
http://ibdreviews.com IBD Rev. 2019;5:1

1

IBD REVIEWS

Scientific and technological research article

Key Role of Cytokines in Immunity of inflammatory Bowel
Disease.

Gabriela Fonseca Camarillo.1

Instituto Nacional de Ciencias Médicas y Nutrición, “Salvador Zubirán”. México., México 1

Abstract

This article reviews current knowledge about the main
areas of research in regards the role of cytokines implicated
in the inflammatory response, onset and exacerbation of
Inflammatory bowel disease (IBD).

The discussion presented in this review describes several
key pro-inflammatory cytokines and anti-inflammatory
cytokines, their relationship with animal models of IBD and
human patients, and possible underlying mechanisms.
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INTRODUCTION

Ulcerative colitis and Crohn's disease are chronically
relapsing and remitting inflammatory conditions that result
from chronic dysregulation of the mucosal immune system
in the intestinal tract [1].

In IBD, this loss of immune tolerance toward the gut
microbiota it is mediated by different molecules such as:
cytokines. Several types of innate immune cells have been
shown to contribute to IBD pathogenesis [2].

Elevated levels of a large variety of inflammatory
mediators, including chemokines, and cytokines, have been
measured in mucosal tissue samples from patients with IBD
[3]. This dysregulation of the immune system with increased
expression of proinflammatory cytokines are detected in
active IBD patients and correlate with the severity of
inflammation, indicating that these molecules may play a
central role in the pathogenesis of IBD.

Studies in experimental models also indicate that
IBD-related tissue damage results from dynamic
intercommunications between immune and non-immune
cells and that cytokines are crucial mediators of this
crosstalk [4]

In this Review, we summarize the latest literature on
the role of cytokines in immunity of inflammatory bowel
disease.

Cytokines

Cytokines acts such as key mediators of cellular interactions
in the intestine in both physiology and pathophysiology
of IBD. This set of molecules are small secreted proteins
released by cells have a specific effect on the interactions
and communications between cells and may act on the
cells that secrete them (autocrine action), on nearby
cells (paracrine action), or in some instances on distant
cells (endocrine action). There are both pro-inflammatory
cytokines (IL-1, IL6, IL-12, IL-17, IL-23, IL-27 and anti-
inflammatory cytokines (IL-19, IL-35, IL-37) [5].

Studies in vivo mouse models and human intestinal
tissue have established epithelial barrier function, host
defense pathways, immune regulation, and tissue repair as
key pillars of intestinal homeostasis controlling the host-
microbe dialogue [6].

Recently have been demonstrated the involvement
of dysregulation of gene expression can be linked to
alterations in autophagy, UPR, ubiquitination, metabolic and
immune response, pathways in the colonic mucosa of UC
patients [6]. Breakdown of these pathway and the cytokine
networks by which they are regulated can lead to IBD

Modulation of pro-inflammatory cytokine secretion

IL-12 drives the development of T-helper-1 (Th1) immune
responses by CD4+ T-helper lymphocytes, which secrete
IL-1, IL-6, interferon-gamma (IFN-γ) and TNF-α. IL-4 drives
the development of a T-helper-2 (Th2) immune response by
CD4+ T cells, which secrete IL-4, IL-5, IL-10, and IL-13 [7].

Thus, IL-12 induces the afore mentioned classical
IFN- producing Th1 T cells, whereas IL-23 is involved in
the possible maintenance and/or expansion of another
polarized T-cell population, namely Th17. This latter T-
cell population is characterized by the secretion of IL-17,
IL-6, and TNF-These cytokines are intimately involved in
innate host defense but also can play a primary role in
the occurrence of tissue inflammation. Thus, IL-17 may act
on cell populations to induce secretion of inflammatory
chemokines that have a prompt role in rapid neutrophil
recruitment. TNF-a can cause direct tissue injury, while
IL-6 can enhance resistance to T cell-activated cell death
(apoptosis) and survival of such inflammatory effector cells.
[8-9]

Chronic inflammation in IBD is characterized by an
imbalance in the production of Th1, Th2, Th17 and
regulatory T subset cells Figure 1. Defects in T regulatory
(Treg) cells function or in their ability to contain effector cells
are related to IBD pathogenesis [10].
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Th1 Polarization in IBD.

Th1 lymphocytes are critical in the cellular immune
response and they play an important role in host defense
systems for intracellular microbial agents and viruses.
Th1 cytokines include IFNγ, IL-12 and TNF, stimulate
macrophages, lymphocytes, and PMNs in the destruction
of bacterial pathogens. These cytokines also help foster the
development of cytotoxic lymphocytes and natural killer
cells that are responsible for the cell-mediated immune
response against viruses and tumor cells. [11].

Due to the central role of Th1 cells in immune system,
over activation or misdirected activation also makes them
key players in Th1-dominant autoimmune diseases such
as: Crohn's disease, multiple sclerosis, type-1 diabetes,
rheumatoid arthritis, and delayed-type hypersensitivity
responses [12]

Crohn's disease is thought to be a Th1 mediated disease,
mucosal T-cells from CD patients have been shown to
secrete higher amounts of IFN-γ and IL-2 than from T-cells
from UC patients [13-14-15]. However, data has suggested
that the CD-Th1 and UC-Th2 paradigms are not so straight
forward. Biopsies from both CD and UC patients have
demonstrated high ex vivo levels of IFN-γ and lower levels
of IL-13 have been found in UC patients as compared
to CD patients [16-17]. Understanding the complicated
interactions underlying the dysregulated adaptive immune
response in IBD will ultimately identify novel therapeutic
targets.

Th2 Polarization in IBD.

Th2 cells mediate the activation and maintenance of
the humoral, or antibody-mediated, immune response
against extracellular parasites, bacteria, allergens, and
toxins. Th2 cells mediate these functions by producing
various cytokines such as: IL-4, IL-5, IL-6, IL-9, IL-13,
and IL-25 that are responsible for strong antibody
production, eosinophil activation, and inhibition of
several macrophage functions, thus providing phagocyte-
independent protective responses [18].

Functionally, Th2 cells stimulate and recruit specialized
subsets of immune cells, such as eosinophils and basophils,
to the site of infection or in response to allergens. They
induce mucus production and goblet cell metaplasia.

Additionally, Th2 cells are also known to be responsible
for the development of asthma and other inflammatory
diseases, including IBD. Interestingly, Th2 cells also produce
the growth factor amphiregulin and IL-24 which have anti-
tumor effects.

T cells isolated from UC biopsies do not exhibit
significant production of IL-4, which has shown to be vital in
the differentiation of Th2 cells and their defining cytokine
[19-20] and IL4 mRNA expression in intestinal mucosa in
IBD patients was undetectable [21]

Il-5 is an interleukin produced by type-2 T helper cells
and mast cells. Although IL-5 is produced in these tissues,
its exact contribution to UC is still unclear. In other study of
cytokine transcripts in UC and CD patients’ authors found
IL-5, IL-13, IL-15, and IL-33 mRNA levels to be increased in
UC patients [21-22]

Th17 Polarization in IBD.

Interleukin 17 (IL-17) in general induces the recruitment of
immune cells to peripheral tissues, a response that requires
NF-κB activation after IL-17 receptor engagement. IL-17 also
leads to the induction of many pro-inflammatory factors,
including TNF-α, IL-6, IL-23 and IL-1β by innate immune
cells and APCs, especially dendritic cells [23-24], suggesting
an important role for IL-17 in localizing and amplifying
inflammation.

Furthermore, TNF-α and IL-6, which are both produced
by Th17 cells, not only support Th17 cell development but
also synergize with IL-17 to enhance the production of pro-
inflammatory mediators [23-24].

IL-17 as well as Th17 cells have both been found to be
elevated in serum and intestinal tissue of IBD patients. IL-17
was not detected in inactive patients tissue as well as other
colitis [23-24-25]. The discovery and characterization of T
helper 17 cells (Th17) and their signature cytokines (IL-17)
represents a hallmark in T-cell immunobiology by providing
a new distinctive pathway for the communication between
adaptive and innate immunity [26].

Furthermore, data suggests that Th17 cell production of
IL-17 and IL-23 play important roles in the pathogenesis of
IBD, with DCs isolated from CD patients producing more
IL-23 than UC patients [27].
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In other study patients with UC, the percentage of
IL-17 immunoreactive cells was higher in UC patients
compared to controls. IL-17+ cells were localized mainly
in mucosa, lamina propria and perivascular inflammatory
infiltrates but not in goblet cells, crypt lumen or crypt
branching, neither submucosa, muscularis externa and
serosa. These findings suggest the important role of IL-17
in the pathogenesis of UC [23].

Regulatory Cytokine Secretion

The immunoregulatory cytokines play a critical role in the
immune response of IBD. Regulatory cytokines such as
IL-10, IL-35 and IL-37 are essential for maintaining the
integrity and homeostasis of intestinal tissue epithelial
layers. These cytokines can promote innate immune
responses from tissue epithelia to limit the damage caused
by viral and bacterial infections. These cytokines can also
facilitate the tissue-healing process in injuries caused by
inflammation [28].

Interleukin-35 (IL-35)

IL-35 is member of IL-12 family and it has anti-
inflammatory/immunosuppressive properties. Li and
colleagues showed that the IL-35 is not constitutively
expressed in non-stimulated human tissues; IL-35 is
produced by regulatory T cells (Foxp3+ Tregs) and by
activated dendritic cells [29] and this novel cytokine
can down-regulate Th17 cell development and inhibits
autoimmune inflammation [30]

The increased immunity found in mice lacking the
IL-35 production by B cells was associated with a higher
activation of macrophages and inflammatory T cells, as
well as an increased function of B cells as antigen-
presenting cells (APCs) [31]. Moreover, Wirtz et al have
demonstrated that IL-35 protects against development of T-
cell–dependent colitis in mice [32].

Interleukin 37 (IL-37)

Interleukin (IL)-37 is an anti-inflammatory cytokine in the
IL-1 ligand family [33]. The IL-37 plays an important role
in the development and progression of inflammatory and
autoimmune diseases [34]; it may be associated with the
development of pediatric inflammatory bowel disease [35].
IL-37, which is normally expressed at low levels in peripheral
blood mononuclear cells (PBMCs), mainly monocytes,
and dendritic cells (DCs), is rapidly up-regulated in the
inflammatory context [36], and therefore IL-37 conversely
inhibits the production of inflammatory cytokines in PBMCs
and DCs of patients with systemic lupus erythematosus.
In addition, IL-37 effectively suppresses the activation of
macrophage and DCs. Dendritic Cells expressing IL-37 are
tolerogenic, thereby impairing activation of effector T-cell
responses and inducing Treg cells. The IL-37 thus emerges
as an inhibitor of adaptive immunity [37].

TH22 Polarization in IBD.

IL-22, a member of the IL-10 subfamily, is identified T-cell-
derived cytokine. Expression of IL-22 is induced in several
human inflammatory conditions, including IBD [38]

Sugimoto et al2 found that IL-22 gene delivery led
to rapid amelioration of local intestinal inflammation in
a dextran sulfate sodium-induced model of acute colitis.
Expression of the IL-22 receptor is restricted to innate
immune cells [39]

These results by Yamamoto et al [40] showed increased
gene expression of IL-22 mRNA in rectal mucosa from

patients with active UC compared to UC patients
in remission and healthy controls. Interestingly, the
expression of IL-22 was also significantly increased in
remission UC as compared to normal controls.

Other important cytokines in IBD.

Interleukin 27

Depending on the microenvironment, IL-27 has anti and
pro-inflammatory properties. As anti-inflammatory, IL-27
seems to induce a general negative feedback program that
limits T and NK-T cell activity. At the onset of infection, IL-27
induces an IL-12 receptor on naïve CD4+ T cells, making
them susceptible to subsequent IL-12 activity [41-42-43]
[16-17-18].

The study of IL-27 performed in UC patients from
a Latin American country, demonstrated the protective
role of IL-27p28 (rs17855750) and IL-27EBI3 (rs428253,
rs4740, and rs4905) polymorphisms in Mexican patients
with UC compared to healthy controls. IL-27p28 rs17855750
polymorphism was associated with decreased risk of
developing UC (OR=0.27, 95% CI: 0.06-1.13, P=0.031). Under
recessive models adjusted by age and gender, the EBI3
rs428253 (OR=0.54, 95% CI: 0.29-0.99, P=0.035), rs4740
(OR=0.60, 95% CI: 0.36-1.01, P=0.046) and rs4905 (OR=0.59,
95% CI: 0.35-1.01, P=0.043) were associated with decreased
risk of developing UC. Similar levels of IL-27 were observed
among the genotypes of the studied polymorphisms. The
authors proposed that IL-27 polymorphisms might play a
protective role for the development of UC in the Mexican
population [44].

IL-36 family

The IL-1 family (IL-1F) includes: the subfamily of IL-36
(IL-36Ra or IL-1F5; IL-36a or IL-1F6; IL-36b or IL-1F8; and
IL-36g or IL-1F9). It has been considered one of the
most important key regulators in the pathophysiology
of inflammatory autoimmune diseases including: IBD,
rheumatoid arthritis, and psoriasis [45-46-47]

The IL-1 family overproduction, results in inflammation,
in a robust immune response that acts as first line of
defense against invasive pathogenic microorganisms and
damage; and when there is an aberrant immune response
under appropriate genetic and environmental backgrounds
in an autoimmune disease [48].

Kanda et al demonstrated that IL-36a and IL-36g
contribute to gut inflammation through the induction of
pro-inflammatory mediators such as IL-6 and CXCL1 [49].

Another study showed the protein expression of the
presence of, IL-36 family in monocytes, CD8 T cell and
plasmacytoid dendritic cell subpopulations in IBD patients
[47]

IL-38

IL38/IL-1F10 is a protein that in humans is encoded by the
il1f10 gene [50]. IL-38 is expressed in a range of tissues,
including heart, placenta, fetal liver, skin, spleen, thymus
and tonsil. IL-38 is also expressed mostly in the skin and
in proliferating B cells [51]. This cytokine participates in
a network of IL-1 family members to regulate adapted
and innate immune responses by the inhibition of the
production of T-cell cytokines (IL-17 and IL-22). IL-38 also
inhibits the production of IL-8 induced by IL-36γ, thus
regulating inflammatory responses [47-48-49-50-51-52].
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In patients with IBD IL-38 protein expression was
produced by intestinal epithelial cells, macrophages, CD8+
T cells and/or plasmacytoid dendritic cells (pDCs) was
found in patients with active inflammatory bowel disease
compared with non-inflamed controls [47]

CONCLUSION

In conclusion, many immunoregulatory abnormalities are
described in IBD, including the ratio of proinflammatory to
immunosuppressive cytokines and selective activation of
T(H) lymphocyte subsets. Knowledge of the pathogenesis in
IBD suggests that the ultimate goals of therapy should be to
block the proinflammatory or administration of regulatory
mediators to correct the dysregulated immune response.
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