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Abstract

Intestnal microbiota is considered to perform important metabolic and immunologic functons,
which afect the host’s health and disease risk. Evidence from epidemiologic studies suggests
that environmental factors infuencing the intestnal ecosystem, such breast-feeding practces
and incidence of gastrointestnal infectons, can also contribute to the risk of developing celiac
disease (CD). Breast-feeding seems to exert a protectve role against CD and it also favors
bifdobacteria colonizaton in the infant’s gut. Colonizaton of the newborn intestne is
considered a critcal stmulus for the adequate development of immune and intestnal barrier
functons, modulatng host protecton mechanisms against allergens and pathogens.
Observatonal studies indicate that gut colonizaton paterns of infants at genetc risk of
developing CD difer from those of non-risk infants, which could also infuence CD development.
Imbalances in the gut microbiota of CD patents in comparison to healthy controls have also been
reported in several observatonal studies. It is hypothesized that these alteratons and specifc
bacteria isolated from patents could contribute to CD pathogenesis by actvaton of the pro-
infammatory Th1-type response typical of the disease according to in vitro and animal studies.
Therefore, dietary interventons based on the use of probiotcs are being considered as potental
adjuvants and preventve strategies to control the disease, as well as to improve quality of life of
CD patents. These strategies could theoretcally contribute to restoring the intestnal ecosystem,
thereby amelioratng the severity of CD pathological manifestatons and to developing a gluten-
tolerant phenotype in subjects at risk via diferent mechanisms.
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1. Introducton

Celiac disease (CD) is a chronic autoimmune enteropathy, caused by an intolerance to gluten
proteins in cereals, including wheat, barley, rye and possibly oats, that causes severe functonal
and morphological alteratons of the small intestnal mucosa. Typical cases of this disease usually
occur in the frst years of life, frequently manifested with gastrointestnal symptoms; however,
extra-intestnal or atypical manifestatons are increasingly more frequent, especially later in life.
CD is also associated with other immune-based diseases such as dermatts herpetformis, IgA
defciency, diabetes mellitus type I, thyroidits and autoimmune hepatts.1,2 

Genetc and environmental factors (mainly gluten) play a role in this pathology; however, other
variables such as breasteeding practces, incidence of gastrointestnal infectons and intestnal
microbiota compositon could also be involved, as outlined in Figure 1.3-5 Genetc susceptbility to
CD is determined by the specifc class II major histocompatbility complex (MHC) HLA-DQ
encoding HLA-DQ2 or HLA-DQ8 heterodimers involved in antgen presentaton. Most of celiac
patents express HLA-DQ2/DQ8 molecules, indicatng that it is a necessary factor for the disease
development; however, these risk factors are also present in 30% of the general populaton and
only a low percentage develops CD, indicatng that their presence is not sufcient for the disease
to become manifest. Studies on twins have also shown that in 25% of cases one twin does not
develop CD,6 indicatng that other environmental factors besides genotype are also involved in
the development of this disease. 

In recent years imbalances in the intestnal microbiota compositon of CD patents and in
individuals at risk have been detected.3,7,8 The colonizaton process in the early stages of life and
the interacton between intestnal microbiota and the innate and adaptve immune systems in
diferent stages of life could be crucial for the development of oral tolerance to gluten proteins
and to determine the risk and severity of this pathology. 

Currently, the only treatment for CD is a strict, lifelong gluten-free diet. Although symptoms
usually resolve afer following this dietary strategy, its maintenance is difcult due to the
presence of gluten in most processed foods. In additon, a percentage (3-5 %) of patents have
refractory CD and do not respond to this dietary patern (reviewed by Mooney et al.9). This
increases the need for developing additonal preventve and therapeutc strategies to the gluten-
free diet. Among these, we could include the use of proteolytc enzymes that hydrolyze the
ingested gluten, intestnal permeability modulators and peptde-based vaccines with specifcity
for HLA-DQ2 molecules that facilitate desensitzaton to gluten as well as nutritonal interventon
based strategies, including food ingredients with immunomodulatory propertes and a positve
infuence on the intestnal barrier functon.10
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2. Intestnal Microbiota, Breasteeding and HLA-DQ Genotype

Among the environmental factors related to CD etology, besides gluten intake, we can include
breasteeding practces, tming of dietary gluten introducton, the incidence of infectons and
intestnal microbiota compositon.3,11,12 Epidemiological studies indicate that breasteeding may
have a protectve efect against the development of CD.13 Several studies have identfed the
presence of microorganisms and prebiotc oligosaccharides in breast milk and have described its
efect on the compositon of the infant gut microbiota and on the immune system modulaton,
which could also infuence the risk for certain diseases (reviewed in Fernández et al. 14). In breast-
fed children, bifdobacteria dominate the intestnal microbiota, while artfcial feeding promotes
the colonizaton of a more heterogeneous microbiota which is similar to that of the adult
populaton.15,16 Furthermore, the comparatve analysis of stool samples from twins, adults and
children with diferent kinship degrees has led to the conclusion that genotype also afects the
intestnal microbiota compositon.17-20 Toivanen et al.21 pointed out that certain MCH genes might
be involved in diferences in fecal microbiota observed in mice with diferent genetc
backgrounds. 

In the context of CD, a prospectve study of a cohort of new-borns with CD risk due to their
family history using real-tme PCR showed that both the type of breasteeding as well as the HLA-
DQ genotype infuence the intestnal colonizaton process.4,22 In children with a high risk disease,
irrespectve of breasteeding practces, a reducton was observed in the number of
Bifdobacterium spp. and in the species B. longum; however, breasteeding atenuated the
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diferences and favored colonizaton by species of this genus. An increase in the number of
Staphylococcus spp. associated with increased genetc risk in infants fed with maternal and
artfcial formula was also observed. Furthermore, an increase was detected in the number of B.
fragilis groups associated with genetc risk but only in children fed with formula.4 In a subset of
this cohort, colonizaton by species of the genus Bacteroides was also assessed using DGGE and
showed that species diversity was higher in artfcially fed infants than in breasted infants. 22

Prevalence analysis, considering only the feeding type, showed that the intestnal microbiota of
formula-fed infants was characterized by the presence of B. intestnalis and those who had been
breast-fed by the presence of B. uniformis. Furthermore, analysis as a functon of the genotype
showed greater species diversity in low-risk infants than in the high-risk ones and increased
prevalence of the B. vulgatus and B. uniformis in high and low risk infants, respectvely. When
considering the feeding type and genetc risk variables together, it was concluded that the
prevalence of B. uniformis characterized the intestnal microbiota of children at low genetc risk
and was favored by breasteeding. Overall, it was observed that breasteeding atenuated
microbiota diferences related to genotype, which could partly explain the protectve efect that
has been atributed to breasteeding on the development of CD. 

3. Infectons and Celiac Disease

Some epidemiological studies have linked the incidence of infecton of bacterial or viral origin,
with the risk of CD. Several hypotheses have been proposed to explain the associaton between
the incidence infectons and CD, including the similarity between the bacterial or viral antgens
and immunogenic gliadin peptdes that could cause a similar reacton, and an over-stmulaton of
the immune system secondary to an infecton with producton of infammatory cytokines such as
TNF-α, INF-γ or IL-15 (reviewed in Jabri and Sollid23). 

A study performed in Switzerland, which analyzed perinatal data from more than three thousand
children who had developed CD showed that the main risk factor for its occurrence had been
exposure to infectons during the neonatal stage.2 4 A subsequent study focused on establishing
an associaton through serum level diferences in antbodies to some infectous agents between
healthy individuals and celiac patents. The results showed a lower IgG antbody prevalence in
celiac patents, suggestng that infectons by the three tested viruses (rubella, cytomegalovirus
and Epstein-Barr virus) could exert a protectve efect on the development of CD.12 

Kagnof et al.25 proposed that the emergence of CD could be triggered by a type-12 adenovirus
infecton due to the similarity alpha-gliadin exhibits with this virus’ E1d protein. The detecton of
an increase in IgG antbodies against the E1d protein in the sera of children with CD compared to
the levels in the control group, seemed to support this hypothesis.26 However, other studies have
come to confictng conclusions. Thus, Howdle et al.27 found no diference in the serum levels of
this protein between celiac patents and controls. Another infectous agent, which has been
associated with CD in epidemiological studies, is hepatts C. This associaton was based on the
fact that the incidence of chronic liver diseases is 15 tmes higher in CD patents than in the non-
celiac populaton28, and in 5% of the cases, the onset of autoimmune liver diseases are
accompanied by CD.29 However, even though this virus is considered to be able to trigger
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secondary autoimmune processes, studies do not indicate an increase in CD in hepatts C
patents30 and the associaton might simply be casual.31 A prospectve study of 1931 children with
the CD risk genotype indicated that a higher rotavirus infecton incidence (based on detecton of
positve serum antbodies against this pathogen), increased the risk of the disease. Similarly,
studies associated CD with Campylobacter jejuni32 and Giardia lamblia33 infectons in individual
case studies. These observatons seem to suggest the possible involvement of gastrointestnal
infectons in triggering CD, through increased intestnal permeability or amplifcaton of the
immune response to gluten peptdes. 

4. Intestnal Microbiota in Celiac Disease Patents

In recent years alteratons in the intestnal microbiota compositon of biopsies and feces from
children and adults with CD have been detected compared to those of controls.7,8,34

Microbiological analysis of duodenal biopsies by in situ hybridizaton techniques and fow
cytometry showed that the rato of Gram-positve to Gram-negatve bacteria in CD patents, at
the tme of diagnosis and afer treatment with a gluten-free diet for at least 2 years, was inferior
than that detected in control individuals, as well as the rato of potentally benefcial bacteria
(Bifdobacterium + Lactobacillus) to potentally harmful ones (E. coli + Bacteroides).7 Analyses by
real-tme PCR, have shown that the number of Bacteroides spp. in the duodenal and fecal
microbiota of CD patents (treated or not with the gluten-free diet) was higher than those
detected in control individuals.34 The number of E. coli and Staphylococcus spp. was also higher
in untreated patents compared to controls, but their concentratons were normalized afer
following a gluten-free diet. Bifdobacterium spp. and B. longum concentratons in CD patents'
feces and biopsies were lower than in controls, although the diferences between biopsies were
statstcally signifcant only between patents at the tme of diagnosis and controls.8 

Analysis of phylogenetc groups and gene prevalence associated with virulence factors in isolated
enterobacteria from stools of CD patents and healthy children have also shown signifcant
diferences.35 Analysis of phylogenetc groups (A, B, C and D) of E. coli clones showed that the
control group had no diferences in their proporton, while in the two groups of children with CD
commensal isolates (A and B1) belonged mainly to phylogenetc group A. The virulent clone
distributon represented by phylogenetc groups B2 and D, also exhibited diferences between
the two groups of children with CD; isolates of the group B2 were more abundant in patents
with actve CD and isolates of the group D were more abundant in CD patents treated with the
gluten-free diet. Other authors also described an increased prevalence of virulent phylogenetc
groups, especially the group B, in patents with Crohn's disease and ulceratve colits.36 In
additon; E. coli clones belonging to virulent phylogenetc groups (B2 and D) from children with
CD in actve and non-actve phases carried higher numbers of genes encoding virulence factors
than those isolated from the control group. The prevalence of genes encoding for P fmbriae, K5
capsule and hemolysin was signifcantly higher in both CD patent groups than in healthy
children. These results suggest that the enteric microbiota of CD patents have a higher
pathogenic potental than in healthy subjects, which could favor the disease development or
aggravate the disease symptoms.35 Analysis of Staphylococcus isolates in a selectve culture
medium has also shown that children with CD, treated and untreated with a gluten-free diet,
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have greater Staphylococcus epidermis abundance with methicillin resistance genes, which is one 
of the main pathogens involved in nosocomial infectons.37 Finally, analysis of isolates from the 
genus Bacteroides has allowed detectng an increase in the species B. fragilis, which produces 
metalloproteases and is involved in opportunistc infectons, in treated and untreated celiac 
patents compared with healthy subjects.38 

Overall, these studies indicate that there are imbalances in the compositon of the intestnal
microbiota of CD patents compared with controls; the fact that these alteratons are only
partally restored afer adherence to a gluten-free diet indicates that they are not only a
secondary consequence the infammatory process associated with actve phase of the disease
and it could play a greater role in its etology and pathogenesis. 

5. Pathogenic Mechanisms of gut microbiota

Oral tolerance to food components is a biologically complex process resultng from the
interacton between environmental and individual genetc factors and that may depend on age,
dose and postnatal antgen contact period, antgenic compositon and structure, intestnal
barrier integrity and degree of mucosal immune actvaton.39,40 The mechanisms by which
intestnal microbiota alteratons could contribute to the etology and pathogenesis of CD include
(i) alteratons of the microbiota interacton with epithelial and immunocompetent cells leading to
actvaton of signaling mechanisms and infammaton mediators, (ii) alteraton of the
microbiota's ability to degrade or reduce the glycocalyx and secreted mucus that will infuence
the intestnal epithelium’s barrier propertes and (iii) the possible translocaton of potentally
pathogenic bacteria or derived molecules to the lamina propria.41,42

In situ studies of rat intestnal loops show that the presence of potentally pathogenic bacteria
(E. coli CBL2) or real pathogens (Shigella) aggravates the intestnal permeability alteratons
caused by gliadins and facilitates their translocaton to the lamina propria .43 Under physiological
conditons, the intestnal epithelium is a nearly impermeable barrier to macromolecules;
however, CD is associated with an increased intestnal permeability44, which facilitates access of
gliadin-derived peptdes to the lamina propria and their interacton with the components
responsible for the immune response. Gliadins, as it is the case for some pathogens, cause
alteratons in intercellular tght-juncton-related proteins and re-organizaton of diferent
molecular components (zonulin, occludin, cadherin and claudins).45 The re-organizaton of the
tght-juncton related proteins and the increased paracellular permeability occurs along with the
infammatory response characterized by the producton of cytokines such as tumor necrosis
factor α (TNF) and interleukin 1 β (IL-1β). They have an important functon in further promotng
increased intestnal permeability and lymphocyte infltraton46,47 and actvaton of the nuclear
factor kappa-B (NfB) pathway. 

The infuence of the host genotype and the microbiota on the intestnal epithelium glycocalyx
compositon has also been considered to be a possible pathogenesis mechanism in the context
of CD. The intestnal epithelium glycocalyx has an important role in preventng direct contact of
ingested compounds and intestnal pathogens with epithelial cells.43 Previous studies have
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demonstrated alteratons in the rate and/or compositon of glycoconjugates, which compose the
glycocalyx and mucus layer in CD patents.49 CD patents have a high proporton of D-galactose
and α (1,2)-fucose residues, while these residues are not found in the mucosa of healthy
individuals49, who do have β-gal(1→3)galNAc residues.50 Thus, it has been suggested that
partcular glycosylaton paterns could promote the adhesion and colonizaton of a specifc
microbiota and pathogens. However, it has also been postulated that these changes in
glycosylaton paterns could be induced by alteratons in the intestnal microbiota. Several
studies have shown changes in the fucosylaton and/or galactosylaton paterns of diferent
intestnal epithelium glycoconjugates in diverse animal models as a functon of gut
colonizaton.51-53 However, there is a lack of studies concerning the partcular role of host
genotype and microbiota compositon in glycosylaton paterns and CD risk. 

The mucus layer secreted into the luminal medium consttutes a physical barrier for dietary
antgens and for intestnal commensal and pathogenic bacteria. This barrier depends largely on
the mucus compositon in diferent mucines.41,42 Ex vivo studies have demonstrated higher
expression levels (mRNA) of type 2 mucin (MUC2) in CD patent biopsies compared to biopsies
from treated CD patents.50 MUC2 biosynthesis and secreton is a process that has been
associated with a possible bodily defense mechanism against infectons by intestnal
pathogens54,55, which also limits the proporton of commensals being in contact with the
epithelial mucosa.55 However, the increased MUC2 expression in CD patents has also been
associated with globet cell metaplasia50 related intestnal mucosa atrophy and damage.56 In rat
intestnal loops it has been shown that gliadins reduce the number of mucus-producing cells and
that this reducton is even more pronounced in the presence of intestnal pathogens (Shigella
CBD8) and potental pathogens (E. coli CBL2).43 

It has also been proposed that intestnal dysbiosis detected in individuals with CD may result
from an alteraton in the host’s antmicrobial peptde producton, such as defensins (HD5 and
HD6).50 However, another study conducted in adults with CD treated with a gluten-free diet
demonstrated a lower HD1 expression in duodenal biopsies, while that of HD2, -3 and -4 did not
show signifcant changes.57 Defensin producton is essental in host defense mechanisms and
modulates the intestnal ecosystem compositon.58,59 These peptdes are produced in response to
bacterial antgens such as Gram-negatve bacteria lipopolysaccharide (LPS) and Gram-positve
peptdoglycan (muramyl dipeptde).60 Although in CD patents fewer defensin-encoding gene
copies have been detected, this is not always related to a reducton in the fnal producton of
actve peptdes.61 

Toll like receptors (TLRs) have a crucial role during the development of the innate immune
response to environmental antgens as well as in the discriminaton between commensal
bacteria and intestnal pathogens.62 The stmulaton of diferent TLRs actvate signaling pathways
and regulate the expression of various genes and infammatory cytokines conferring them a
critcal role in the actvaton and severity of the innate immune response. The response to these
stmuli appears to be associated with the interacton of histocompatbility molecules (MHC-II)
contributng to the maturaton of T “helper” lymphocytes.63 Recent studies have suggested the
involvement of TLRs in CD.64-66 In these studies, an increased TLR264-66 and TLR965 expression is
reported, while the efects on TLR4 expression are more controversial.64-66 In no case signifcant
alteratons have been reported in expression of TLR365,66 (actvated by viral RNA) and/or TLR565

(actvated by bacterial fagellin). However, recent in vivo studies have demonstrated the critcal
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role of IFN-α/β producton in the actvaton and maturaton of T CD4+ and CD8+ cells, in the
inital stages of viral infectons.67 An increased TLR2 and TLR4 expression has also been detected
on dendritc cells and monocytes of children with CD even afer treatment with a gluten-free
diet.68 Several studies seem to suggest that molecular signaling through these receptors,
mediated by interactons with bacterial components such as LPS from Gram-negatve bacteria,
may contribute to the actvaton and severity of the innate immune response in CD and to the
enteropathy. Further, various components of the TLR family associated with the MyD88
molecular signaling pathway, are potent inducers of type I IFN producton with subsequent
actvaton of other infammatory inducible genes in response to microbial and/or viral stmuli. 69

This interacton could contribute to the T cell-mediated immune response.70 Besides, diverse pro-
infammatory cytokines such as IL-6, TNFα and IFN may promote the development of
autoimmune processes.71 

The possible infuence of alteratons in the intestnal microbiota compositon on the
infammatory process typical of CD has been evaluated through in vitro studies.72 In this study it
was found that the fecal microbiota of CD patents induced an increased in vitro producton of
infammatory cytokines in peripheral blood mononuclear cells (PBMCs) than that of healthy
subject, which could contribute to the development of the Th1 type cytokine profle
characteristc of CD. Subsequent studies confrmed that enterobacteria (E. coli CBL2 and Shigella
CBD8), isolated from CD patent feces could trigger IL-12 and/or IFN-γ secreton associated with
an increase in HLA-DR and CD40 molecule expression in PBMCs.73 These results suggest that
certain components of the altered microbiota of CD patents could contribute, together with
gluten peptdes, to the infammatory process of CD. Using an intestnal loop animal model, co-
inoculaton of E. coli CBL2, gliadins and IFN-γ reduced the producton of metalloproteinases
inhibitor (TIMP-1) and an increased vascular endothelial growth factor secreton (VEGF). 73 In
additon, recent in vitro studies suggest a potental role for diferent Bacteroides fragilis strains,
which exhibit virulence factors that may favor epithelial permeability alteraton and contribute to
the producton of potentally infammatory peptdes from gliadins, in CD.38 

In general, existng scientfc evidence suggests partal convergence of the pathogenic
mechanism of acton of gluten peptdes and of potental pathogenic intestnal bacteria in CD,
which could aggravate the infammatory response and the intestnal permeability alteraton.

6. Potental Probiotc Protecton Mechanisms

Based on established associatons between CD and intestnal dysbiosis, the possibility of using
interventon strategies in the intestnal ecosystem, based on administraton of probiotcs3,74 has
been suggested for health restoraton and for reducing the risk of disease in these patents.
Probiotcs are defned as live microorganisms which, when administered in adequate amounts,
exert a benefcial efect on the host.75 Among the probiotc mechanisms that could contribute to
the acquisiton of oral tolerance to dietary antgens, to reducing the severity of CD manifestaton,
and to health recovery in diagnosed patents, we can include the immunomodulatory efects and
the ability to hydrolyze and reduce the toxicity of gliadin-derived peptdes, to improve intestnal
barrier functon and restore intestnal microbiota compositon. 
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Comparatve studies of germ-free and conventonal animals suggest that gut colonizaton by
microbiota is necessary for the proper development of mucosal and systemic immune responses,
such as the producton of immunoglobulins and antgens.76 Studies on some probiotc strains
indicate that they have an important role in various processes that depend directly on mucosa-
associated lymphoid tssue, such as oral tolerance to environmental antgens and to the
commensal microbiota and the release of chemokines and cytokines that determines the
balance of Th1/Th2 lymphocyte populatons.77 Besides, they can also partcipate in the innate
response through their interacton with TLRs expressed by epithelial cells and antgen-presentng
cells. Within the CD context, studies that evaluate the immunomodulatory capacity of probiotc
strains or potentally benefcial bacteria are relatvely scarce.74,78-80 The transgenic mouse model
expressing HLA-DQ8 molecules, sensitzed with gliadin and adyuvant74,78,79 that develops a
characteristc Th1 cellular response although without intestnal mucosa damage, has been used
to assess the efect of diferent Lactobacillus species (L. paracasei, L. fermentum and L. casei) and
Bifdobacterium lacts. These studies have shown that strains of these species have an actvatng
rather than a suppressive efect on the innate and adaptve immune responses. It has been
shown that these lactobacilli favor maturaton of the immature bone marrow dendritc cells
isolated from these animals in vitro and that some of the strains also favor TNF-α producton
upon gliadin stmulaton in both  ex v i v o  and  in vivo  experiments.79 In additon, L. casei
administraton to sensitzed animals potentated the CD4+ T cell response against gliadins. In this
context, it has been suggested that the strain L. casei ATCC 9595 could be used as a vaccine
adjuvant for promotng cellular immune response.78 In another study, the administraton of the
strain Bifdobacterium longum CECT 7347 to lactatng rats sensitzed with IFN-γ intraperitoneally
and fed with gliadin,80 led to partal enteropathy reproducton.80,81 In this model, bifdobacteria
administraton resulted in a lower systemic proporton of CD4+ cells and CD4+Foxp3+ (regulatory
T cells) and reduced the TNF-α producton and increased IL-10 producton in the small intestne
compared to the disease model fed with placebo. IL-10 producton plays a key role in modulatng
the cellular response triggered by gliadins, reducing IFN-γ producton and antgen-specifc
cellular proliferaton and inducing regulatory T cells.82,83 

In this respect, in vitro studies also showed that diferent bifdobacterial strains (B. longum CECT
7347 and B. bifdum CECT 7365) have a positve efect favoring IL-10 producton and inhibitng
IFN-γ in PBMCs.72 Subsequent in vivo studies with an animal intestnal loop model showed that B.
bifdum CECT 7365 promotes the proliferaton of globet mucus-producing cells, whose numbers
are reduced by increased IFN-γ secreton in the context of CD.43 In additon, bifdobacteria and
IFN-γ co-administraton caused no observable adverse efects regarding the zonulin-1 expression
and increased chemotactc factors (MCP-1) and metalloproteinase (TIMP-1) inhibitors
producton, reducing the tssue damage caused by IFN-γ. On the other hand, in vitro studies have
shown that the strain B. longum CECT 7347 is capable of increasing the gliadin digeston degree
leading to the generaton of peptde paterns with a lower infammatory potental during
gastrointestnal digeston.84 Other studies have also shown that diferent species of the genus
Rothia, mainly present in the oral cavity, have proteolytc actvity on gliadins, but their possible in
vivo efect is unknown.85,86 

The immunomodulatng potental of some probiotcs has also been demonstrated in other
infammatory and autoimmune pathologies. In mice which reproduce an experimental colits
model it has been demonstrated that some probiotc strains, able to induce in vitro an increased
IL-10 producton and a reduced IL-12 producton, exert an in vivo protectve efect against
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colits.87 Likewise, the positve efects of the probiotc product VSL#3 on an autoimmune diabetc
mouse model have been demostrated.88 In humans, certain probiotcs have also demonstrated
their utlity in pouchits remission, although their efcacy is debatable in patents with ulceratve
colits and especially with Crohn’s disease.89 

In the context of CD, studies performed in vitro and in experimental animal models suggest that
strains such as B. longum CECT 7347 could exert protectve efects favoring ant-infammatory
and regulatory cytokine synthesis, reducing gliadin-mediated infammatory and toxic response
and microbiota alteratons; however, human studies with an adequate experimental design are
needed to assess the efcacy that the bacterium evaluated in pre-clinical tests may confer to the
patents. 

Acknowledgments 

This study has been fnanced by the AGL2011-25169 project and Consolider Fun-C-Food
CSD2007-00063 of the Spanish Economy and Compettvity Ministry. M. Laparra has a
postdoctoral contract from CSIC y M. Olivares a postdoctoral scholarship from CSIC.

487



M. Laparra, M. Olivares, Y. Sanz

References

1. Sety M, Hormaza L, Guandalini S. Celiac disease: risk assessment, diagnosis, and
monitoring. Mol Diagn Ther. 2008; 12(5): 289-98.
http://dx.doi.org/10.1007/BF03256294 

2. Schuppan D, Junker Y, Barisani D. Celiac disease: from pathogenesis to novel therapies.
Gastroenterology. 2009; 137(6): 1912-33.
http://dx.doi.org/10.1053/j.gastro.2009.09.008

3. Sanz Y, De Palma G, Laparra M. Unraveling the tes between celiac disease and intestnal
microbiota. Int Rev Immunol. 2011; 30(4): 207-18.
http://dx.doi.org/10.3109/08830185.2011.599084 

4. De Palma G, Capilla A, Nova E, Castllejo G, Varea V, Pozo T et al. Infuence of milk-
feeding type and genetc risk of developing coeliac disease on intestnal microbiota of
infants: the PROFICEL study. PLoS One. 2012; 7(2): e30791.
http://dx.doi.org/10.1371/journal.pone.0030791 

5. Pozo-Rubio T, Capilla A, Mujico JR, De Palma G, Marcos A, Sanz Y et al. Infuence of
breasteeding versus formula feeding on lymphocyte subsets in infants at risk of coeliac
disease: the PROFICEL study. Eur J Nutr. 2012; Doi: 10.1007/s00394-012-0367-8.
http://dx.doi.org/10.1007/s00394-012-0367-8 

6. Greco L, Romino R, Coto I, Di Cosmo N, Percopo S, Maglio M et al. The frst large
populaton based twin study of coeliac disease. Gut. 2002; 50: 624-8.
http://dx.doi.org/10.1136/gut.50.5.624 

7. Nadal I, Donat E, Ribes-Koninckx C, Calabuig M, Sanz Y. Imbalance in the compositon of
the duodenal microbiota of children with coeliac disease. J Med Microbiol. 2007; 56:
1669-74. http://dx.doi.org/10.1099/jmm.0.47410-0 

8. Collado MC, Donat E, Ribes-Koninckx C, Calabuig M, Sanz Y. Imbalances in faecal and
duodenal Bifdobacterium species compositon in actve and non-actve coeliac disease.
BMC Microbiol. 2008; 8: 232. http://dx.doi.org/10.1186/1471-2180-8-232 

9. Mooney PD, Evans KE, Singh S, Sanders DS. Treatment failure in coeliac disease: a
practcal guide to investgaton and treatment of non-responsive and refractory coeliac
disease. J Gastrointest Liver Dis. 2012; 21(2): 197-203.

10. Sanz Y. Novel perspectves in celiac disease therapy. Mini-Rev Med Chem. 2009; 9(3):
359-67. http://dx.doi.org/10.2174/1389557510909030359 

11. Sollid LM. Coeliac disease: dissectng a complex infammatory disorder. Nat Rev
Immunol. 2002; 2(9): 647-55. http://dx.doi.org/10.1038/nri885 

12. Plot L, Amital H, Barzilai O, Ram M, Nicola B, Shoenfeld Y. Infectons may have a
protectve role in the etopathogenesis of celiac disease.  Ann N Y Acad Sci. 2009; 1173:
670-84. http://dx.doi.org/10.1111/j.1749-6632.2009.04814.x 

13. Persson LA, Ivarsson A, Hernell O. Breast-feeding protects against celiac disease in
childhood epidemiological evidence. Adv Exp Med Biol. 2002; 503: 115-23.
http://dx.doi.org/10.1007/978-1-4615-0559-4_13 

14. Fernández L, Langa S, Martn V, Maldonado A, Jiménez E, Martn R et al. The human
milk microbiota: Origin and potental roles in health and disease. Pharmacol Res. 2012;
http://dx.doi.org/10.1016/j.phrs.2012.09.001 

15. Salminen S, Isolauri E. Intestnal colonizaton, microbiota, and prebiotcs. J Pediatr. 2006;
149: S115-20. http://dx.doi.org/10.1016/j.jpeds.2006.06.062 

488

http://dx.doi.org/10.1016/j.jpeds.2006.06.062
http://dx.doi.org/10.1016/j.phrs.2012.09.001
http://dx.doi.org/10.1007/978-1-4615-0559-4_13
http://dx.doi.org/10.1111/j.1749-6632.2009.04814.x
http://dx.doi.org/10.1038/nri885
http://dx.doi.org/10.2174/1389557510909030359
http://dx.doi.org/10.1186/1471-2180-8-232
http://dx.doi.org/10.1099/jmm.0.47410-0
http://dx.doi.org/10.1136/gut.50.5.624
http://dx.doi.org/10.1007/s00394-012-0367-8
http://dx.doi.org/10.1371/journal.pone.0030791
http://dx.doi.org/10.3109/08830185.2011.599084
http://dx.doi.org/10.1053/j.gastro.2009.09.008
http://dx.doi.org/10.1007/BF03256294


Celiac Disease and Non-Celiac Gluten Sensitvity

16. Bezirtzoglou E, Tsiotsias A, Welling GW. Microbiota profle in feces of breast- and
formula-fed newborns by using fuorescence in situ hybridizaton (FISH). Anaerobe.
2011; 17(6): 478-82. http://dx.doi.org/10.1016/j.anaerobe.2011.03.009 

17. Van de Merwe JP, Stegeman JH, Hazenberg MP. The resident faecal fora is determined
by genetc characteristcs of the host. Implicatons for Crohn's disease?  Antonie Van
Leeuwenhoek. 1983; 49(2): 119-24. http://dx.doi.org/10.1007/BF00393669 

18. Zoetendal EG, Akkermans ADL, Akkermans-van Vliet WM, de Visser JAGM, de Vos WM.
The Host Genotype Afects the Bacterial Community in the Human Gastrointestnal
Tract. Microb Ecol Health Dis. 2001; 13(3): 129-34.
http://dx.doi.org/10.1080/089106001750462669 

19. Stewart JA, Chadwick VS, Murray A. Investgatons into the infuence of host genetcs on
the predominant eubacteria in the faecal microfora of children. J Med Microbiol. 2005;
54: 1239-42. http://dx.doi.org/10.1099/jmm.0.46189-0 

20. Palmer C. Bik EM, DiGiulio DB, Relman DA, Brown PO. Development of the Human Infant
Intestnal Microbiota. PLoS Biol. 2007; 5(7): e177.
http://dx.doi.org/10.1371/journal.pbio.0050177 

21. Toivanen P, Vaahtovuo J, Eerola E. Infuence of major histocompatbility complex on
bacterial compositon of fecal fora. Infect Immun. 2001; 69(4): 2372-7.
http://dx.doi.org/10.1128/IAI.69.4.2372-2377.2001 

22. Sánchez E, De Palma G, Capilla A, Nova E, Pozo T, Castllejo G et al. Infuence of
environmental and genetc factors linked to celiac disease risk on infant gut colonizaton
b y Bacteroides s p e c i e s . Appl Environ Microbiol. 2011; 77(15): 5316-23.
http://dx.doi.org/10.1128/AEM.00365-11 

23. Jabri B, Sollid LM. Tissue-mediated control of immunopathology in coeliac disease. Nat
Rev Immunol. 2009; 9(12): 858-70. http://dx.doi.org/10.1038/nri2670 

24. Sandberg-Bennich S, Dahlquist G, Källén B. Coeliac disease is associated with
intrauterine growth and neonatal infectons. Acta Paediatr. 2002; 91(1): 30-3.
http://dx.doi.org/10.1111/j.1651-2227.2002.tb01635.x 

25. Kagnof MF, Paterson YJ, Kumar PJ, Kasarda DD, Carbone FR, Unsworth DJ et al. Evidence
for the role of a human intestnal adenovirus in the pathogenesis of coeliac disease.  Gut.
1987; 28(8): 995-1001. http://dx.doi.org/10.1136/gut.28.8.995 

26. Lähdeaho ML, Lehtnen M, Rissa HR, Hyöty H, Reunala T, Mäki M. Antpeptde
antbodies to adenovirus E1b protein indicate enhanced risk of celiac disease and
dermatts herpetformis. Int Arch Allergy Immunol. 1993; 101(3): 272-86.
http://dx.doi.org/10.1159/000236457 

27. Howdle PD, Blair Zajdel ME, Smart CJ, Trejdosiewicz LK, Blair GE, Losowky MS. Lack of a
serologic response to an E1B protein of adenovirus 12 in coeliac disease. Scand J
Gastroenterol. 1989; 24(3): 282-96. ttp://dx.doi.org/10.3109/00365528909093047 

28. Lindgren S, Sjöberg K, Eriksson S. Unsuspected coeliac disease in chronic “cryptogenic”
liver disease. Scand J Gastroenterol. 1994; 29(7): 661-74.
http://dx.doi.org/10.3109/00365529409092489 

29. Volta U, De Franceschi L, Molinaro N, Cassani F, Muratori L, Lenzi M et al. Frequency and
signifcance of ant-gliadin and ant-endomysial antbodies in autoimmune hepatts. Dig
Dis Sci. 1998; 43(10): 2190-5.
http://dx.doi.org/10.1023/A:1026650118759 

489

http://dx.doi.org/10.1023/A:1026650118759
http://dx.doi.org/10.3109/00365529409092489
http://dx.doi.org/10.3109/00365528909093047
http://dx.doi.org/10.1159/000236457
http://dx.doi.org/10.1136/gut.28.8.995
http://dx.doi.org/10.1111/j.1651-2227.2002.tb01635.x
http://dx.doi.org/10.1038/nri2670
http://dx.doi.org/10.1128/AEM.00365-11
http://dx.doi.org/10.1128/IAI.69.4.2372-2377.2001
http://dx.doi.org/10.1371/journal.pbio.0050177
http://dx.doi.org/10.1099/jmm.0.46189-0
http://dx.doi.org/10.1080/089106001750462669
http://dx.doi.org/10.1007/BF00393669
http://dx.doi.org/10.1016/j.anaerobe.2011.03.009


M. Laparra, M. Olivares, Y. Sanz

30. Hernández L, Johnson TC, Naiyer AJ, Kryszak D, Ciaccio EJ, Min A et al. Chronic hepatts
C virus and celiac disease, is there an associaton? Dig Dis Sci. 2008; 53(1): 256-61.
http://dx.doi.org/10.1007/s10620-007-9851-z 

31. Garg A, Reddy C, Duseja A, Chawla Y, Dhiman RK. Associaton between celiac disease
and chronic hepatts C virus infecton. J Clin Exp Hepatol. 2011; 1(1): 41-4.
http://dx.doi.org/10.1016/S0973-6883(11)60116-3 

32. Stene LC, Honeyman MC, Hofenberg EJ, Haas JE, Sokol RJ, Emery L et al. Rotavirus
infecton frequency and risk of celiac disease autoimmunity in early childhood: a
longitudinal study. Am J Gastroenterol. 2006; 101(10): 2333-40.
http://dx.doi.org/10.1111/j.1572-0241.2006.00741.x 

33. Verdú EF, Mauro M, Bourgeois J, Armstrong D. Clinical onset of celiac disease afer an
episode of Campylobacter jejuni enterits. Can J Gastroenterol. 2007; 21(7): 453-5.

34. Collado MC, Donat E, Ribes-Koninckx C, Calabuig M, Sanz Y. Specifc duodenal and faecal
bacterial groups associated with paediatric coeliac disease. J Clin Pathol. 2009; 62(3):
264-9. http://dx.doi.org/10.1136/jcp.2008.061366 

35. Sánchez E, Nadal I, Donat E, Ribes-Koninckx C, Calabuig M, Sanz Y. Reduced diversity and
increased virulence-gene carriage in intestnal enterobacteria of coeliac children.  BMC
Gastroenterol. 2008; 8: 50. http://dx.doi.org/10.1186/1471-230X-8-50 

36. Kotlowski R, Bernstein CN, Sepehri S, Krause DO. High prevalence of Escherichia coli
belonging to the B2+D phylogenetc group in infammatory bowel disease. Gut. 2007;
56(5): 669-75. http://dx.doi.org/10.1136/gut.2006.099796 

37. Sánchez E, Ribes-Koninckx C, Calabuig M, Sanz Y. Intestnal Staphylococcus spp. and
virulent features associated with coeliac disease. J Clin Pathol. 2012; 65(9): 830-4.
http://dx.doi.org/10.1136/jclinpath-2012-200759 

38. Sánchez E, Laparra JM, Sanz Y. Discerning the role of Bacteroides fragilis in celiac disease
pathogenesis. Appl Environ Microbiol. 2012; 78(18): 6507-15.
http://dx.doi.org/10.1128/AEM.00563-12 

39. Brandtzaeg P. History of oral tolerance and mucosal immunity. Ann N Y Acad Sci. 1996;
778: 1-27. http://dx.doi.org/10.1111/j.1749-6632.1996.tb21110.x 

40. Brandtzaeg P. The gut as communicator between environment and host: immunological
consequences. Eur J Pharmacol. 2011; 668: S16-32.
 http://dx.doi.org/10.1016/j.ejphar.2011.07.006 

41. Patsos G, Corfeld A. Management of the human mucosal defensive barrier: evidence for
glycan legislaton. Biol Chem. 2009; 390(7): 581-90.
http://dx.doi.org/10.1515/BC.2009.052 

42. Koropatkin NM, Cameron EA, Martens EC. How glycan metabolism shapes the human
gut microbiota. Nat Rev Microbiol. 2012; 10(5): 323-35.
http://dx.doi.org/10.1038/nrmicro2746 

43. Cinova J, De Palma G, Stepankova R, Kofronova O, Kverka M, Sanz Y et al. Role of
intestnal bacteria in gliadin-induced changes in intestnal mucosa: study in germ-free
rats. PLoS One. 2011; 6(1): e16169. http://dx.doi.org/10.1371/journal.pone.0016169 

44. Sapone A, Lammers KM, Casolaro V, Cammarota M, Giuliano MT, De Rosa M et al.
Divergence of gut permeability and mucosal immune gene expression in two gluten-
associated conditons: celiac disease and gluten sensitvity. BMC Med. 2011; 9: 23.
http://dx.doi.org/10.1186/1741-7015-9-23 

490

http://dx.doi.org/10.1186/1741-7015-9-23
http://dx.doi.org/10.1371/journal.pone.0016169
http://dx.doi.org/10.1038/nrmicro2746
http://dx.doi.org/10.1515/BC.2009.052
http://dx.doi.org/10.1016/j.ejphar.2011.07.006
http://dx.doi.org/10.1111/j.1749-6632.1996.tb21110.x
http://dx.doi.org/10.1128/AEM.00563-12
http://dx.doi.org/10.1136/jclinpath-2012-200759
http://dx.doi.org/10.1136/gut.2006.099796
http://dx.doi.org/10.1186/1471-230X-8-50
http://dx.doi.org/10.1136/jcp.2008.061366
http://dx.doi.org/10.1111/j.1572-0241.2006.00741.x
http://dx.doi.org/10.1016/S0973-6883(11)60116-3
http://dx.doi.org/10.1007/s10620-007-9851-z


Celiac Disease and Non-Celiac Gluten Sensitvity

45. Clemente MG, Virgiliis S, Kang JS, Macatagney R, Musu MP, Di Pierro MR et al. Early
efects of gliadin on enterocyte intracellular signalling involved in intestnal barrier
functon. Gut. 2003; 52(2): 218-23. http://dx.doi.org/10.1136/gut.52.2.218 

46. Ma D, Forsythe P, Bienenstock J. Live Lactobacillus reuteri is essental for the Inhibitory
efect on tumor necrosis factor alpha-induced interleukin-8 expression. Infect Immun
2004; 72(9): 5308-14. http://dx.doi.org/10.1128/IAI.72.9.5308-5314.2004 

47. Victoni T, Coelho FR, Soares AL, de Freitas A, Secher T, Guabiraba R et al. Local and
remote tssue injury upon intestnal ischemia and reperfusion depends on the
TLR/MyD88 signaling pathway. Med Microbiol Immunol. 2010; 199(1): 35-42.
http://dx.doi.org/10.1007/s00430-009-0134-5 

48. Viatour P, Merville MP, Bours V, Chariot A. Phosphorylaton of NF-kappaB and IkappaB
proteins: implicatons in cancer and infammaton. Trends Biochem Sci. 2005; 30(1):
43-52. http://dx.doi.org/10.1016/j.tibs.2004.11.009 

49. Vecchi M, Torgano G, Tronconi S, Agape D, Ronchi G. Evidence of altered structural and
secretory glycoconjugates in the jejunal mucosa of patents with gluten sensitve
enteropathy and subtotal villous atrophy. Gut. 1989; 30: 804-10.
http://dx.doi.org/10.1136/gut.30.6.804 

50. Forsberg G, Fahlgren A, Hörstedt P, Hammarström S, Hernell O, Hammarström ML.
Presenceof bacteria and innate immunity of intestnal epithelium in childhood CD. Am J
Gastroenterol. 2004; 95: 894-904.
http://dx.doi.org/10.1111/j.1572-0241.2004.04157.x 

51. Umesaki Y, Okada Y, Matsumoto S, Imaoka A, Setoyama H. Segmented flamentous
bacteria are indigenous intestnal bacteria that actvate intraepithelial lymphocytes and
induce MHC class II molecules and fucosyl asialo GM1 glycolipids on the small intestnal
epithelial cells in the ex-germ free mouse. Microbiol Immunol. 1995; 39: 555-62.

52. Bry L, Falk PG, Midtvedt T, Gordon JI. A model of host-microbial interactons in an open
mammalian ecosystem. Science. 1996; 273: 1380-3.
http://dx.doi.org/10.1126/science.273.5280.1380 

53. Freitas M, Axelsson LG, Cayuela C, Midtvedt T, Trugnan G. Microbial-host interactons
specifcally control the glycosylaton patern in intestnal mouse mucosa. Histochem Cell
Biol. 2002; 118: 149-61. http://dx.doi.org/10.1007/s00418-002-0432-0 

54. Bergstrom KS, Kissoon-Singh V, Gibson DL, Ma C, Montero M, Sham HP et al. Muc2
protects against lethal infectous colits by disassociatng pathogenic and commensal
bacteria from the colonic mucosa. PLoS Pathog. 2010; 6(5): e1000902.
http://dx.doi.org/10.1371/journal.ppat.1000902 

55. Johansson ME, Ambort D, Pelaseyed T, Schüte A, Gustafsson JK, Ermund A et al.
Compositon and functonal role of the mucus layers in the intestne. Cell Mol Life Sci.
2011; 68(22): 3635-41. http://dx.doi.org/10.1007/s00018-011-0822-3 

56. Rothey GA, Day DW. Intestnal metaplasia in endoscopic biopsy specimens of gastric
mocusa. J Clin Pathol. 1985; 38: 613-21. http://dx.doi.org/10.1136/jcp.38.6.613 

57. Intrieri M, Rinaldi A, Scudiero O, Autero G, Castaldo G, Nardone G. Low expression of
human beta-defensin 1 in duodenum of celiac patents is partally restored by a gluten-
free diet. Clin Chem Lab Med. 2010; 48(4): 489-92.
http://dx.doi.org/10.1515/cclm.2010.098 

58. Salzman NH, Hung K, Haribhai D, Chu H, Karlsson-Sjöberg J, Amir E et al. Enteric
defensins are essental regulators of intestnal microbial ecology. Nat Immunol. 2010;
11(1): 76-83. http://dx.doi.org/10.1038/ni.1825 

491

http://dx.doi.org/10.1038/ni.1825
http://dx.doi.org/10.1515/cclm.2010.098
http://dx.doi.org/10.1136/jcp.38.6.613
http://dx.doi.org/10.1007/s00018-011-0822-3
http://dx.doi.org/10.1371/journal.ppat.1000902
http://dx.doi.org/10.1007/s00418-002-0432-0
http://dx.doi.org/10.1126/science.273.5280.1380
http://dx.doi.org/10.1111/j.1572-0241.2004.04157.x
http://dx.doi.org/10.1136/gut.30.6.804
http://dx.doi.org/10.1016/j.tibs.2004.11.009
http://dx.doi.org/10.1007/s00430-009-0134-5
http://dx.doi.org/10.1128/IAI.72.9.5308-5314.2004
http://dx.doi.org/10.1136/gut.52.2.218


M. Laparra, M. Olivares, Y. Sanz

59. Salzman NH. Paneth cell defensins and the regulaton of the microbiome: détente at
mucosal surfaces. Gut Microbes. 2010; 1(6): 401-6.
http://dx.doi.org/10.4161/gmic.1.6.14076 

60. Vaishnava S, Behrendt CL, Ismail AS, Eckmann L, Hooper LV. Paneth cells directly sense
gut commensals and maintain homeostasis at the intestnal host-microbial interface.
Proc Natl Acad Sci USA. 2008; 105: 20858-63.
http://dx.doi.org/10.1073/pnas.0808723105 

61. Fernández-Jimenez N, Castellanos-Rubio A, Plaza-Izurieta L, Guterrez G, Castaño L,
Vitoria JC et al. Analysis of beta-defensin and Toll-like receptor gene copy number
variaton in celiac disease. Hum Immunol. 2010; 71(8): 833-6.
http://dx.doi.org/10.1016/j.humimm.2010.05.012 

62. Medzhitov R. Toll-like receptors and innate immunity. Nat Rev Immunol. 2001; 1:
135-45. http://dx.doi.org/10.1038/35100529 

63. Frei R, Steinle J, Birchler T, Loeliger S, Roduit C, Steinhof D et al. MHC class II molecules
enhance Toll-like receptor mediated innate immune responses. PLoS One. 2010; 5(1):
e8808. http://dx.doi.org/10.1371/journal.pone.0008808 

64. Szebeni B, Veres G, Dezsof A, Rusai K, Vannay A, Bokodi G et al. Increased mucosal
expression of Toll-like receptor (TLR)2 and TLR4 in coeliac disease.  J Pediatr
Gastroenterol Nutr. 2007; 45(2): 187-93.
http://dx.doi.org/10.1097/MPG.0b013e318064514a 

65. Kalliomäki M, Satokari R, Lähteenoja H, Vähämiko S, Grönlund J, Rout T et al. Expression
of microbiota, Toll-like receptors, and their regulators in the small intestnal mucosa in
celiac disease. J Pediatr Gastroenterol Nutr. 2012; 54(6): 727-32.
http://dx.doi.org/10.1097/MPG.0b013e318241cfa8 

66. Eiró N, González-Reyes S, González L, González LO, Altadill A, Andicoechea A et al.
Duodenal expression of toll-like receptors and interleukins are increased in both children
and adult celiac patents. Dig Dis Sci. 2012; 57(9): 22778-85.
http://dx.doi.org/10.1007/s10620-012-2184-6 

67. Huber JP, Farrar JD. Regulaton of efector and memory T-cell functons by type I
interferon. Immunology. 2011; 132(4): 466-74.
http://dx.doi.org/10.1111/j.1365-2567.2011.03412.x 

68. Cseh Á, Vásárhelyi B, Szalay B, Molnár K, Nagy-Szakál D, Treszl A et al. Immune
phenotype of children with newly diagnosed and gluten-free diet-treated celiac disease.
Dig Dis Sci. 2011; 56(3): 792-8. http://dx.doi.org/10.1007/s10620-010-1363-6 

69. Alexopoulou L, Holt AC, Medzhitov R, Flavell RA. Recogniton of double-stranded RNA
and actvaton of NF-kappaB by Toll-lie receptor 3. Nature. 2001; 413: 732-8.
http://dx.doi.org/10.1038/35099560 

70. Schnare M, Barton GM, Holt AC, Takeda K, Akira S, Medzhitov R. Toll-like receptor 3
control actvaton of adaptve immune responses. Nat Immunol. 2001; 2: 947-50.
http://dx.doi.org/10.1038/ni712 

71. Drakesmith H, Chain B, Beverley P. How can dendritc cells cause autoimmune disease?
Immunol Today. 2000; 21: 214-7. http://dx.doi.org/10.1016/S0167-5699(00)01610-8 

72. Medina M, De Palma G, Ribes-Koninckx C, Calabuig M, Sanz Y. Bifdobacterium strains
suppress in vitro the pro-infammatory milieu triggered by the large intestnal
microbiota of coeliac patents. J Infammaton (London, U.K.). 2008; 5: 19.
http://dx.doi.org/10.1186/1476-9255-5-19 

492

http://dx.doi.org/10.1186/1476-9255-5-19
http://dx.doi.org/10.1016/S0167-5699(00)01610-8
http://dx.doi.org/10.1038/ni712
http://dx.doi.org/10.1038/35099560
http://dx.doi.org/10.1007/s10620-010-1363-6
http://dx.doi.org/10.1111/j.1365-2567.2011.03412.x
http://dx.doi.org/10.1007/s10620-012-2184-6
http://dx.doi.org/10.1097/MPG.0b013e318241cfa8
http://dx.doi.org/10.1097/MPG.0b013e318064514a
http://dx.doi.org/10.1371/journal.pone.0008808
http://dx.doi.org/10.1038/35100529
http://dx.doi.org/10.1016/j.humimm.2010.05.012
http://dx.doi.org/10.1073/pnas.0808723105
http://dx.doi.org/10.4161/gmic.1.6.14076


Celiac Disease and Non-Celiac Gluten Sensitvity

73. De Palma G, Cinova J, Stepankova R, Tuckova L, Sanz Y. Pivotal advance: bifdobacteria
and gram negatve bacteria diferentally infuence immune responses in the
proinfammatory milieu of celiac disease. J Leukoc Biol. 2010; 87: 765-78.
http://dx.doi.org/10.1189/jlb.0709471 

74. D’Arienzo R, Stefanile R, Maurano F, Mazzarella G, Ricca E, Troncone R et al.
Immunomodulatory efects of Lactobacillus casei administraton in a mouse model of
gliadin-sensitve enteropathy. Scand J Immunol. 2011; 74(4): 335-41.
http://dx.doi.org/10.1111/j.1365-3083.2011.02582.x 

75. FAO/WHO. Guidelines for the Evaluaton of Probiotcs in Food. Report. 2002.
fp://fp.fao.org/es/esn/food/wgreport2.pdf

76. Tlaskalová-Hogenová H, Stepánková R, Hudcovic T, Tucková L, Cukrowska B, Lodinová-
Zádníková R et al. Commensal bacteria (normal microfora), mucosal immunity and
chronic infammatory and autoimmune diseases. Immunol Let. 2004; 93(2-3): 97-108.
http://dx.doi.org/10.1016/j.imlet.2004.02.005 

77. Isolauri E, Sütas Y, Kankaanpää P, Arvilommi H, Salminen S. Probiotcs: efects on
immunity. Am J Clin Nutr. 2001; 73: 444S-50S.

78. D’Arienzo R, Maurano F, Luongo D, Mazzarella G, Stefanile R et al. Adjuvant efect of
Lactobacillus casei in amouse model of gluten sensitvity. Immunol Let. 2008; 119: 78-
83. http://dx.doi.org/10.1016/j.imlet.2008.04.006 

79. D’Arienzo R, Maurano F, Lavermicocca P, Ricca E, Rossi M. Modulaton of the immune
response by probiotc strains in a mouse model of gluten sensitvity. Cytokine. 2009; 48:
254-9. http://dx.doi.org/10.1016/j.cyto.2009.08.003 

80. Laparra JM, Olivares M, Gallina O, Sanz Y. Bifdobacterium longum CECT 7347 modulates
immune responses in a gliadin-induced enteropathy animal model. PLoS One. 2012;
7(2): e30744. http://dx.doi.org/10.1371/journal.pone.0030744 

81. Stepánková R, Kofronová O, Tucková L, Kozáková H, Cebra JJ, Tlaskalová-Hogenová H.
Experimentally induced gluten enteropathy and protectve efect of epidermal growth
factor in artfcially fed neonatal rats. J Pediatr Gastroenterol Nutr. 2003; 36: 96-104.
http://dx.doi.org/10.1097/00005176-200301000-00018 

82. Gianfrani C, Levings MK, SArtrana C, Mazzarella G, Barba G, Zanzi D et al. Gliadin-
specifc type 1 regulatory T cells from the intestnal mucosa of treated celiac patents
inhibit pathogenic T cells. J Immunol. 2006; 177(6): 4178-86.

83. Salvat VM, Mazzarella G, Gianfrani C, Leving MK, Stefanile R, Giulio B et al.
Recombinant human interleukin 10 suppresses gliadin dependent T cell actvaton in ex
vivo cultured coeliac intestnal mucosa. Gut. 2005, 54(1): 46-63.
http://dx.doi.org/10.1136/gut.2003.023150 

84. Laparra JM, Sanz Y. Bifdobacteria inhibit the infammatory response induced by gliadins
in intestnal epithelial cells via modifcatons of toxic peptde generaton during
digeston. J Cell Biochem. 2010; 109(4); 801-7.

85. Helmerhorst EJ, Zamakhchari M, Schuppan D, Oppenheim FG. Discovery of a novel and
rich source of gluten-degrading microbial enzymes in the oral cavity.  PLoS One. 2010;
5(10): e13264. http://dx.doi.org/10.1371/journal.pone.0013264 

86. Zamakhchari M, Wei G, Dewhirst F, Lee J, Schuppan D, Oppenheim FG et al.
Identfcaton of Rothia bacteria as gluten-degrading natural colonizers of the upper
gastro-intestnal tract. PLoS One. 2011; 6(9): e24455.
http://dx.doi.org/10.1371/journal.pone.0024455 

493

http://dx.doi.org/10.1371/journal.pone.0024455
http://dx.doi.org/10.1371/journal.pone.0013264
http://dx.doi.org/10.1136/gut.2003.023150
http://dx.doi.org/10.1097/00005176-200301000-00018
http://dx.doi.org/10.1371/journal.pone.0030744
http://dx.doi.org/10.1016/j.cyto.2009.08.003
http://dx.doi.org/10.1016/j.imlet.2008.04.006
http://dx.doi.org/10.1016/j.imlet.2004.02.005
ftp://ftp.fao.org/es/esn/food/wgreport2.pdf
http://dx.doi.org/10.1111/j.1365-3083.2011.02582.x
http://dx.doi.org/10.1189/jlb.0709471


M. Laparra, M. Olivares, Y. Sanz

87. Foligne B, Zoumpopoulou G, Dewul J, Younes BA, Charevre F, Sirard JC et al. A key role of
dendritc cells in probiotc functonality. PLoS One. 2007; 2(3): e313.
http://dx.doi.org/10.1371/journal.pone.0000313 

88. Calcinaro F, Dionisi S, Marinaro M, Candeloro P, Bonato V, Marzot S et al. Oral probiotc
administraton induces interleukin-10 producton and prevents spontaneous
autoimmune diabetes in the non-obese diabetc mouse. Diabetologia. 2005; 48(8):
1565-75. http://dx.doi.org/10.1007/s00125-005-1831-2 

89. Veerappan GR, Beteridge J, Young PE. Probiotcs for the treatment of infammatory
bowel disease. Curr Gastroenterol Rep. 2012; 14(4): 324-33.
http://dx.doi.org/10.1007/s11894-012-0265-5 

494

http://dx.doi.org/10.1007/s11894-012-0265-5
http://dx.doi.org/10.1007/s00125-005-1831-2
http://dx.doi.org/10.1371/journal.pone.0000313

	Intestinal Microbiota and Celiac Disease
	Abstract
	1. Introduction
	2. Intestinal Microbiota, Breasteeding and HLA-DQ Genotype
	3. Infections and Celiac Disease
	4. Intestinal Microbiota in Celiac Disease Patients
	5. Pathogenic Mechanisms of gut microbiota
	6. Potential Probiotic Protection Mechanisms
	Acknowledgments
	References




