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a  b  s  t  r  a  c  t

Since  the  first  publication  on “regional  ileitis”,  the relevance  of  this  chronic  inflammatory  disease
condition  termed  finally  as  Crohn’s  disease  is continuously  increasing.  Although  we  are  beginning  to
comprehend  certain  aspects  of its  pathogenesis,  many  facets  remain  unexplored.  Host’s  gut microbiota  is
involved in  a wide  range  of  physiological  and  pathological  processes  including  immune  system  develop-
ment,  and  pathogen  regulation.  Further,  the  microbiome  is  thought  to  play  a key  role  in  Crohn’s  disease.
The  presence  of  Crohn’s-associated  variants  of NOD2  and  ATG16L  genes  appears  to  be associated  not
only  with  alterations  of  mucosal  barrier  functions,  and  bacterial  killing,  but  the  gut  microbiota,  as  well,
reflecting  a potential  relationship  between  the  host’s  genotype  and  intestinal  dysbiosis,  involved  in dis-
ease  etiology.  This  review  aims  to characterize  some  exciting  new  aspect  of  Crohn’s  disease  pathology,
focusing  mainly  on  the role  of  intestinal  microbes,  and  their  interplay  with  the  immune  system  of  the
host.

© 2015  Elsevier  Ltd.  All  rights  reserved.
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1. Introduction

Crohn’s disease (CD) and ulcerative colitis (UC), the main clinical
phenotypes of idiopathic, relapsing-remitting inflammatory bowel
disease (IBD) are systemic disorders affecting the gastrointesti-
nal (GI) tract with frequent extraintestinal manifestations [1]. IBD,
as a polygenic immune disorder with complex multifactor etiol-
ogy, generally is arising in susceptible individuals in whom upon
environmental triggers a sustained disturbed, deleterious mucosal
immune reaction is provoked toward commensal microbiota [2]. In
IBD the epithelial barrier function is critical for the disease onset.
Since the epithelium is densely inhabited by a resident microbial
flora, the role of native immunity is particularly appreciated in
recognizing and distinguishing commensal enteric bacteria from
the invading ones, and thus, in maintaining tolerance and homeo-
stasis [2]. Subsequently, the chronic unrestrained inflammatory
response is mainly driven by a disintegrated host immune regu-
latory network. In CD development the host genetic susceptibility
also represents an important etiologic factor [3,4]. Many of the
recently identified genetic risk loci in CD are related to various cell
types and pathways, suggesting the involvement of fairly different
aspects of host immune responses in the IBD phenotype. Missing
heritability in CD cannot be simply explained by genetic alterations
[2]. Moreover, the fact of the worldwide considerable increase in
disease incidence and prevalance emphasizes the importance of
additional, environmental and epigenetic contributions [5,6]. The
interplay of genes regulating immune functions is strongly affected
by the environment, especially intestinal resident microbiota. On
the basis of genetic alterations in CD impaired sensing and handling
of intracellular bacteria by the innate immunity, being closely inter-
related with the autophagic and unfolded protein pathways seem
to be the most relevant pathophysiologic features [7].

2. Microbiome of the gut

Although distinct microbial communities inhabit all body sur-
faces exposed to the environment (e.g. the skin, nasal cavity, vagina,
and mouth), the greatest and most varied microbial population
resides in the intestine [8]. This complex microbial community con-
sists of an array of bacteria, viruses, archaea, and microeukaryotes
[9]. The GI tract harbors 1014 microbes which collectively make
up the microbiome of the gut. Possibly more than 500–1000 sep-
arate taxa are part of the microbiome and estimates indicate that
for every somatic cell in the human body, ten bacterial cells exist;
most of which are located in the intestine [10–12]. The intesti-
nal microbiota has lately been the subject of much research and
an increasing amount of evidence implies that the microbiota is
involved in a wide range of physiological and pathological pro-
cesses in the host. The microbial community of the GI tract plays
an important part in human metabolism, immune system develop-
ment, and pathogen regulation. Correspondingly, the microbiome
is thought to be involved in the pathogenesis of numerous dis-
eases and pathogenic processes, including: IBD; asthma and atopy;
neoplasia; insulin resistance; obesity; and atherosclerosis [13–19].

2.1. Normal gastrointestinal microbiome profile

The normal microbiota of the GI tract may  be defined according
to diversity of microbial composition (i.e. richness and evenness),
and functional features. Previously, culture-based techniques were
employed to investigate the microbial composition of the intes-
tine; however, due to the challenging nature of gut bacteria (i.e.
most required strict anaerobic conditions) only a fraction of these
microbes can be cultured. After the introduction of more sensitive
culture-independent methods, culturing has become less favored

[20,21]. New molecular-oriented techniques involving large-scale
high-throughput DNA sequencing enable wider identification of
the microbiota structure and functional capacity. The 16S rRNA
gene is present in all prokaryotes and is therefore suitable for
sequencing studies targeting the gastrointestinal microbiome. Fur-
thermore, different taxa may  be identified due to the presence
of variable domains [22]. While 16S rRNA studies rely on tech-
niques such as PCR amplification or direct sequencing of a specific
gene to investigate the compositional diversity of the microbiota,
metagenomic studies analyze all genes of a distinct ecological com-
munity to provide an understanding of both the composition and
functional capacity of microbes [23]. Additionally, microbial func-
tion may  be studied more extensively by analyzing the abundance
and diversity of proteins (metaproteomics), RNA content (meta-
transcriptomics), and presence of metabolites (metabolomics) [23].
Eckburg et al. conducted a comparative analysis of 16S rRNA gene
sequences from fecal and mucosal samples retrieved from three
healthy subjects [24]. One archaeal and 395 bacterial phylotypes
were singled out. Detected bacterial phylotypes were predomi-
nantly those of the Bacteroidetes and Firmicutes,  and considerable
variations in the Bacteroidetes phylotypes existed between the
three subjects. Additionally, some sequences were related to the
Actinobacteria, Proteobacteria,  Verrucomicrobia, and Fusobacteria.
Interestingly, in two of the subjects the majority of the mucosal
bacterial composition was significantly different from the corre-
sponding fecal bacterial composition, indicating that the structure
of the microbiota varies axially through the GI tract from the
mucosa to the lumen [24]. Several studies published in associ-
ation with the Human Microbiome Project, have broadened our
knowledge and understanding of the microbiome [25,26]. Turn-
baugh et al. conducted a study describing microbial populations
in the feces of dizygotic and monozygotic twins concordant for
obesity and leanness [25]. Although interpersonal variations in bac-
terial phylotypes existed, a large collection of microbial genes were
shared among the subjects of the study. This implied the existence
of a functional core (i.e. a core microbiome) conserved at the gene
level regardless of individual differences observed in the gut micro-
bial composition [25]. A study by Qin et al., involving 124 random
European subjects, further substantiated the findings of Eckburg
et al. and Turnbaugh et al. [11,24,25]. Firmicutes and Bacteroidetes
phyla accounted for the majority of the microbes found in stool
samples, and approximately 38% of an individual’s total micro-
bial gene pool was  shared with 50% of the other subjects in the
study [11]. Moreover, a study by Harrell et al. found differences
between the mucosa-associated and luminal microbes, also noting
that bowel-preparations (i.e. colonic lavage) modified the diver-
sity of the mucosal microbiota [26]. Through a large cohort study,
the Human Microbiome Project Consortium aimed to describe the
ecology of different communities of microbes found in humans.
Samples were collected from different body sites, including the
vagina (in women), skin, and oropharynx of 242 healthy adults
[27]. The microbiota of the lower intestine was evaluated on the
basis of stool samples. As previous studies had implied, the rich-
est and most varied microbiome was  that of the lower GI tract;
and the Bacteroidetes and Firmicutes phyla were the predominant
phylotypes found in the intestinal samples (i.e. the stool samples).
Additionally, the cohort described a somewhat even arrangement
of various metabolic pathways across body habitats and individ-
uals, although variations in the relative predominance of bacterial
genera and species were observed among the subjects [27].

2.2. Variations within the normal intestinal microbiome:
Distribution, longitudinal and axial differences

The density of microorganisms differs longitudinally along var-
ious points of the GI tract, with the lowest numbers of colony
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