receptor/Janus kinases
(JAK) signalling [10,12].

STAT3 seems to provide multiple functions in cytokine-
mediated signalling in many cell types, conditioning them
for differentiation, survival/apoptosis and mobility, and is
involved in the generation of Th17 cells, regulation of DC
and acute inflammatory response [14]. STAT3 is activated
by several cytokines such as interleukin (IL)-6, leukaemia
inhibitory factor (LIF), cardiotropin-1 (CT-1) and IL-10
[15] and has been considered recently, together with retinoic
acid-related orphan receptor (ROR)-y and RORq, to be an
important regulatory transcription factor in Th17 differen-
tiation [16-18].

In this report we evaluated the expression of T-bet,
pSTAT1 and pSTAT3 in CD4', CD8" T cells, B cells and
monocytes from peripheral blood of untreated and treated
CD patients and controls. To assess more clearly the effect
of dietary treatment, we evaluated longitudinally the
changes of transcription factor expression in five coeliac
patients before and after at least 1 year of dietary treat-
ment. Furthermore, we correlated the expression of tran-
scription factors with the production of several cytokines
(IFN-vy, IL-17 and IL-10) by peripheral blood mononuclear
cells (PBMC).

Materials and methods

Patients

Untreated symptomatic CD patients (diagnosed in accor-
dance with the latest international recommendation) [19],
CD patients under dietary treatment for at least 1 year and
sex- and age-matched healthy subjects were included in our
study. Five coeliac patients were evaluated longitudinally
before and after at least 1 year of dietary treatment. All
patients, both before and after dietary treatment, underwent
upper gastrointestinal tract endoscopy and duodenal
biopsies to evaluate the disease activity. All serum samples
were analysed for anti-gliadin antibodies (AGA), anti-
endomysium antibodies (EMA) and anti-tissue trans-
glutaminase antibodies (anti-tTG). We included in our study
only untreated patients with total villous atrophy and with
AGA, EMA and anti-tTG antibody positivity. Dietary com-
pliance was established on dietary history and negative AGA,
EMA and anti-tTG antibodies.

Transcription factors in coeliac disease

The control population consisted of non-coeliac subjects,
with no family history of CD or other autoimmune diseases,
who were selected randomly from the same geographical
area as the coeliac patients. Furthermore, five healthy sub-
jects were evaluated at baseline and after 1 year. Blood was
taken in all patients and controls after screening for infec-
tious conditions or other inflammatory diseases (white
blood cell count, C-reactive protein, fibrinogen, eritrosedi-
mentation rate). This study was approved by the local ethics
committee, and all the participants gave written informed
consent before the enrolment.

Isolation of PBMC

PBMC were collected from CD patients before and after
dietary treatment and from healthy subjects. PBMC were
isolated from peripheral blood by density gradient centrifu-
gation [1050 relative centrifugal force (RCF), 30 min] over
a Ficoll-Hypaque density gradient (Pharmacia, Uppsala,
Sweden). They were then harvested by pipetting cells from
the Ficoll/serum interface and washed twice.

Culture of PBMC

PBMC (5 % 10° cells/ml) were transferred into 24-well plates
in RPMI-1640 (EuroClone, West York, UK) containing 2
n-glutamine and 5% fetal calf serum (Hyclone Laboratories
Inc, Logan, UT, USA). After 24 h incubation the superna-
tants were collected, centrifuged at 400 g for 10 min at 15°C
and stored at —80°C until cytokine determination.

pSTAT1, pSTAT3 and T-bet expression by
flow cytometry

For the detection of pSTAT1, pSTAT3 and T-bet expression,
PBMC were analysed using a double-labelling procedure
staining with an anti-CD4-phycoerythrin (PE)-Cy5, anti-
CD8-PE-Cy5 and anti-CD14-PE-Cy5 (Beckman Coulter,
Miami, FL, USA), followed by fixation, permeabilization
and incubation with anti-pSTAT1(A-2)-PE antibody, anti-
pSTAT3 (B-7)-PE antibody and anti-T-bet (4B10)-PE anti-
body (Santa Cruz Biotechnology, Santa Cruz, CA, USA).
Appropriate  fluorochrome-conjugated  isotype-matched
monoclonal antibody (mAb) (Beckman Coulter) were used
as control for background staining in each flow acquisition.
Each analysis was performed using at least 50 000 cells that
were gated in the region of the lymphocyte—monocyte popu-
lation, as determined by light-scatter properties (forward-
scatter versus side-scatter). To analyse the expression of
pSTAT1, pSTAT3 and T-bet in monocytes, cells were gated
in both the monocyte (morphological gate) and CD14*
(immunological gate) regions. To analyse the expression of
transcription factors in lymphocytes (CD4*, CD8" T cells
and CD19" B cells), cells were gated in both the lymphocyte
and CD4"/CD8'/CD19* regions. Quadrants of dot plot were
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set using appropriate isotype controls for each intra- and
extracellular antibody. Mean fluorescence intensity (MFI)
was calculated only for positive events after subtraction of
specific isotype control MFI.

Cytokine measurement

The spontaneous production of cytokines (IFN-y, IL-17 and
IL-10) was measured by enzyme-linked immunosorbent
assay (ELISA) using commercial kits (R&D Systems, Minne-
apolis, MN, USA) following the manufacturer’s instructions.
Cytokine concentrations were determined from the regres-
sion line for a standard curve generated by using highly
purified recombinant cytokine at various concentrations per-
formed contemporaneously with each assay. The intra- and
inter-assay coefficients of variation were 6% and 7% for
IFN-y, 4% and 7% for IL-17 and 5% and 5% for IL-10,
respectively. The standard curve also served as an internal
control over the sensitivity and range of each assay. Data were
expressed as pg/ml. All samples were assayed in duplicate.

Statistical analysis

Differences in variables between groups were tested by analy-
sis of variance (ANova). Post-hoc tests were performed using
Fisher’s protected least significant difference (Fisher’s PSLD).
Results are expressed as mean * standard deviation (s.d.). A
P level < 0-05 was considered to be statistically significant.

Results

Patients

We included in our study 15 untreated symptomatic CD
patients, 15 CD patients after at least 1 year of dietary treat-
ment and 30 healthy subjects. There was no difference in
demographic features (age and sex) among treated and
untreated CD patients and controls. No demographic differ-
ences were also observed between the five coeliac patients
and five healthy controls evaluated longitudinally. Demo-
graphic characteristics of CD patients and controls are sum-
marized in Table 1.

Table 1. Demographic features of patients and controls.

CD patients
Long-term
New gluten- Healthy
diagnosis free diet subjects
Number 15 15 30
Age (years) 37-56 = 13-56  38:57 = 12-87 36-53 £ 17-14
Sex (female : male) 8/7 9/6 16/14

Gluten-free diet n.a. 2:42 *+ 0-93 n.a.

duration (years)

CD, coeliac disease; n.a., not available.

T-bet, pSTAT1 and pSTAT3 expression in circulating
T cells, B cells and monocytes

We observed higher T-bet expression in CD4*, CD8* T cells,
monocytes and CD19* B cells from untreated than from
treated CD patients (P=0-0013, P=0-0021, P=0-0003
and P =0-0002, respectively; Fig. 1a) and healthy subjects
(P=0-0031, P=0-0008, P=0-0035 and P = 0-0029, respec-
tively; Fig. 1a). No significant difference in T-bet expression
was observed between treated CD patients and controls both
in CD4%, CD8" T cells, CD19" B cells and monocytes
(Fig. 1a). pSTAT1 was significantly higher in CD4" T cells,
monocytes and CD19* B cells from untreated than from
treated CD patients (P =0-0022, P < 0-0001 and P=0-0011,
respectively; Fig. 1b) and healthy subjects (P=0-0043,
P=0-0008 and P =0-0032, respectively; Fig. 1b). pSTAT1
expression in CD8" T cells was higher in untreated than in
treated CD patients and controls without reaching statistical
significance (P=0-0812 and P=0-0961, respectively).
We found no significant difference in pSTAT1 expression
between treated CD patients and controls both in CD4",
CD8" T cells, CD19* B cells and monocytes (Fig. 1b).

We found higher expression of pSTAT3 only in monocytes
from untreated than from treated CD patients and controls
(P < 0-0001 and P = 0-0002, respectively; Fig. 1¢), whereas no
significant difference was observed in CD4*, CD8" T cells and
CD19" B cells. No significant difference in pSTAT3 expression
was observed between treated CD patients and controls both
in CD4",CD8* T cells, CD19" B cells and monocytes (Fig. 1c).
Representative two-parameter plots of T-bet*, pSTAT1* and
pSTAT3"in T cells, B cells and monocytes from one untreated
(d) and one treated CD patient (e) are shown in Fig. 2.

The data obtained from the longitudinal evaluation of
transcription factors in five CD patients confirmed these
results. In particular, we observed a significant reduction of
T-bet expression in CD4*, CD8" T cells, monocytes and
CDI19" B cells in CD patients after dietary treatment
(P=10-0094, P=0-0239, P=0:0073 and P = 0-0003, respec-
tively; Fig. 3). pSTAT1 expression was reduced significantly
after dietary treatment in CD4* T cells, monocytes and
CD19* B cells (P=0-0221, P =0-0048 and P = 0-016, respec-
tively; Fig. 3), whereas pSTAT3 was reduced significantly
only in monocytes (P = 0-0089; Fig. 3). No significant dif-
ferences in transcription factor expression were observed in
lymphomonocyte subpopulations from five healthy subjects
evaluated at baseline and after 1 year (Fig. 3a). Representa-
tive two-parameter plots of T-bet*, pSTAT1" and pSTAT3" in
T cells, monocytes and B cells from the same patient before
and after dietary treatment are shown in Fig. 3b.

IFN-y, IL-17 and IL-10 production by PBMC from
treated and untreated CD patients and controls

We observed higher levels of IFN-y in supernatants of PBMC
from CD patients before dietary treatment than from con-
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Fig. 1. Mean expression of T-bet, phosphorylated signal transducers
and activators of transcription (pSTAT)1 and pSTAT3 in T, B cells and
monocytes from coeliac disease (CD) patients before and after dietary
treatment and from healthy subjects. (a) Mean T-bet expression,
assessed by flow cytometric analysis as intensity, was significantly
higher in CD4*, CD8" T cells, CD19" B cells and in monocytes from
untreated than from treated CD patients and controls. (b) Mean
PpSTAT1 expression was significantly higher in CD4" T cells, CD19* B
cells and monocytes from untreated than from treated CD patients
and controls. (c) Mean pSTAT3 expression was significantly higher in
monocytes from untreated than from treated CD patients and
controls. 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 (Q3+1-5 X interquartile range)
and lower (Q1-1-5 X interquartile range) limits. P-values indicate
statistical significances (< 0-05) between the different groups.

MFI: mean fluorescence intensity.

Transcription factors in coeliac disease

trols (P =0-0004, Fig. 4a). Levels of IFN-y production were
higher in untreated than in treated CD patients (P = 0-0058,
Fig. 4a). After dietary treatment, CD patients showed higher
levels of IFN-y than controls without reaching statistical sig-
nificance (P =0-1021, Fig. 4a).

No significant difference in IL-17 and IL-10 spontaneous
production was observed in the supernatants of PBMC cul-
tures among CD patients before and after dietary treatment
and controls (Fig. 4b,c).

Discussion

CD is considered a T cell-mediated autoimmune disease and
the involvement of Thl cells in its pathogenesis have been
suggested [4-6]. T-bet plays a role in controlling mucosal
Th1 responses in the gastrointestinal tract [20]. In CD, the
upper bowel lesions are characterized by a marked infiltra-
tion of the mucosa with Thl cells secreting IFN-y and
expressing T-bet [6]. In CD specimens nearly all intraepithe-
lial CD8" cells and many CD4" cells in the lamina propria
expressed T-bet [21]. In murine models, gastrointestinal and
systemic T cell responses seem to be linked intimately, as oral
administration of antigen is followed by proliferation of
antigen-specific T cells in gut and systemic lymphoid tissue
[22]. To date there are no data concerning the expression of
T-bet in circulating lymphomononuclear cells from CD
patients. Some previous studies indicate that the Th1/Th2
balance in peripheral blood of CD is shifted towards Thl
cytokines [23-25] and circulating gliadin-specific CD4" [26]
and CD8" T cells producing IFN-y are present in CD patients
[27].

In our study untreated CD patients showed higher T-bet
expression in peripheral blood CD4*, CD8" T cells and
monocytes than controls. The increased expression of T-bet
was associated with an increased production of IFN-y by
PBMC suggesting the involvement of type 1 immunity in the
pathogenesis of the disease. T-bet expression was also higher
in circulating B cells of untreated CD patients than in
controls. In addition to T cells, T-bet plays a critical role in B
cell effector function, especially type 1-related responses
[28]. T-bet is expressed at very low levels in naive B cells [29],
but B cells in the presence of polarized Th1 cells and antigens
can develop into high rate IFN-y-producing B effector 1
(Bel) cells that express high levels of T-bet and are capable of
promoting the differentiation of naive T cells into Th1 effec-
tors [28,29]. In untreated CD patients the cognate interac-
tions that occurs between T-bet expressing and IFN-y-
producing B and T cells may result in an amplification of
type 1 immune responses.

To support the data of a Thl polarization in PBMC from
untreated CD patients we also analysed the expression of
PpSTAT1. Previous studies showed that STAT1 protein is over-
expressed in mononuclear cells of the lamina propria and
epithelial cells of CD biopsies [30], and that the activation of
STAT1 by IFN-y promotes T-bet expression in CD mucosa
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Fig. 2. Representative two-parameter plots showing only cells gated on the T and B lymphocytes (CD4, CD8 and CD19 staining) and monocytes
(CD14 staining) from one untreated and one treated coeliac disease (CD) patient. The y-axis of each histogram represents specific fluorescence of
T-bet-phycoerythrin (PE), phosphorylated signal transducers and activators of transcription (pSTAT)1-PE, pSTAT3-PE; the x-axis represents specific
fluorescence of extracellular CD4-PE-Cy5, CD8-PE-Cy5 (T lymphocytes), CD19-PE-Cy5 (B lymphocytes), CD14-PE-Cy5 (monocytes) on
four-decade logarithmic scales. These representative two-parameter plots are obtained from one untreated (a) and one treated (b) CD patient.
Quadrants were set using appropriate isotype controls for each intra- and extracellular antibody.
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Fig. 3. Longitudinal expression of T-bet, phosphorylated signal transducers and activators of transcription (pSTAT)1 and pSTAT3 in CD4", CD8" T
cells, CD14" monocytes and CD19" B cells from five coeliac patients before and after dietary treatment. (a) Mean T-bet, pSTAT1, pSTAT3 expression
in CD4*, CD8" T cells, monocytes and B cells from five coeliac patients who we studied longitudinally before and at least after 1 year of dietary
treatment. (b) The y-axis of each histogram represents specific fluorescence of T-bet-phycoerythrin (PE), pSTAT1-PE, pSTAT3-PE; the x-axis
represents specific fluorescence of extracellular CD4-PE-Cy5, CD8-PE-Cy5 (T lymphocytes), CD19-PE-Cy5 (B lymphocytes), CD14-PE-Cy5
(monocytes) on four-decade logarithmic scales. These representative two-parameter plots are obtained from the same patient before and after

dietary treatment. Quadrants were set using appropriate isotype controls for each intra- and extracellular antibody. DT: dietary treatment

[6]. In this study untreated CD patients showed an
up-regulation of pSTAT1 in CD4" and CD8" T cells, B cells
and monocytes, confirming a role of this transcription factor
in regulating the extensive activation of the innate and adap-

tive immune response in coeliac disease. Several studies
report the expression of pSTAT3 in mucosal biopsy speci-
mens from untreated CD patients but not in the normal
mucosa of control subjects [30,31]. STAT3 is activated by the
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binding of a variety of cytokines such as IL-6 and IL-10 to
their receptors, and has a variety of seemingly contradictory
roles due to recruitment of distinct sets of target genes in
different cell types. IL-6-mediated STAT3 activation favours
monocytic differentiation [32], while IL-10-mediated STAT3
signalling can inhibit the maturation of DC from monocytes
[33]. In monocytes STAT3 activation induces IL-10 produc-
tion [34,35] and promotes their migration[36], while a

Fig. 4. Levels of cytokine production by peripheral blood
mononuclear cells (PBMC) from coeliac disease (CD) patients before
and after dietary treatment and from healthy subjects. (a)
Spontaneous interferon (IFN)-y production was significantly higher in
supernatant of PBMC from untreated than from treated CD patients
and controls. (b,c) No differences were observed in interleukin (IL)-17
and IL-10 productions by PBMC among treated and untreated CD
patients and healthy subjects. 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
(Q3+1-5 x interquartile range) and lower (Q1-1-5 X interquartile
range) limits. P-values indicate statistical significances (< 0-05)
between the different groups.

<

delayed active repression of IL-10 gene expression is criti-
cally dependent on STAT1[37] which seems to favour mono-
cytes migration arrest [36]. IL-6-mediated STAT3 activation
can also induce IL-10 production in Thl, Th2 and Th17 T
cells to temper inflammatory response [38,39]. We found an
increased expression of both pSTAT1 and pSTAT3 only in
circulating monocytes from untreated CD patients, which
was not associated with increased production of IL-10 by
PBMC. Taken together, these data suggest that STAT3-
induced production of IL-10 by monocytes and their migra-
tion from or to inflammatory sites might be inhibited
partially in untreated CD patients by the high expression of
pSTAT1 in the same cells favouring the inflammatory
process. Consistent with this, a recent report showed that
among CD patients the early onset of the disease and the
presence of severe intestinal lesions were associated signifi-
cantly with the -1082 A/A IL-10 genotype, which corre-
sponds to a low producer phenotype [40].

STATS3 is also involved in the differentiation of Th17 cells
[14]. IL-17-producing cells have been found in mucosal
samples and PBMC from other inflammatory bowel dis-
eases[41], but little is known about this T cell subpopulation
in CD. A recent study reported an increased mRNA expres-
sion of IL-17 in intestinal biopsies from CD patients with
active disease [42]. In our study, untreated CD patients
showed neither an increased pSTAT3 expression in CD4%,
CD8" T cells nor an increased IL-17 production by PBMC.
An explanation for this discrepancy could be that IL-17-
producing cells are present mainly in the inflamed tissues but
not in the periphery, as suggested by recent studies on other
autoimmune diseases [43,44].

In agreement with other authors who found comparable
levels of T-bet mRNA in CD biopsies from treated CD
patients and controls [6], our group of CD patients exam-
ined at least 1 year after dietary treatment showed similar
T-bet levels in circulating CD4*, CD8" T cells, B cells and
monocytes to controls. pSTAT1 and pSTAT3 expression in
lymphomonocytes and the production of IFN-y, IL-10 and
IL-17 by PBMC were also similar in the two groups.

112 © 2009 British Society for Immunology, Clinical and Experimental Immunology, 158: 106-114



In conclusion, we showed that in active CD, T-bet and
pSTAT1 expression is increased not only in intestinal
mucosa, as reported previously, but also in peripheral blood
both in CD4* and CD8" T cells, B cells and monocytes.
Furthermore, pSTAT1 and T-bet expression in PBMC
returns to normal levels after gluten withdrawn from the

diet. Further studies are necessary to evaluate the sensitivity

of transcription factor compared to autoantibody analysis.
In our opinion, flow cytometric analysis of pSTAT1 and
T-bet proteins in PBMC could be useful in the follow-up of
CD patients to evaluate disease activity and response to
dietary treatment.
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