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An Overview of Inflammatory Bowel Disease: General
Consideration and Genetic Screening Approach in
Diagnosis of Early Onset Subsets
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cal Sciences,International Campus Inflammatory bowel disease (IBD) is the consequence of an aberrant hemostasis of
(TUMS-IC), Tehran, Iran. the immune cells at the gut mucosal border. Based on clinical manifestation, laboratory

tests, radiological studies, endoscopic and histological features, this disease is divided
o ) ) into three main types including Crohn’s disease (CD), Ulcerative colitis (UC), and IBD-
University of Medical Sciences, Tehran, unclassified (IBD-U). IBD is frequently presented in adults, but about 20% of IBD cases
Iran are diagnosed during childhood called pediatric IBD (PIBD). Some patients in the latter
group emerge the first symptoms during infancy or under 5 years of age named infantile
and very early onset IBD (VEO-IBD), respectively. These subtypes make a small fraction
of PIBD, but they have exclusive phenotypic and genetic characteristics such that they are
accompanied by severe disease course and resistance to conventional therapy.
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In this context, understanding the underlying molecular pathology opens a promising
field for individualized and effective treatment. Here, we describe current hypotheses on
IBD pathophysiology then explain the new idea about genetic screening technology as a
good potential approach to identify the causal variants early in the disease manifestation,
which is especially important for the fast and accurate treatment of VEO-IBD.
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INTRODUCTION

Although the exact mechanism of inflammatory bowel disease (IBD)
is unknown, it is believed that an abnormal intestinal mucosal immune
response to environmental triggers leads to an uncontrolled inflam-
mation of epithelial cell lining of the intestine.!? The immune system
of gut has a major role in providing an appropriate response to harm-
ful pathogens; meanwhile, induces an immune tolerance to harmless
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Shahram Teimourian Ph.D., P.D immune hemostasis is disturbed in patients with IBD. Over the past
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Iran the incidence and prevalence of IBD in adults and children.” Reasons
g:;:gg %i ggzg;%; behind this is unclear, but alteration of lifestyle and nutritional hab-
Email: teimourian.sh@iums.ac.ir its are among prominent ones.® Moreover, in some countries such as
Received: 14 Dec. 2016 Iran, India, and China, along with industrialization and westernization,
Accepted: 02 Mar. 2017 a growing number of these cases have been emerged.’

Needless to say, IBD is a complex disease and in contrast to common
forms of these disorders in which an interaction among some genes and
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external factors leads to the disease, in a small sub-
set of them a single gene can be held as an underly-
ing factor inducing the disease. This latter group is
called monogenic IBD, which is mostly manifested
during infancy, but it has been reported, with a lesser
extent, in later life® With improvement of molecular
technology like next generation sequencing (NGS)
it is now proposed to screen whole exome /genome
of candidate gene or genes to find out molecular pa-
thology of the disease, and then we would be able to
offer the best and evidence based treatment.

PATHOGENESIS OF IBD

A-External Factors

1-Gastrointestinsl Microbiota

A growing body of data indicates the importance of
gut microbiom in the generation of immune hemosta-
sis at gastrointestinal (GI) epithelial level.*!! We can
classify the gut luminal microorganisms into two ma-
jor groups including beneficial microbes and patho-
genic ones. GI tract is the natural habitat of a large
number of microorganisms consisted of around 100
trillion microbes '? from more than 1000 species. 314
This microbiota has a crucial role in the gut mucosa
immune hemostasis. Any abnormalities in the inter-
action between the mucosal and the gut microbiom
can lead to detrimental effect on the human health. At
birth, the gut is largely free of any microorganism'?
but during early few days of life the infants’ gut initi-
ates to be colonized by microorganisms of different
groups. On conventional delivery, newborns get the
primary GI flora from vaginal and fecal sources, while
those who are delivered by caesarean section acquire
their microbiota from hospital environment.'>!¢ it is
believed that the first year of life is a vital time for
establishing the gut microbiata by which making and
maturation of the gut immune hemostasis ensue.

2-Diet

Much like microorganisms, diet has a crucial role
in shaping the immune status of the gut. For instance,
human milk in addition to providing nutritional re-
quirements and immunity can be a source of benefi-
cial bacteria.!” Moreover, in vitro experiments have
documented that some ingredients of milk such as
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human milk oligosaccharides (HMOS) are benefi-
cial to the health of the gut.'® Cruciferous vegetables
are other striking examples, which show the role of
diet in controlling the immune activity. It has been
documented that some chemical compounds of these
substances can bind to aryl hydrocarbon receptors
(AhRs). These receptors are abundant in intraepithe-
lial lymphocytes (IELs), which are mainly CD8 pos-
itive T cells. And binding of AhRs with their ligands
leads to activation of Treg (The regulatory T- cells)
inducing and maintaining tolerance .!%%!

B- Internal factors

1- The architecture of gut lining cells

In addition to nutrient absorption, epithelial lining
cells have some specialized and differentiated cell lin-
eages such as goblet, Paneth, and microfold (M) cells
isolating milieu beneath the epithelial sheets from
luminal contents and concurrently orchestrate the im-
mune hemostasis along the gut mucosa. Any abnor-
malities in the architecture and biology of lining cells
can cause inflammation.'*

These epithelial cell sheets function as a barrier
against exposure of luminal content to the circulation.
This ability depends on stability of tight junctions,
which act like seals between cells.??> Goblet cells, in-
terspersed within epithelial cells, produce mucin layer
covering the gut cell sheets by which they make a pro-
tection against invasion of pathogens, toxin, enzymes,
and abrasion. It is noteworthy to notice that mucus
structure is different in small and large intestine. In
contrast to a single layer in small intestine, there is a
dual structure in colon. The latter has been made from
two separate layers, the inner part is denser than the
outer layer, and thereby it limits microbes’ attach-
ment to epithelial lining cells especially in colon with
a larger community of microorganisms. Additionally,
these dual layers prevent from flaring of inflammatory
response to commensal flora of the colon.? It can be
hypothesized that this special structure of mucin in
colonic part of the intestine makes limitation in motil-
ity and adherence of commensal or pathogen micro-
organisms to the gut lining cells. Therefore, it is not
surprising any mutation causing disruption in normal
function of mucin producing cells (Goblet cells) re-




sults in an inflammatory response. Regarding this, it
is documented that deletion of Muc2 (mucin) gene in
mice causes spontaneous colitis.?*

The second type of the gut lining cells is the Paneth
cells located at the bottom of intestinal crypts. They
have major role in controlling the microbial popula-
tion and the mucosal immune hemostasis. Paneth cells
secrete some vital effectors including lysozyme and
phospholipase A2, defensins HD5, and HD6 inducing
microbial cell lysis. These substances are produced in
response to exogenous triggers like bacterial compo-
nents such as lipopolysaccharide (LPS), lipoteichoic
acid (LTA), and Muramyle dipeptide (MDP). Secre-
tion of these antimicrobial peptides (AMPS) are medi-
ated by Toll-like receptors (TLRS) and NOD2 signal-
ing pathways."»

It is clear that any disturbance to the biological path-
ways of intestinal epithelial cells (IELs), implicated in
the maintenance of integrity and functionality, leads to
pathological impact. For instance, genes that control
barrier integrity (CDH1, GNA12, PTP2) 2% | epithelial
regeneration (HNF4 and NKX2-3)*-° and those desta-
bilize the tight junction through activation of G protein
(encoded by GNA12) or non-functional connexin-43 3!
all could increase the risk of intestinal disorders.

Intraepithelial lymphocytes (IELs) are among the
gut lining cells, which are subdivided by their specific
surface TCR(T-cell receptor) into yd and af3 T cells.
In mice, it has been shown that gamma delta ones are
preferably organized at the epithelial layer of skin,
uterus, and intestine.*> The yd T cells have cytolytic
and cytoprotective activities such that they secrete an-
tibacterial lectin, Reg 11 vy, or emerge killer activities
in response to the infection of enterocytes.* It has also
been shown that gammadelta IELs are important in
suppressing inflammation in the gut.*

In order to establish the mucosal immune hemo-
stasis, the gut epithelium must be able to introduce
the luminal content to the immune system lying be-
neath the epithelial sheets. This process is very crit-
ical in the determination of immune fate; tolerance
against activation. There are some special and differ-
ent cells committed to do this named antigen present-
ing cells (APC) classified under two main groups.

Enterocytes pass luminal contents by receptor-
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mediated pinocytosis. Firstly, exogenous materi-
als are engulfed and through passing across the
cell they processed and expressed on the opposite
side of the cell-basolateral side- in close proxim-
ity to major histocompatibility complex (MHC). It
is intriguing that under normal conditions, the gut
substances are expressed without co-stimulatory
molecules such as B7-1 or B7-2 and presentation
of this kind induce anergy of CD4+ T-cells to spe-
cific antigen.*® The dendritic cells (DCs) are the
second type of APCs. These cells are different in
terms of markers they express and places they lo-
cate. They have been scattered throughout the in-
testine including lamina propria, which is the home
to CD 103+ and CD 103— DCs and Peyers patches
encompassing CD 103+ cells. It has been shown
that CD 103+ DCs have an important role in tolero-
genic response.* The DCs that are CX3CR1+ con-
nect to the gut lumen by an extended arm-liked
project that pass from tight junction between cells
by which they can taste the lumen content. On the
other hand, It has been documented that antigen
transferring between cells is a connexin 43-depen-
dent manner and any fault in this pathway prevents
CD103+ DCs from presenting antigen to T regu-
latory cells and subsequently tolerogenic response
would not be ensued.’! Additionally, the GI tract is
filled with lymphoid structure, so it is not surpris-
ing any abnormalities in both arms of the immune
system could affect the normal function of the gut.
Chronic granulomatosis disease (CGD) is an obvi-
ous example of innate-mediated immunodeficiency
in which disturbance in nicotinamide adenine di-
nucleotide phosphate (NADPH) oxidase complex
is linked to IBD-like complication.’’* The immune
system of these patients is not able to eradicate for-
eign microorganisms and eventually results in in-
flammation and granuloma formation.

2-The genetics factors

Epidemiological evidence, ethnic tendency, and
family and twin studies all reveal that genetic com-
ponents play an important role in IBD. It has been
shown that different ethnicity/racial groups have
different prevalence. This disease is more common
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in white and has high prevalence in North America,
Northern Europe, and UK. “*#! In addition, the rate of
disease is higher among people of Jewish population
42 especially Ashkenazi Jews. Moreover, familial ag-
gregation studies of the IBD with different types, CD
or UC, and also twin studies show a high concor-
dance in monozygotic twins compared with fraternal
ones. Additionally, the relative sib risk, As, is 30-40
for CD and 10-20 for UC. #“* Concordance of IBD
among monozygotic twins together with the aggre-
gation of the disease in families are in favor of the
genetic role in the disease pathogenesis. On the other
hand, occurring IBD in immigrants to countries with
the high prevalence of the disease along with an in-
creasing number of the disease with industrialization
and westernization in area with previously low rate
prevalence such as Iran, India, Lebanon, and South
Korea, ** all highlight the significant effect of envi-
ronmental triggers in the IBD.

Regarding this, a large growing body of evidence
suggests that genetic susceptible genes and interac-
tion of them with environmental factors are critical
in the disease pathogenesis. Over the past decades,
international researchers have been collaborated to
search for IBD susceptibility factors. At first, they
used informative microsatellite markers to find sus-
ceptibility locus based on linkage analysis strate-
gies. But, this type of study has some drawbacks
in mapping genes conferring susceptibility to the
complex diseases. This low success rate of linkage
analysis to identify causative genes was the reason
why in 1996 Rish and Merikangas declared associa-
tion studies were more powerful tools for detection
of the disease underlying genes. The best marker
for this purpose is single nucleotide polymorphisms
(SNPs) because they are abundant across the hu-
man genome and in comparison with microsatellite
the probability of mutation occurrence is low; ad-
ditionally, genotyping of them is easy. Novel tech-
nologies provide an opportunity to scan throughout
the genome for finding susceptibility loci. Genome
wide association studies (GWAS) have detected
many loci as the causal factors. Identification of
these variants shed light on the pathways involved
in the IBD pathogenesis.*® With better understand-
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ing of molecular pathology of the disease, the bet-
ter treatment ensues. Recent GWAS have identified
163 loci for IBD, some of which are common in
other inflammatory diseases.*” More recently, it has
been documented that of the 163 loci, 30 loci are
specific to CD, 23 loci to UC, and 110 loci are in
common.*® Additionally, an analysis comprising in-
dividuals of European and non-European countries
have detected 38 new additional loci.*’

Obviously, GWAS have unprecedented ability
to find susceptibility factors that play an important
role in the pathogenesis of the disease and confer
a relative risk to carrier of them. But, it must be
taken into consideration that association instead of
being a genetic event is a statistical statement. Most
association studies seek to find linkage disequilib-
rium (LD), which means by using biomarkers such
as tag—SNPs it could identify a haplotype block that
is linked to the disease susceptibility factors. It is
also important to note association studies do geno-
typing a large number of tagging SNPs determined
by Hap Map project. These variants lie on the an-
cient hyplotype blocks and persist during thousands
of generations of natural selection. So, they have
very mildly detrimental effects and high frequency
in populations. In addition, common diseases have
a spectrum of genetic determinations. At one end,
there are variants with very small influence and at
the other end there are variants with a major effect
that cause Mendelian subsets. Somewhere between
these extremities there are variants with a modest
power that are strong enough to undergo natural se-
lection and finally, to be removed from human ge-
nome. The process is balanced by de novo mutation
that inserts new variants into genome. The fact that
GWAS are the means to identify ancient common
variants that persisted through many generations
of natural selection, tells us for variants with rapid
turnover such as Mendelian and those with a modest
power, which we described above, will not be appro-
priate methods. Instead, we need to do resequencing
of candidate genes, whole genome, or exome to pick
up recent or new mutations.

IBD CLASSIFICATIONS




IBD is a heterogeneous disease with a wide range
of phenotypic manifestations. The classification of
IBD in such a way that covers all phenotypes is dif-
ficult because there are some rare phenotypes with
distinct and unconventional properties. However, it
is mainly divided into two types including Crohn’s
disease (CD) and ulcerative colitis (UC). Sometimes
patients who reveal colonic involvement without
typical finding for CD or UC are classified as U-
IBD.*® But, this stratification could not include all
phenotypes in appropriate groups. Subclassification
of IBD was revised in Vienna, in 1988, and some
variables including the age of onset, behavior, and
location of disease were added.”' In the second re-
vision, the Montreal classification, the number of
variables was not modified, but some changes within
each parameter were created.> The patient with IBD
in whom the disease manifests under 17 years of
age are considered as having pediatric IBD (PIBD),
which is about 20-25% of IBD. The Montreal clas-
sification had weaknesses in categorization of PIBD
until the pediatric Paris classification defined PIBD
as Al group and then further divided that into Ala
for those with the onset under 10 years of age and
A1b when the disease manifests initially between 10
and 17 years of age. Some papers describe the Ala
group as early onset IBD and the disease that is pre-
sented under 6 years of age is named as very early
onset IBD (VEO-IBD) constituting 15% of PIBD.>
Finally a small group of patients with PIBD (less
than 1%) fall into infantile IBD group who have the
disease during the first year of life.

PIBD and adult IBD have clear difference in their
genetic background and the course of the disease.’*
Some studies have suggested that childhood onset
IBD has extended involvement of GI tract and dif-
ferent response to therapy.>

Epidemiology of IBD

The prevalence of adult IBD is higher in Europe
with predominance of UC over CD (505 and 322 per
100000 per year, respectively). Interestingly, increas-
ing numbers of the disease have been reported in
some areas with previously low prevalence.’® Many
studies before 1990s revealed that the incidence of
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Table 1: Important pathways involved in VEO-IBD pathogenesis

- G-protein coupled receptors

- Innate and adaptive immunity

- The pathways linked to the epithelial lining cell biology
- Th17 pathway

[V, 0 N U I B NS

- T-cell negative regulator including:

-IL-10 signaling pathway

-T reg cells activity

the PIBD was increasing with the predominance of
CD over UC. But, this increasing trend in the num-
ber of disease is limited to a specific age. Regarding
to these studies, increasing in the incidence rate of
PIBD is evident among children older than 10 years.
On the contrary, this is not true in children under 5
years of age. As a whole, such evidence suggests that
genetics are stronger factors in VEO-IBD and infan-
tile IBD compared with environmental elements that
are crucial in the conventional IBD.*®

Therefore, a special consideration should be taken
into account for genetic aspect of the PIBD. As afore-
mentioned, GWAS have revealed a lot of loci involv-
ing in the pathogenesis of the disease. Most of them
are implicated in seven distinct pathways (table 1).3-

DIAGNOSIS

Generally, the diagnosis of IBD is established
based on clinical presentation, physical examina-
tion, endoscopic/histological findings, and imag-
ing studies. According to Porto criteria prepared
in March 2004 in Portugal, any child with symp-
toms such as abdominal pain, diarrhea, weight loss,
and rectal bleeding with continuous (> 4wecks)
and relapsing manner (= 2 episodes in 6 months)
should be considered as probably having the dis-
ease. Despite similarities in adult onset IBD and
PIBD, some unique features are emerged by the
latter type. Of these, we can point out to delay in
growth and puberty and impairment of skeletal de-
velopment.®'%? In fact, 85% of PIBD with CD and
65 % of patients with UC have growth failure as a
major symptom at the time of visiting.®>%* Severe
psychological disorders, risk of cancers, and sur-
gical interventions are among other concerns that
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Table 2: Key Findings in IBD subsets

Contributing triggers and disease

Types of disease

features Conventional IBD Monogenic IBD
Environmental factors stronger weaker
Genetic background Complex Mendelian
Frequency of subtypes ucC CD
The course of disease Milder Severe
Response to therapy Good Poor
Atypical finding in endoscopy and histology Lesser More
Age of onset >7 Yrs <6YTs
Perianal disease Lesser More
Consanguinity Important Essential

Sexuality

A subtle difference A male predominance

should be considered. Owing to a large burden of
delay in the diagnosis of the PIBD, early and accu-
rate non-invasive techniques for screening the un-
derlying causes of the disease, and then definitive
diagnosis is essential for the targeted and effective
treatment. The mean delay in the diagnosis of the
PIBD with CD and UC phenotypes are 1-11 months
and 5-8 months, respectively.®®> Full endoscopic in-
vestigation is a gold standard for the diagnosis of
the PIBD.** According to revised Porto criteria,
Ileocolonoscopy and esophagogastroduodenoscopy
(EGD) are recommended at the initial diagnostic
evaluation. Small bowel imaging is recommended in
all cases with IBD, especially those with IBD-U.% It
has been documented that under 6 years of age, there
is a notable increase in monogenic form of IBD. On
the other hand, after the age of 7 years, the frequency
of conventional polygenic IBD increases.®*®’” More-
over, around one-fifth of PIBD younger than 6 years
and one-third of those before 3 years of age are di-
agnosed as IBD-U.®® This latter group includes pa-
tients with definite IBD in whom the inflammation
is confined to colon, but differentiation between UC
and CD even after a complete diagnostic evaluation
is not obtainable.® In addition, there is a broad spec-
trum of rare genetic disorders that are monogenic
and mimic IBD manifestations. Diagnosis of them
provide an evidence-based therapy by which com-
plete cure would not be far from access. Moreover,
rapid and definitive diagnosis helps us to save time
and prevent from using inappropriate treatment that
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is very important in the effectiveness of treatment.
Current diagnostic guidelines cannot represent a
complete approach in the differential diagnosis of all
these orphan diseases.

These findings have addressed the need for a
much more detailed classification and using a novel
and suitable diagnostic approach to identify the un-
derlying causes of these special subsets. Genetic
screening makes an opportunity to achieve a con-
siderable success in the diagnosis of the molecular
pathology of the disease. Regarding this, GWAS
is suitable method for identifying variants that are
common in population and likely present on shared
ancient blocks, which have very small individual
effects on the disease susceptibility. Instead, when
we deal with rare variants with stronger individual
effects that likely to be produced by recent mutation,
it would be necessary to screen candidate gene or
genes of interest to pick up the postulated variants.

Accurate diagnosis is the mainstay of effective
treatment. For this, we need a complete and knowl-
edge-based diagnostic evaluation by which we can
improve the chance of the definitive diagnosis. In
addition, considering some cues in the context of
GI symptoms, such as the age of onset, extraint-
estinal manifestations such as perianal disease, the
inheritance pattern of the disease, consanguinity,
treatment failure with conventional medications,
familial aggregation, and specific clinical findings,
guide us to think about the possibility of specific
causal elements (table 2).666°
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1-clinical presentation
2-physical examination
3-Family history

Laboratory assays

Full endoscopic investigation

Imaging studies

Selection of candidate gene or

genes

Genetic analysis of candidate genes

Show variant

None

Functional study

Confirm genetic study

Fig.1: The current strategies for PIBD. It is important to rule out enteric infection. For monogenic IBD the data obtained by preliminary
measures are used as a guidance to define the candidate genes, which must be screened to find out the underlying causal variants.

Diagnostic Approach to PIBD

Lack of a precise method for phenotyping of the
PIBD leads to categorization of some subtypes with-
in U-IBD. So, it is important to use novel strategies
to recognize the underlying molecular pathology
of the disease without delay. In the current classic
strategies, initial functional studies are followed by
genetic testing. As it is mentioned before, there are
many rare genetic diseases with GI manifestations
that distinguishing them from each other, solely
based on current diagnostic evaluation, is frequent-
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ly known as a challenge. In the classic strategies,
the diagnostic approach for PIBD begins by physi-
cal examination, taking of medical, clinical, and
family history followed by other complementary
assays. If there is an index of suspicion about some
genetic variants, as the underlying causes, genetic
screening is done. But, it is time-consuming and
costly and in most cases it does not lead to a defini-
tive diagnosis (figure 1). By this approach, it is only
possible to divide the disease into CD, UC, U-IBD,
and IBD-like disorders. Therefore, for subtyping




sease

Fig.2: The supposed strategy to approach patients was suspected monogenic IBD. The importance of early and precise diagnosis in the
outcome of the disease convinces researchers using parallel genetic screening followed by functional studies in the initial steps as an
alternative option for making a diagnosis with higher sensitivity. In this context the early and targeted therapy would not be far from access.

Middle East Journal of Digestive Diseases/ Vol.9/ No.2/ April 2017




and distinguishing monogenic types from the con-
ventional polygenic ones, we need a more powerful
tool to deal with this problem. Moreover, by using
some specific phenotypic characteristics we can
make a good degree of suspicion for the underlying
factors of the disease. For instance, finding trichor-
rhexis nodosa, which is an abnormality in the hair
shaft, in the context of abdominal discomfort cre-
ates a strong suspicion toward a genetic defect in
tetratricopeptide repeat domain 37 (TTC37) gene as
an underlying cause of monogenic IBD. Addition-
ally, age is one of the most important elements in
discrimination of IBD subtypes, which means the
beginning of IBD before 2 years of age is in favor of
monogenic type of the disease. Some genetic vari-
ants are exclusively identified in the certain times-
cale. For example, IL-10 signaling pathway defect is
reported just in infancy or early childhood, while both
Wiskott-Aldrich (WAS) and Immune Dysregulation,
Polyendocrinopathy, Enteropathy, X-Linked (IPEX )
are described early and late in life. 77!

By improving sequencing technologies, we are
able to identify the sequences of large amount of
genome in parallel at a greatly reduced cost over
a very short time. Adding reliability and precision
features to these novel sequencing methods makes
them powerful and special means by which human
genome studies have been revolutionized.”” In this
context, it is not surprising to be faced with some
modifications in classic approach for better diag-
nosis of the underlying causal factors of the PIBD.
Based on this modified approach at first the whole
genome/exome WES(whole exome sequencing) or
WGS (whole genome sequencing) of candidate genes
are monitored by NGS method. When potential vari-
ants are identified their biological effects must be con-
firmed by additional functional studies (figure 2).

CONCLUSION:

In current practice, the starting point to deal
with IBD is the analysis of the clinical findings and
performing a combination of physical examina-
tions, laboratory, and diagnostic evaluations. This
approach is not a good strategy in differentiation
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between monogenic and conventional IBD, which
are discrete entities and need different approaching
in terms of diagnosis and treatment. In the NGS
era it is now possible to modify the starting point
to increase the likelihood of accurate and rapid di-
agnosis that is necessary to ensure effective treat-
ment. In this new strategy, early genomic screening
is used in an effort to find causative genetic variants
then followed by functional studies. In this way, we
will be able to find out some variants with complete
and incomplete penetrance with variable effect on
gene function. This facilitates to define genotype-
phenotype correlation and recognize subsets that
have already been categorized as U-IBD. On the
other hand, with improving our knowledge in cell
biology and signaling pathways contributing to the
gut hemostasis, it would be a lot easier to detect the
underlying cause of the IBD by targeted screening
of genes of interest. More recently, it has been pro-
posed that miRNA and epigenetic mechanism may
play a notable role in the IBD pathogenesis.*® The
identification of normal gene expression profile at
either transcript or protein level across the gut lin-
ing cells, will provide a comprehensive description
of cells activity over entirely distinct part of the gut.
In this context, it could be postulated that during
histology examination by comparing the gene ex-
pression profile in health and disease status, in the
future it might be feasible using these features as
biomarkers to make a preliminary diagnosis in both
of the monogenic and even conventional polygenic
IBD directing therapeutic strategies.
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