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Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the gastrointestinal tract. It is characterized

by relapses and remissions, thus requiring lifelong treatment.

BD risk factors of IBD

| 1. Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the gastrointestinal tract. It is characterized
by relapses and remissions, thus requiring lifelong treatment. The etiology of the disease is complex. Despite
significant advances in the molecular biology and knowledge regarding IBD, the pathogenesis of the disease
remains unclear. Since the microbial community has been found to play a huge role in the human health and has
been proved to be altered in IBD patients, it seems that it could be one of the crucial elements of IBD development.

In addition to the already well demonstrated immunological, genetic and environmental risk factors of IBD.

| 2. Inflammatory Bowel Disease

Inflammatory bowel diseases (IBD), which include ulcerative colitis (UC) and Crohn’s disease (CD), are among
disorders with still undetermined etiology. They comprise numerous immunological, genetic, microbiological,
environmental and dietary factors [l In recent years, progress has been observed in the search for the genetic
factors associated with IBD. In fact, it has been proved that one of the elements affecting the functions of the
immune system are genetic mutations responsible for the expression of numerous proteins that have a regulatory
effect. However, studies of monozygotic twins demonstrate low compliance rates in the incidence of these
diseases, in CD (20-55%) and UC (6.3-17%), which in turn confirms the hypothesis that other coexisting factors
must be involved. More than 200 genes have been discovered that predict the development of IBD. Most of them
are genetic polymorphisms associated with the function of the mucosal barrier, responsible for the direct interaction
with gastrointestinal antigens, including the microbiota and dietary components [RIBIEIE - Furthermore, an
epidemiological study has indicated that significantly more cases of IBD are observed in highly developed
countries. It is also worth noting that first-generation immigrants who had moved to these countries were at a
higher risk of IBD 8. These observations confirm the undeniable influence of environmental factors on the

development of the afore-mentioned diseases, and they impact the gastrointestinal microbiota together with dietary
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factors. Nowadays, the microbiota is seen as an integral part of keeping the human body healthy. A microbiome is
a collection of microbes genes in the host organ 2. In many investigations, it has been proved that disorders in the
composition of the intestinal microbiota, defined as a complex of microorganisms inhabiting the intestines, directly
affect the cells of the immune system, thus stimulating its activity and inducing the activity of inflammation in the
mucosal membrane. In fact, some reports indicate that patients with IBD present a characteristic dysbiosis 2!,
The role of the intestinal microbiota in the pathogenesis of IBD may also be confirmed by the effect of antibiotic
therapy, probiotic intake and the beneficial effect of fecal microbiota transplantation on the induction of disease

remission 29, The most relevant findings related to IBD are shown in Figure 1 (based on Mulder et al.) (111,
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Figure 1. The most relevant findings related to IBD.

Although diet seems to play a significant role in the pathogenesis of IBD, epidemiological studies regarding its
impact on these disorders are challenging to perform due to a large number of confounding factors. However,
based on the research conducted to date, it can be concluded that a specific nutritional profile has a beneficial
effect on the course of IBD. An increased intake of unsaturated fatty acids, fruits, vegetables and breastfeeding
undoubtedly shows a protective effect on the intestines. Recently, much attention has been paid to the

Mediterranean diet, and it seems that its promotion contributes to reducing the risk of developing I1BD 12I23],

| 3. Risk Factors of IBD
3.1. Genetics

The basic genetic knowledge of the IBD hereditary character stems from comparative studies that investigated the
prevalence of the disorder in first-degree family members, relatives of the affected individuals, as well as from twin
studies. In 2002, research results conducted on 1000 IBD patients over the period of 20 years were described 141,

As many as 14% of respondents reported at least one family member in the first line with a CD in their family
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history. This is consistent with the studies conducted by other researchers who estimate the group of CD patients
in the family history at 10-20% 22!, Having a first-degree relative family member diagnosed with CD increases the
risk of developing the disease 15-35 times, whereas, in the same circumstances, the risk for UC is increased only
6-9 times 18], Observations of monozygotic twins with CD proved that the incidence rate is 20-58.3% (average
30.3%). In fraternal twins, it does not differ from the incidence observed in non-twin siblings and is equal to

approximately 3.6%. In terms of UC, the correlation is much weaker and amounts to 6.3-18.2% (average 15.4%)
[17][18][19]

The first study indicating the locus associated with CD development was published in 1996 by Hugot and co-
authors. The location at the band 12 in the short arm (q) of chromosome 16 (16q12) was then defined as the IBD1
region 29, |In 2001, the same research team achieved another success by narrowing down the IBD1 area to a
specific NOD2 gene and three major mutations: rs2066844 (c.2104C > T, p.Arg702Trp in exon 4), rs2066845
(c.2722G > C, p.Gly908Arg in exon 8) and rs2066846 (c.3019_3020insC, p.Leul007fs and in exon 11) associated
with CD diagnosis within this gene 2122l (Figure 2). In fact, these variants may increase the risk of developing the
disease up to 40 times 22, The NOD2 gene (formerly known as CARD15) encodes an intracellular receptor that
regulates the non-specific immune response, expressed in peripheral blood monocytes, macrophages and
intestinal mucosa cells, particularly Paneth cells. The NOD2 protein, consisting of two N-terminal domains (CARD),
a nucleotide-binding domain (NBD) and a C-terminal end containing ten leucine-rich repeats (LRR), is involved in
bacterial pathogen recognition and inflammasome initiation via binding to muramyl dipeptide. To
date, NOD2 represents the best-known gene with regard to the involvement of genetic factors in CD [24. The
recessive inheritance of rare and low-frequency deleterious NOD2 variants accounts for 7-10% of the CD cases
(23 Moreover, the relationship between NOD2 mutations and the location of the disease in the ileum area has
been proved. However, differences in the occurrence of the mutations in the region of this gene have been
observed, e.g., the Japanese, Chinese, and Koreans are the populations free from NODZ2 variants, whereas the

changes occur very rarely in the African Americans suffering from IBD [28]27],
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Figure 2. NOD2 gene structure, main variants’ distribution and the protein product.

According to data from the Online Mendelian Inheritance in Man (OMIM) database, to date 28 regions (IBD1-28)

have been defined in the human genome containing specific genes and changes that are associated with an

increase in IBD incidence (Table 1).

Table 1. IBD chromosome regions and main candidate genes.

Marker (LOD
Region OMIM . . Score),
Name Number S LI rs Number (p-
Value)
D1S3669
IBD1 266,600 16012 CD (2.65)
12p13.2- CD,
IBD2 601,458 0241 e D12S83 (5.47)
5 D6S289 and
IBD3 604,519  6p21.3 Uc D6S276 (2.07)
D6S461 (4.2)
IBD4 606,675 1‘;‘]1121' CD  D14S261 (3.0)
IBD5 606,348 53:;' CD 5031-g33 (3.9)
CD,
IBD6 606,674 19p13 uE D19S591 (4.6)
CD, D1S1597
IBD7 605,225 1p36 e (3.01)
CD, D16S408
IBD8 606,668 16p UC (>2.5)
CD, D3S1297
IBD9 608,448 3p26 e (3.69)
IBD10 611,081  2qg37.1 CD
CD,
IBD11 191,390 7922 e D7S669 (3.08)
CD, D3S2432
IBD12 612,241  3p21.3 e (1.68)
IBD13 612,244  7q21.1 CcD, D7S669 (3.08)

Candidate Genes

NOD2

VDR, IFNG

HLA-B, HLA-DRB1, TNF, LTA

RNASE2, RNASE3

IL4,IL5,IL13, IRF1, CSF2, SLC22A4, SLC22A5

ICAM1, C3, TBXAZR, LTB4H

TNFRSF1B, TNFRSF4 CASP9

IL27, SULT1A1, SULT1A2

ATG16L1

MUCS3A

MST1, BSN, GNAI2

ABCB1
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Region OMIM

Name Number

IBD14

IBD15

IBD16

IBD17

IBD18

IBD19

IBD20

IBD21

IBD22

IBD23

IBD24

IBD25

IBD26

IBD27

612,245

612,255

612,259

612,261

612,262

612,278

612,288

612,354

612,380

612,381

612,566

612,567

612,639

612,796

Location Disease

7932.1

10921

9g32

1p31.3

5p13.1

5¢33.1

10923-
q24

18p11

17921.2

1g32.1

20q13

21q22.1

12915

13g13.3

s

uc

CD,
uc

CD,
ucC

CD,
uc

CD,
uc

CD,
ucC

CD

CD,
uc

CD,
uc

CD

CD,
uc

CD,
ucC

CD,
uc

ucC

CD

Marker (LOD
Score),

rs Number (p-
Value)

rs224136 (<10
x 10—10)

D9S2157
(1.41)

rs11209026
(<1079

rs1373692 (2.1
x 10—12)

D10S547 and
D10S20 (2.30)

rs2542151
(3.16 x 1079)

rs744166 (6.82
x 10—12)
rs2872507
(5.00 x 107°)

rs11584383
(1.43 x 1071Y

rs2315008
(6.30 x 1079)
rs4809330
(6.95 x 1079)

rs2836878
(6.01 x 1078)

rs1558744 (2.5
x 10—12)

rs20411 (LOD
3.98)

~

Candidate Genes

IRF5

SIRT1

TNFSF15

IL23R

PTGER4

IRGM

DLG5

PTPNZ2

STAT3, ORMDL3

IL10
TNFRSF6B
IL1I0RB
early 300
[28][29][30](31] ion to the
Jifications
0 cultures

s

obtained from IBD patients 32, or genome-wide analysis of the DNA methylation profile 3l Such epigenetic

research opens up a broad field of research that generates exciting insights into IBD pathophysiology. The patterns

of DNA methylation and histone modification as well as microRNA (miRNA) molecules post-transcriptional
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Marker (LOD r disease
Region OMIM . . Score),
Name Number Location Disease rs Number (p- Candidate Genes
Value)
atterns
IBD28 613,148 11023.3 D, ILIORA /P
uc c defects

affecting the homeostasis of the intestinal barrier. In particular, the impaired expression of genes related to the
ASIURL inBR drimetinguoasiseticosyiiéxeslynfuicus ipltudtiohTantbsd crativop pegioratddiddidikePan &b Welbastoy)
pEasyinaicy gytospaiciz spuodeinctioc Sedobrspass shnSein Clginie clistas g e iselgamplarseaht itesticd2pitblslin
btimigating: faitio a At QirGEcdire g VAR U R B cpiidh s d26in BoiGiNgikh 62 psatieie s Ldru it gépteai ¢l Lehdin ot
histgse maidilitveoshoiex, tlasshe BysriAHieB lexmaissidistsfcgameatibiity diog piexndassnttrdlRedetiaris chpfidf
fateors|lBackadie SR Yboletulasdhptionintaterch @Goxg)a;hikidy hsd /edBatcés endpliT: (HestBylsesine-thrdonihd
Rimchs27 1 TeshedtiyelnwollRE htandl Mirholodetféhdaxheywatarsl gpeisoinewisho 2reSpel)ieriy, GATAREInalirh Hab@bt s
(Gerks)ideliditieeptansplamite aiptestiamg bpitheliespedtidiferd RGhb NNty - e edadeGlétass,; iteslinkigasithier
(hesgitlOyvith adslselcFétiign{phaioxiargiphanéifBLElls) lankotitesiBa hyoctsyeded B 40madmpbage atindutsting
disea4e3pmigcits 3 MO aimiatide bpithiniiadjgpntyizidtiooncioimeads coatatoungd? tdr AlgSifCanihomatiainead fantily
demlpnznRAGShidbioflaoheast A taomiitiorenbenicd; OAMbY. 3ad¥e W byiken freteiasad RkBN2spmotefncixiaiing
pOopRtasel anoniAipedeitrexppession el 2AdstabdtiGil CR2hhidiseliE L NE)| drimiin-82CnBnBErsndt ogollidm
(ERpEMvellerBEA T sign@asenaduicresiimdhlagibratenbilityarsttiptian e iab Uarsidcatioh SidL bbaénedfdttnSarike
ifationshipsrhavé bewd dedcrivedpecthebtudiéS ¥AdRRerativervbliticupatieAls irrevkpitorthe T¥Fegutatvdrexpesssioin
GICOCLNYRRDNEB fnttibdaR &dide sTovF metepite sufetiamilglsoekmrve B8 dAN Y, bespesatively; (OTNNBEyading
epittigHDEAttMiIGEDIECEpdrto the transepithelial migration of neutrophils 22, Moreover, animal studies confirm
these observations, e.g., that mice with a knockout of the F11r gene, despite having a normal structure of the

intestinal epithelium, developed low-grade colonic inflammation 431,

O-glycans of the gastrointestinal tract constitute the first defense line against external stimuli. Defects in O-
glycosylation may lead to damage in mucin expression classified into three categories: secretory gel-forming
(MUC2, MUC5AC, MUC5B and MUCSE6), secretory non-gel-forming (MUC7) and membrane-bound (e.g., MUCL1,
MUC3, MUC4, MUC12, MUC13 and MUC17). Consequently, mucosal barrier destruction occurs, leading to the
microbial activation of inflammasomes 4. Particularly, Helicobacter pylori and Clostridium difficile infections are
associated with disrupted mucin synthesis and mucus barrier, whereas Helicobacter pylori-infected patients

present with a significant decrease in MUC5AC gene expression levels 42!,

In conclusion, it should be noted that a new area in the study of genetic factors of IBD has recently been
established. Haberman et al., in their observations, demonstrated a significant reduction in the expression of
mitochondrial genes encoding the oxidative phosphorylation chain and nuclear genes in patients with UC [48],
Researchers have suggested and simultaneously confirmed in preliminary studies that mitochondriopathy is also a

process associated with the pathogenesis of IBD [,

3.2. Immunology
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Research with regard to intestinal immunology has long played a fundamental role in understanding the
pathogenesis of IBD and has primarily focused on investigating the mucosal response of the intestines. It has been

suggested that disorders in innate immunity, as well as adaptive immunity, contribute to the development of IBD.

The adaptive response is specific and continues for several days; it is also predominantly T-lymphocyte dependent.
Most researchers investigating this type of response favor the theory that CD is a disease associated with
increased Th1 lymphocyte activity, while UC entails the activity of Th2 lymphocytes 8149 Th1 cells produce large
amounts of IFNy, IL-2 and TNFa, and Th2 cells release IL-4, IL-5 and IL-13. Some studies have indicated that, in
cells grown in vitro for both CD and UC, exact high amounts of IFNy are observed B, Furthermore, research
conducted in recent years has suggested that 1-13 has anti-inflammatory effects 1, Wilson et al. observed that
supernatants from biopsies grown in vitro for both UC and CD have lower IL-13 concentrations compared to IFNy.
In addition, researchers have found that the concentrations of these cytokines are comparable in both diseases 221,
Therefore, some researchers believe that both forms of Th-lymphocyte response coexist in patients with IBD. In
terms of adaptive response, it is essential to take into consideration the Th17 cell. High concentrations of IL-17A,
produced by these lymphocytes, were found in both the mucous membrane of patients with CD and UC in
comparison to the control group. In fact, Th1l7 cells also constitute an important source of IL-21, a cytokine
associated with the activity of IL-2, one of the primary inflammatory cytokines in the intestine. It has also been
shown that there is an imbalance in IBD between Th17 lymphocytes and regulatory T (Treg) lymphocytes. Th17
cells activate the inflammatory process, and Treg cells inhibit autoimmunity in IBD. To maintain the proper balance
of these cells, factors that stimulate cytokine signaling, such as intestinal microflora or bile acid metabolites, also
play a role 23, Much attention has also been paid to innate forms of the immune response, such as the integrity of
the epithelial barrier, the reaction to the intestinal microbiota, and food antigens derived from its lumen. This form of
response is our first line of defense against pathogens—thanks to it, unlike the adaptive response, the body reacts
quickly to stimuli within minutes or hours. The first barrier to food and bacterial antigens coming from the intestinal
lumen is its mucous layer. The second line is the intestinal epithelium, consisting of enterocytes and other
specialized cells. In addition to mucus, these cells can produce a number of antimicrobial peptides. The defective
expression has been proved in patients with CD 4], The second line of defense consists of numerous cells, such
as epithelial cells, macrophages, NK cells, monocytes and dendritic cells. Their activation occurs via Toll-like
receptors (TLR) located on the surface of cells, and NOD-like, located in the cytoplasm. In patients with IBD, it can
be observed the destruction of these receptors and effector cells 3. A key cytokine that plays a role in the early
response to microbial antigens is IL-23. Its polymorphisms are associated with both CD and UC, making it a typical

cytokine in inflammation activity in IBD. IL-23 induces Th17 cells and cells of the innate immune system (28],

Many studies focus on mutations in the NOD-2 receptor range. These mutations are primarily associated with
susceptibility to CD. Their consequence is an abnormal response of the immune cells of the intestine to bacterial
lipopolysaccharides (LPS). There are various hypotheses as to the role of these mutations. It is believed that it may
contribute to the lack of inhibition of TLR2 receptors, which results in the uncontrolled development of the
inflammation and activation of Th-1 lymphocytes. Another theory is related to the reduced activation of NFkB,

associated with a reduced reaction of the immune system cells to bacterial antigens B2,
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An essential element of maintaining cellular homeostasis and an element of the host’'s defense against foreign
antigens is autophagy, which consists of the controlled decomposition by cells of chemical molecules, cell
organelles and other cell fragments. The protein complex ATL16L1 (autophagy-related 16-like 1) is responsible for
the proper phenomenon of autophagy. It has been shown that, in patients with IBD, there is a mutation in
the ATL16L1 gene, which results in the excessive elimination of intestinal epithelial cells and, consequently,

increased permeability 58],
Immunological factors associated with Crohn’s disease and ulcerative colitis are presented in Table 2.

Table 2. Immunological factors associated with Crohn’s disease and ulcerative colitis.

Crohn’s Disease Ulcerative Colitis
Thl Th2
IFNy, IL-2, TNFa IL-4
IL-2 IL-5
TNFa IL-13
I-17A

Th17 lymphocyte and regulatory T (Treg) lymphocyte imbalance

[I-23 polymorphism

3.3. Environment

Several epidemiological and laboratory data demonstrate that the etiology of IBD is the result of an interplay of
genetic, immunological and environmental factors. Environmental factors associated with IBD include smoking;
post-appendectomy status; the use of oral contraceptives, antibiotics and non-steroidal anti-inflammatory drugs
(NSAIDs), which may affect the composition of the gut microbiome; diet; breastfeeding; and past infections,
vaccinations, and environmental pollution BBYEL  ynfortunately, the results of many studies on the role of

environmental factors in the pathogenesis of IBD often remain inconsistent.

One of the best-studied factors is smoking. In his meta-analysis, Calkins showed that active smokers were less
likely to develop ulcerative colitis compared to those who did not smoke or had stopped smoking. The study also
showed that active and former smokers had a significantly increased risk of Crohn’s disease 2. In addition, in
patients with CD, smoking may be associated with an aggressive disease course, more surgical interventions and
the need for intensified treatment 3841 |t has also been shown that women with CD may be particularly adversely

affected by smoking 62,
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The exact mechanisms of the effects of tobacco smoke on the development of IBD are not well understood. One
theory is that nicotine, via nicotinic acetylcholine receptors (nAChRs) present on T cells, may affect their function
and cause the modulation of cellular immunity and the alteration of the cytokine profile 88, Other hypotheses

include altering the composition of the gut microbiome and generating oxidative stress due to free radicals 7.

Another important risk factor is having an appendectomy after the age of 20. It has been shown that the so-called
early appendectomy is associated with a reduced risk of UC [68l. Data on the association of appendectomy with the
development of CD remain conflicting. Frisch et al. and Koutroubakis et al. showed that appendectomy is a
predisposing factor for CD B9 while Radford-Smith et al. report its protective role . However, the mechanism
of how appendicitis affects the risk of developing IBD is not yet fully understood. It has been postulated that

bacteria in the appendix may play a role in the immune response to the intestinal microflora.

Khalili et al. found an association between oral contraceptive use and IBD development, particularly CD 2. It has
been suggested that the estrogens in these drugs may enhance the humoral response and stimulate

macrophages; progesterone, on the other hand, has strong immunosuppressive effects 3],

The interaction between the gut microbiome and the intestinal barrier has been shown to play an important role in
the pathogenesis of IBD. Thus, the use of drugs, such as antibiotics and non-steroidal anti-inflammatory drugs
(NSAIDs), that modify the composition of the gut microbiota may contribute to an increased risk of disease 4],
Aniwan et al., in a population-based case—control study, showed a strong association between antibiotic use and

the risk of CD as well as UC. This risk was increased for all forms of IBD according to age 2.

Antibiotic use during childhood may be particularly important. It has been postulated that it may lead to the
impaired development of gut bacteria tolerance, which is a direct risk factor for IBD 8. Ananthakrishnan et al.
suggest that the frequent use of NSAIDs, but not aspirin, seemed to be associated with an increased absolute
incidence of CD and UC X, NSAIDs may cause direct damage to the gastrointestinal mucosa and, through

cyclooxygenase inhibition, affect prostaglandin production and thus exert important immunoregulatory functions.

The developmental hygiene hypothesis is also worth mentioning, which assumes that the increase in
immunological disorders can be attributed to improved hygienic and sanitary conditions of the population and

consequently less exposure to intestinal pathogens in childhood; it leads to an abnormal response to antigens later
in life (28],

Water and air pollution associated with urbanization and industrial development may also contribute to the
development of IBD. These include particulate matter, nitrogen dioxide, sulfur dioxide and pollutants from fossil fuel
combustion, which can migrate across the gastrointestinal barrier and cause DNA damage and the disruption of

immune mechanisms, which can result in the development of IBD (9],

Stress is also one of the important factors influencing the development of inflammatory bowel diseases BB |t js

well known that stress factors can affect immune functions via neuropeptides released from nerve cells, which in
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turn can lead to damage to the intestinal mucosa and thus impair its function as a protective barrier 2831, Bitton et
al. suggest that individuals presenting lower stress levels show a reduced risk of Crohn’s disease 4. Camara et al.
emphasize above that the association between perceived stress and the exacerbation of Crohn’s was entirely

related to mood components, specifically anxiety and depression 2!,

It is worth mentioning that breastfeeding is a recognized protective factor for IBD. Human milk is believed to
contain many substances that can affect growth and development and gastrointestinal function. In addition, the

composition of the colonic bacterial flora has been shown to differ between breastfed and bottle-fed infants €],

Understanding the influence of specific environmental factors on the development and course of IBD requires
further detailed studies with different populations. Environmental factors influencing the risk of inflammatory bowel

disease are presented in Table 3.

Table 3. Environmental factors influencing the risk of inflammatory bowel disease.

Risk of Crohn’s Risk of Ulcerative

Factors Disease Colitis

Smoking 1 !
Appendectomy over the age of 20 Conflicting data !
Oral contraceptives 1

Antibiotics and non-steroidal anti-inflammatory drugs
(NSAIDs)

Water and air pollution 1
Stress 1

Being breastfed !

t—increase, |—decrease.

3.4. Gut Microbiota

Over one hundred trillion various microorganisms, including bacteria, archaea, fungi, viruses and protozoa,
colonize the human gastrointestinal tract (Gl), constituting the gut microbiota [BZl. This complex ecosystem plays a
fundamental role in the host organism. Gut-associated lymphoid tissue (GALT), as part of the host immune system,
is involved in the intestinal immune and metabolic responses via fermentation products, such as short-chain fatty
acid (SCFA) and acetate, also in the regulation of host mucosal homeostasis, hormones release and vitamin
synthesis. Thus, its impact on human health is crucial 882, The power of this ecosystem also supports the fact
that the collective genome of gut microbial flora is estimated to contain 100 times more genes than the human

genome (29,
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The gut microbiota also influences the immune system, which has a direct effect on the maintenance of the
intestinal immune barrier and the development of inflammatory bowel disease. Moreover, the impact of both
commensal bacteria and pathological biota on the immune system has been emphasized. Commensal
microorganisms stimulate the maturation and differentiation of Treg lymphocytes, and affect the production of IL-
10, which plays a key role in maintaining Th1/Th2 homeostasis; thus, they affect the development of the

immunotolerance and maintenance of cytokine balance.

CD4 + T lymphocytes of the intestinal wall plague secrete IL-17 and IL-22, which have a regulatory function in the
development of the inflammatory process in the intestine, whereas IL-17 induces the expression of the chemokines
CXC and CC [R122] |n turn, Peyer cells contribute to the production of B cells and plasma cells, which produce IgA,

protective of the intestinal barrier [23124],

In germ-free mice, the mRNA expression level of the bactericidal protein Ang4, secreted by Penatha cells, is
significantly lower compared to conventional mice, which also confirms the involvement of biota in the intestinal

mucosal immune barrier function 23],
Additionally, the microbiota affects the regulation of the CARD9 gene responsible for inflammation in 1BD [£€l,
In patients with moderate colitis, IL-22 production was elevated following the exposure to altered gut microbiota 27,

In IBD, the amount of SCFAs produced by the intestinal biota is significantly reduced 28, In fact, SCFAs affect the
immune system by binding GPR43 and provides the homeostasis of colonic Treg cells [22100]

Research conducted in recent years has shown that disturbances in the composition of the gut microbial
community (dysbiosis) and in its metabolic balance as well as, finally, the interaction of microbiota with the host are
associated with IBD pathogenesis [BIZ0LIO2I[103]  Although it is still not fully known whether these changes cause
the disease or, rather, are a consequence of the intestinal inflammation. However, there is evidence that some
microbial metabolites may directly affect the inflammation process via the expression of genes, such as anti- and
pro-inflammatory cytokines, and can influence T-helper cell (Th) 1, 2 and 17 and regulatory T-cell (Treg) release
(2041 |n particular, commensal bacteria from Clostridium clusters can induce the differentiation of colonic Treg cells
by producing SCFA 193 Studies performed on germ-free mice revealed a reduced development of Th17 cells and

a decreased number of lymphocytes and immunoglobulin (Ig) A in the intestinal mucosa of these animals
compared to controls [L06][107][108][109]

Numerous animal studies confirm the contribution of the intestinal microbiome in IBD pathogenesis. Researchers
observed that a germ-free environment prevents UC in genetically susceptible mice 219, Nevertheless, the transfer
of dysbiotic bacteria to the healthy mice induces and develops inflammation 211, Furthermore, the colonization of
mice with gut microbiota obtained from IBD patients alters the immune response and exacerbates UC in mice [112],
Additionally, the transfer of naive CD4" lymphocytes from the healthy mice to those lacking T and B lymphocytes

may induce UC, wherein the susceptibility depends on the gut microbiota composition 2131,
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Multiple observations of human subjects also confirm the contribution of the microbial community in the mechanism
of IBD induction. It has been observed that IBD activity is most apparent in the parts of the intestine where bacterial
populations are high and at a standstill (colon and rectum). In CD patients, disease remission occurs in the
segment of the intestine excluded from the fecal stream. Similarly, the post-operative re-exposure to the fecal flow

in the intestine correlates with CD relapse 1141,

Although the IBD pathogenesis has not yet been fully understood, new insights continue to emerge through
research. The disease is a complex interplay of the environment, immune system and microbiota in a genetically
susceptible host 112l Table 4 shows the most important changes in the gut microbiota in inflammatory bowel

disease.
Table 4. The most important changes in gut microbiota in inflammatory bowel disease.
Decreased Abundance Increased Abundance
Firmicutes Ruminococcus gnavu
Faecalibacterium prausnitzii Proteobacteria
Lactobacillus Actinobacteria
Roseburia faecis Escherichia coli
Clostridium XIVa Desulfovibrio
Clostridium IV Akkermansia muciniphila
Faecalibacterium prausnitzii Escherichia
Bacteroidetes Fusobacterium
Verrucomicrobia
Anaerostipes
Methanobrevibacter
Faecalibacterium
Peptostreptococcaceae
Collinsella
Christensenellaceae
References

https://encyclopedia.pub/entry/24224 12/22



Risk Factors of Inflammatory Bowel Disease | Encyclopedia.pub

10.

11.

12.

13.

14.

. Mentella, M.C.; Scaldaferri, F.; Pizzoferrato, M.; Gasbarrini, A.; Miggiano, G.A.D. Nutrition, IBD

and gut microbiota: A Review. Nutrients 2020, 12, 944.

. Halme, L.; Paavola-Sakki, P.; Turunen, U.; Lappalainen, M.; Farkkila, M.; Kontula, K. Family and

twin studies in inflammatory bowel disease. World J. Gastroenterol. 2006, 12, 3668—-3672.

. Khor, B.; Gardet, A.; Xavier, R.J. Genetics and pathogenesis of inflammatory bowel disease.

Nature 2011, 474, 307-317.

. Dheer, R.; Santaolalla, R.; Davies, J.M.; Lang, J.K.; Phillips, M.C.; Pastorini, C.; Vazquez-Pertejo,

M.T.; Abreu, M.T. Intestinal epithelial toll-like receptor 4 signaling affects epithelial function and
colonic microbiota and promotes a risk for transmissible colitis. Infect. Immun. 2016, 84, 798-810.

. Turpin, W.; Goethel, A.; Bedrani, L.; Croitoru Mdcm, K. Determinants of IBD heritability: Genes,

bugs, and more. Inflamm. Bowel Dis. 2018, 24, 1133-1148.

. Ko, Y.; Butcher, R.; Leong, R.W. Epidemiological studies of migration and environmental risk

factors in the inflammatory bowel diseases. World J. Gastroenterol. 2014, 20, 1238-1247.

. Marchesi, J.R.; Adams, D.H.; Fava, F.; Hermes, G.D.A.; Hirschfield, G.M.; Hold, G.; Quraishi,

M.N.; Kinross, J.; Smidt, H.; Tuohy, K.M.; et al. The gut microbiota and host health: A new clinical
frontier. Gut 2016, 65, 330-339.

. Li, J.; Butcher, J.; Mack, D.; Stintzi, A. Functional impacts of the intestinal microbiome in the

pathogenesis of inflammatory bowel disease. Inflamm. Bowel Dis. 2015, 21, 139-153.

. Kostic, A.D.; Xavier, R.J.; Gevers, D. The microbiome in inflammatory bowel disease: Current

status and the future ahead. Gastroenterology 2014, 146, 1489-1499.

Sartor, R.B. Therapeutic manipulation of the enteric microflora in inflammatory bowel diseases:
Antibiotics, probiotics, and prebiotics. Gastroenterology 2004, 126, 1620-1633.

Mulder, D.J.; Noble, A.J.; Justinich, C.J.; Duffin, J.M. A tale of two diseases: The history of
inflammatory bowel disease. J. Crohn’s Colitis 2014, 8, 341-348.

Khalili, H.; Hakansson, N.; Chan, S.S.; Chen, Y.; Lochhead, P.; Ludvigsson, J.F.; Chan, A.T.; Hart,
A.R.; Olén, O.; Wolk, A. Adherence to a mediterranean diet is associated with a lower risk of later-
onset Crohn’s disease: Results from two large prospective cohort studies. Gut 2020, 69, 1637—
1644.

de Vries, J.H.M.; Dijkhuizen, M.; Tap, P.; Witteman, B.J.M. Patient’s dietary beliefs and behaviours
in inflammatory bowel disease. Dig. Dis. 2019, 37, 131-139.

Freeman, H.J. Familial Crohn’s disease in single or multiple first-degree relatives. J. Clin.
Gastroenterol. 2002, 35, 9-13.

https://encyclopedia.pub/entry/24224 13/22



Risk Factors of Inflammatory Bowel Disease | Encyclopedia.pub

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Duerr, R.H. The genetics of inflammatory bowel disease. Gastroenterol. Clin. N. Am. 2002, 31,
63—76.

Leedham, S.J.; Jankowski, J.A.; Wright, N.A.; Tomlinson, I.P.M. Genetics of inflammatory bowel
disease and associated cancers. Curr. Colorectal Cancer Rep. 2006, 2, 191-199.

Tysk, C.; Lindberg, E.; Jarnerot, G.; Flodérus-Myrhed, B. Ulcerative colitis and crohn’s disease in
an unselected population of monozygotic and dizygotic twins. A Study of heritability and the
influence of smoking. Gut 1988, 29, 990-996.

Orholm, M.; Binder, V.; Sgrensen, T.l.; Rasmussen, L.P.; Kyvik, K.O. Concordance of
inflammatory bowel disease among danish twins. Results of a nationwide study. Scand. J.
Gastroenterol. 2000, 35, 1075-1081.

Brant, S.R. Update on the heritability of inflammatory bowel disease: The importance of twin
studies. Inflamm. Bowel Dis. 2011, 17, 1-5.

Hugot, J.P.; Laurent-Puig, P.; Gower-Rousseau, C.; Olson, J.M.; Lee, J.C.; Beaugerie, L.; Naom,
I.; Dupas, J.L.; Van Gossum, A.; Orholm, M.; et al. Mapping of a susceptibility locus for Crohn’s
disease on chromosome 16. Nature 1996, 379, 821-823.

Hugot, J.P.; Chamaillard, M.; Zouali, H.; Lesage, S.; Cézard, J.P.; Belaiche, J.; Almer, S.; Tysk, C.;
O’Morain, C.A.; Gassull, M.; et al. Association of NOD2 leucine-rich repeat variants with
susceptibility to Crohn’s disease. Nature 2001, 411, 599-603.

Ogura, Y.; Bonen, D.K.; Inohara, N.; Nicolae, D.L.; Chen, F.F.; Ramos, R.; Britton, H.; Moran, T.;
Karaliuskas, R.; Duerr, R.H.; et al. A frameshift mutation in NOD2 associated with susceptibility to
Crohn’s disease. Nature 2001, 411, 603-606.

Brant, S.R.; Wang, M.-H.; Rawsthorne, P.; Sargent, M.; Datta, L.W.; Nouvet, F.; Shugart, Y.Y.;
Bernstein, C.N. A population-based case-control study of CARD15 and other risk factors in
Crohn’s disease and ulcerative colitis. Am. J. Gastroenterol. 2007, 102, 313-323.

Lesage, S.; Zouali, H.; Cézard, J.-P.; Colombel, J.-F.; Belaiche, J.; Almer, S.; Tysk, C.; O’Morain,
C.; Gassull, M.; Binder, V.; et al. CARD15/NOD2 mutational analysis and genotype-phenotype
correlation in 612 patients with inflammatory bowel disease. Am. J. Hum. Genet. 2002, 70, 845—
857.

Horowitz, J.E.; Warner, N.; Staples, J.; Crowley, E.; Gosalia, N.; Murchie, R.; Van Hout, C.;
Fiedler, K.; Welch, G.; King, A.K.; et al. Mutation spectrum of NOD2 reveals recessive inheritance
as a main driver of early onset Crohn’s disease. Sci. Rep. 2021, 11, 5595.

Kugathasan, S.; Loizides, A.; Babusukumar, U.; McGuire, E.; Wang, T.; Hooper, P.; Nebel, J.;
Kofman, G.; Noel, R.; Broeckel, U.; et al. Comparative phenotypic and CARD15 mutational
analysis among African American, Hispanic, and white children with Crohn’s disease. Inflamm.
Bowel Dis. 2005, 11, 631-638.

https://encyclopedia.pub/entry/24224 14/22



Risk Factors of Inflammatory Bowel Disease | Encyclopedia.pub

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Brant, S.R.; Okou, D.T.; Simpson, C.L.; Cutler, D.J.; Haritunians, T.; Bradfield, J.P.; Chopra, P.;
Prince, J.; Begum, F.; Kumar, A.; et al. Genome-wide association study identifies African-specific
susceptibility loci in African Americans with inflammatory bowel disease. Gastroenterology 2017,
152, 206-217.

Jostins, L.; Ripke, S.; Weersma, R.K.; Duerr, R.H.; McGovern, D.P.; Hui, K.Y.; Lee, J.C.; Schumm,
L.P.; Sharma, Y.; Anderson, C.A.; et al. Host-microbe interactions have shaped the genetic
architecture of inflammatory bowel disease. Nature 2012, 491, 119-124.

Zhang, Y.; Tian, L.; Sleiman, P.; Ghosh, S.; Hakonarson, H. International IBD genetics consortium
Bayesian analysis of genome-wide inflammatory bowel disease data sets reveals new risk loci.
Eur. J. Hum. Genet. EJHG 2018, 26, 265-274.

Liu, J.Z.; van Sommeren, S.; Huang, H.; Ng, S.C.; Alberts, R.; Takahashi, A.; Ripke, S.; Lee, J.C,;
Jostins, L.; Shah, T.; et al. Association analyses identify 38 susceptibility loci for inflammatory
bowel disease and highlight shared genetic risk across populations. Nat. Genet. 2015, 47, 979—
986.

Frenkel, S.; Bernstein, C.N.; Sargent, M.; Kuang, Q.; Jiang, W.; Wei, J.; Thiruvahindrapuram, B.;
Spriggs, E.; Scherer, S.W.; Hu, P. Genome-wide analysis identifies rare copy number variations
associated with inflammatory bowel disease. PLoS ONE 2019, 14, e0217846.

McDermott, E.; Ryan, E.J.; Tosetto, M.; Gibson, D.; Burrage, J.; Keegan, D.; Byrne, K.; Crowe, E.;
Sexton, G.; Malone, K.; et al. DNA methylation profiling in inflammatory bowel disease provides
new insights into disease pathogenesis. J. Crohn’s Colitis 2016, 10, 77-86.

Kim, T.-O.; Park, D.-1.; Han, Y.K.; Kang, K.; Park, S.-G.; Park, H.R.; Yi, J.M. Genome-wide
analysis of the DNA methylation profile identifies the fragile histidine triad (FHIT) gene as a new
promising biomarker of Crohn’s disease. J. Clin. Med. 2020, 9, 1338.

Kalla, R.; Adams, A.T.; Ventham, N.T.; Kennedy, N.A.; White, R.; Clarke, C.; lvens, A,;
Bergemalm, D.; Vatn, S.; Lopez-Jimena, B.; et al. Whole blood profiling of T-cell-derived
microRNA allows the development of prognostic models in inflammatory bowel disease. J.
Crohn’s Colitis 2020, 14, 1724-1733.

Thomas, J.P.; Olbei, M.; Brooks-Warburton, J.; Korcsmaros, T.; Modos, D. Analysing MiRNA-
target gene networks in inflammatory bowel disease and other complex diseases using
transcriptomic data. Genes 2022, 13, 370.

Stolfi, C.; Maresca, C.; Monteleone, G.; Laudisi, F. Implication of intestinal barrier dysfunction in
gut dysbiosis and diseases. Biomedicines 2022, 10, 289.

Guo, X.-K.; Ou, J.; Liang, S.; Zhou, X.; Hu, X. Epithelial Hes1 maintains gut homeostasis by
preventing microbial dysbiosis. Mucosal Immunol. 2018, 11, 716—726.

https://encyclopedia.pub/entry/24224 15/22



Risk Factors of Inflammatory Bowel Disease | Encyclopedia.pub

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Liu, X.; Lu, J.; Liu, Z.; Zhao, J.; Sun, H.; Wu, N.; Liu, H.; Liu, W.; Hu, Z.; Meng, G.; et al. Intestinal
epithelial Cell-Derived LKB1 suppresses colitogenic microbiota. J. Immunol. 2018, 200, 1889—
1900.

Laudisi, F.; Stolfi, C.; Bevivino, G.; Maresca, C.; Franze, E.; Troncone, E.; Lolli, E.; Marafini, |.;
Pietrucci, D.; Teofani, A.; et al. GATA6 deficiency leads to epithelial barrier dysfunction and
enhances susceptibility to gut inflammation. J. Crohn’s Colitis 2022, 16, 301-311.

Riba, A.; Olier, M.; Lacroix-Lamandé, S.; Lencina, C.; Bacquié, V.; Harkat, C.; Gillet, M.; Baron,
M.; Sommer, C.; Mallet, V.; et al. Paneth cell defects induce microbiota dysbiosis in mice and
promote visceral hypersensitivity. Gastroenterology 2017, 153, 1594-1606.

Zeissig, S.; Burgel, N.; Gunzel, D.; Richter, J.; Mankertz, J.; Wahnschaffe, U.; Kroesen, A.J.;
Zeitz, M.; Fromm, M.; Schulzke, J.-D. Changes in expression and distribution of claudin 2, 5 and 8
lead to discontinuous tight junctions and barrier dysfunction in active Crohn’s disease. Gut 2007,
56, 61-72.

Kucharzik, T.; Walsh, S.V.; Chen, J.; Parkos, C.A.; Nusrat, A. Neutrophil transmigration in
inflammatory bowel disease is associated with differential expression of epithelial intercellular
junction proteins. Am. J. Pathol. 2001, 159, 2001-2009.

Laukoetter, M.G.; Nava, P.; Lee, W.Y.; Severson, E.A.; Capaldo, C.T.; Babbin, B.A.; Williams, |I.R.;
Koval, M.; Peatman, E.; Campbell, J.A.; et al. JAM-A regulates permeability and inflammation in
the intestine in vivo. J. Exp. Med. 2007, 204, 3067—-3076.

Bennett, E.P.; Mandel, U.; Clausen, H.; Gerken, T.A.; Fritz, T.A.; Tabak, L.A. Control of mucin-type
O-glycosylation: A classification of the polypeptide GalNAc-transferase gene family. Glycobiology
2012, 22, 736-756.

Padra, M.; Adamczyk, B.; Flahou, B.; Erhardsson, M.; Chahal, G.; Smet, A.; Jin, C.; Thorell, A.;
Ducatelle, R.; Haesebrouck, F.; et al. Helicobacter suis infection alters glycosylation and
decreases the pathogen growth inhibiting effect and binding avidity of gastric mucins. Mucosal
Immunol. 2019, 12, 784-794.

Haberman, Y.; Karns, R.; Dexheimer, P.J.; Schirmer, M.; Somekh, J.; Jurickova, |.; Braun, T.;
Novak, E.; Bauman, L.; Collins, M.H.; et al. Ulcerative colitis mucosal transcriptomes reveal

mitochondriopathy and personalized mechanisms underlying disease severity and treatment
response. Nat. Commun. 2019, 10, 38.

Ozsoy, M.; Stummer, N.; Zimmermann, F.A.; Feichtinger, R.G.; Sperl, W.; Weghuber, D.;
Schneider, A.M. Role of energy metabolism and mitochondrial function in inflammatory bowel
disease. Inflamm. Bowel Dis. 2022, izac024.

Cobrin, G.M.; Abreu, M.T. Defects in mucosal immunity leading to Crohn’s disease. Immunol. Rev.
2005, 206, 277-295.

https://encyclopedia.pub/entry/24224 16/22



Risk Factors of Inflammatory Bowel Disease | Encyclopedia.pub

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Targan, S.R.; Karp, L.C. Defects in mucosal immunity leading to ulcerative colitis. Immunol. Rev.
2005, 206, 296-305.

Rovedatti, L.; Kudo, T.; Biancheri, P.; Sarra, M.; Knowles, C.H.; Rampton, D.S.; Corazza, G.R.;
Monteleone, G.; Di Sabatino, A.; Macdonald, T.T. Differential regulation of interleukin 17 and
interferon gamma production in inflammatory bowel disease. Gut 2009, 58, 1629-1636.

Kadivar, K.; Ruchelli, E.D.; Markowitz, J.E.; Defelice, M.L.; Strogatz, M.L.; Kanzaria, M.M.; Reddy,
K.P.; Baldassano, R.N.; von Allmen, D.; Brown, K.A. Intestinal interleukin-13 in pediatric
inflammatory bowel disease patients. Inflamm. Bowel Dis. 2004, 10, 593-598.

Wilson, M.S.; Ramalingam, T.R.; Rivollier, A.; Shenderov, K.; Mentink-Kane, M.M.; Madala, S.K.;
Cheever, A.W.; Artis, D.; Kelsall, B.L.; Wynn, T.A. Colitis and intestinal inflammation in IL10-/-
mice results from IL-13Ra2-mediated attenuation of IL-13 activity. Gastroenterology 2011, 140,
254-264.

Yan, J.-B.; Luo, M.-M.; Chen, Z.-Y.; He, B.-H. The function and role of the Th17/Treg cell balance
in inflammatory bowel disease. J. Immunol. Res. 2020, 2020, 8813558.

Wehkamp, J.; Harder, J.; Weichenthal, M.; Mueller, O.; Herrlinger, K.R.; Fellermann, K.;
Schroeder, J.M.; Stange, E.F. Inducible and constitutive beta-defensins are differentially
expressed in Crohn’s disease and ulcerative colitis. Inflamm. Bowel Dis. 2003, 9, 215-223.

Abreu, M.T.; Fukata, M.; Arditi, M. TLR Signaling in the gut in health and disease. J. Immunol.
Baltim. 2005, 174, 4453-4460.

Takatori, H.; Kanno, Y.; Watford, W.T.; Tato, C.M.; Weiss, G.; lvanoy, I.l.; Littman, D.R.; O'Shea,
J.J. Lymphoid tissue inducer-like cells are an innate source of IL-17 and IL-22. J. Exp. Med. 2009,
206, 35-41.

Wehkamp, J.; Harder, J.; Weichenthal, M.; Schwab, M.; Schéaffeler, E.; Schlee, M.; Herrlinger,
K.R.; Stallmach, A.; Noack, F.; Fritz, P.; et al. NOD2 (CARD15) mutations in Crohn’s disease are
associated with diminished mucosal alpha-defensin expression. Gut 2004, 53, 1658—-1664.

Larabi, A.; Barnich, N.; Nguyen, H.T.T. New insights into the interplay between autophagy, gut
microbiota and inflammatory responses in IBD. Autophagy 2020, 16, 38-51.

Burisch, J.; Pedersen, N.; Cukovic-Cavka, S.; Turk, N.; Kaimakliotis, I.; Duricova, D.; Bortlik, M.;
Shonov4, O.; Vind, I.; Avnstrgm, S.; et al. Environmental factors in a population-based inception
cohort of inflammatory bowel disease patients in Europe—An ECCO-EpiCom study. J. Crohn’s
Colitis 2014, 8, 607—-616.

Zhao, M.; Feng, R.; Ben-Horin, S.; Zhuang, X.; Tian, Z.; Li, X.; Ma, R.; Mao, R.; Qiu, Y.; Chen, M.
Systematic review with meta-analysis: Environmental and dietary differences of inflammatory
bowel disease in eastern and western populations. Aliment. Pharmacol. Ther. 2022, 55, 266-276.

https://encyclopedia.pub/entry/24224 17/22



Risk Factors of Inflammatory Bowel Disease | Encyclopedia.pub

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Maaser, C.; Langholz, E.; Gordon, H.; Burisch, J.; Ellul, P.; Ramirez, V.H.; Karakan, T.; Katsanos,
K.H.; Krustins, E.; Levine, A.; et al. European Crohn’s and colitis organisation topical review on
environmental factors in IBD. J. Crohn’s Colitis 2017, 11, 905-920.

Calkins, B.M. A meta-analysis of the role of smoking in inflammatory bowel disease. Dig. Dis. Sci.
1989, 34, 1841-1854.

To, N.; Gracie, D.J.; Ford, A.C. Systematic review with meta-analysis: The adverse effects of
tobacco smoking on the natural history of Crohn’s disease. Aliment. Pharmacol. Ther. 2016, 43,
549-561.

Kuenzig, M.E.; Lee, S.M.; Eksteen, B.; Seow, C.H.; Barnabe, C.; Panaccione, R.; Kaplan, G.G.
Smoking influences the need for surgery in patients with the inflammatory bowel diseases: A
systematic review and meta-analysis incorporating disease duration. BMC Gastroenterol. 2016,
16, 143.

Cosnes, J.; Nion-Larmurier, 1.; Afchain, P.; Beaugerie, L.; Gendre, J.-P. Gender differences in the
response of colitis to smoking. Clin. Gastroenterol. Hepatol. 2004, 2, 41-48.

Sher, M.E.; Bank, S.; Greenberg, R.; Sardinha, T.C.; Weissman, S.; Bailey, B.; Gilliland, R.;
Wexner, S.D. The influence of cigarette smoking on cytokine levels in patients with inflammatory
bowel disease. Inflamm. Bowel Dis. 1999, 5, 73-78.

Ananthakrishnan, A.N. Environmental risk factors for inflammatory bowel disease. Gastroenterol.
Hepatol. 2013, 9, 367-374.

Andersson, R.E.; Olaison, G.; Tysk, C.; Ekbom, A. Appendectomy and protection against
ulcerative colitis. N. Engl. J. Med. 2001, 344, 808-814.

Frisch, M.; Gridley, G. Appendectomy in adulthood and the risk of inflammatory bowel diseases.
Scand. J. Gastroenterol. 2002, 37, 1175-1177.

Koutroubakis, I.E.; Vlachonikolis, I.G.; Kapsoritakis, A.; Spanoudakis, S.; Roussomoustakaki, M.;
Mouzas, I.A.; Kouroumalis, E.A.; Manousos, O.N. Appendectomy, tonsillectomy, and risk of
inflammatory bowel disease: Case-controlled study in Crete. Dis. Colon Rectum 1999, 42, 225—
230.

Radford-Smith, G.L.; Edwards, J.E.; Purdie, D.M.; Pandeya, N.; Watson, M.; Martin, N.G.; Green,
A.; Newman, B.; Florin, T.H.J. Protective role of appendicectomy on onset and severity of
ulcerative colitis and Crohn’s disease. Gut 2002, 51, 808-813.

Khalili, H.; Higuchi, L.M.; Ananthakrishnan, A.N.; Richter, J.M.; Feskanich, D.; Fuchs, C.S.; Chan,
A.T. Oral contraceptives, reproductive factors and risk of inflammatory bowel disease. Gut 2013,
62, 1153-1159.

https://encyclopedia.pub/entry/24224 18/22



Risk Factors of Inflammatory Bowel Disease | Encyclopedia.pub

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Tezel, A.; D6kmeci, G.; Eskiocak, M.; Umit, H.; Soylu, A.R. Epidemiological features of ulcerative
colitis in Trakya, Turkey. J. Int. Med. Res. 2003, 31, 141-148.

Card, T.; Logan, R.F.A.; Rodrigues, L.C.; Wheeler, J.G. Antibiotic use and the development of
Crohn’s disease. Gut 2004, 53, 246-250.

Aniwan, S.; Tremaine, W.J.; Raffals, L.E.; Kane, S.V.; Loftus, E.V. Antibiotic use and new-onset
inflammatory bowel disease in Olmsted county, Minnesota: A population-based case-control
study. J. Crohns Colitis 2018, 12, 137-144.

Hildebrand, H.; Malmborg, P.; Askling, J.; Ekbom, A.; Montgomery, S.M. Early-life exposures
associated with antibiotic use and risk of subsequent Crohn’s disease. Scand. J. Gastroenterol.
2008, 43, 961-966.

Ananthakrishnan, A.N.; Higuchi, L.M.; Huang, E.S.; Khalili, H.; Richter, J.M.; Fuchs, C.S.; Chan,
A.T. Aspirin, nonsteroidal anti-inflammatory drug use, and risk for Crohn disease and ulcerative
colitis: A cohort study. Ann. Intern. Med. 2012, 156, 350-359.

Molodecky, N.A.; Kaplan, G.G. Environmental risk factors for inflammatory bowel disease.
Gastroenterol. Hepatol. 2010, 6, 339-346.

Ho, S.-M.; Lewis, J.D.; Mayer, E.A.; Plevy, S.E.; Chuang, E.; Rappaport, S.M.; Croitoru, K.;
Korzenik, J.R.; Krischer, J.; Hyams, J.S.; et al. Challenges in IBD research: Environmental
triggers. Inflamm. Bowel Dis. 2019, 25, S13-S23.

Wintjens, D.S.J.; de Jong, M.J.; van der Meulen-de Jong, A.E.; Romberg-Camps, M.J.; Becx,
M.C.; Maljaars, J.P.; van Bodegraven, A.A.; Mahmmaod, N.; Markus, T.; Haans, J.; et al. Novel
perceived stress and life events precede flares of inflammatory bowel disease: A prospective 12-
month follow-up study. J. Crohn’s Colitis 2019, 13, 410-416.

Singh, S.; Graff, L.A.; Bernstein, C.N. Do NSAIDs, antibiotics, infections, or stress trigger flares in
IBD? Am. J. Gastroenterol. 2009, 104, 1298-1313.

Rhee, S.H.; Pothoulakis, C.; Mayer, E.A. Principles and clinical implications of the brain-gut-
enteric microbiota axis. Nat. Rev. Gastroenterol. Hepatol. 2009, 6, 306—-314.

Mazzon, E.; Sturniolo, G.C.; Puzzolo, D.; Frisina, N.; Fries, W. Effect of stress on the paracellular
barrier in the rat ileum. Gut 2002, 51, 507-513.

Bitton, A.; Dobkin, P.L.; Edwardes, M.D.; Sewitch, M.J.; Meddings, J.B.; Rawal, S.; Cohen, A,;
Vermeire, S.; Dufresne, L.; Franchimont, D.; et al. Predicting relapse in Crohn’s disease: A
biopsychosocial model. Gut 2008, 57, 1386—1392.

Camara, R.J.A.; Schoepfer, A.M.; Pittet, V.; Begré, S.; von Kanel, R.; Swiss Inflammatory Bowel
Disease Cohort Study (SIBDCS) Group. Mood and nhonmood components of perceived stress and
exacerbation of Crohn’s disease. Inflamm. Bowel Dis. 2011, 17, 2358—-2365.

https://encyclopedia.pub/entry/24224 19/22



Risk Factors of Inflammatory Bowel Disease | Encyclopedia.pub

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Mikhailov, T.A.; Furner, S.E. Breastfeeding and genetic factors in the etiology of inflammatory
bowel disease in children. World J. Gastroenterol. 2009, 15, 270-279.

Nishida, A.; Inoue, R.; Inatomi, O.; Bamba, S.; Naito, Y.; Andoh, A. Gut microbiota in the
pathogenesis of inflammatory bowel disease. Clin. J. Gastroenterol. 2018, 11, 1-10.

Jugder, B.-E.; Kamareddine, L.; Watnick, P.l. Microbiota-derived acetate activates intestinal innate
immunity via the Tip60 histone acetyltransferase complex. Immunity 2021, 54, 1683—-1697.

Bojanova, D.P.; Bordenstein, S.R. Fecal transplants: What is being transferred? PLoS Biol. 2016,
14, €1002503.

MetaHIT Consortium; Qin, J.; Li, R.; Raes, J.; Arumugam, M.; Burgdorf, K.S.; Manichanh, C.;
Nielsen, T.; Pons, N.; Levenez, F.; et al. A human gut microbial gene catalogue established by
metagenomic sequencing. Nature 2010, 464, 59-65.

Mufioz, M.; Heimesaat, M.M.; Danker, K.; Struck, D.; Lohmann, U.; Plickert, R.; Bereswill, S.;
Fischer, A.; Dunay, I.R.; Wolk, K.; et al. Interleukin (IL)-23 mediates toxoplasma gondii-induced
immunopathology in the gut via matrixmetalloproteinase-2 and IL-22 but independent of IL-17. J.
Exp. Med. 2009, 206, 3047-3059.

Awane, M.; Andres, P.G.; Li, D.J.; Reinecker, H.-C. NF-KB-inducing kinase is a common mediator
of IL-17-, TNF-a-, and IL-1pB-induced chemokine promoter activation in intestinal epithelial cells. J.
Immunol. 1999, 162, 5337.

Bemark, M.; Boysen, P.; Lycke, N.Y. Induction of gut IgA production through T cell-dependent and
T cell-independent pathways. Ann. N. Y. Acad. Sci. 2012, 1247, 97-116.

Bergquist, P.; Stensson, A.; Lycke, N.Y.; Bemark, M. T cell-independent IgA class switch
recombination is restricted to the galt and occurs prior to manifest germinal center formation. J.
Immunol. 2010, 184, 3545.

Hooper, L.V.; Stappenbeck, T.S.; Hong, C.V.; Gordon, J.l. Angiogenins: A new class of
microbicidal proteins involved in innate immunity. Nat. Immunol. 2003, 4, 269-273.

Lamas, B.; Richard, M.L.; Leducq, V.; Pham, H.-P.; Michel, M.-L.; Da Costa, G.; Bridonneau, C.;
Jegou, S.; Hoffmann, T.W.; Natividad, J.M.; et al. CARD9 impacts colitis by altering gut microbiota
metabolism of tryptophan into aryl hydrocarbon receptor ligands. Nat. Med. 2016, 22, 598—605.

Longman, R.S.; Diehl, G.E.; Victorio, D.A.; Huh, J.R.; Galan, C.; Miraldi, E.R.; Swaminath, A.;
Bonneau, R.; Scherl, E.J.; Littman, D.R. CX3CR1+ mononuclear phagocytes support colitis-
associated innate lymphoid cell production of IL-22. J. Exp. Med. 2014, 211, 1571-1583.

Huda-Faujan, N.; Abdulamir, A.S.; Fatimah, A.B.; Anas, O.M.; Shuhaimi, M.; Yazid, A.M.; Loong,
Y.Y. The impact of the level of the intestinal short chain fatty acids in inflammatory bowel disease
patients versus healthy subjects. Open Biochem. J. 2010, 4, 53-58.

https://encyclopedia.pub/entry/24224 20/22



Risk Factors of Inflammatory Bowel Disease | Encyclopedia.pub

99. Maslowski, K.M.; Vieira, A.T.; Ng, A.; Kranich, J.; Sierro, F.; Di, Y.; Schilter, H.C.; Rolph, M.S,;
Mackay, F.; Artis, D.; et al. Regulation of inflammatory responses by gut microbiota and
chemoattractant receptor GPR43. Nature 2009, 461, 1282-1286.

100. Smith, P.M.; Howitt, M.R.; Panikov, N.; Michaud, M.; Gallini, C.A.; Bohlooly-Y, M.; Glickman, J.N.;
Garrett, W.S. the microbial metabolites, short-chain fatty acids, regulate colonic Treg cell
homeostasis. Science 2013, 341, 569-573.

101. Khan, I.; Ullah, N.; Zha, L.; Bai, Y.; Khan, A.; Zhao, T.; Che, T.; Zhang, C. Alteration of gut
microbiota in inflammatory bowel disease (IBD): Cause or consequence? IBD treatment targeting
the gut microbiome. Pathogens 2019, 8, 126.

102. Gevers, D.; Kugathasan, S.; Denson, L.A.; Vazquez-Baeza, Y.; Van Treuren, W.; Ren, B.;
Schwager, E.; Knights, D.; Song, S.J.; Yassour, M.; et al. The treatment-naive microbiome in new-
onset Crohn’s disease. Cell Host Microbe 2014, 15, 382-392.

103. Zhang, S.-L.; Wang, S.-N.; Miao, C.-Y. Influence of microbiota on intestinal immune system in
ulcerative colitis and its intervention. Front. Immunol. 2017, 8, 1674.

104. Butto, L.F.; Haller, D. Dysbiosis in Intestinal Inflammation: Cause or consequence. Int. J. Med.
Microbiol. 2016, 306, 302—309.

105. Atarashi, K.; Tanoue, T.; Oshima, K.; Suda, W.; Nagano, Y.; Nishikawa, H.; Fukuda, S.; Saito, T.;
Narushima, S.; Hase, K.; et al. Treg induction by a rationally selected mixture of clostridia strains
from the human microbiota. Nature 2013, 500, 232—-236.

106. Littman, D.R.; Rudensky, A.Y. Th17 and regulatory T cells in mediating and restraining
inflammation. Cell 2010, 140, 845-858.

107. Ayabe, T.; Satchell, D.P.; Pesendorfer, P.; Tanabe, H.; Wilson, C.L.; Hagen, S.J.; Ouellette, A.J.
Activation of PANETH cell a-defensins in mouse small intestine. J. Biol. Chem. 2002, 277, 5219—
5228.

108. Cash, H.L.; Whitham, C.V.; Behrendt, C.L.; Hooper, L.V. Symbiotic bacteria direct expression of
an intestinal bactericidal lectin. Science 2006, 313, 1126-1130.

109. Hapfelmeier, S.; Lawson, M.A.E.; Slack, E.; Kirundi, J.K.; Stoel, M.; Heikenwalder, M.; Cahenzli,
J.; Velykoredko, Y.; Balmer, M.L.; Endt, K.; et al. Reversible microbial colonization of germ-free
mice reveals the dynamics of IgA immune responses. Science 2010, 328, 1705-1709.

110. Veltkamp, C.; Tonkonogy, S.L.; de Jong, Y.P.; Albright, C.; Grenther, W.B.; Balish, E.; Terhorst, C.;
Sartor, R.B. Continuous stimulation by normal luminal bacteria is essential for the development
and perpetuation of colitis in Tge26 mice. Gastroenterology 2001, 120, 900-913.

111. Schaubeck, M.; Clavel, T.; Calasan, J.; Lagkouvardos, |.; Haange, S.B.; Jehmlich, N.; Basic, M.;
Dupont, A.; Hornef, M.; von Bergen, M.; et al. Dysbiotic gut microbiota causes transmissible

https://encyclopedia.pub/entry/24224 21/22



Risk Factors of Inflammatory Bowel Disease | Encyclopedia.pub

Crohn’s disease-like ileitis independent of failure in antimicrobial defence. Gut 2016, 65, 225-237.

112. Britton, G.J.; Contijoch, E.J.; Mogno, I.; Vennaro, O.H.; Llewellyn, S.R.; Ng, R.; Li, Z.; Mortha, A;
Merad, M.; Das, A.; et al. Microbiotas from humans with inflammatory bowel disease alter the
balance of gut Th17 and RORYyt+ regulatory T cells and exacerbate colitis in mice. Immunity 2019,
50, 212-224.

113. Reinoso Webb, C.; den Bakker, H.; Koboziev, I.; Jones-Hall, Y.; Rao Kottapalli, K.; Ostanin, D.;
Furr, K.L.; Mu, Q.; Luo, X.M.; Grisham, M.B. Differential susceptibility to T cell-induced colitis in
mice: Role of the intestinal microbiota. Inflamm. Bowel Dis. 2018, 24, 361-379.

114. D'Haens, G.R.; Geboes, K.; Peeters, M.; Baert, F.; Penninckx, F.; Rutgeerts, P. Early lesions of
recurrent Crohn’s disease caused by infusion of intestinal contents in excluded ileum.
Gastroenterology 1998, 114, 262-267.

115. Kumar, S.; Kumar, A. Microbial pathogenesis in inflammatory bowel diseases. Microb. Pathog.
2022, 163, 105383.

Retrieved from https://www.encyclopedia.pub/entry/history/show/58447

https://encyclopedia.pub/entry/24224 22/22



