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Probiotics for Celiac Disease: A Work in Progress

Celiac Disease (CD) or gluten sensitive enteropathy is an
autoimmune disorder characterised by variable presentations which
respond to exclusion of wheat and other gluten containing products
[1]. While exclusion of gluten is the corner stone in the management of
this entity, newer therapeutic approaches are now being investigated.
These include use of elemental diets, oral prolyl-endopeptidases, IL-15
blockage, transamidation of wheat and use of probiotics [2]. With
newer therapeutic approaches it might be possible in future for
patients with CD to continue to take gluten while remaining symptom
free.

Changes in Gut Microbiota in CD

The microbial composition of the gut of patients with active CD is
different from healthy controls. In a report assessing the duodenal
microbiota in CD it was noted that the ratio of Lactobacillus-
Bifidobacterium to Bacteroides—Escherichia coli was lower in children
with active CD vis-a-vis healthy controls [3]. Similar findings in
multiple other reports allude to a disordered gut microbiota and
dysbiosis in presence of active CD [4,5]. A report suggests that the
microbial diversity may be more in untreated CD but this may be
related to presence of pathological organisms like Bacteroides and
Escherichia coli [6]. The dysbiosis may increase the expression of
certain toll like receptors resulting in an increased expression of certain
cytokine like IL-10, Interferon-gamma and CXCR6 [7]. In one
interesting study on infants who were all vaginally delivered and
breastfed, those with presence of HLA-DQ2 genotype (higher risk of
CD) had a gut microbiota composition different from low-genetic risk
infants. The HLA-DQ2 positive infants had a lower Actinobacteria and
higher proportion of Proteobacteria and Firmicutes [8]. This suggests
that the gut microbiota may be dependent on HLA association and
may be altered in individuals genetically predisposed to CD. However,
some studies have not found a difference between the microbiota of
those with CD when compared with controls and therefore tend to
negate the role of changes in microbiota in causation of celiac disease
or its symptoms [9].

Even in patients who are on gluten free diet the microbial
composition of the intestinal microbiota may not become similar to
non-CD controls. In a report assessing the concentration of fecal
Bifidobacterium concentration in CD patients off gluten for two years
or more, the fecal concentrations were noted to be lower in CD
patients even when they were off gluten [10]. Infact Nistal E et al
studied duodenal microbiota using 16S rRNA in children and adults
with treated and untreated CD and found that the composition of

duodenal microbiota changes with age and that treated adults had
reduced bacterial diversity [11]. The predominant phyla is Firmicutes
in children and Proteobacteria in adults with CD [12]. There is a
recognition of increase in Gram negative organisms in untreated CD
while the number of Gram positive microbes decreases. It is however
not clear if this is the cause or a consequence of the disease [3]. One
report seems to suggest that the microbiotal composition and diversity
may influence the clinical manifestations in CD patients [13].

A metabolomic approach to evaluation of changes in microbiota
after gluten free diet also suggested similar phenomenon i.e. the
restoration of microbiota was not complete and that certain molecules
could be used as metabolic signatures of CD [14]. Incidentally the oral
microbiota of treated CD patients is also disparate from the microbiota
of healthy controls [15]. Therefore the bulk of evidence points to an
alteration in the microbiota in patients with CD. It is not clear if this
modified microbiota is driven by the disease or drives the
symptomatology of the disease.

Probiotic Effects in CD

Probiotic use is common in patients with celiac disease [16].
Probiotics are live microorganisms supplied from outside the human
body in dosages which are believed to exert a beneficial effect on health
[17]. There is a suggestion that use of gluten-digesting microbes can be
helpful in treatment of CD. Gluten is rich in proline residues and
resistant to proteolysis in human gut. VSL#3, a probiotic with eight
different bacterial strains, has been noted to have gluten degrading
properties [18]. The idea was to use this probiotic during food
processing to produce tolerable gliadins. It is not clear if in vivo use of
this probiotic will also be of any benefit in CD. Use of Sourdough
baked products, which utilise long fermentation by natural lactobacilli
and fungal proteases, may help in reducing risk of gluten
contamination in gluten free products by virtue of their proteolytic
action on gluten [19]. Indeed a clinical pilot study in children noted
the usage of fermented wheat flour product in known patients with
celiac disease did not precipitate clinical, haematological or serological
features of CD [20]. Similarly another study in CD patients noted that
no changes of CD occurred with use of fully hydrolysed wheat flour
products [21].

In a Caco-2 cell model, use of Lactobacillus paracasei (LP) CBA L74
and its supernatant seemed to prevent the entry of gliadin peptides
into the cells [22]. In a placebo controlled randomised trial of use of
Bifidobacterium longum CECT 7347 with gluten free diet versus
gluten free diet alone in children with newly diagnosed CD, the group
receiving the probiotic strain was noted to have greater percentile
increases in height, and a reduction in TNF-alpha levels and
circulating CD3+ lymphocytes [23]. This strain was also found
effective in reducing the production of inflammatory cytokines in a rat
model of gluten induced enteropathy [24]. The increase in paracellular
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permeability which characterises CD may be reversed to some extent
by use of probiotics. Coadministration of Lactobacillus rhamnosus GG
with gliadin in an in vitro model demonstrated the protective effects of
this strain in preventing the gliadin induced barrier dysfunction [25].
In a provocative trial in patients with CD in whom gluten was
continued even after diagnosis of CD the patients were randomised to
receive either a probiotic Bifidobacterium infantis Natren Life Start
(NLS) or placebo. The group of patients receiving probiotic had some
improvement in gastrointestinal symptoms but no improvement in
intestinal permeability. There was a reduction in serum IgA-tissue-
transglutaminase titres in the placebo arm but the clinical implication
is not clear [26]. The results indicate that the benefits on intestinal
permeability were not realised in vivo or may be strain dependent.

Interstingly in vitro reports had indicated some benefit in reduction of
gliadin induced increases in intestinal permeability with use of
Bifidobacterium [27,28]. Another possible approach could be use of
microorganisms with prolyl endopeptidases which may digest gluten
and make gluten containing products gluten free for the small bowel
[29].

To summarise, use of probiotics in celiac disease remains
investigational as of now but may provide a therapeutic approach for
management of CD in future, The possible targets of use of probiotics
include the opportunity to degrade ingested gluten and maintain
barrier function of intestine in wake of exposure to gluten (Table 1).

Pre-ingestion fermentation/degradation of gluten

VSL#3

Prolonged ferementation by lactobacilli and fungal proteases

Gluten digestion after ingestion

Prolyl-endopeptidase containing probiotics

Maintenance of gut barrier

Possible role for Bifidobacterium and Lactobacilli

Table 1: Possible mechanisms of benefit of probiotics in celiac disease
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