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Abstract

Inflammatory bowel disease (IBD) including Crohn (CD) and ulcerative colitis (UC), is intestinal
disorders with an unknown specific etiology. Many factors are involved in the pathogenesis: ge-
netic, environment, nutrition, immunity and intestinal dysbiosis. In the present work, we review
the most important trigger mechanisms involved in IBD, with a particular regard to the role of
microbiota and fecal mass transplantation as a new therapeutic approach, that even if it can be
considered safe and effective, data are necessary regarding all procedures not yet standardized
and timing of treatment.
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1. Nutrition

It is well known that industrialized country is very exposed to CD for the western diet characterized by an high
intake of calories, total fats, PUFAS, carbohydrate especially refined sugar, meat and at the same time low fiber,
vegetable and fruit intakes. Several studies have shown that food sensitivity occurs in some CD patients espe-
cially against cereals, dairy products and yeast [1] [2]. Moreover, some evidences suggest that dietary factors
such as poorly absorbed short chain carbohydrates and polyols, better known as FODMAPs particularly pre-
sented in the western diet, (fermentable oligo-di and mono saccharides and polyols), may play an important role
in the etiopathogenesis of CD. The common dietary source of FODMAPs is fructose, fructans and galactooligo-
saccharides, all of these seem to increase the intestinal permeability, which is a predisposing factor of CD [3].
Recently, exclusion of FODMAPs from diet has been shown to improve functional gut symptom in IBD or irri-
table bowel syndrome patients [4]. It has been suggested that some dietary factors entail can enhance systemic
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and mucosal immunological reactivity against gut bacterial antigens resulting from complex interactions be-
tween environment and patient’s genetic make up [5]; this immune reactivity seems to be due to a loss of toler-
ance to autologous enteric flora, resulting in an inappropriate immune response, which in turn leads to a devel-
opment of a chronic inflammatory process in the intestinal mucosa that characterizes chronic diseases such as
IBD, obesity, food intolerances and allergic pathologies, metabolic syndrome, or cancer.

As reported by David et al. [6], diet rapidly and reproducibly alters the human gut microbiome:
e The diet consisting of animal or vegetable products can quickly change the structure of the microbiome,
overcoming the individual genetic differences;
o The diet based on animal products suggests a link between dietary fats, bile acids and growth of microorg-an-
isms that can trigger 1BD;
e The gut microbiome responds to dietary modification quickly, overcoming the possible genetic predisposition.

2. Genetic

Another potential link and research focus between intestinal bacteria, immune response in CD is the role of Pa-
neth cells (PC), specialized epithelial cells found in the intestinal crypts that secrete antimicrobial peptides to
remove bacteria from mucosa. Defects in this defence mechanism, which are linked to autophagy and NOD2,
can lead to continuous stimulation of the adaptative immune system by microbes that can access after diet re-
lated barrier disruption, not properly cleared from PC [7] [8].

Dietary components can alter certain types of gene expression and can become risk or protective factors for
diseases development [9] [10]. For example multidrug resistance 1 is a probable IBD susceptibility gene that
encodes a P-glycoprotein. It is vulnerable to inhibition, activation or induction by various herbal constituents;
indeed while curcumin and piperine were found to inhibit P-glycoprotein, some green tea catechins were found
to be activators of P-glycoprotein [11]. Some studies tested the ability of food components or extracts to over-
come the functional effects of certain variant SNPs that may be important in IBD. Even if a personalized nutri-
tional prescription based on individual genetic variations is important in the treatment of IBD, further studies are
necessary to well define the nutrient-gene interaction [12].

There is also the relevant role of epigenetic defined as mitotically heritable changes in gene function not ex-
plained by changes in the DNA sequence, such as DNA metilation, RNA interferences, positioning of nu-
cleosomes [13].

3. Intestinal Permeability

The single layer epithelium is an effective barrier against harmful macromolecules and microorganisms; it also
remains permeable to nutrients and allows exposure of the mucosal immune system to food antigens and micro-
bial factors [14]-[16]. Impairment in the function of the intestinal barrier leads to increased permeability to lu-
minal antigens, which represents one of the crucial factors in the pathogenesis of IBD. Intestinal permeability is
regulated by cytoskeleton adaptors (zonula occludensl, beta catenin) and transmembrane proteins (claudins, oc-
cludin, E-cadherin). Some factors, like composition of microbiota, could affect these mechanisms and the re-
lated permeability. Some studies have shown an important role of cytokines including tumor necrosis factor
(TNF) alfa and interferon gamma in increasing permeability of tight junctions in intestinal epithelial cells
[17]-[19]. Although it is well known that increased permeability is characteristic of acute CD, it is not yet dem-
onstrated if this is consequence of inflammation or a primary cause of the disease.

4. Immune Response

Disregulation of the innate immune response to luminal microbial or nutritional antigens seems to play a major
role especially in the pathogenesis of CD. The proinflammatory response is characterized by the secretion of
TNF alfa, interferon-gamma, interleukin —12 and 23 in response to exposure to bacterial products and microbial
biofilms may trigger an abnormal adaptative immune response [1].

The ethiopathogenesis of IBD could be hypothesized as following. FODMAPs with their prebiotic effect,
other dietary factors (i.e. gliadin), saturated fatty acids, food additives, toothpaste (aluminosilicicates), pathogen
associated molecular patterns (PAMPs), or infections change intestinal permeability and microbioma by dis-
rupting apical junctional complexes or damage the protective mucosal layer [1] [20]. These mechanisms lead to
an increased exposure of bacterial products, with an increased immune stimulation and activation of adaptive
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immunity, which in turn leads to a loss of tolerance to autologous enteric flora, for aberrant immune response
and inflammation as observed in rats [21]-[23].

Moreover as reported by Kao et al. [24] in according to the hygiene hypothesis of Gearry RB [4], exposure to
fewer microbes and less microbial communities at early age may lead to development of immune system less
able to “tolerate” exposure to microbial laden environment later in life leading to inappropriate immune activa-
tion. Increased use of antibiotics at young age may also contribute to reduced microbiota diversity and develop-
ment of IBD.

What about microbiota, one of or the most important key factor in the pathogenesis of IBD?

An increasing numbers of publications regarding intestinal microbiota are performed in the last years showing
the link between microbiota-microbioma (bacterial genetic profile), food, immune system, central nervous sys-
tem and chronic diseases such as IBD.

Although a unique or specific bacterial species has not been identified as a single cause of increased permeabil-
ity in human IBD, several species such as adherent invasive Escherichia Coli (AIEC) have been shown to impair
permeability [22]-[25], characteristic of active CD. Anyway it is unclear whether this is a secondary phenomenon
because of inflammation or a primary cause of disease. Many findings indicate that a leaky gut may precede CD,
or be environmentally induced, representing the complex role of permeability defects in IBD pathogenesis.

By analysis of Crohn patients gut microbiota a decrease in the abundance and biodiversity of intestinal bacte-
ria within the dominant phylum Firmicutes has been observed [26]. In particular Sokol et al. [27] found a reduc-
tion of the major member of Firmicutes, Faecalibacterium prausnitzii, on resected ileal Crohn mucosa, associ-
ated with endoscopic recurrence at 6 months. It has been observed in vitro peripheral blood mononuclear cell
stimulation by Faecalibacterium Prausnitzii that led to a significant decrease in IL-12 and IFN-y production lev-
els and higher secretion of I1L-10.

These results have been confirmed by Ramirez-Farias in 2009 [28], that demonstrated that F. prausnitzii ex-
hibits anti-inflammatory effects on cellular and TNBS colitis models, partly due to secreted metabolites able to
block NF-kappaB activation and I1L-8 production. These results suggest that counterbalancing dysbiosis using F.
prausnitzii as a probiotic is a promising strategy in CD treatment.

A recent paper of Schaubeck, M. [29] has put in evidence that dysbiotic gut microbiota causes transmissible
Crohn’s disease like ileitis independent of failure in antimicrobial defence. It is known that Paneth cell, located
in the crypt base of the small intestine, produce antimicrobial peptides (lysozime); the loss of their function is
associated with ileal phenotypes of CD. Schaubeck et al. [29] observed that transfer of dysbiotic microbiota to
germ free recipients causes Crohn disease like inflammation in genetically susceptible recipients and the loss of
Paneth cells function is subsequent to the development of ileitis in mice. This study helps to elucidate the thera-
peutic relevance of microbiota transplantation in Crohn’s disease.

5. Direct Influence of Nutrition on the Intestinal Microbiome and Permeability

Diet consisting of animal or vegetable products is able to quickly change the structure, surpassing the micro-
biome individual genetic differences. The diet based on animal products, is to assume a link between dietary fats,
bile acids and growth of microorganisms able to unleash IBD [6].

It has been hypothesized that specific food compounds can disrupt apical junctional complexes (as gliadin or
sodium caprate) or damage the protective mucus layer. Saturated milk fat can alter microbiome by increasing the
taurine conjugation of bile acids with a secondary inflammation as observed in rats [1]. Other dietary factors
have been shown to promote bacterial translocation and food antigens penetration, with activation of adaptive
immunity. Carboxymethylcellulose of industrialized milk products, breads, sausages, sauces, has been shown to
enable bacterial adherence to intestinal epithelium.

As mentioned by Guagnozzi, D. et al. [12] there are exogenous dietary microparticles (non biological) with an
appropriate size and shape which are taken up by mucosal phagocytes, such as food additives, tooth paste (alu-
minosilicicates), pharmaceuticals. These exogenous microparticles absorb certain antigenic luminal materials
such as pathogen-associated molecular patterns (PAMPS) and then carry these PAMPs to the intestinal tissue.
These processes seem to induce an abnormal immune response characterized by a reduction of physiological
immune tolerance of the intestinal mucosa which leads to a chronic inflammation. [1] [20].

6. How Can We Treat IBD?

Going from less invasive and safer to more invasive and less safe treatment, and from less effective to more ef-
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fective treatment [30] we have:

diet (FODMAPs, exclusion diet);

prebiotics;

probiotics;

artificial nutrition, like enteral formula enriched in TGFbeta2 [31], or parenteral nutrition [32];
biological treatments;

drugs (steroids, ASA, loperamide);

intestinal resections;

... the “new entry treatment”: the fecal mass transplantation (FMT).

There are many studies regarding of pharmacological and biological treatments [33] [34] whose efficacy and
limits are well known as well as the benefical aspects of pre and probiotics [35]-[37].

Enteral nutrition (EN), the primary nutrition treatment, is considered less effective than corticosteroids [38]-
[41], as shown in different meta-analyses and original publication; nevertheless data demonstrate that EN is ef-
fective in inducing remission of IBD especially in CD, and suppressing the postoperative Crohn’s disease recur-
rence [40]

D’Argenio et al. [41] have shown that EN is able to normalize the altered gut microbioma profile especially
the ileum level of bacteriodetes, firmicutes and proteobacteria, confirming the altered intestinal microbiome pro-
file and its relationship with nutrition. About enriched enteral formula it is well demonstrated that EN with
TGFbeta? is effective in the treatment of CD especially in children [42], even if further studies are necessary to
confirm these data. Glutamine supplementation reduces intestinal damage and improves disease behaviour in
animals [43]; however no RCTs have been able to demonstrate the real additional benefits for glutamine sup-
plementation [44].

7. Fecal Mass Transplantation (FMT): The Future

Many studies were performed on FMT in IBD especially in UC.

In 1989, Bennet et al. documented the complete clinical remission in UC, after fecal retention enemas [45]; in
the same year Borody and collegues “cured” 20 of 55 patients with IBD treated with FMT [46]. Many studies
have been performed on FMT, also called stool/fecal transplantation, or fecal bacteriotherapy till now [47]-[51].
Most of them showed efficacy in term of remission, symptoms, treating CD infection, or restoring of intestinal
microbiota. Most common adverse events include diarrhea on the day of administration, abdominal pain, belch-
ing or constipation. Few serious adverse events occur during treatment, but it is noteworthy that IBD related
symptoms can be aggravated by FMT, in some case [52]-[57]. In 2012, a systematic review of FMT for IBD
showed symptom improvement, remission, and cessation of medication after FMT treatment [50]. Other impor-
tant observation was performed by Kao [24]: untapped power of normal luminal flora to inhibit even the most
severe inflammation of Crohn’s colitis, in contrast with the previous theory that IBD were considered the con-
sequence of inappropriate activation of mucosal immune system driven by the presence of normal luminal flora.

However as reviewed by laniro et al. [58] after selecting 152 articles regarding FMT in IBD, some important
observations were highlighted. None articles reported the complete methodology of FMT procedure, in most
studies patients received multiple fecal infusions, by enema, colonscopy, or the combination of them. Fecal
quantity varied from 30 to 300 g diluted in saline solution. Most donors underwent a viral screening, as well as
stool tests for Clostridium difficile toxin, parasites, ova and bacterial pathogens. Fecal donors included healthy
related and unrelated individuals. They conclude by saying that FMT is a safe procedure. Resolution or reduc-
tion of symptoms was reported in 71% of IBD patients (both UC and CD). In two small prospective studies in-
vestigating the use of FMT in UC refractory to medical therapy, none of enrolled patients achieved clinical re-
mission, but a short improvement of symptoms [59]. With an average of 91% success rate, the FMT is consid-
ered an effective intervention for recurrent infection by Clostridium difficile.

In the study of Angelberger [55] FMT provide a temporary increase of phylotypes richness that was similar to
donor microbiota; changes of gut microbiota after FMT confirm the potential therapeutic role of this treatment
for IBD as observed by Cammarota et al. [60].

Nevertheless some questions remain open:

1) Why some people respond quickly to FMT with a clinical improvement and others are no responders?

2) Why some patients respond so impressively after a single FMT and others fail to do so?

3) Is FTM more effective in case of short disease duration?
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Figure 1. Mechanisms involved in the ethiopathogenesis (side a) and in the treat-
ment (side b) of IBD, by influencing intestinal microbiota composition.

4) Donor characteristics are equally very important too, especially donor’s microbial profile.

5) The long-term follow up data of FMT such as infections, intestinal inflammation and tumors are still lack-
ing and need to be investigated.

6) We have also some impediments that limit FMT use in IBD, such as ethical and social issues, poor screen-
ing of donors, no standard administration of FMT, no standardized preparation of fecal samples, risk of danger-
ous side effects are not completely investigated.

7) Fresh vs. frozen stool vs. capsules: what is better?

8) Volume and route of fecal material administration especially in children.

So further studies are necessary to exclude that FMT could be a fancy trend [61].

The most relevant factors involved in the etiopathogenesis (side a) and treatment (side b) of IBD are reported
in Figure 1.

8. Conclusions

It is not yet clearly demonstrated if dysbiosis causes inflammation or it is a consequence of it (or both). The ge-
netic damages are observed as well as immunological alterations both that innate and adaptative. Several studies
are investigating the different branches of the pathogenesis of IBD in order to treat all of them. Food and artifi-
cial nutrition have been observed to be able to modulate both intestinal microbiota and immune system; there-
fore, we have to investigate more and more nutrigenomic field.

Confirming data on restoring the microbiome as a treatment of IBD is mandatory, although many studies
agree on the anti-inflammatory properties of F. prausnitzii as well as the necessity of increasing bifidobacteria.

Duration of remission after FMT, volume, formulation, and characteristics related to the donor, doses and
methods of extraction of FM is still unclear and deserve confirmations, but particular attention has to be paid to
the FMT in children.

However we have to better understand the relationships between the different fields of research inducing ex-
acerbation or remission of IBD and the timing of the different intervention treatments.
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