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Abstract  Coeliac disease is an illness of the small bowel that accounts multiple pathological aspects: 

malabsorption, chronic inflammation, autoimmunity. The altered response of the immune system to gluten and 

derived peptides is the central event. In this short review, we intend propose some aspects of the immunological 

network that may address to possible role of the microbiota in this pathology. 
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1. Introduction 

Coeliac disease (CD) is an inflammatory disorder of the 

small intestine caused by inappropriate reaction of 

immune system to gluten/gliadin protein. CD is 

characterize by villous atrophy, crypt hyperplasia and 

increased number of immune cell of lamina propria. Also 

non-gut autoimmune injury of the skin, liver, brain, heart 

and other organs was described [1,2]. The main clinical 

manifestations of CD, like diarrhea or malabsorption, 

appear to be reducing. Population studies showed that 

incidence of recognized symptomatic cases resulted around 

1%, while oligosymptomatic or asymptomatic unrecognized 

disease resulted to be much higher (83%) ([3,4], for a 

review about worldwide variation in the frequency see [5]). 

Untreated patients with oligo/asymptomatic CD appeared 

to have an increased risk for autoimmune disorders and 

hematological or small intestine cancers. On the other 

hand, patients with various types of autoimmune diseases 

such as type 1 diabetes, autoimmune thyroid disease, 

Sjögren disease and autoimmune liver disease were found 

to have an associated coeliac disease in a rate of 5–15% 

[6,7]. Coeliac disease was also found to constitute a risk in 

populations of patients presenting chromosomal abnormalities 

such as Down syndrome (trisomy 21) or Turner syndrome 

(45X0) [8,9]. Genetic bases of risk for CD have been 

identified. A positive correlation with HLA genotype DQ2 

and DQ8 (DQ2.5, DQ8 and to a lesser degree DQ2.2) was 

proven, since all patients were positive for one of the two 

haplotypes. Gluten peptides have high affinity for these 

HLA molecules. Antigen presenting cells positive for 

HLA-DQ2- and HLA-DQ8 molecules efficiently present 

gluten peptides to CD4+ T-cells that develop a Th1 

response leading to the tissue alterations seen in the 

coeliac disease [10,11,12]. However, not all HLA-DQ2 or 

DQ8 subjects develop CD and further concurrent factors 

may activate the pathological process (e.g. intestinal 

microbiota, viral infections). Thus, the presence of these 

HLA molecules appear to be a major factor of risk for 

developing the illness than other factors like the timing of 

introduction of gluten in the diet of infants or the breast 

versus non-breast feeding [13]. 

2. Coeliac Disease and Immune Response 

The damage of mucosal cells and alteration in 

permeability of the mucosal barrier allows gliadin (a 

fraction of gluten molecule), or even the unprocessed 

gluten molecule, to penetrate inside the mucosa and 

activate immune cells of innate and adaptive immunity 

(monocytes, macrophages natural killer (NK), dendritic 

cells, CD4
+
 T lymphocytes). The activation of the immune 

response is mediated by Toll-like (TLR) receptors and 

induces release of pro-inflammatory cytokines. Autoimmune 

reactivity against tissue transglutaminase2 (TG2) is also 

present depending on production of specific immunoglobulins 

(anti –TG2IgA). The TG2IgA autoantibodies are used as a 

marker of coeliac disease and are found deposited in the 

bowel but also associated to extra-intestinal expressions of 

the illness. Tissue transglutaminase (TG) is an ubiquitous 

enzyme, calcium dependent, released from cells during 

inflammation. It can play a double role in the coeliac 

disease by increasing gluten-derived peptides with high 

affinity for the HLA-DQ2- and HLA-DQ8 molecules and 

by becoming target for autoimmune response. Tissue 

transglutaminase catalyzes post-translational modification 

of proteins. Glutamine-rich gliadin peptides are excellent 

substrates for TG2. This enzyme deamidate gliadin and 

generate negatively charged peptides (due to exhibition of 

glutamic acid residues) that have strong affinity for the 

HLA-DQ2 and HLA-DQ8 molecules. By this way, TG2 
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can enhance the immunostimulatory effect of gluten 

[7,14,15,16]. On the other hand, deamidated gliadin peptides 

cross-linked to TG2 (gliadin–TG2-complexes) can be up-

taken by antigen-presenting cells and presented to CD4
+
 T 

cells. This can elicit presentation of peptide from both 

molecules giving arise to immune responses against 

gliadin as well as against TG2 [17]. 

Recently, Iversen et all. (2013) reported that anti –

TG2IgA bind preferentially epitopes accessible to the 

open, Ca
2+

-activated enzyme conformation of the soluble 

enzyme but not of membrane-bound enzyme. In particular, 

two of the epitopes, overlapping with the fibronectin 

binding site in TG2, are not accessible when TG2 was 

bound to the cell surface. The Authors concluded that the 

autoantibodies are generated against the soluble, catalytically 

active enzyme, and explain the absence of autoantibodies 

against the membrane-bound form as consequent to 

negative selection of B cells recognizing membrane-bound 

self-antigens [18]. Zanoni et al. (2006) and Kagnoff et al. 

(1987) have proposed even further participation of the 

TG2IgA to the inflammatory process in coeliac disease. 

Discussing about TG2IgA activities and targets, these 

Authors outline how inflammation and autoimmunity 

might be elicited by these autoantibodies either by their 

direct interaction with immune receptors or by arising 

after viral infections via molecular mimicry. It was shown 

that anti-tTG2IgA has cross-reactivity with human self-

antigens heat shock protein 60 and TLR-4. Binding of last 

one by this antibody induces monocyte activation [19] 

Furthermore, the rotavirus major neutralizing protein VP-7 

can be recognized by anti-tTG2IgA produced in the active 

phase of CD, and, more recently, the early region Elb 

protein of human adenovirus serotype 12 was shown to 

have an amino acid sequence homology with A-gliadin. 

All of these findings indicate that even viruses might be 

involved in the pathogenesis of the CD, possibly, through 

a mechanism of molecular mimicry [20]. 

Toll-like receptors are recognized to play important role 

in the immunological balance and defences in the gut 

mucosa [21]. Particular relevance has TLR-4. This TLR is 

a transmembrane glycoprotein with appartenence to the 

interleukin-1 receptor superfamily. It is a signaling pattern 

of recognition receptor detecting molecules expressed by 

invading microorganisms (e.g. lipopolysaccharides) for 

the protection of the host [22]. Modulation of TLR 

expression on intestinal epithelia was described in relation 

with the local microbial patterns [23,24]. The role of TLR-

4 in chronic inflammatory diseases, like IBD, was 

documented as well as in the development and progression 

of ovarian, breast, prostate and colorectal cancers [25]. 

Increased expression of TLR4 was found in patients with 

systemic lupus erythematous and coeliac disease suggesting a 

link with the pathogenesis of these illnesses [26]. Coeliac 

disease is not only a chronic inflammation but also an 

illness that deeply modify the immunological environment 

of the small intestine. In fact, despite the increased 

number of T lymphocytes in the intestinal mucosa, we can 

find lower T helper (Th1) cell proportion, and a prevalence of 

natural killer and NKT cells, FoxP3 positive T regulatory 

(Treg), myeloid dendritic cells and TLR-2 and TLR-4 

positive monocytes in both adult and children patients 

with CD in comparison to healthy control in [27,28]. 

Moreover, in children with celiac disease the duodenal 

mucosa presents alterations in mRNA expression of TLRs 

(TLR2 and TLR4), that result overexpressed [29]. Since 

epithelial and dendritic cells in the lamina propria of 

celiac subjects up-regulate their production of interleukin-

15 (IL-15), it was hypothesized that this cytokine may 

influence signaling properties of intraepithelial CD8
+
. The 

same cytokine induces an increased expression of epithelial 

cell surface ligands, like major histocompatibility complex 

Class I polypeptide-related molecule A (MIC-A), ligand for 

NKG2D activating receptor of natural killer (NK) and 

CD8+ cytotoxic T lymphocytes (CTL). This altered 

expression can support epithelial changes and other 

pathological processes associated with celiac disease (e.g. 

refractory celiac disease Type 2 and enteropathy-associated 

T-cell lymphoma) [30,31,32]. 

Chronic intestinal inflammation is known as a factor 

increasing risk of cancer development [33]. TLR-4 plays a 

crucial role in colitis-associated neoplasia in mice [26,34]. 

Palova-Jelinkova et al. reported that chronic inflammatory 

enteropathy in CD might be due to IL-1β secretion by 

monocytes throw TLR4/MyD88 signaling pathway [35]. 

Nevertheless, according to recent studies, coeliac disease 

risk for cancer results slightly increased in comparison 

with general population but lower than the risk in IBDs. 

Lymphomas of the small bowel are the most frequent 

malignancies [36,37]. 

3. Gut, Microbiota and Coeliac Disease 

The gut represents a complex anatomical organ with a 

structure that allows not only digestion of aliments but 

also the relationship with the world outside our organism. 

In fact, microbiota altogether the thousands of molecules 

introduced with and derived from ingests (food, drugs, 

smoke, swollen pollution components from atmosphere) 

represent an extraordinary and continuous immunological 

challenge to the organism. To distinguish dangerous from 

tolerable agents, a very large accumulation of immune 

cells is widely homed and organized along the gut. They 

constitute the so-called GALT (gut associated lymphoid 

tissue), localized in the mucosa and the lamina propria. 

This makes the gut the largest site of immune cell 

localization in the organism, and a complex immunological 

organ. Especially developed and organized in the small 

and large bowel, it contributes to modulate our immune 

responses for the maintenance of the organism‟s homeostasis 

[38,39]. Such “homeostatic surveillance” is dependent on 

a close cross-talk of the immune cells with the mucosal 

cells and the commensal bacteria that since our birth 

colonize all our internal, as well as external, surfaces [40]. 

Especially in the last decade, it has become clearer that 

this cross-talk, modulated by the wide panel of different 

microbiota associated to the different environments 

present in the various districts of our body (and along the 

bowel), is a fundamental element for sustaining immunological, 

metabolic and neurologic functions of the organism, its 

adaptation to the general environmental conditions and for 

modulating the state of health, either protecting or predisposing 

to illnesses (from autoimmunity to cancer) [39,41,42,43]. 

The gut mucosa presents variations in structure and 

organization along the different tracts, including the 

immunological aspects [44,45]. They are in part associated 

to the different microbiota composition and the progressive 

higher density of bacteria from duodenum to distal colon 

[46]. However, metabolic characteristics of the mucosal 
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cells altogether different selection of resident immune 

cells can make important differences in creating a tolerating 

environment to the microbiota and their metabolites. For 

example, it was found that the all-trans retinoic acid (RA), 

a metabolite of vitamin A with signaling via RA nuclear 

receptors, is involved in the small bowel immune 

homeostasis. RA appears required for establishing immune 

tolerance to dietary antigens in this tract of the gut by 

inducing gut-tropic T regulatory (Treg) cells expressing 

α4β7
+
CCR9

+
 [47]. Differently, microbiota-specific Treg 

in the colon appear independent to RA, while they were 

found sensible to microbial metabolites like short-chain 

fatty acids (SCFA), that signal through the G protein-

coupled receptor GPR43 [48]. This is in accordance to 

previous studies sustaining the importance of butyrate as a 

protective molecule for the colon homeostasis [49,50]. 

Moreover, Treg of the colon resulted to utilize another G 

protein-coupled receptor, GPR15, which is upregulated by 

SCFA, but not the CCR9 [48]. In such a way, the 

mechanisms of intestinal tolerance to dietary antigens 

appear to differ in the upper digestive tract from those that 

control tolerance to the microbiota in the large bowel, and 

they are complementary. This is an important issue when 

put in relation with the alteration of mucosal barrier that 

some bacteria can induce. In fact, other dietary and 

microbial metabolites can influence immune cell and gut 

homeostasis in the small and large bowel, e.g. the dietary 

ligands for aryl hydrocarbon receptor and microbiota-

modified bile acids influencing the fat metabolic pathways 

[51,52]. Alteration in bile acid metabolism can be 

deleterious for the turn-over of mucosal cells by increasing 

apoptosis, facilitating leaking of mucosal barrier leading 

to activation of mucosal inflammation and selecting 

apoptosis-resistant cells with increase of cancer risk also 

by induced oxidative stress and DNA damage [53]. 

Consequently, the immunological responsiveness of the 

local environments may be affected by the microbiota 

through changes in production and concentration of 

metabolites influencing the survival of mucosal cells and 

their interconnection [54-59]. Under this prospective, 

alterations of microbiota balance or dysbiosis in the gut 

secondary to the use of antibiotics, a very common 

occurance, should be taken in consideration. Mårild K. et 

al. (2013) reported evidence of positive association 

between the use of antibiotics and subsequent appearance 

of CD (but also of lesions that may represent early CD), 

suggesting that intestinal dysbiosis may play a role in the 

pathogenesis of CD. Nevertheless, they also underlined 

that non-causal explanations about this positive association 

cannot be excluded and that further investigations should 

be conducted. Alterations of the mucous layer can influence 

the protective mechanisms in the mucosal barrier facilitating 

penetration of pathogens that elicit inflammatory responses 

with further damage of the barrier. The qualitative 

characteristics of the mucous along the bowel reflect the 

functional needs of each tract and represent selective 

environments for the resident microbiota. Commensal 

bacteria progressively increase their concentration from 

proximal to distal bowel. The progressive density of 

mucous from proximal to distal bowel contributes to 

isolate the progressively higher concentration of bacteria, 

impeding contact with the epithelial cells [61,62]. 

When inflammation takes place, progressive disruption 

of intercellular connections can enhance the damage. 

Alterations in the expression of claudin-2, claudin-3, 

claudin-4, claudin-8, occludin, zonulin-1 were found 

involved in the disruption of tight junctions in active 

coeliac disease as well as in active Crohn‟s disease 

biopsies, associated to mucosal translocation of bacteria 

and inflammation. [63,64,65,66]. It is also reported that 

gluten-free diet may reverse tight junction damage [67]. 

Thus, leaks in the mucosal barrier – as a consequence of 

dysbiosis, mucous alterations and primary immunological 

defects, override its protective function, permitting penetration 

of bacteria and antigens able to elicit inflammatory signals 

as well as dysregulation of Treg cells. T regulatory cells 

are considered to play a positive role in preventing 

inflammatory events in the gut mucosa. However, it is 

known that they can also sustain cancer development if a 

persistent inflammation takes place (like in the colitis due 

to inflammatory bowel diseases (IBD) as well as in the 

inflammatory microenvironment of sporadic cancer). In 

fact, the regulatory role of activated T reg cells (Foxp3
+
), 

exerted mainly through the release of immune suppressive 

and tissue-remodeling cytokine TGF-β, results detrimental 

for an effective anti-cancer immune response [68,69]. 

The establishment of an inflammatory process can be 

hypothesized as a pathological event producing similar 

effects along the gut mucosa, with possible support by the 

local microbiota as well as local anatomical and molecular 

conditions. However, this is not the real situation, 

according to the sites of chronic inflammation as well as 

of cancer development (especially adenocarcinoma). 

While we should expect the occurrence of mucosal cancer 

(adenocarcinoma) to be almost randomly distributed along 

the intestinal tract, a clear difference is found between the 

incidence of this type of cancer in the small bowel versus 

the large bowel. Small bowel cancers (including 

adenocarcinomas, lymphomas and sarcomas) represent 

around 2-3% of all gastrointestinal malignancies and only 

one third of them are adenocarcinomas [70,71]. The 

largest occurrence of cancer is in the large bowel with 

around 70% localization in the terminal tracts (sigmoid, 

rectum) even though some recent data indicate a certain 

increase of right sided cancers. Around 95% are 

adenocarcinomas [72]. Colorectal cancers associated to 

IBD account for less than 2% of colon cancer cases yearly. 

In Crohn's disease patients the risk of developing cancer 

rises from 2% after 10 years of illness until 18% after 30 

years. Similarly, on a period of 30 years, around 16% of 

the patients affected by ulcerative colitis can develop 

either pre-cancerous lesions or cancer of the colon [73]. In 

CD patients, instead, recent studies suggest a diminution 

of colorectal cancer occurrence. An explanation is given 

by impaired absorption and more rapid excretion of fat or 

fat-soluble agents (like hydrocarbons) avoiding their co-

carcinogenic effects and possibly inducing changes in the 

microbial compartment [74,75]. 

A deeper investigation of the relationships between 

microbiome and affected mucosa would be desirable to 

open possible new avenues of intervention by the use of 

probiotics [76,77]. 

4. Conclusions 

Coeliac disease is a complex illness in which the 

mucosal and systemic immunity are involved. The 
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intestinal environment can play important role on the 

outcome of the malabsorption syndrome and its 

autoimmune reactivity. The lower incidence of cancers in 

the small bowel in comparison to large bowel, especially 

adenocarcinomas, suggests the existence of local factors 

that may influence the sensitivity of the mucosa to pro-

carcinogenetic agents or conditions. Under this 

prospective, the level of local TLR-4 expression, the 

mucus constitution and the Treg cell responsiveness to 

environmental stimuli (as above cited) may play important 

roles together with type and variations of the microbiota in 

the different compartments of the bowel. 
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