Scientific Foundation SPIROSKI, Skopje, Republic of Macedonia
Open Access Macedonian Journal of Medical Sciences. 2021 Dec 06; 9(F):708-711.

https://doi.org/10.3889/0amjms.2021.7733
elSSN: 1857-9655

Category: F - Review Articles

Section: Narrative Review Article

o
PR
G

P,
s
§

OPEN a ACCESS

Immunological Aspect in Inflammatory Bowel Disease

Darmadi Darmadi"*@®, Riska Habriel Ruslie

’Depan‘ment of Internal Medicine, Faculty of Medicine, Universitas Sumatera Utara, Medan, Indonesia; 2D(—:‘parl‘mem‘ of Child
Health, Faculty of Medicine, Universitas Prima Indonesia, Medan, Indonesia

Edited by: Ksenija Bogoeva-Kostovska

Citation: Darmadi D, Ruslie RH. Immunological Aspect in
Inflammatory Bowel Disease. Open-Access Maced J Med
Sci. 2021 Dec 06; 9(F):708-711.
https://doi.org/10.3889/0amjms.2021.7733

Keywords: Adaptive; Immune; Inflammatory bowel
disease; Innate

*Correspondence: Darmadi Darmadi, Department

of Internal Medicine, Faculty of Medicine, Universitas
Sumatera Utara, Medan, Indonesia.

E-mail: darmadi@usu.ac.id

Received: 28-Oct-2021

Revised: 24-Nov-2021

Accepted: 26-Nov-2021

Copyright: © 2021 Darmadi Darmadi,

Riska Habriel Ruslie

Funding: This research did not receive any financial
support

Competing Interest: The authors have declared that no
competing interest exists

Open Access: This is an open-access article distributed
under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Inflammatory bowel
condition characterized by improper immune-mediated
inflammatory response in the alimentary tract toward
antigens. The
occurs in chronic fashion [1], [2]. IBD consists of two
subtypes which are ulcerative colitis (UC) and Crohn’s
disease (CD) [1], [3], [4]. Both have been identified
since a long time ago. Wilks and Moxon were the first to
identify UC in 1875 while CD was introduced by Burrill
Crohn, Leon Ginzburg, and Gordon Oppenheimer later

external and internal

in 1932 [1], [3], [5].

disease (IBD)

Abstract

Inflammatory bowel disease (IBD) is a chronic inflammation in the alimentary tract due to improper immune response
toward external and internal antigens. The disease consists of two entities: Ulcerative colitis and Crohn’s disease.
The disease’s prevalence is increasing worldwide due to westernization and industrialization. Europe still holds the
highest prevalence of IBD in the world. There are two peaks of disease incidence. The first is in the third decade
of life and the second is in the fourth decade. Slight male predominance is observed in IBD. Internal and external
risk factors play an important role in the occurrence of IBD including genetic, smoking, reduced fiber intake, less
or absent breastfeeding, sedentary occupation, pollution exposure, and medications. The disease carries heavy
economic burden and hampers patient's quality of life. The immune concept of IBD was hypothesized in the
1950s since the symptoms resolved with the administration of steroid. Innate and adaptive immune systems are
involved in the pathogenesis of IBD. Antigen-presenting cells are found hyperactive, intestinal barrier is disrupted,
and autophagy activity is increased. Molecular mimicry occurs between foreign and self-antigen. The activity of T
helper (Th)1, Th2, and Th17 is amplified while regulatory T-cell’s activity is suppressed. Pro-inflammatory cytokine
production is elevated but anti-inflammatory cytokines are lowered. Finally, there is increased immunoglobulin G
level in intestinal mucosa and imbalance of gut microorganism. All the above immune disturbances lead to chronic
inflammation in IBD.

direct health-care cost of IBD in Europe ranges from
€4.6 to 5.6 billion [3]. In the USA, the economic burden
from IBD exceeds 6 billion USD in 2004 [3], [4].

The concept of immunology in IBD began to
rise in the 1950s, since the symptoms were ameliorated
with the utilization of steroid [1]. Later, several
immunomodulators are utilized for managing the
disease such as thiopurine, infliximab, and methotrexate
and show significant improvement [8], [9], [10]. Several
risk factors are also associated with changing in host’s
immune system such as absence of breastfeeding
during childhood [1], [3]. In this review, we will further
discuss the immunological aspects of IBD.

is a

inflammation

CD affects all parts of gastrointestinal tract
and manifests as fatigue, diarrhea with or without
bleeding, abdominal pain, weight loss, and fever. UC
itself affects colon and manifests as rectal bleeding,
diarrhea, mucus discharge from rectum, tenesmus, and
lower abdominal pain [6], [7]. The prevalence of IBD
in Europe is the highest globally [3], [5]. Recently, IBD
has spread to all regions in the world and becomes a
global disease [3]. Fortunately, mortality rate from IBD
is not significant. However, the disease carries heavy
economic burden and hampers patients’ quality of life.
The economic burden is the result of hospitalization,
surgery, ambulatory care, and medications. Annual

Epidemiology of IBD

Nowadays, IBD is not an exclusive disease
for Western world anymore. The incidence of IBD
is reported to be increased globally [1], [4], [5]. The
influence of lifestyle changing, namely, westernization
and industrialization, in newly developed countries
is suspected to be the cause of the increase [5], [7].
The incidence of UC and CD in Europe is reported
to be 24.3 and 12.7/100,000 persons per year,
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respectively, while in the USAis 12.2 and 10.7/100,000
persons/year, respectively [4]. In Asia, the incidence
of IBD ranges from 0.5 to 3.4/100,000 population [11].
The prevalence of IBD is expected to be 660/100,000
population in 2025 [3]. The peak incidence of IBD is in
the third decade of life [1], [3], [12], while the second
peak is in the fourth decade [12]. Gender predilection is
comparable with slight male predominance, particularly
in Asian countries [1], [12].

Risk Factors of IBD

Internal and external factors play role as risk
factors of IBD. Internal risk factor includes genetic
predisposition [6], [13]. Even though it cannot cause
IBD independently, genetic is an important risk factor for
the disease. Several genetic predispositions have been
studied in association with IBD such as NOD2, IL23R,
and ATG16L1 [3], [4], [6], [13], [14]. External factor
includes broad spectrum of triggers. Hygiene theory
is proposed to hold significant role in the occurrence
of IBD. The incidence of IBD is increasing in line
with increased hygiene level [3], [13], [15]. Increased
hygiene level means less exposure to environmental
antigens. This influences the balance between T helper
(Th)1, Th2, and regulatory T (Treg) cell. The imbalance
affects immune response of host toward antigen
exposure [12]. Impaired immune response tends to
manifest later in advanced age [1], [3], [15]. Other
risk factors associated with IBD are smoking, reduced
fiber intake, less or absent breastfeeding, sedentary
occupation, and pollution exposure [1], [3], [13].
Medications which can increase the incidence of IBD
are oral contraceptive, hormonal replacement therapy,
nonsteroidal anti-inflammatory drug, and antibiotic
utilization [1].

Immune System and IBD

Normally, host's immune system maintains
tolerance to commensal bacteria, self-antigens, and
food antigens while protecting against harmful antigens
by eliciting inflammation [2], [7]. Inappropriate immune
response toward internal and external antigens is
the hallmark of IBD. This situation leads to chronic
inflammation [2], [12], [16], [17]. Almost all immune
systems, including innate and adaptive, are affected
in IBD. The antigens enter host’s alimentary tract and
being processed and presented by antigen-presenting
cells (APCs) to T helper cells. In patients with IBD,
APCs in the intestinal mucosa, such as macrophage
and dendritic cell, are hyperactive. Their hyperactivity

causes translocation of antigens from intestinal lumen
which triggers inflammation [1], [2], [6], [17]. Activated
APCs, such as dendritic cells and macrophages, signal
the production of pro-inflammatory cytokines such as
interleukin (IL)-1B, IL-6, IL-18, and tumor necrosis factor
(TNF) [2], [6], [13].

Intestinal barrier, another innate immune
system, is also affected in IBD. Mucus layer and
intestinal epithelium create a separated environment
between gut lumen and systemic circulation. This is
the first physical and chemical barrier encountered
by antigens which enter digestive system. Interaction
between enterocytes, goblet cells, neuroendocrine
cells, Paneth cells, and M cells is disrupted due
to inflammation. Other environmental factors and
infections also disturb the barrier’'s integrity. The
disruption permits antigen translocation from intestinal
lumen, triggers further inflammation, and creates a
vicious cycle [2], [6], [7], [13], [14], [16], [17]. Besides
increased permeability, disruption of barrier integrity also
decreases the production of defensins, a bactericidal
agent. Another innate immune mechanism, autophagy,
is also involved in the inflammatory process in IBD.
Autophagy is a mechanism to eliminate intracellular
wastes including unfolded proteins. In subject with IBD,
there is a tendency of increased intracellular wastes,
therefore, autophagy activity is increased and creates
a condition of chronic inflammation [7]. A study showed
that mouse with intact innate immune system but
disrupted adaptive immune system may not develop
colitis. This shows the importance of innate immune
system in the incidence of IBD [6].

Molecular mimicry between foreign and
self-antigen is one of the triggers of chronic inflammation
in IBD. The condition makes persistent inflammation
even when the foreign antigen has been eliminated [18].
The APCs require human leukocyte antigen (HLA) on
the surface of T helper cells to be able to present the
antigens. In subjects with IBD, the amount of HLA is
increased, thus allowing better antigen presentation and
processing [1], [2]. Interaction between APC and HLA
on the surface of T helper elicits broad immunological
responses such as macrophage activation and TNF
production. TNF production activates caspase and
induces apoptosis. TNF also enhances other cytokines
production and further orchestrates inflammation [18].

In CD, T-cell activity is amplified, mainly
Th1 and Th17. Both cell lineages hold an important
role in inflammation activity. They tend to elevate
pro-inflammatory cytokine levels such as IL-17,
interferon (IFN)-y, and TNF-o. On the other hand, Th2
activity is increased in UC. This leads to the production
of IL-4, IL-5, and IL-13, activation of B cells, and natural
killer cells [2], [6], [7], [13]. Newly identified effector
T-cell, Th9, is also increased in UC patients. T helper
9increases the production of IL-9, IL-4, and transforming
growth factor (TGF)-p. IL-9 impairs gut barrier by
inhibiting epithelial cell proliferation and disrupting tight
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junction [2]. Among all pro-inflammatory cytokines, TNF
is considered as the primary cytokine in the immune
response of IBD. TNF acts by amplifying inflammation
and maintaining its chronicity. TNF also mediates
crosstalk between innate and adaptive immune system
in IBD [2], [6], [7]. Besides increasing IL production,
lymphocyte T cells also infiltrate gut mucosa and other
extraintestinal organs, creatinginflammation and various
clinical manifestations [2]. In general, anti-inflammatory
cytokines in subjects with IBD are downregulated,
such as IL-2, IL-10, TGF-B, and TNF-B [1], [2], [13].
Low IL-10 level prevents immunosuppressive effect
on dendritic cells and macrophages. Meanwhile, low
TGF-B allows hyperactivity of macrophages and effector
T-cells [2]. Regulatory T-cell, a subset of T-cells, has
anti-inflammatory action. Regulatory T-cell’s activity is
lowered and associated with lower anti-inflammatory
cytokines in IBD [2], [7]. The combination of imbalance
between pro- and anti-inflammatory cytokine results in
chronic inflammation in IBD [1], [2], [7]. The presence of
cytokines prevents apoptosis of T-cells and maintains
inflammation in host's body. On the other hand,
cytokines induce necroptosis of mucosal lining cells.
Cytokines also influence the extraintestinal symptoms
of IBD. IL-6 is associated with liver manifestations
while TNF is associated with arthritis and cachexia.
The knowledge regarding the role of cytokine in IBD
is utilized in therapeutic approach by administering
anti-TNF [13], [14]. The result of anti-TNF administration
is very favorable in inducing and maintaining remission
of IBD [2].

The level of immunoglobulin G (IgG) and
the rate of plasma cell infiltration in intestinal mucosa
are increased in IBD patients [2]. The presence of
IgG against gut microorganisms tends to trigger
intestinal inflammation. This marks the loss of immune
tolerance toward commensal microorganisms [2], [6].
In contrast, gut microorganisms have an important role
in supporting immune system of gut. The growth of gut
microorganism prevents the invasion of pathogenic
microorganism to intestinal epithelial layer. Inflammation
kills microorganisms in gut and decreases short-chain
fatty acid production. Microorganism imbalance also
disturbs Treg cell function and elevates inflammatory
activity. In addition, gut epithelial function is hampered
by microorganism imbalance and facilitates antigen
translocation from gut lumen as the inflammation
trigger [1], [6], [7], [13], [17]. The imbalance may be
caused by several etiologies such asimprudent antibiotic
utilization, viral infection, and fungal infection [6].

Conclusion

Both innate and adaptive immunities are
involved in the pathogenesis of IBD. From innate

immune system, there are hyperactivity of APCs,
disturbance of intestinal barrier, increased autophagy
activity, and molecular mimicry. Adaptive immune
system is also impaired marked by amplified Th1, Th2,
and Th17 activity, decreased Treg cell’s activity, and
elevated IgG in intestinal mucosa. Therefore, imbalance
between pro- and anti-inflammatory cytokines occurs.
In addition, there are loss of immune tolerance toward
commensal microorganisms and imbalance of gut
microorganism. The combination of above situations
creates chronic inflammation and ends with I1BD.
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