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Abstract

Inflammatory bowel disease (IBD) is a heterogenous group of chronic inflammations in the gastrointestinal tract, which
traditionally consists of two types: Crohn’s disease and ulcerative colitis. They differ when it comes to clinical, endoscopic, and
histopathological changes. The exact aetiology of IBD has not been fully comprehended, but what is known so far is that the
aetiopathogenesis of the disease is compound. Many articles have been written on the cellular/molecular background of IBD.
Based on various molecular pathways, new forms of the disease have been discovered, including very early-onset IBD (VEO-IBD)
or IBD coexisting with primary sclerosing cholangitis. The aim of this article is to present the molecular mechanisms leading to

IBD, focusing on new forms of this disorder.

Introduction

Inflammatory bowel disease (IBD) is a heteroge-
nous group of chronic inflammations in the gastroin-
testinal tract, which traditionally consists of two types:
Crohn’s disease (CD) and ulcerative colitis (UC). They
differ when it comes to clinical, endoscopic, and his-
topathological changes. The aetiology of IBD is not
fully known, but it has been linked to genetic, immu-
nological, and environmental factors playing a role in
the development of the disease. Interaction between
genetic and environmental factors leads to immunolog-
ical response, which has an impact on microbiota and
causes inflammation of the intestine [1-3]. Proinflam-
matory cytokines mediate the relation between lym-
phoid, inflammatory, and haematopoietic cells. Activat-
ed intraepithelial lymphocytes (IELs) within intestines
are the first-line defence. They produce interleukin 15
(IL-15), which stimulates macrophages, neutrophils, eo-
sinophils, and CD8+ T lymphocytes in the lamina pro-
pria [4]. As a result, proinflammatory cytokines such
as IL-1B, IL-2, IL-6, IL-8 , and IL-12 and tumor necrosis

factor o (TNF-a) appear. TNF-a inhibits anti-inflamma-
tory transforming growth factor g (TGF-B), which induc-
es fibrotic processes. Gut dysbiosis, including the role
of bacteria, fungi, viruses, and other microorganisms,
has also been studied extensively, proving a decrease
in biodiversity, known as a diversity [5]. Gevers et al.
[6] suggested that increased Veillonellaceae, Pasteurel-
lacaea, Enterobacteriaceae, and Fusobacteriaceae and
decreased Bacteroidales, Erysipelotrichales, and Clos-
tridiales, strongly correlate with disease status.

On the other hand, cell wall components of the fun-
gi can also trigger the innate immune response through
receptors such as dectin-1 (a C-type lectin receptor),
Toll-like receptors (TLR2 and TLR4), components of the
complement system, and members of the scavenger re-
ceptor family (CD5, SCARF1, and CD36) [7]. As a result,
different molecules (CARD9, IL-17, IL-22, ITAM, NFAT,
and NF-kB) are ejected. When it comes to the role of
viruses, the data is not straightforward. It seems that
different viral strains together with gene mutations
(ATG16L1/an autophagy gene, TLR3 and TLR7) may have
both protective and aggravating influence on intestinal
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inflammation. Nonetheless, recently most studies have
been focused on the genetic impact on IBD pathogen-
esis. More than 200 single nucleotide polymorphisms
(SNPs) have already been described. Based on alter-
ations in different molecules, new subtypes of IBD have
also been proposed.

The aim of this article is to present cellular mecha-
nisms leading to IBD with a focus on new forms of this
disorder.

The basic diagram showing the impact of different
pathogenetic factors and their most important molecular
pathways in patients with IBD is presented in Figure 1.

Crohn’s disease and ulcerative colitis —
genetic and molecular background

The first SNP to be associated with IBD was dis-
covered in 2001 by genome-wide association studies
(GWAS). It was nucleotide-binding oligomerisation do-
main (NOD2)/caspase-activating recruitment domain
(CARD4), which belongs to the pattern recognition re-
ceptor (PRR) group of molecules. In 2010, a meta-anal-
ysis was performed, which identified 71 susceptibility
loci in the pathogenesis of CD [8]. For UC a meta-anal-
ysis was conducted in 2011 detecting 47 susceptibili-
ty loci [9]. Nowadays, more than 200 SNPs have been
found and described [10, 11]. They belong to four dif-
ferent groups: PRR, genes associated with mucosal
membrane integrity, autophagy genes, and genes for
pro- and anti-inflammatory cytokines. The working
mechanism of NOD2/CARD15 protein is related to ac-
tivation of pathways of NF-kB and MAP kinase, which
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release proinflammatory cytokines. Genes that code
transporters for carnitine and cations have also been
discovered as IBD SNPs [12]. They are located within
the IBD5 gene, which codes two transporters for car-
nitine 2: OCTN1 and OCTN2. The first one decreases
transport of carnitine and increases transport of cat-
ions, while the second one inhibits carnitine uptake
[13]. DLG5 (discs large homolog 5) gene, which belongs
to MAGUK (membrane-associated guanylate kinase), is
another SNP associated with mucosal membrane integ-
rity. The protein coded by this gene has an impact on
adhesion molecules and cytoskeleton-influencing trans-
membrane signalling, as well as maintaining a proper
structure of intestinal epithelium. DLG5 (R30Q) is re-
sponsible for the coexistence of CD and UC [14]. Auto-
phagy genes are very important because this process
plays a crucial role in apoptosis. In 2007, Hampe et al.
[15] proved that polymorphism in Thr300Ala in the AT-
G16L1 gene (bacterial autophagy) is associated with
CD. A meta-analysis has been conducted revealing that
variant rs2241880/T300A of this gene may contribute
to CD development in childhood; however, it has not
been confirmed for UC [13]. Therefore, it seems that AT-
G16L1 is an SNP gene for CD exclusively. When it comes
to genes for pro- and anti-inflammatory cytokines, the
best known and confirmed mutation is the one in IL-10
and its receptors predisposing to IBD manifestation in
early childhood.

It is also important to mention the impact of diet in
the pathogenesis of CD and UC. Although most of the
data comes from mouse trials and their extrapolation
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Figure 1. Basic diagram of pathogenetic factors and their molecular pathways in patients with IBD
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to humans is difficult, findings are very promising and
interesting particularly in regard to therapeutic meth-
ods. Many researches have also proven that a “western
diet” characterised by high fat, sugar, gluten, dairy, and
food additive intake accompanied by low fibre exposure
may contribute to IBD [16, 17]. These alimentary fac-
tors may have a synergistic negative impact on intesti-
nal microbiota and the intestinal barrier. Consequently,
dysbiosis and increased permeability of the intestinal
barrier induce abnormal immune response and inflam-
mation [18]. For example, a high-fat and high-sugar diet
decreases butyrate production and expression of its
receptor (GPR43) [19]. Butyrate plays a protective role
on the mucosal layer down-regulating inflammation by
suppressing transcription of cytokines and increasing
differentiation of lamina propria [20]. It also upregulates
defensins and cathelicidin peptides with an antibacterial
effect [21]. Martinez-Medina et al. [19] published data
suggesting that a high-fat and high-sugar diet increased
susceptibility to adherent invasive E. coli (AIEC) strains
in IBD patients. In normal conditions AIEC cannot induce
inflammation by itself. The pathogenicity appears only
if ligand carcinoembryonic antigen-related cell adhesion
molecule 6 (CEACAM 6), acting as a host cell receptor
for AIEC adhesion, is presented by intestinal epithelial
and M cells. It seems that high intake of fat and sugar
may promote colonisation in genetically predisposed pa-
tients, expressing a basal level of CEACAM6. The nega-
tive effect of a HF/HS diet intensified by low dietary fibre
intake leads to increased permeability of the mucous
layer due to its catabolism. This process results in exten-
sive contact between epithelium and pathogenic lumi-
nal bacteria [19]. Gluten may also induce ileitis, leading
to intestinal permeability, which has been identified as
a factor associated with relapse in CD [21]. Wheat con-
tains a-amylase and trypsin inhibitors with the potential
to activate human dendritic cells and macrophages driv-
ing intestinal inflammation [22].

We describe above only examples of the possible
negative impact of diet on the pathogenesis of IBD.
These mechanisms, however, are complex and multifac-
torial, but their detailed discussion is not the subject of
this article.

Very early onset IBD and infantile IBD

Initially, due to the unique disease characteristics,
the Paris Modification of the Montreal Classification
system distinguished only one subgroup of paediatric
IBD patients at age below 10 years [1]. More recently,
according to the phenotypes as well as the presence
of monogenic defects, a more detailed classification
has been suggested. Subgroups of paediatric-onset
IBD (< 17 years old), early onset IBD (< 10 years old),
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very-early onset IBD (VEO-IBD, < 6 years old), infan-
tile onset IBD (< 2 years old), and neonatal onset IBD
(< 28 days old) have been proposed [2—-4]. Presenta-
tions of IBD at a very young age are quite different from
those in adolescents and adults. In most cases, the dis-
ease is initially restricted to the colon, resistant to im-
munosuppressive or surgical treatment, and frequently
associated with additional immunodeficiency disorders.
The majority of patients with early IBD present with
positive family history and significantly higher rates of
affected first-degree relatives than others. All these rea-
sons make researchers consider genetic susceptibility
and environmental components as important factors in
VEO-IBD [4, 5]. For example, single genetic mutations
in the interleukin-10 (IL-10) or the IL-10 receptor (IL-
10RA), impairing its immunological signalling pathway,
have been found to be associated with these early IBD
entities [6, 7].

Very early onset IBD caused by monogenic disor-
ders, especially the ones associated with IL-10 RA de-
ficiency, results in extraordinarily severe forms of IBD
[8-10]. Patients with IL-10RA deficiency present with
very severe gastrointestinal symptoms, such as acute
colitis, severe perianal fistulae, and perirectal abscesses
and recurrent clinical sepsis. In many cases monogenic
IBD is accompanied with folliculitis and/or arthritis. The
first symptoms may even appear in the first weeks of
life [8—13]. This IL-10RA-deficient VEO-IBD is also known
to be refractory to conventional medical management
and may require very specific therapies such as bone
marrow or stem cell transplantation [4, 5, 13]. Pheno-
typic characterisation of VEO-IBD, due to mutations in
IL10 and IL10RA as well as possible treatment, have
been extensively studied and described by the Genius
Working Group, who collected the data of infants with
a proven defect of the IL10 axis [14]. VEO-IBD consti-
tutes 3—15% of paediatric IBD patients, while monogen-
ic IL-10RA-deficient VEO-IBD is estimated at 10% of all
VEO-IBD patients [15].

IL-10 is critical in maintaining the balance of the
immune system through restrictions of the secretion of
pro-inflammatory cytokines such as TNF-a, IL-1, IL-6,
and IL-12, and it controls both the differentiation and
proliferation of macrophages and T and B cells. This is
especially important within the intestine because there
are over a hundred trillion bacteria constantly stimulat-
ing the immune system. Without IL-10 suppression, pa-
tients develop very severe intestinal inflammation [4, 5].

The genetic aetiology of monogenic early IBD is not
only restricted to the IL-10 pathway. Large-scale ge-
nome-wide association studies (GWAS) have detected
over 230 risk loci associated with VEO-IBD; however,
the contribution of the majority of them in IBD manifes-
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tations remains unclear [16]. Whole exome sequencing
(WES) has greatly expanded the list of genes associated
with IBD risk, and currently almost 60 monogenic muta-
tions related to VEO-IBD and IBD-like colitis have been
identified. Among many others, mutations in NCF2,
XIAP, LRBA, or TTC7 can be indicated. For example, mu-
tations in the gene-encoding X-linked inhibitor of apop-
tosis (XIAP) in infants, like those engaged in IL-10, are
connected with very severe IBD course. Recently, Zheng
et al. have published three cases of infantile-onset IBD
patients who had mutations in tumour necrosis factor
a-induced protein 3 (TNFAIP3). It may be a new molec-
ular pathway associated with infantile-onset I1BD.

In conclusion, all studies and observations seem to
indicate that monogenic VEO-IBD is a distinct, unique
disease entity characterised by very aggressive course,
and high morbidity and mortality, which requires a spe-
cific treatment strategy. Well-designed further studies
are needed to confirm this theory.

IBD-PSC

It has been estimated that 75% of children with
PSC also have IBD [23], while the presence of PSC in
UC patients is approximately 2.4-7.5%, and in CD it is
about 3.4%. The phenotype of IBD-PSC is unique and is
characterised by active inflammation with poor clinical
symptoms. Rectal sparing as well as backwash ileitis are
also common. Patients have higher risk of developing
colorectal cancer even if they are in remission. Based
on these observations, coexistence of IBD and PSC has
been considered as a distinct entity (different form of
IBD). GWAS have even identified common genetic re-
gions specific for this disorder. It is believed that the
major histocompatibility complex (MHC) is the main ge-
netic factor associated with PSC-UC. In 2007 a Scandina-
vian group compared PSC-UC and UC patients, revealing
that distinct HLA class Il was associated with the PSC-UC
group. In 2011 Janse et al. [24] identified another three
genetic links involving IL-2, REL, and CARD9 pathways as
UC susceptibility loci associated with PSC. Further mo-
lecular changes that may predispose to PSC-IBD include
SNPs and post-transcriptional gene regulators such as
microRNA (miRNA), as well as different cytokines and
a variety of autoantibodies. TNF-a. and pANCA (PR3-AN-
CA) are also highly suspected to play a key role in the
development of this disorder, especially because both
PSC and IBD are strongly associated with autoimmune
dysfunctions. This subject is currently being studied and
no statements have been established so far.

Conclusions

IBD is a heterogenous disorder. It has been exten-
sively studied for years to better understand its patho-

genesis and to introduce novel therapies. Based on
recent genomic researches and clinical observations,
new phenotypes and molecular pathways have been
discovered. However, it is still believed that IBD includes
two distinct types: CD and UC, but their genetic back-
ground seems to be more compound than was previ-
ously thought. Perhaps, in the future new forms of IBD
will be established. Nonetheless, even if considered as
one disorder, it is evident that IBD has various molec-
ular faces.

Conflict of interest

The authors declare no conflict of interest.

References

1. Fiocchi C. Inflammatory bowel disease: etiology and pathogen-
esis. Gastroenterology 1998; 115: 182-205.

2. Xavier R, Podolsky D. Unravelling the pathogenesis of inflam-
matory bowel disease. Nature 2007; 448: 427-34.

3. Zuo T. The gut microbiota in the pathogenesis and therapeu-
tics of inflammatory bowel disease. Front Microbiol 2018; 9:
2247.

4. Guehler SR, Finch RJ, Bluestone JA, Barrett TA. Increased
threshold for TCR-mediated signaling controls self reactivity
of intraepithelial lymphocytes. J Immunol 1998; 160: 5341-6.

5. Manichanh C, Rigottier-Gois L, Bonnaud E, et al. Reduced di-
versity of faecal microbiota in Crohn’s disease revealed by
a metagenomic approach. Gut 2000; 55: 205-11.

6. Gevers D, Kugathasan S, Denson LA, et al. The treatment-naive
microbiome in new-onset Crohn’s disease. Cell Host Microbe
2014; 15: 382-92.

7. Levitz SM. Innate recognition of fungal cell walls. PLoS Pathog
2010; 6: 1000758.

8. Franke A, McGovern DPB, Barrett JC, et al. Genome-wide me-
ta-analysis increases to 71 the number of confirmed Crohn’s
disease susceptibility loci. Nat Genet 2010; 42: 1118-25.

9. Anderson CA, Boucher G, Lees CW, et al. Meta-analysis iden-
tifies 29 additional ulcerative colitis risk loci, increasing the
number of confirmed associations to 47. Nat Genet 2011; 43:
246-52.

10. Bonen DK, Cho JH. The genetics of inflamatory bowel disease.
Gastroenterology 2003; 124: 521-36.

11. Ellinghaus D, Bethune J, Petersen BS, Franke A. The genetics of
Crohn’s disease and ulcerative colitis — status quo and beyond.
Scand J Gastroenterol 2015; 50: 13-23.

12. Cho J. Inflammatory bowel disease: genetic and epidemiologic
considerations. Word ) Gastroenterol 2008; 14: 338-47.

13. Girardin M, Dionne S, Goyette B et al. Expression and function-
al analysis of intestinal organic cation/L carnitine transporter
(OCTN) in Crohn’s disease. J Crohns Colitis 2012; 6: 189-97.

14. Lin Z, Hegarty JR Berb A, et al. DLG5P1371Q is associated with
inflammatory bowel disease and complementary to R30Q in
disease susceptibility. Swiss Med Wkly 2011; 2011: 13290-7.

15. Hampe J, Franke A, Rosenstiel P et al. A genome-wide associ-
ation scan of nonsynonymous SNPs identifies a susceptibility

Gastroenterology Review 2019; 14 (4)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Zuo T%5BAuthor%5D&cauthor=true&cauthor_uid=30319571

232 Sylwia Szymarnska, Malgorzata Matuszczyk, Magdalena Osuch, Monika Meglicka, Edyta Szymanska, Joanna Bierta, Jaroslaw Kierkus

variant for Crohn’s disease in ATG16L1. Nat Genet 2007; 39:
207-11.

16. Levine A, Boneh RS, Wine E. Evolving role of diet in the patho-
genesis and treatment of inflammatory bowel diseases. Gut
2018; 67: 1726-38.

17. Moubarac JC, Batal M, Martins AP, et al. Processed and ul-
tra-processed food products: consumption trends in Canada
from 1938 to 2011. Can ) Diet Pract Res 2014; 75: 15-21.

18. Desai MS, Seekatz AM, Koropatkin NM, et al. A dietary fi-
ber-deprived gut microbiota degrades the colonic mucus
barrier and enhances pathogen susceptibility. Cell 2016; 167:
1339-53.

19. Martinez-Medina M, Denizot J, Dreux N, et al. Western diet
induces dysbiosis with increased E. coli in CEABAC10 mice,
alters host barrier function favouring AIEC colonisation. Gut
2014; 63: 116-24.

20. Furusawa Y, Obata Y, Fukuda S, et al. Commensal microbe-de-
rived butyrate induces the differentiation of colonic regulatory
T cells. Nature 2013; 504: 446-50.

. Wagner SJ, Schmidt A, Effenberger M), et al. Semisynthetic diet
ameliorates Crohn’s disease-like ileitis in TNF ARE/WT mice
through antigen-independent mechanisms of gluten. Inflamm
Bowel Dis 2013; 19: 1285-94.

22. Zevallos VF, Raker V, Tenzer S, et al. Nutritional wheat amy-
lase-trypsin inhibitors promote intestinal inflammation via
activation of myeloid cells. Gastroenterology 2017; 152: 1100-
13.

23. Ricciuto A, Fish J, Carman N, et al. Symptoms do not correlate
with findings from colonoscopy in children with inflammatory
bowel disease and primary sclerosing cholangitis. Clin Gastro-
enterol Hepatol 2018; 16: 1098-105.

24. Janse M, Lamberts LE, Franke L, et al. Three ulcerative colitis
susceptibility loci are associated with primary sclerosing chol-
angitis and indicate a role for IL2, REL, and CARD9. Hepatology
2011; 53: 1977-85.

2

—

Received: 11.01.2019
Accepted: 14.02.2019

Gastroenterology Review 2019; 14 (4)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Moubarac JC%5BAuthor%5D&cauthor=true&cauthor_uid=24606955
https://www.ncbi.nlm.nih.gov/pubmed/?term=Batal M%5BAuthor%5D&cauthor=true&cauthor_uid=24606955
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martins AP%5BAuthor%5D&cauthor=true&cauthor_uid=24606955
https://www.ncbi.nlm.nih.gov/pubmed/?term=Desai MS%5BAuthor%5D&cauthor=true&cauthor_uid=27863247
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seekatz AM%5BAuthor%5D&cauthor=true&cauthor_uid=27863247
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koropatkin NM%5BAuthor%5D&cauthor=true&cauthor_uid=27863247
https://www.ncbi.nlm.nih.gov/pubmed/?term=desai+ms+a+dietary+fiber-deprived
https://www.ncbi.nlm.nih.gov/pubmed/23598352
https://www.ncbi.nlm.nih.gov/pubmed/23598352
https://www.ncbi.nlm.nih.gov/pubmed/23598352
https://www.ncbi.nlm.nih.gov/pubmed/24226770
https://www.ncbi.nlm.nih.gov/pubmed/24226770
https://www.ncbi.nlm.nih.gov/pubmed/24226770
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wagner SJ%5BAuthor%5D&cauthor=true&cauthor_uid=23567784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmidt A%5BAuthor%5D&cauthor=true&cauthor_uid=23567784
https://www.ncbi.nlm.nih.gov/pubmed/?term=wagner+sj+semisynthetic+diet
https://www.ncbi.nlm.nih.gov/pubmed/?term=wagner+sj+semisynthetic+diet
https://www.ncbi.nlm.nih.gov/pubmed/27993525
https://www.ncbi.nlm.nih.gov/pubmed/27993525
https://www.ncbi.nlm.nih.gov/pubmed/27993525

	_Ref531000530

