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Developing strategies to improve the quality of life of patients with gluten intolerance
in patients with and without coeliac disease
Coeliac disease is the most common food intolerance in Western
European countries, with an estimated prevalence in Europe that
may rise up to 1% in the general population [1–3]. However, only 1
out of 7 or 10 affected individuals are correctly diagnosed [4]. At present,
the only treatment for coeliac disease is a life-long strict gluten-free diet,
which normally leads to a complete remission of the symptoms and
mucosal histology [5,6]. Untreated coeliac disease patients suffer from
diarrhea which can lead to malabsorption and malnutrition. Yet, its
symptomatology is not restricted to the gastrointestinal tract since
many patients suffer from iron-deficiency anemia, osteoporosis, derma-
titis herpetiformis [7] and even neurological disorders [8,9]. Therefore,
coeliac disease can be considered as the second potential cause of
many extraintestinal manifestations and is often associated with other
autoimmune diseases [10]. Major complications of coeliac disease that
are possibly linked to a lack of adherence to a strict gluten-free diet
are malignancy and refractory disease. Refractory coeliac disease is
characterized by a non-responsive chronic inflammation in spite of a
gluten-free diet with an increased incidence of enteropathy associated
T-cell lymphomas [11,12]. There is strong evidence that uncontrolled
overexpression of IL-15 in this condition perpetuates epithelial damage
and promotes the emergence of T-cell clonal proliferations [13]. Two
types have been described. Type I is characterized by the presence of
intraepithelial lymphocytes of normal phenotype in the small intestinal
mucosa. It responds to the continuous adherence to a gluten-free diet
and treatment with a combination of aggressive nutritional support.
Sometimes alternative pharmacological therapies are necessary. Type
II is defined by the presence of clonal abnormal lymphocyte phenotype
in the intestinal mucosa and has a very poor prognosis [14]. Recent
studies have shown that refractory disease may be less severe in
North American vs. European populations.[15].

Despite its relevance, maintaining a gluten-free diet has a clear
impact in the quality of life of coeliac disease patients since it is
very hard to compatibilize with an active social life. Also, it is almost
impossible to maintain a diet with zero gluten intake since this is a
very common food additive. Therefore, up to 50% of subjects do not
comply properly with the diet (either voluntary or involuntary) and
will develop an active symptomatology [16] which may even facilitate
the development of the expensive and difficult to treat refractory coeli-
ac disease. The goal of finding new and/or alternative treatments to the
gluten-free diet represents therefore a clear unmet need. In this issue of
the “European Journal of Internal medicine”, Crespo and colleagues re-
view the current status of coeliac disease and detail all approaches
that are currently under investigation regarding the development of
new alternative therapies for coeliac disease.

We would like to briefly review recent views on the immune patho-
genesis of the disease that may suggest other research avenues to
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complement the gluten-free diet as stated by Crespo et al. These ap-
proaches are mainly directed at the immunological pathways that are
known to produce the characteristic histopathologic features of the
small intestine in coeliac disease. However, non-coeliac patients that
are susceptible and intolerant to gluten are increasingly diagnosed and
in these cases other immunological mechanisms are probably responsi-
ble for the symptoms as is briefly discussed at the end of this editorial.

The immune-mediated enteropathy of coeliac disease is triggered
by immuno-adaptive gluten peptides from wheat (gliadin), rye (seca-
lins) and barley (hordeins). There have been described over 200 im-
munogenic gluten peptides in coeliac disease. Due to their high
content in proline and glutamine residues of gluten proteins, they
are highly resistant to digestion by gastrointestinal enzymes since
they lack major cleaving points for such proteases and therefore can
reach the duodenum in an almost native state. One of such peptides,
known as 33-mer, contains 6 overlapping epitopes recognized by
T-cells from coeliac disease patients [17] being considered therefore
as the “gold standard” peptide for the study of immune responses in
coeliac disease. Oats were traditionally considered to be safe to coeliac
disease patients although data in the literature was contradictory on
such issue. Recent evidences have revealed that oats toxicity does not
only depend on the individual susceptibility but also on the oat variety
which they consume. Thus oats can be sub-divided according to their
epitope load to coeliac disease patients into high, medium or absent
[18].

Nowadays, the most accepted model for explaining the immuno-
pathogenesis of coeliac disease is the two-signal model [19] character-
ized by a first innate immune response and a subsequent secondary
adaptive responsewhichwill promote a histological lesion characterized
by amassive intraepithelial infiltration of lymphocytes, crypt hyperplasia
and villous atrophy. [20,21].

In this context, some peptides like the 19-mer trigger an innate
immune response [22] mainly characterized by the production of
IL-15 by epithelial cells [23]. The result is the disruption of the epithe-
lial barrier, both by directly increasing the permeability throughout
the tight-junctions [24,25], and by inducing enterocyte apoptosis
after intraepithelial lymphocyte reprogramming into NK-like cells
[26–29].

Coeliac disease patients have an increased duodenal expression of
IL-15 receptor, and that confers them with a lower immune response
threshold against such cytokine [30]. Therefore, such innate immune
effects are maximized in coeliac disease patients. As a consequence,
immuno-adaptive peptides, like the 33-mer, can now reach the lam-
ina propria where they are deaminated by the enzyme tissue trans-
glutaminase. Such deamination will confer a negative load to such
peptides and therefore will fit in the HLA-DQ2 (or DQ8) molecule,
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Fig. 1. Gluten has a dual effect in the coeliac duodenum. Some peptides, like 13- and/or 19-mer, trigger an innate immune response in the coeliac disease duodenum characterized
by the production of IL-15 mainly derived from the enterocytes. Such IL-15 will activate the nuclear factor (NF)-kB transcription factor and will induce iNOS expression in adjacent
cells which will promote an oxidative stress and a positive feedback of such innate immune response. Such stressful environment induces the expression of “non-classical” HLA
molecules such as MICA and/or HLA-E on the enterocytes. Also, IL-15 will mediate the reprogramming of intraepithelial lymphocytes (IEL) towards a NK-like phenotype so they
will acquire the expression of NKG2D and NKG2C (MICA and HLA-E ligands respectively). Therefore, such reprogrammed IEL will mediate a direct cytotoxic effect on the entero-
cytes. Finally, IL-15 will debilitate as well the tight-junctions established between the enterocytes. As a consequence CD patients will display an increased gut permeability which
will facilitate the secondary adaptive immune response. Thus larger immunogenic peptides, such as the 33-mer, can now reach the lamina propria where they are deaminated by
the tissue transglutaminase. IL-15 also activates dendritic cells (DC) in a NF-kB dependent mechanism. Such DC will make antigen presentation of such immunogenic peptides to
intestinal T-cells in an HLA-DQ2 (or DQ8) restricted manner. T-cells will be primed with a TH1/TH17 cytokine profile, with increased IFNγ and decreased IL-10 production. Such
proinflammatory microenvironment will promote the release to the extracellular matrix of keratinocyte growth factor and matrix mellatolloproteases which will mediate the
crypt hyperplasia, the villous flattening and therefore the development of the symptomatology.
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which is also the “susceptibility gene” in celiac disease, expressed in
dendritic cells [31–33]. Such dendritic cells will make antigen presen-
tation to gluten specific T-cells [34] and will start a pro-inflammatory
response, mainly characterized by IFNγ production which will be fi-
nally responsible for the intraepithelial infiltration of lymphocytes,
crypt hyperplasia and villous atrophy which at the end will turn
into the symptomatology of the disease (Fig. 1).

There is evidence that gluten proteins can be an un-specific trigger
of innate immune responses. Thus Gliadin induces rearrangement of
the cytoskeleton disassembling the integrity of the tight-junctions
system through a zonulin-dependent manner not only in epithelial
cell lines like Caco-2 cells [35,36], IEC-6 cells [25,36] or the LoVo mul-
ticelullar system [37], but also in non-coeliac biopsies challenged in
vitro with gliadin [36] where it also induced IL-15 production [38].
Gliadin is also a potent stimulus for antigen presenting cells like
monocytes, macrophages and dendritic cells, in both human and
mice [39,40]. Moreover, gliadin also exerts a direct cytotoxic effects
in several human cell lines by inhibiting cell growth, where it induces
morphological modifications and reduces cell viability [41] and may
also inhibit DNA and RNA synthesis in Caco-2 cells [42] as well as in-
ducing apoptosis [43,44]. All these growing evidences suggest a direct
innate immunity effect of gliadin through a still unknown gliadin-
receptor. In agreementwith such findings it has been recently described
that gluten can trigger clinical symptomatology in patients with irritable
bowel syndrome that were on a gluten-free diet and in whom coeliac
disease was excluded [45]. Wholegrain grains and cereals contain
short-chain carbohydrates that can be poorly absorbed in the small in-
testine and they can produce symptoms, thus in these cases there may
be a wheat-specific phenomenon rather than gluten-specific [45,46]. It
is tempting to speculate therefore that such non-coeliac patients are in-
nate immunity responders towheat proteinswhere such first step of the
immune response is not coupled with a secondary adaptive response.
Therefore, such patients will develop clinical symptomatology against
wheat although development of a classical coeliac disease phenotype
(including a histological lesion and thepresence of IgA antibodies against
tissue transglutaminsase) will be truncated. .

In summary, coeliac disease may not be the only disease triggered
by wheat proteins and/or gluten. Since non-coeliac patients that are
susceptible and intolerant to wheat may substantially increase the
percentage of people suffering from immune responses to gluten,
the review of Crespo and colleagues regarding the development of
new alternative therapies for coeliac disease acquires a higher rele-
vance. Developing strategies such as the ones described by these au-
thors will contribute to complementing and easing the difficulty of
following a gluten-free diet improving therefore their quality of life.
However, it should be remembered that even if some of these new
therapies are effective, the possibility of an increased risk of gastroin-
testinal infections cannot be discarded, since this mode of action is
not antigen specific, and therefore those patients should be carefully
monitored [47].
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