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Background

The inflammatory bowel diseases (IBD) are chronic inflammatory disorders of
gastrointestinal tissues that include Crohn’s disease (CD) and ulcerative colitis (UC).
IBD are characterized by a chronic course requiring a lifelong treatment. It has been
reported that an overall 25% of cases are diagnosed in the childhood (1). In the
pathogenesis of IBD, the adaptive immune system, antigen specific and conferring
long lasting and immunological memory, plays a key role. In contrast, the innate
immune system, that is the first line of defense with an immediate protective response
against infections, likely contributes to the inflammation initiation (2). Regulatory T
cells (Tregs) are able to prevent excessive inflammation that can lead to the rupture
of intestinal homeostasis, by modulating cells of both the innate and adaptive
immune systems. Indeed, it has been demonstrated that an altered balance between
regulatory T cells and effector T cells in the intestinal microenvironment is involved
in the pathogenesis of IBD (3). Although there are many different subpopulations
of Tregs, the most investigated are the type 1 regulatory cells (Tr1) producing IL-10
and TGF-p, the conventional Forkhead box protein 3 (FOXP3) positive regulatory T
cells, and the TGF-B-producing Th3 cells, these latters with a role in oral tolerance
(4). While, to our knowledge, Tr1 cells have not yet been investigated in IBD, studies
on conventional Tregs in human IBD are more numerous, although with contrasting
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results, in particular on their frequency and suppressive function (5,6). Furthermore,
the majority of studies on Tregs refers to adult IBD, and very few pediatric studies
have been reported (7-9). However, it has been postulated that pediatric IBD represent
a separate entity with specific clinical peculiarities requiring a specialized medical
care (10). Indeed, pediatric IBD cohort represents a patient population ideal for the
study of pathogenic mechanisms because of the different pathogenic origin, natural
history and outcome compared to adult. For this reason, the aim of our study was
to evaluate the frequency of peripheral blood Tr1 and FOXP3+ Tregs in the same
patients at the onset of disease and during remission after pharmacological therapy.
Moreover, we evaluated how the density of Tr1 and FOXP3+ Tregs correlated with
disease activity.

Main achievements

We observed, in peripheral blood of both types of IBD, that the percentage of Tr1
cells at the diagnosis was increased compared to HC group, and this cell population
critically decreased during remission under pharmacological treatment reaching the
same frequencies as in HC subjects. Instead, we assessed that the frequency of
FOXP3+ cells at diagnosis of IBD was comparable to that of controls and decreased
after therapy. A more pronounced thymopoietic activity in children may explain the
maintenance of a higher frequency of circulating Tregs during active IBD, which is
different from what occurs in adult patients, in whom the recruitment of Tregs at
mucosal sites correlates with a depletion of the systemic compartment. Moreover,
our data suggest that the immunoregulatory potential of IBD may change with the
duration of disease. Indeed, it has been demonstrated that there are clear differences
in the production and in the response to cytokines by T cells in early and late Crohn’s
disease (11). During the initial manifestation of the disease, mucosal T cells are
susceptible to the modulatory influence of Th1-driving cytokines, but once the disease
progresses this immunoregulation changes (11). Modifications in the composition of
tissue T cells thus appear more likely to be dependent on the basic biology of the
disease process. We have, on the other side, also analyzed the activation status of
FOXP3+ Tregs. We have examined some specific markers, such as CCR7, CTLA-4 and
PD-1, involved in mediating the suppressive function and migration of FOXP3+ Tregs.
CCR7 has been studied as a marker of homing to secondary lymphoid tissue (12),
while CTLA-4 is a key inhibitory receptor, which might be required to restrain immune
responses of conventional T cells (13). In summary, we found that reduced Tregs
frequency at the follow-up was associated with an increased activation status of these
cells compared to the Tregs of the same patients at the diagnosis. At the onset of
disease, the increase percentage of Tregs, although not associated with an activated
status, could be a natural process to counteract ongoing inflammatory responses.
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Despite the fact that Tregs percentage decreases at follow-up, the pharmacological
treatment could stimulate the fractions of Tregs to apply their suppressive functions
through expression of these specific markers, for example CTLA-4, contrasting a
destructive inflammatory response, as demonstrated for this and other diseases (14).
Interestingly, we observed in IBD young patients during acute disease at diagnosis
a direct correlation between FOXP3+ Tregs frequency and CRP, and an indirect
correlation of Tregs and fecal calprotectin. The reason for this discrepancy could
be due to the fact that we were analyzing Tregs derived from peripheral blood that
well correlate with CRP, a marker of systemic inflammation measured in the blood,
whereas calprotectin is a marker of intestinal inflammation, which could better and
directly correlate to Tregs derived from the intestinal mucosa.

Our study demonstrates that, although children with IBD at diagnosis show a high
number of Tregs, most likely this regulatory cells are not enough in terms of amount
or functionality to counteract the inflammation. Moreover, once the patients are in
remission under pharmacological therapy, the Tregs decrease in the number but
there is an improvement of their activation status, most probably due a selective
enhancement of functional Tregs. Recently, several studies considered the possibility
to treat CD patients through a cell therapy based on Tregs(15-17). Despite the
presence of unknowns and theoretical risks, the use of Tregs as medical strategy
in IBD may help to reset the adverse intestinal immunity. Current approaches for
IBD depend on the use of non-specific immunosuppressive agents such as steroids
and anti-cytokine; these treatments are not effective in all patients, are nonspecific,
and never provide a complete disease resolution. By contrast, Tregs therapy would
offer an antigen-specific and potent cure by targeting peculiar antigens at the site of
inflammation. In conclusion, since evidence to date suggests that Tregs could contrast
the inflammatory immune response in IBD pediatric patients, the in vitro expansion
of Treg cells (18) may be an appealing and feasible approach for future autologous
cell therapy for IBD.

Future perspectives

Epidemiological studies have shown an increase in the incidence of the IBD in the
more westernized countries, such as Europe and North America (19), demonstrating
how a diet rich in fats and proteins, but low in fruit and vegetables, can favor
the development of these inflammatory diseases (20). Among the environmental
risk factors, a fundamental role seems to be played by the diet. To confirm this
hypothesis, methods of treating the disease have been developed, specifically for
Crohn’s disease (MC), which offer an alternative to steroid therapy, one of which is
enteral nutrition (Exclusive Enteral Nutrition, EEN), this last provides the exclusive
administration of a polymer formula for eight weeks. The mucosal healing rate has
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been shown to be significantly higher in patients treated with EEN compared to
those with steroid-induced remission (21). Moreover, ENN is able to induce a more
favorable sustained remission than steroids, for a maximum of 3 years (22). Studies
conducted on the adult population also suggest that this type of treatment could
reduce the risk of relapse and improve the biological response to drugs (23). But,
pediatric patients have specific characteristics, not only because of the severity and
extent of the disease, but also because the disease affects individuals in the growth
phase, which could face possible irreversible consequences in adult life. Weight loss,
growth retardation, delayed puberty and low bone mineral density are frequent signs
in children with IBD, particularly in CD, due to malabsorption and malnutrition. In
fact, children experience a reduced dietary intake, and since inflammation leads to
greater loss of nutrients, there is an increase in energy demands and an altered
metabolism (24,25). Furthermore, the linear growth and the correct nutritional status
of children affected by IBD are also compromised by immunosuppressive drugs, in
particular corticosteroids, used more frequently for the treatment of the disease (26).
All these reasons justify the particular importance of nutritional therapy in pediatric
age groups as a therapeutic alternative. Therefore, the aim of our future study
is to analyze the immunological bases of EEN in a pediatric population, to better
understand the pathogenetic mechanisms underlying the disease and to possibly
identify alternative pathways on which to intervene with new therapeutic approaches.
We will evaluate the impact of ENN on immunometabolic asset and T regulatory cells
(Tregs) function. Moreover, we will stratify our patients in two groups, after ENN
therapy, patients that reintroduce either a gluten free diet or regular diet containing
gluten, to understand the role of gluten on immunometabolic asset of Tregs and to
evaluate if this diet component can lead to a relapse of the disease. Moreover, using
this type of approach it would be interesting to study if there are also diet elements
that can play a role in reactivation of this pathology.
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