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Abstract: Inflammatory bowel diseases are considered immune disorders with a complex genetic architecture involving constantly
changing endogenous and exogenous factors. The rapid evolution of genomic technologies and the emergence of newly discovered
molecular actors are compelling the research community to reevaluate the knowledge and molecular processes. The human intestinal
tract contains intestinal human microbiota consisting of commensal, pathogenic, and symbiotic strains leading to immune responses that can
contribute and lead to both systemic and intestinal disorders including IBD. In this review, we attempted to highlight some updates of the
new IBD features related to genomics, microbiota, new emerging therapies and some major established IBD risk factors.
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Introduction

Research in the inflammatory bowel disease (IBD) field is considered one of the most relevant challenges of modern
gastroenterology. IBD is becoming more well recognized as a complex condition that can be brought on or made worse
by a variety of causes, including genetic predisposition, environmental variables including smoking and diet, varying
immune responses, and changes in the microbiota present in the intestine’ and IBD prevalence is higher in developed
countries and is estimated to more than 6 million patients worldwide.? An emergence of IBD cases is observed in
developing countries; newly industrialized countries are experiencing an acceleration of IBD incidence in India, South
Korea, China and North Africa and Middle East explained by gradual lifestyle westernization, essentially consisting in
the change of eating habits, leading to an increase of IBD incidence. Western regions are undergoing the compounding
prevalence stage. The evolution of IBD is related to industrial expansion specifically in North America and Western
Europe with a fundamental societal shift toward urbanization, agriculture, manufacturing, and transportation. A number
of studies have been published that note its effect on patients’ health wherein they suffered from numerous digestive
disorders that are non-infectious and formally named ulcerative colitis.> IBD is considered a major problem in medicine,
due to the high costs of treatment, frequent disability in youngsters and active adults, and the complexity of social
rehabilitation of patients.* It also has a substantial impact on the quality of life of both patients and their families as it
requires lifelong modifications to behavior, lifestyle, and dietary habits.’

IBD is represented by two pathologies: ulcerative colitis (UC) and Crohn’s disease (CD). The phenotypic spectrum of
each one differs, with gastrointestinal and extra-intestinal signs as its hallmarks.® Nevertheless they have several clinical
similarities, as they lead to ulceration. Clinical manifestations present as periods of relapses interspersed with periods of
remissions. In contrast; there are some specific differences between UC and CD. In fact, CD affects the whole digestive
system and is typified by a transmural inflammation with skip lesions occurring from the mouth to anus, but character-
istically involving the terminal ileum,"'” whereas UC is characterized by an initial inflammatory process in the rectum
which progressively spreads to the totality of the colon. Macroscopically, CD affects the intestinal epithelium by causing
transmural inflammation, successively degrading mucosa, submucosa, musculosa externa and serosa adventive, whereas
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UC affects only mucosa and submucosa.
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Additionally, some gastrointestinal illnesses can closely resemble IBD, which can delay diagnosis and make choosing
a course of treatment more difficult. The challenges are exacerbated by limitations on endoscopic capability and a lack of
skilled diagnostic pathologists.® Over decades, significant research progress has been accomplished in the field of IBD in
order to unravel the IBD pathogenesis. Genetic, genomics and molecular biology advances have provided the most relevant
data in terms of genes involved, gene-gene and gene-environment interactions, molecular pathways, and immunity and
microbiota factors. In this review, we updated some recent major breakthroughs in the aforementioned areas.

Genetic and Genomic Advances

Research has shown the existence of a genetic component in the onset of IBD. Indeed, epidemiological studies have demon-
strated a high genetic contribution (As ~ 15-42) for CD,® '* whereas for UC the genetic contribution was lower (As ~ 7—17).”° To
date, GWAS has identified nearly 250 loci associated with IBD'®"* For CD, genotyping of the NOD2 gene has demonstrated its
involvement in disease-onset.

According to early research, mutations in NOD2 gene mutations are linked to an increased risk of CD onset of 40%.
The NOD2 gene codes for an intra-cytoplasmic protein which has two domains that play roles in the recognition of
proteins involved in apoptosis, in the activation of NF-Kb pathways. NOD2 is expressed in Paneth cells situated in the
ileum that has a lesser degree of epithelial cells compared to the lungs, oral cavity, or intestines. NOD2 also has bacterial
components like LPS, hormonal vitamin D, short-chain fatty acids like butyrate, and pro-inflammatory cytokines like
TNF-alpha. It is a part of 110kDa cytosolic protein that is part of the NLRC subfamily. It has two CARD domains and
has a human chromosome 16p21. The central NOD domain plays a role in protein oligomerization. The C-terminal
domain, LRR, is involved in the recognition of bacterial components such as muramyl dipeptide, present in the
peptidoglycan, which is an essential element of the bacterial cell wall.NOD2 is expressed by immune cells such as
macrophages, lymphocytes, dendritic cells but also by Paneth cells.'?

Research on NOD?2 gene involvement in CD susceptibility has been performed since the beginning of the XXI century
on different European populations due to a continual incidence increase of the pathology in the Western world.'®' It was
assumed that the lower prevalence of IBD in Asia was due to the lower presence of genes susceptible to IBD in Asians, but
recently a rapid increase in the incidence and prevalence of IBD has been noted in the Asian population®*2? leading to an
extended research on NOD?2 variant prevalence in Asia. Also, numerous, recent case-control studies have been published
for the Arab population.?* 7 It has also been demonstrated that the NOD2gene serves as an independent prognostic factor
for clinical CD behavior.*® In addition, NOD2 haplotypic contribution has been evidenced for pediatric CD*’ in which
population attributable risk and total heritability of NOD2 gene was 32.9% and 3.4% respectively.*”

MiRNA regulation of the NOD2 signaling pathway was reported by Chuang et al: overexpressed miR-495, miR-192,
miR-671, and miR-512 had led to an abolishment of NOD2 mRNA expression, muramyl dipeptide-mediated NF-xB
activation, and mRNA expressions of interleukin-8 and CXCL3 in HCT116 cells. Also, a NOD 2 3-UTR SNP
(rs3135500) reduced miR-192 effects on NOD2 gene expression.”’

Most recent studies have found significant evidence in favor of 21 new loci, located within NOD2, LRRK 1, WHAMM,
DENND3, C5, TPL2, TNFSF1 MHC, and MSTI 3p2I genes, which are important in the pathogenesis of IBD.'%'*
Fachal et al, have identified novel genome-wide significant signals in joint effort with the International IBD Genetics
Consortium (32 loci associated with CD, 36 with UC, 106 with IBD). Among them, six newly identified loci were
imputed to monogenic syndromes that include colitis: CARMIL2, DOCKS, G6PC3, HPS4, NCF1, PIK3CD.*?

In addition, recent studies®® of the mechanisms of interaction of the host genotype with the environment in the
formation of an individual CD phenotype have shown the important role of epigenetics as a mediating link in the
realization of some environmental effects, genetic predispositions, and intestinal microbiota in the pathogenesis of the
formation and persistence of chronic inflammation in the intestine. Genetic susceptibility plays an important role in the
development of IBD as a number of large genomic studies show that there are more than 200 risk alleles that can trigger
a spectrum of disease phenotypes related to IBD. It is important to identify and define the heritability of IBD as host
genetics can influence the gut microbiota leading to regulated and balanced immune responses with coordinated
microbial composition. Various interactions studied in multiple genomic studies show that in IBD patients, the nature
of their microbiota changes, leading to its inflammation and alteration.*** In order to provide more tailored treatment for
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CD, it is now widely acknowledged that the investigation of epigenetic alterations, such as DNA methylation or histone
modification, is very helpful in identifying new biomarkers or targets for pharmacological therapy.*® Examples of clinical
biomarkers for diagnostic, prognostic, and therapeutic reasons include epigenetic changes in colorectal cancer, allergies
and asthma, and cardiovascular disease.’’

The importance of innate host immune response to bacteria is demonstrated by genetic discoveries related to
participation in the pathogenesis of IBD, the process of intracellular recognition of bacteria and the mechanisms of
intracellular processing of bacteria, primarily autophagy.>® An intracellular catabolic process called autophagy is
necessary for a number of cellular responses. The dysregulation or interruption of autophagy may be related to IBD
since it plays a part in preserving biological homeostasis under stress.>® Recently, it has been demonstrated that
autophagy-related genes (ATGs), including optineurin (OPTN), transcription factor EB (TFEB), and leucine-rich repeat
kinase (LRRK), are linked to an increased risk of developing colitis, indicating that these genes are crucial for
maintaining colonic immune homeostasis.*’ It is now evident that autophagy activation helps to reduce excessive
inflammatory reactions.*! Containing the nucleotide-binding domain of oligomerization protein 2(NOD2), located at
locus 16q12, plays an important role in the immune system by controlling the commensal microbiota in the intestine."

NOD?2 belongs to the leucine repeat-rich family of cytoplasmic proteins that can recognize various bacteria, acting as
intracellular sensors for bacterial peptidoglycans. This protein binds to the muramyldipeptide of gram-positive and gram-
negative bacteria, leading to the activation of signaling pathways mediated by the Nuclear Factor (NFkB). NFkB is the main
transcriptional regulator of proinflammatory cytokines, including tumor necrosis factor o (TNF-a)), which plays an important
role in the development of inflammation in CD.*?

The existence of monogenic IBD, which is brought on by a single gene deficiency, is one of the most crucial pieces of
evidence. Over the past few years, translational research into monogenic IBD has advanced quickly, and there have been
multiple reports of unique single gene mutations causing IBD.* The number of monogenic IBD disorders is increasing,
with genes divided into six groups based on the biologic mechanism. These groups include epithelial barrier defects, T-
and B-cell defects, hyper- and autoinflammatory disorders, phagocytic defects, immunoregulation, including IL-10
signaling defects, and other.** Monogenic IBD frequently exhibits partial autosomal dominant and autosomal recessive
IBD phenotypic expression. For instance, IBD-like phenotypes are seen in 20-30% of patients with XIAP deficiency or
GSD-1b caused by SLC374A4,* and in 4-9% of patients with Wiskott Aldrich Syndrome,*® and it is hypothesized that
unrelated modifier genes, epigenetic alterations, or environmental variables cause incomplete expressivity.*’ In contrast
to monogenic IBD, the effects of genetics on classical IBD (polygenic IBD) are also considerable.*® Our knowledge of
the genetic makeup and underlying mechanisms behind IBD has significantly increased as a result of genome-wide
association studies (GWAS), which have discovered roughly 240 disease loci associated with the classic adult-onset form
of the disease.*’ Similar to this, prevalent IBD variations connected to childhood-onset IBD have been researched; the
majority of these variants are connected to adult-onset IBD.

The Role of the Microbiome in the Pathogenesis of IBD
Under IBD condition, the influence of combined endogenous (genetic) and exogenous (genetic, microbial, dietary, stress)
factors can lead to intestinal barrier dysfunction by increasing its permeability, which promotes translocation of
microorganisms and products of microbial origin from the intestinal lumen into the mucous layer and intestinal
epithelium, subsequently leading to an activation of immune cells (Th1/Th2/Th17), a Th17 /Treg imbalance and cytokine
production with consequent development of chronic inflammation. In turn, the chronicity of the inflammation worsens
the already existing violations of the barrier function.”'>>

IBD can be considered a kind of “polymicrobial” disease, in which the altered intestinal microbiota — dysbiosis has
a major role.>>>*

The most important pro-inflammatory cytokines in IBD are Tumor Necrosis Factor o (TNF-a), Interleukins (IL) IL-6
and IL-23. During CD, the development of chronic inflammation is mediated by Th1 and Th17 cells involving IFNy, IL-6,
IL-12, TNF-a (Thl) and IL-17, IL21, IL-22 (Th17), respectively, whereas in UC, inflammation is mediated by Th2 and

Th17 cells involving IL-4, IL-5, IL-6, IL-13, IL15, IL-33, TNF-a (Th2) and IL-17, IL-21, IL-22 (Th17).>>>°
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IL33 can play a key role in the interaction with the intestinal microbiota in order to maintain homeostasis and ensure
protective functions of the intestinal barrier, as well as in the regulation of adaptive immunity and Th17/Treg balance. At
the same time, the IL-33/ST2 signaling axis (through the induction of an IL-4-dependent immune response) is involved
in the pathogenesis of IBD, in the active phase of which the soluble stimulating growth factor expressed by gene 2 (sST2)
is secreted by proinflammatory intestinal T cells, and the number of protective ST2-expressing Treg level decrease.’”->®

The mechanism of possible participation of the intestinal microbiota in the development and maintenance of the
inflammatory process in the intestine can be represented as follows: it is assumed that in the conditions of microbial
homeostasis, symbiotic microorganisms have a predominantly anti-inflammatory effect, by suppressing pathobionts
characterized by a potential colitogenic effect by inducing an immune response involving intestinal regulatory T cells
(Treg), anti-inflammatory interleukin IL-10 and restoring the REG3i and REG3G levels. In IBD, a combination of
genetic (NOD2/CARD15 gene mutations, ATG16L1 autophagy gene and IL-23 receptor gene) and environmental factors
cause both a violation of the barrier function of the intestinal mucosa and damage to the structure of the microbiota
(intestinal dysbiosis). A decrease in the number of “protective” symbiotic bacteria and/or an increase in the number of
pathobionts, characteristic of the state of dysbiosis, support and worsen the inflammatory process.’'>

Evidence points to abnormalities in innate and adaptive immune responses against intestinal microbiota, harmful
antigens, or extrinsic pathogens that may have crossed the intestinal barrier as playing a significant role in the
inflammatory process associated with the disease in those who are genetically susceptible.®® Innate lymphoid cells,
innate immune response (macrophages, neutrophils, and dendritic cells), and adaptive immune response (T and B cells)
cells, as well as various cytokine and chemokine types that are released by these cells, are all implicated in the
pathogenesis of IBD.°! Previous research has shown that Thl-related cytokines, such as tumor necrosis factor (TNF),
interferon (IFN)-, and interleukin (IL)-12, as well as Thl7-associated cytokines, such as IL-17A, IL-21, and IL-23, are
markedly increased in the inflamed mucosa of CD patients, whereas the cytokine profiles in the inflamed areas.®*®?

Given the significance of Tregs in controlling immunological responses, it has been proposed that abnormalities in
Tregs and their mediators play a key role in the pathogenesis of IBD. Despite the fact that there are fewer Tregs in the
peripheral blood during active IBD compared to quiescent IBD and controls,®* their anti-inflammatory capability is still
present as evidenced by their capacity to inhibit effector T-cell proliferation in vitro.%® It is possible to infer that the
immunopathogenesis of IBD is significantly influenced by the ratio of effector T-cells to Tregs rather than the absolute
quantity of Tregs.

An increase in the number of pro-inflammatory microorganisms may contribute to the activation of pro-inflammatory
T-cells (Th17), causing, in genetically susceptible people, a Th17-mediated autoimmune response. In turn, a decrease in the
number of anti-inflammatory microorganisms can lead to underdevelopment of a subpopulation of key immunoregulatory
cells (Treg). An imbalance between Th17 and Treg will eventually lead to the development of autoimmune inflammation.®®

Another possible mechanism of microbiota participation in the modulation of inflammation in the intestine may be its
interaction with Nod-like receptors. Caspase-1 and other pro-inflammatory cytokines like IL-18, and IL-1p are activated
by NOD-like receptors. It can lead to inflammatory cell death, secretion and processing of inflammatory cytokines,
colonization of gastrointestinal bacterial pathogens, and shaping of gut microbiota that plays a critical role in IBD.®’

In addition, a possible role was demonstrated in an experimental study on CARD9-associated disorders of tryptophan
microbial metabolism in the pathogenesis of IBD mediated by aryl-hydrocarbon receptors (AhR).®®

Role of Dysbiosis in IBD

Although a precise description of a healthy gut microbiome has not yet been established, dysbiosis is typically referred to
as a disrupted equilibrium between the microbiota and its host.” As a result, commensal microbiota are essential for the
early development of the immune system and microbes, and their byproducts regulate immunological responses by
inducing immune cells, communication pathways, and inflammatory mediators.”® In contrast, environmental factors, such
as dietary elements, gastrointestinal infections, drugs, psychological stress, and smoking, cause dysbiosis-associated
mucosal immune dysfunction in genetically predisposed individuals, which distinguish IBD. The mucosal immune
response becomes dysfunctional under chronic dysbiotic circumstances, which are marked by a rise in aggressive
bacterial strains and a decrease in regulatory species (Figure 1). Gut dysbiosis is likely to prolong mucosal inflammation
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Figure | The role of intestinal dysbiosis plays in the development of IBD. The gut microbiota are a reflection of the interaction between the host’s genetics and dynamic
exposure to countless stimuli from the exposome.

Notes: Role of dysbiosis in IBD. Adapted from Santana PT, Rosas SLB, Ribeiro BE, Marinho Y, de Souza HSP. Dysbiosis in inflammatory bowel disease: pathogenic role and
potential therapeutic targets. Int ] Mol Sci. 2022;23(7):3464. doi:10.3390/ijms23073464.”

and potentially result in IBD when combined with impaired intestinal barrier function.”’ IBD risk factors include altered
endoplasmic reticulum stress responses, a thinner mucus layer, and impaired physical epithelial barrier function (through
mutations in MUC19, ITLN1, FUT2, and XBP1).”> Currently, it is thought that exposure to gut antigens, such as
microbiome components, in genetically predisposed people causes an incorrect immune response that leads to the
development of human IBD.”® Although it has been suggested that changes in the gut microbiome are crucial for IBD
pathogenesis, it is still unclear how these changes take place and if dysbiosis is the disease’s primary cause or a frequent
complication.”

IBD Impacts on Pregnancy and Offspring
Offspring born to a parent with CD have a 2 to 3% risk of being further affected by the disease compared to 0.5 to 1% for
UC. On the other hand, if both parents have IBD, the risk increases to 30%.7¢

As IBD has been previously shown to be a polygenic disease involving a large number of low penetrance genes,
modifiable intrinsic factors play a large role in the development of IBD especially in the microbiome. It would be useful
and topical to highlight the advances made on the research front to elucidate the influence of maternal microbiota during
pregnancy on that of the fetus and the newborn.”’

According to Zhou et al, during gestation, the intestinal microbiota in the first trimester is similar to the microbiota
during non-pregnant state, with similar proportions of Bacteroidetes and Firmicutes reported by.”® During the second
trimester, the most predominant abundant phyla in the microbial community structure were Firmicutes, Bacteroidetes,
Actinobacteria, Tenericutes, and Proteobacteria, and the abundances of Bifidobacteriaceae, and Enterobacteriaceae
were relatively increased.”

During the third trimester, the maternal gut microbiota changes, with a decrease of alpha diversity, butyrate-producing
bacteria, such as Faecalibacterium, and the increase of beta diversity, Actinobacteria, Bifidobacterium, Enterobacteriaceae,
Streptococcus, and Proteobacteria.”®%"!

Kennedy et al demonstrated that fetal gut colonization of healthy term infants does not occur before birth and that
microbial profiles of neonatal meconium reflect populations acquired during and after birth.””
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Torres et al demonstrated the existence of an alteration of the bacterial composition in the microbiota of pregnant IBD
patients and that the bacterial diversity evolves with an enrichment of Gammaproteo bacteria and depletion of Bacteroidetes,
and infants born to mothers with IBD showed lower diversity and altered bacterial gut composition in up to at least 3 months
of life. Adaptive immune system is influenced by the induced alteration of microbiota in germ-free mice used as an animal
model, suggesting that offspring’s immune system may be impacted by microbial factors in maternal IBD.*

Targeting perturbations of the microbiome in pregnant women with IBD or neonates could contribute to maintaining
a healthy microbiome in offspring, and primary interventions at this stage could be established in order to prevent the
development of IBD later in life®>* as was further aimed by the MELODY trial which had investigated the effect of
bacterial manipulation through diet during the third trimester of pregnancy on microbiome composition improvement in
the gut of CD patients in order to lead to the development of a healthier microbiome in offspring.®

Gueimonde et al, reported that probiotics taken by pregnant women can pass through their intestinal microbiota to the
fetus through the placenta, and consequently affect fetal intestinal microbiota.®®

Stinson et al reported that infant intestinal microbiota could originate from amniotic fluid.*” Also, the constant
ingestion of amniotic fluid and its microorganisms by the fetus could be important in the modulation of infant intestinal
microbiota due to the contact of the ingested amniotic fluid with fetal intestine. Developmental symbiosis and plasticity
of the intestines play a critical role in the development of IBD. It is related to genetic variability, facilitated by
evolutionary transitions. Novel phenotypes are generated that can facilitate evolutionary transitions and the development
of genetic accommodation and plasticity of the gut in IBD.*

He et al analysis of 39 pairs of infant meconium samples and amniotic fluid, and faeces, vaginal fluid, and saliva from
mothers demonstrated that the microbes in meconium came from multiple sources but mainly from amniotic fluid
microbiota.®’

Galazzo et al reported that vaginally delivered infants obtain a significant enrichment of Bacteroides®.

Meyer et al demonstrated IBD women’s pregnancies had increased risks of prematurity, small for gestational age, and
cesarean section, especially among active IBD patients. Disease activity was decreased during pregnancy in women with
CD, but was unchanged in women with UC.”’

Hill et al demonstrated that vaginal microbiota presented a prevalence of Mollicutes, and has been associated with
preterm delivery.”?

Promising Therapeutic Strategies

By using medication, such as aminosalicylates, corticosteroids, immunomodulators, and biologics, together with addi-
tional general therapies and/or surgical resection if necessary, traditional treatments try to control symptoms. However,
a sizable portion of patients do not respond to current treatments or experience a loss of response, necessitating the
development of novel therapeutic approaches.”

Epigenetics can be considered in the context of elaboration of future therapy such as MSCs, MSC-driven exosomal
microRNAs, and MSC-based drug delivery systems that have been demonstrated to affect immune system modulation in
experimental animal models of IBD. However, further clinical trials are still needed.”

JAK inhibitors (as Tofacitinib) are also a promising path in the treatment of IBD, providing an advantage to lacking
immunogenicity and showing efficacy in the treatment of moderate to severe UC.”

Promising results have been shown in both induction and maintenance therapy with IL-23 inhibitors in CD and UC.
Clinical and molecular predictors of response should be explored to target the patients who are most likely to benefit from
these therapies.”®

A promising new idea for the treatment of IBD is oligonucleotide-based treatments. The biochemical actions of
oligonucleotides can activate cellular targets for immunomodulation by mimicking bacterial DNA or by inhibiting the
translation of mRNA transcripts of pro-inflammatory molecules.’’

Numerous physiological functions, such as intestinal homeostasis, gastrointestinal motility regulation, visceral
sensation, or immunomodulation of inflammation in inflammatory bowel disease (IBD), are modulated by the endocan-
nabinoid system (ECS). It is made up of cannabinoid receptors (CB1 and CB2) and the enzymes responsible for their
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synthesis and degradation. The manipulation of these enzymes through system agonists and antagonist shows a potential
therapeutic role for ECS in IBD.”®

A possible treatment for UC is berberine. However, little is known about the pathophysiology of UC and the
therapeutic targets of berberine. The proteins and pathways linked to the onset of colitis and its resolution following
berberine administration were characterized using iTRAQ-based proteomics.”® Additionally, patient education improves
the effectiveness of IBD treatment in some ways.”*

Environmental Risk Factors
There are clearly identified susceptibility genes involved in the genesis of IBD. Nevertheless, the genetic factor does not
fully explain the occurrence of the disease.

Smoking is considered a factor favoring the development of CD and, conversely, a protective element against the
occurrence of UC. Studies focusing on clinical and sociodemographic characteristics of IBD patients showed that 80% of
patients were former smokers with predominance in CD patients.'%

According to Spekhorst et al in 2017, 44% of patients with CD had reported tobacco consumption compared to 18% for
cases of UC. Patients afflicted with IBD are increasing every year, increasing the burden on society with symptoms related
to abdominal discomfort, weight loss, fatigue, diarrhea, rectal bleeding, and other mild symptoms. Therapeutic intervention
with expensive medical and surgical maneuvers is required to reduce the impact of IBD on people across the globe.'!

Conversely, a Chinese -Indian -American study comparing the prevalence of smoking at the time of diagnosis of IBD
among different populations showed that in China, 13.7% of UC patients were active smokers compared to 11.5% for CD
patients. In India, active smoking was statistically more representative in the CD subgroup (8%) than in the UC subgroup
(4.6%). For the United States, the prevalence of smokers within the UC subgroup was 25.2% compared to 19.8% for CD.'*

In the evolution of the disease, various studies have highlighted an increase in flare-ups and complications in smokers,
namely abscesses and fistulas, compared to non-smokers. The analysis of the therapeutic management in smoking/non-
smoking patients revealed a difference between the two groups. Indeed, it is possible to notice an earlier use of
immunosuppressants and corticosteroids in the smokers group. Similarly, smoking increases the risk of postoperative
relapse in CD. On the other hand, weaning reduces relapse risk in CD.'03:104

The smoking effect on CD could be explained by different mechanisms. It was suggested that tobacco exerts an
immunomodulatory action by causing a decrease in IL-8, IL-1B and TNF alpha. Secondly, smoking causes an increase in
carbon monoxide and pro-coagulant activity, which accentuates the alterations of the mucosa in particular because of
ischemia. This may explain the increase in complications such as fistulas in smoking patients.'®

Another hypothesis involves the mechanism of free radicals. Tobacco increases lipid peroxidation, which leads to the
production of free radicals, which are harmful to the integrity of the intestinal mucosa. Finally, tobacco also has the effect
of altering intestinal permeability and motility.'*°

It is relatively complex to answer the question about the existence of a link between eating habits and IBD. Initially, it
is necessary to distinguish between the impact of diet on the onset of the disease and the impact on the evolution and on
the severity of the flare-up phases. Studies have shown the beneficial effect of an anti-inflammatory diet that could reduce
the frequency of IBD.'?""'%

Nevertheless, a diet rich in sugary products and bad quality fats, such as trans fatty acids and excess omega 6, as well as
a diet low in fiber could be a risk factor. In addition, the excessive industrialization of food is also an important point
because everything is washed and sometimes bleached like vegetables in sachets or even pasteurized dairy products.''”

Also, the consumption of food microparticles is constantly increasing in developed countries. A study carried out on
titanium dioxide, a nanoparticle used as a food additive under the name E171, showed that after ingestion, this additive
can cross the intestinal barrier and end up in the blood and subsequently in the liver and further alter the immune system,
induce DNA damage, and tumor promotion.'"!

A study, carried out on a cohort of 194,700 subjects showed that regular physical activity was associated with
a reduced risk of developing Crohn’s disease. According to the results, women with physical activity equivalent to 9
hours of walking per week reduce their risk of developing CD by 44%. Indeed, the incidence of the disease for women in

the “inactive” group was 11 cases per 100,000 people, while the incidence dropped to 7 cases per 100,000 people in the
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“active” group. It is important to note that before establishing the results, the researchers took into account other risk
factors for the disease such as tobacco and BMI. On the other hand, the results of this same study do not show the
protective role of physical activity for UC.''?

According to a retrospective study, including approximately 220 patients with IBD, BMI had an impact on the disease.
In this study, patients were divided into two groups at the time of diagnosis. The first group had a BMI superior to 25kg/
m?and the second group included patients with a BMI inferior to 25kg/m2. According to the results, IBD occurring in
patients with a BMI superior to 25 kg/m2 appeared at a later age and the disease seemed less severe. Indeed, during
diagnosis, the patients from the first group had a better-preserved general condition, hospitalizations were less frequent and
systemic corticosteroid therapy was also less frequent. In addition, the most serious forms of UC, namely the pancolitis
forms, were fewer. Similarly for CD, stenosing and penetrating forms were less frequent.'"?

Comparing the serum vitamin D value, women with lower serum vitamin D levels have a higher risk of triggering
CD. In terms of relapses, vitamin D also seems to have an impact on the course of the disease. Indeed, a study carried out
on nearly 100 adults with CD receiving vitamin D3 compared to controls not supplemented with the vitamin. The results
prove that the relapse rate, after one year, is lower in the group that received the treatment with 0-13% relapse for patients
on vitamin and 29% for patients on placebo. This risk factor is linked to sun exposure, which may possibly help to
explain the classically admitted North-South gradient reported in IBD epidemiology early studies.''*'"

In the context of UC, several studies highlight the link between IBD onset and appendectomy and have demonstrated
the protective factor of the operation against UC.''® On the other hand, for CD, appendectomy does not seem to be
a protective factor and could even increase the risk. Indeed, acute appendicitis is often an entry form of the disease.

Therefore, appendectomy may be a warning sign of undiagnosed CD.'"”

Conclusion and Future Perspectives
Our literature review has highlighted recent progress made in various IBD related factors. During the COVID-19 pandemic,
great amounts of epidemiological data were obtained all over the world. IBD is a multifaceted and complex gastrointestinal
tract disorder with increased incidence and morbidity. With advancements in both endoscopy and endomicroscopy imaging
modalities, high-definition metagenomics, transcriptomics, proteomics, and other powerful tools can unravel mechanistic
insights and diagnosing capabilities to address the clinical needs in patients suffering from IBD. In the current review, we
emphasize how research efforts on important pathways related to innate immunity, autophagy, lymphocyte differentiation,
and chemotaxis have helped us better understand the etiology of IBD. Promising candidates for patient classification and
therapeutic targeting include a number of these emerging genetic markers and cellular pathways while the term “dysbiosis”,
which refers to a change in the makeup and function of the gut microbiota in IBD, has recently been coined by researchers
using next-generation sequencing technology. According to clinical and experimental findings, dysbiosis may be a key
factor in the development of IBD. There are possibilities and obstacles as we work toward individualized and precise
therapy. The indications, contraindications, and evidence-based medicine of various medications and therapies should be
thoroughly understood by doctors in order to create tailored treatment plans based on a thorough evaluation of the patient.
The course of treatment needs to be adaptable and modified based on the patient’s reaction and there are different
environmental factors such as smoking, diet, urbanization and physical activity which have a great impact on IBD.

In order to treat the massive data obtained, new algorithms and COVID —IBD data analysis methods should be
elaborated by IA, ML and DL methods.'"®
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