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Abstract

(ytokines affect a number of processes in the living body. Interleukin 6 (IL-6) is a cytokine involved in inflam-
mation, infection response and also requlation of metabolism. It stimulates target cells through a membrane-
bound IL-6 receptor. Inflammatory bowel diseases (IBD) are autoimmune diseases whose incidence and
prevalence are increasing worldwide. Itis a group of chronic gastrointestinal disorders characterized by mul-
tifactorial, still unknown pathogenesis, varied symptomatology, course with periods of exacerbation and
remission, and polymorphic infiltration in histopathological examination. As it is known, pro-inflammatory
cytokines, including IL-6, in IBD initiate, intensify and support the development of the inflammatory process
in the intestine. Our knowledge of IL-6 biology has important consequences for therapeutic strategies.
Elevation of IL-6 concentration can be considered as an early and sensitive, although non-specific marker
for various inflammatory conditions and may be used in the diagnosis and monitoring of patients with 1BD.
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Introduction

Cytokines are glycoproteins with molecular weights
ranging from a few to a dozen or so kilodaltons (kDa).
These molecules affect a number of processes in the living
body, such as proliferation, differentiation and migration
of cells. Cytokines are produced mainly by immune cells
and may act in 3 different manners. They may have an in-
fluence on the same cells that produced them (autocrine
action), on nearby cells (paracrine action) or on distant
cells (endocrine action).! Thus, by affecting many cells,
cytokines are mediators of immune reactions and they
also participate in hematopoietic processes. Currently,
more than 100 distinct types of cytokines are known, and
due to continuing progress in the field of immunology,
this number is steadily growing. The immune response
of a particular cytokine depends on its concentration,
presence of appropriate effector cells, and the expression
of specific receptors for cytokines on target cells.}*

The currently known types of cytokines include inter-
leukins, interferons, chemokines, superfamily of tumor
necrosis factor alfa (TNF-a) molecules, macrophage mi-
gration inhibiting factor (MIF), and transforming growth
factor beta (TGF-f3).%4

To date, 39 interleukins are known and some of them
consist of several subtypes. Based on specific properties,
interleukins may be divided into pro-inflammatory and
anti-inflammatory cytokines.!*

Inflammatory bowel diseases:
immunological background

Inflammatory bowel diseases (IBD) are autoimmune dis-
eases whose incidence and prevalence are increasing world-
wide. They are a group of chronic gastrointestinal disorders
characterized by multifactorial, still unknown pathogenesis,
varied symptomatology, course with periods of exacerba-
tion and remission, and polymorphic infiltration in histo-
pathological examination. They include Crohn’s disease
(CD), ulcerative colitis (UC) and IBD of unclassified type
(IBD-U).24-12

The etiopathogenesis of these diseases is unknown and
multifactorial. There have been several factors suggested
to be involved in the development of IBD, including ge-
netic susceptibility, environmental factors and immune
response dysregulation.?>¢8-1012-14 The action of environ-
mental factors may lead to damage of the mucosal barrier,
development of local inflammatory reaction with the re-
lease of many mediators of the inflammatory process, and
infiltration of many inflammatory cells.’® It is considered
that IBD could result from dysregulation of the intestinal
barrier and a pathologic activation of the intestinal im-
mune response toward environmental antigens.

It has been shown that CD results from abnormal
response of the intraepithelial T lymphocytes (Thl),
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triggered by environmental factors, which induces a cas-
cade of pro-inflammatory cytokines, particularly TNF-a.
Increased activation of CD4 T cells (Th2) lymphocytes,
which are responsible for interleukin production and in-
creased production of antibodies, is observed in UC.!6-18

Itis believed that disorders of intestinal immune mecha-
nisms may be caused by imbalance between pro-inflam-
matory cytokines and anti-inflammatory cytokines, result-
ing in a chronic inflammatory process in the intestinal
wall. 256,19

As it is known, pro-inflammatory cytokines in IBD
initiate, intensify and support the development of the in-
flammatory process in the intestine. In patients with
IBD, the intestinal wall is infiltrated with inflammatory
cells, including monocytes and macrophages which are
the source of pro-inflammatory cytokines. Cytokines,
which play a role in the pathogenesis of IBD, may represent
anew biomarker for the intensity of inflammatory changes
in gastrointestinal tract.®7%1718

Interleukin 6 and its role
in transmission of the activation
signal

Interleukin 6 (IL-6) is a prominent cytokine with a pleiotro-
pic effect on inflammation and immunity. Interestingly, IL-6
can both boost and reduce inflammation. It is one of the pro-
inflammatory cytokines and it also has many regenerative
and anti-inflammatory properties.?’=2* The pro- or anti-
inflammatory effect depends on the target cells and this
dual activity of IL-6 has been the subject of many studies.?®

Interleukin 6 is a four-helical protein of 184 amino acids.!
It is involved in anti-infective response, acute phase reac-
tion and hematopoiesis. It is believed to be one of the main
factors regulating the immune defense mechanism
of the body.?® Interleukin 6 is mainly produced by mono-
cytes and macrophages, but also by endothelial cells, ac-
tivated Th2 lymphocytes and fibroblasts.!>232* The main
factor inducing the production of IL-6 is interleukin 1f
(IL-1P), while less important stimulating factors include
TNF-q, interferons and lipopolysaccharides (LPS).2° Inter-
leukin 6 is also produced during viral infections.

The cytokines are characterized by binding with
the appropriate receptors, thereby activating the trans-
mission of the appropriate signal in the effector cell.
The interleukin 6 receptor (IL-6R) consists of 2 sub-
units: a 80-kDa glycoprotein (IL-6R, gp80) and the signal
transducing subunit 130-kDa glycoprotein (gp130).1:423
Interleukin 6 belongs to a family of 10 cytokines, which
act through receptor complexes containing the cytokine
receptor subunit gp130.1>2%2> In addition to IL-6, mem-
bers of this family of cytokines include interleukin 11
(IL-11), leukemia inhibitory factor (LIF), ciliary inhibi-
tory factor (CNTF), oncostatin M (OSM), cardiotrophin-1
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(CT-1), cardiotrophin-like cytokine (CLC), neutropoi-
etin (NPN), interleukin 27 (IL-27), and interleukin 31
(IL-31).1:13:20.21,23.24.2728 G130 is expressed by most cells
in the body, while the IL-6R is mainly expressed by he-
patocytes and some leukocytes, such as neutrophils,
monocytes and some lymphocytes. As previously men-
tioned, the pro- or anti-inflammatory effect of IL-6 de-
pends on the target cells. The dual nature of IL-6 is as-
sociated with different receptor activation: classical
and trans-signaling.!”18:20-222527.28 A pti-inflammatory
messages are transmitted by binding of IL-6 to IL-6R
in the cell membrane and this complex interacts with
2 molecules of gp130, leading to the signal activation.
The IL-6-dependent activation through the membrane-
bound IL-6R is called classic signaling.*!*% Interleukin 6
classical signaling induces the acute-phase response and
is considered to have anti-inflammatory effects (Fig. 1).
In body fluids, these receptors are present in the soluble
form of soluble IL-6 receptor (sIL-6R) and soluble gly-
coprotein 130 (sgp130). Pro-inflammatory messages are
transmitted by binding of IL-6 to sIL-6R and this process
is called trans-signaling (Fig. 2).%1>%° This second activa-
tion through binding of complex IL-6 with sIL-6R induces
trans-signaling, also via gp130. This trans-signaling trans-
mission is the primary activation mechanism in chronic
inflammatory processes.!17:2%29.30

The subunit of gpl30 present in the cell membrane
enhances the action of IL-6. The sIL-6R is agonistic
and has signal transmission ability in the cell through
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interaction with the gp130. The IL-6/sIL-6R complex
stimulates target cells, which are unresponsive to IL-6
alone due to lack of expression membrane-bound IL-6R.
As mentioned earlier, gp130 is expressed in many cells,
thus trans-signaling via complex IL-6 and sIL-6R can
activate many cells of the body. In both classical signaling
and trans-signaling, responses are elicited through the en-
gagement with the membrane-bound gp130, a subunit of
IL-6R 82527,31,32

The sIL-6R is the result of the enzymatic action of a dis-
integrin and metalloproteinase ADAM 10 and ADAM
17 on the IL-6R membrane receptor. In contrast to other
cytokines, sIL-6R does not neutralize IL-6, and IL-6/
sIL-6R complexes activate cells, like IL-6 alone. There-
fore, the combination of IL-6 with sIL-6R acts agonisti-
cally and intensifies the inflammatory process. Constant
stimulation and maintenance of this process leads to tis-
sue damage.310.253L32 Under physiological conditions,
the transactivation by IL-6/sIL-6R complexes is limited
by sgp130, which captures these complexes and prevents
their attachment to the membrane gp130. In healthy peo-
ple, the concentration of sgp130 is significantly higher than
the concentration of IL-6/sIL-6R. It is different in autoim-
mune diseases, which include IBD. Classical IL-6 signaling
is unaffected by sgp130, but soluble form of gp130 is the in-
hibitor of IL-6 trans-signaling responses (Fig. 3).1:2>2933

Apoptosis plays an important role in regulating growth,
tissue homeostasis, development and immune responses.
The induction of apoptosis is mediated by extrinsic and

Fig. 3. Selective inhibition of trans-signaling
by sgp130
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intrinsic pathways, which require the cooperation of a series
of molecules. Trans-signaling response plays important role
in resolution of inflammatory responses.3%3* Interleukin 6
trans-signaling is involved in the maintenance of the state
of chronic inflammatory disease, among others IBD.%”

Interleukin 6 associated with the receptor in trans-sig-
naling process makes use of JAK tyrosine kinases (Janus
kinases) and STAT proteins (signal transducers and activa-
tors of transcription), and activates the STAT3 transcrip-
tion factor, which stimulates the inflow of granulocytes
and lymphocytes to the intestinal epithelium, inhibits
the apoptosis of damaged cells and repairs the intesti-
nal tissue.l101L131427.32,3435 Tt s believed that the inhibi-
tion of T lymphocyte apoptosis is due to STAT3 induc-
tion of anti-apoptotic Bcl members, Bcl-2 and Bcl-xL,
which leads to the accumulation of these lymphocytes
in the tissue and the formation of chronic inflammatory
process.1916:30 Thys, antibodies against IL-6R, such as to-
cilizumab, may be used in inhibition of the inflammatory
response in rheumatology.*16:18:28.29.31

It is well known that one of the basic functions of IL-6
is the influence on the proliferation and differentiation
of B lymphocytes into cells releasing immunoglobulins
of different classes. Furthermore, it is known that IL-6, to-
gether with interleukin 1 (IL-1), is involved in the stimula-
tion of T lymphocytes recognizing the antigen.* Similarly
to IL-1 and interferons, IL-6 plays an important role in in-
ducing a response to a fever. It may also be responsible for
the development of many inflammatory conditions and
diseases. It participates in the stimulation of the produc-
tion of acute-phase proteins, involved in the development
of an inflammatory response to infection, injury or tissue
damage, in the liver. It is believed that in inflammatory states,
the concentration of IL-6 (as well as of acute-phase proteins)
in body fluids increases significantly.?>?¢ Interleukin 6 also
affects appetite suppression, as the cytokines of the IL-6
group include leptin, which is an anorexigenic hormone.

Interleukin 6, as mentioned above, is the main factor
inducing the synthesis of acute-phase proteins in the liver.
Moreover, STAT3 induces liver transcription of the hep-
cidin, which regulates iron metabolism. Hepcidin inhib-
its the release of iron from macrophages and other cells,
as well as inhibits its absorption in the intestine, which leads
to anemia associated with chronic inflammation.!%-25:26

The participation
of interleukin 6 in IBD

In IBD, the innate immune response plays an important
role. It is known that IL-6 signaling plays an important role
in maintenance of chronic intestinal inflammation in IBD.
Many studies have shown, that IL-6 is a main inducer of C-
reactive protein (CRP), and IL-6 and sIL-6R levels are posi-
tively associated with elevated levels in IBD.?33% As already
mentioned, IL-6 has been found to use an alternative
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pathway to activate target cells lacking the membrane-
bound IL-6 receptor through a naturally occurring soluble
form of the IL-6R. Although mostly regarded as a pro-
inflammatory cytokine, IL-6 also has many regenerative
functions as an anti-inflammatory cytokine. The avail-
ability of IL-6, membrane-bound IL-6R, soluble IL-6R, and
gp130 determines the trans- or classic signaling response.
Different expression of IL-6 and sIL-6R in healthy and
diseased individuals has been demonstrated. In inflamma-
tory conditions, serum concentration of sIL-6R increases.
Increased availability of sIL-6R and a high inflamma-
tion-induced concentration of IL-6 increase the strength
of the cellular response towards IL-6. In the body, the ratio
of sgp130 in contrast to sIL-6R is an antagonist of IL-6-in-
duced signaling. Sgp130 together with sIL-6R act as a buf-
fer system that, in the excess of sIL-6R, favors trans-sig-
naling and, in the excess of sgp130, blocks IL-6-induced
classic signaling.?!3® Interleukin 6 controls the balance be-
tween pro-inflammatory T cells and immunosuppressive
regulatory T cells. The cytokines such as IL-6 or TNF-a
are elevated in most of the inflammatory conditions and
therefore have been recognized as targets of therapeutic
intervention.

Clinical trials using anti-IL-6 therapy (PF-04236921)
by subcutaneous injection in IBD, especially in patients
with moderate to severe CD who previously failed treat-
ment with anti-TNF therapy, appear to be promising.3®
Elevation of IL-6 concentration can be considered as
an early and sensitive, although non-specific, marker for
various inflammatory conditions.?®** Diagnosis, monitor-
ing and evaluation of the severity and intensity of intestinal
lesions in the course of IBD is based on clinical, endoscopic
and histopathological assessment. The aim of many studies
was to identify novel biomarkers assessing the intensity
of inflammation in the course of IBD.

In many available studies, it has been shown that serum
levels of IL-6 are elevated in patients with exacerbation
of UC or CD, and decreased in IBD remission.>811:12.14.19.33
Moreover, it has been presented that IL-6 level correlates
with the severity of inflammatory changes in the in-
testine.2” A similar relationship, according to Cieéko-
Michalska et al., exists in patients with CD.> Vasilyeva et al.
also showed an increase of IL-6 levels in adolescent patients
with active CD compared to those in disease remission and
to the control group.!? Lochhead et al. in prospective co-
hort studies found higher levels of IL-6 and high-sensitivity
CRP (hsCRP) in patients with IBDs."?

Nikolaus et al. demonstrated an increase of IL-6 con-
certation in the active form of both UC and CD, without
significant increase of the sIL-6R and sgp130 receptor con-
centrations.’ In a study by Mitsuyama et al., elevated con-
centrations of both IL-6 and sIL-6R were found in patients
with active forms of UC and CD.? In another study, Mit-
suyama et al. demonstrated elevated concentration of IL-6
as well as sIL-6R and sgp130 in the exacerbation of IBD.3?
Takac et al. demonstrated statistically higher serum levels
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of IL-6 in patients with CD and UC than in a control group.
At the same time, no statistically significant differences
of IL-6 were found in both groups of patients.!!

It is known that the determination of the level of pro-
inflammatory cytokines, including IL-6, may be used
in the diagnosis and monitoring of patients with IBD. Sev-
eral studies have provided evidence for the important role
of IL-6 in inflammatory disorders, including IBD. Inter-
leukin 6 has become a non-invasive marker of the assess-
ment of activity and severity of inflammation in the course
of IBD. The assessment of serum concentration of IL-6 and
other cytokines, and evaluation of their correlation with
IBD activity may contribute to the identification of reliable
non-invasive markers of IBD and identification of novel
therapeutic targets.
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