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ABSTRACT

The term “Inflammatory Bowel Disease” (IBD) is
frequently used to denote two diseases, ulcerative colitis
(UC) and Crohn’s disease (CD). This condition is fre-
quently recorded in the West, and along with develop-
ment of diagnostic facilities, is beginning to be more com-
monly found in Indonesia.

The ctiology of this disease is still unclear, but it is
suspected that environmental, geographic, and genetic
lactors are involved. Cytokines play a great role in the
pathogenesis of IBD, where in IBD there is an unbal-
ance of pro-inflammatory cytokines and inhibitor
cylokines. In IBD, there is an increase in pro-inflamma-
tory cytokines, such as IL-1, IL-2, IL-6, IL-8, and alpha
TNF in the intestinal mucosa. Such increase significantly
correlates with the activity of ulcerative colitis through
cndoscopic examination.

At this moment, forms of therapy for IBD associ-
aled with cytokines are being developed, such as ways
to inhibit cytokine synthesis, cytokine release, cytokine

activity and the cyrokine signaling pathway in the target
cell.

INTRODUCTION

Inflammatory Bowel Disease (IBD) has been known
for a long time in the West, especially in Europe and the
United States. There is a high prevalence of IBD in sev-
eral countries. It scems as though geographic, environ-
mental, ethnic, and socio-cultural factors play an impor-
tant role in the development of this disease.'?
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In Indonesia, IBD is still uncommon. Up to date there
is still no available data on the epidemiology or preva-
lence of this disecase, even though cases are being found
more often, especially at the Division of Gastroenterol-
ogy of the Department of [nternal Medicine of Cipto
Mangunkusumo Hospital, Jakarta. Even though cases
are still rare, it is predicted that this disease will be more
common, along with advances in diagnostic capabilities
in the ficld of gastroenterology (such as colonoscopy)
and the increase in the number of trained personnel.?

This literature review proposes to explain one of the
many aspects of IBD, among which is the role of
cytokines in the pathogenesis of IBD. With more de-
tailed discussion, it is hoped that there is an increase in
knowledge and awareness of IBD as a possible gas-
trointestinal diagnosis. Furthermore, we shall discuss the
treatment options for {BD associated with the rolc of
cytokines in the inflammation process that occurs in IBD.

DEFINITION OF INFLAMMATORY BOWEL DISEASE
{IBD)

The term Inflammatory Bowel Disease (IBD) is com-
monly used for lwo separatc disease entities, ulcerative
colitis (UC) and Crohn’s disease {CD). Up to date, the
ctiology of this disease is still unclear.'** IBD is practi-
cally used for an intestinal inflaimmatory disease other
than those with a clear etiology, such as infective colitis,
ischemic colitis, and colitis due to radiation.?

Ulcerative colitis and Crohn’s Disease are chronic
inflammatory diseases of the gastrointestinal tract, iden-
tified/diagnosed from clinical symptoms, as well as from
endoscopic/colonoscopic and histological findings.'

The inflammatory response of ulcerative colitis is |im-
ited to the mucosa and submucosa, and is usually only
located in the colen. On the contrary, the inflammatory
response that occurs in Crohn’s Disease is more exten-
sive, from the mucosa to the serosa, and could even af-
fect the entire gastrointestinal tract.'
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EPIDEMIOLOGY

Up to now there is still no data on the epidemiology
of IBD in Indonesia. Data from the Division of Gastro-
enterology of the Department of Internal Medicine of
Cipto Mangunkusumo Hospital, Jakarta in the year 1995,
reccorded |1 cases of ulcerative colitis and 9 cases of
Crolin’s Disease out of 70 cases of colitis or out of 211
colonoscopy procedures.?

Epidemiological data from Western countries, espe-
cially of caucasians in Northern Europe and North
America demonstrate an incidence rate of 2-10 cases
per population of 100,000 for utcerative colitis and 1-6
cases per population of 100,000 {or Crohn’s Disease.
The prevalence of Ulcerative Colitis is 35-100 cases per
population of 100,000, while the prevalence of Crohn’s
Disease is 10-100 cases per population of 100,000. The
male to female ratio is not very significant, even though
there is a tendency for a higher frequency among fe-
males. The most frequent age range is from 15 to 25
years. The rate is a little less for blacks than for whites.
Jews born and raised out of Israel have a higher rate of
IBD, demonstrating a mixed etiological influence of en-
vironmental and genetic factors. The incidence and
prevalence rate of IBD in Mid and Southern Europe is
relatively lower, while the prevalence rate in South
America, Asia, and Africa is even less.'?

ETIOLOGY AND PATHOGENESIS

Up to date, the etiology of IBD is still unclear, and
there is yet a satisfactory explanation for the population
phenomena or geographicaf distribution of this disease.
In general, many authors or researches classify the eti-
clogy of IBD into 2 (two) main categories, the first be-
ing environmental factors, such as smoking habits; oral
contraception; bacterial, viral, and other infections, etc.
The second category consists of genetic factors.'?

Environmental Factors

Smoking

Smoking protects oneself against ulcerative colitis.
Data shows that the incidence rate for ulcerative colitis
is less in smokers, while the incidence rate in ex-smok-
ers is moderate, while non-smokers have a high inci-
dence rate for ulcerative colitis. The opposite is true for
Crohn’s Disease, where smokers have a much higher
incidence rate of Crohn’s Disease than non-smokers.**

Oral Contraception

There is a mild association between the use of oral
contraception and the incidence of Crohn’s Disease, but
there is still inadequate data to prohibit its use of such.'~

Infection

Several studies demonstrate data that support the fact
that infection is an etiology towards ulcerative colitis and
Crohn’s disease. An infection that has a great influence
on the incidence of IBD is the measles virus infection.
The incidence rate for Crohn’s disease is reported to
have increased after measles immunization programs in
those areas.'

In addition to that, an infection that has been reported
to be associated with an increase in Crohn’s disease is
infection by Mycobacterium paratuberculosis. This
microorganism is frequently found in milk and 1s found in

the pathologic examination of patients with Crohn’s dis-
ease.

Genetic Factors

Several theories explain a strong influence of genetic
factors in the pathogenesis of 1BD. Most authors admit
a strong association of familial ties in the incidence of
IBD. A significant risk for IBD is found in a family where
there is a positive case of IBD in one of its members.
Approximately 15% of IBD patients have other family
members with IBD. The incidence rate of IBD for a

Table 1. Colonoscopy Data from the Division of Gastroenterology of the
Department of Internal Medicine of Cipto Mangunkusume Hospital, 1995.

1995 Number of % ofall cases % of colonoscopy
cases of colitis
Ulcerative colitis 11 15.7% 5.2%
Crohn's Disease 9 12.8% 4.3%
Tolal cases of colitis 70 100% -
Total colonoscopy 211 - i00%
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person whose family member has IBD is 30 to 100 times
higher than the normal population.'>>*

Up to now, the specific gene carrying the character-
‘istic that makes one more susceptible to IBD is stiil un-
defined. However, it is known that the HLA gene class
I1 is associated with Crohn’s disease and ulcerative coli-
tis. The DR1/DQw5 haplotype is associated with the
incidence of Crohn’s disease and HLA-DR2 is associ-
ated with the incidence of ulcerative colitis.

PATHOGENESIS™?

The body’s immune response plays an important role
in the pathogenesis of IBD. The first immune response
is when the antigen enters the physical/mechanical sys-
tem of the intestines (mucose membrane, cilia, etc.). The
antigen would be captured and processed (phagocyto-
sis) by macrophages to be destroyed. Even though a
great proportion of the antigen is destroyed, a portion
remains undestroyed. This remaining antigen wouid then
be presented on the surface of the macrophage and ac-
tivate the T cell directly or with the help of Interleukin-1
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(IL-1). The T-cell assists the macrophage in destroying
the antigen by binding the antigen and activating T cyto-
toxic cells and the T helper cells with the help of
Interleukin-2 (IL-2).

As a result of the activation of the T cytotoxic cell
and the T helper cell, beside the antigen being destroyed,
local tissue is also destroyed. In addition, T helper cells
activate the humoral immune system, which is the B cell,
to secrete immunoglobulin (especially IgG). Together
with macrophage and neutrophil activated by monokine,
immunoglobulin G is able to increase prostaglandin and
leukotrine production, and activate the complement sys-
tem, which all together ignite an inflammatory reaction
in the form of hyperemia, edema, and even tissue de-
struction (in the intestinal surface). If the inflammation
process continues and becomes chronic, IBD ensues,
with its various clinical symptoms.

WHAT ARE CYTOKINES?

Cytokines are glycosylated proteins secreted by vari-
ous cells, including cells of the immune system (such as

Figure 1. Pathogenesis of 1BD."
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lymphocytes, macrophages, etc.) and cells that are not
from the immune system (such as endothelial cells, epi-
thelial cells, and smooth muscle cells).!*%? Cytokines
have autocrine, paracrine, and endocrine functions. The
effect of each cytokine depends on the expression of
the cytokine receptor on the target cell, as well as the
differentiation of the exposed cell towards previous
cytokines.!’

Several authors classify cytokine function by the celi

that produce them. The T helper cell consists of the T
helpercell 1 (hT-1), which is more dominant in secreting
IL-2, and gamma interferon (gamma IFN), which greatly
assist the initial development of the T cell, B cell, and
other immune mediator cells. The T helper cell-2 (hT-2)
is more dominant in secreting IL-2, IL4, IL-5, IL-6 and
IL-10, which are greatly associated with the humoral
immune system.!

Another classification categorizes cytokines by their

Table 2. Cytokine Classification.”

Cytokine Source Target Effect
Natural Immunity
IFNa/p Macrophage (o) All cells increased Class | MHC
Fibroblast (f) increased NK activity
reduced viral replication
L1 Macrophage Tceland Beall  Co-stimulator
Endothelial cell active phase response
Hepatocyte
Hypothalamus Fever
IL-6 Macraphage Tcelland Beell T cell & B growth
Endathelial cell Hepalocyte acute phase response
T cell
IL-8 Macrophage Neutrophil Activation and chemotaxis
{Chemokine}  Endcthelial call Tcell
T cell
TNF Macrophage Endatei acute phase response
T cell and NK Neutrophil, Fever
hepatocyle
mast cell hypothalamus Catabolism
Regulation Lymphocyte
IL-2 CD4, CD8 T cell Growth
T eall B cell antibody synthesis
NK cell Activation
L4 CD4, T cell T cell Growth
B cell Activalion and growth
IL-10 CD4, T cell CcD4, T cell Inhibition of  cytokine
production
IL-12 Macrophage T cell Growth
B cell NK cell Aclivation
TGF p T cell T call Regulation growth
Macrophage Macrophage General inhibition
Other cells Other cells

Activation of Inflammation Cell s

IFM y T cell Macrophage
NK cell Endothelial cells
NK cell
All eells
IL-5 T cell Eosinophil
B call
Leukocyte Growth
IL-3 T cell myeloid
progenitor
B cell
IL-7 Fibroblast T cell
B cell
Macrophage

Aclivation

Aclivation

Activation

Increased expression of
Class ifil MHC

Activation

Growth and activation

Differentiation

Growth and Differentiation
Growth

Growth and Differentiation
Aclivation
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association with natural immunity, lymphocyte regula-
tory function, activation of inflammatory cells, and regu-
lation of leukocyte growth.®

THE ROLE OF CYTOKINES IN INFLAMMATORY
BOWEL DISEASE

We have discussed earlicr that the etiology of ulcer-
ative colitis and Crohn’s disease (Inflammatory Bowel
Disease = IBD) is still unclear. However, experts be-
lieve that the pathogenesis of IBD occurs through a se-
ries of immune processes that involve cytokines as me-
diators of inflammation.

In the human intestine, we encounter what is known
as Gul-Associated Lymphoid Tissue (GALT), which pro-
tects the bowel from all forms of stimulation from vari-
ous antigens in the intestinal lumen. If the immune he-
mostasis of GALT is disturbed, such as deregulation due
to unknown foreign substances, the intestines become
inflamed. In general, such inflammation occurs for a good
cause, since the inflammation cells attempt to assist the
elimination of such foreign substances. However, con-
tinuous inflammation would cause destruction of sur-
rounding cells.

We know that during such inflammation, there is an
increase in pro-inflammatory cytokine cells. Ishiguro
ct ai mentioned a significant increase in the production
of Interleukin-1 (IL-1), [L-2, 1L-6, IL.-8, and alpha TNF
in the mucosa ol patients with ulcerative colitis and
Crohn’s disease.™” The increase in these cytokines also
has a significant correlation with ulcerative colitis activ-
ity through endoscopic examination."

The following cytokine act Iike hormones through
receptors on the surface of the following target cells'™:
Directly:

1. More than one effect on various cells (pleotrophy)

IFNy CSF IL-2
IL-8 MCF-1 GRO
IL-1 L6 TNF

2. Autoregulation (autocrine function)

3. Ondistant cells (paracrine function)

Indirectly:

1. Induction of receptor expression on other cytokines
or topether with other cytokines in stimulating cells
(synergism)

2. Preventing receptor expression or cytokine produc-
tion {(antagonism)

Aside from the production of pro-inflammatory
cytokines, cylokine that suppress the inflammation pro-
cess are also produced, as to establish a balance. Aside
from suppressing excessive inflammation, cytokines also
fix tissue destruction due to 1L-1, I1L-2, [L-6, IL-8 and
alpha TNF. Such cytokines are the IL-1 receptor an-
tagonist (IL-lra), soluble alpha TNF reccptor (s alpha
TNF r), IL.-10, and beta TGF.*!¢

PRO-INFLAMMATORY CYTOKINES INHIBITORS

Interleukin-1 (IL-1)

1L-1 is the first cytokine to be secreted, and initiates
the whole cytokine-meidated inflammatory process. 1L-
1 is produced by monocytes/macrophages, epithelial cells
and fibroblasts to activate T cells, to assist macrophages
in eliminating foreign matter {antigen). Aside from acti-
vating T cells, IL-1 also stimulates chemotaxis [rom
granulocytes and could initiate fever.™*"

interleukin-2 (IL-2}

IL-2 is secreted by IL-! activated T cells. IL-2 acti-
vates and stimulates the proliferation of T cells and B
cells that would activate the cellular and humoral 1im-
mune system. In addition, IL-2 also helps in stimulating
macrophagc activity at the site of inflammation,™ "

IL-4 %
sTNFar
IL-10

IL-1ra
TGF B

Proinflammation -

. Inhibitors

Figure 2. The Balancing Betwean Proinflammation of Cytekines and its inhibitors."”
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Interleukin-6 {IL-6)

Both IL-6 and IL-1 are produced/secreted by mono-
cytes/macrophages and epithelial cells. However, IL-6
differs in function, to stimulate proliferation and B cell
differentiation to furthermore activate the humoral im-
mune system in working together in synergism with IL-
2 to produce immunogiobulins that bind foreign matter
{antigen) to be destroyed.

Interleukin-8 (IL-8)

In the body, IL-8 is secreted by monocytes/macroph-
ages, epithelial cells, granulocytes, and activated endot-
helial cells. During the inflammation process, IL-8 acts

to stimulate chemotaxis from granulocytes and express/
facilitate molecular adhesion.'*!¢

Alpha TNF

Alpha TNF is produced by monocytes/macrophages,
T cells, and Natural Killer cells (NK cells). Alpha TNF
plays an autocrine function by stimulating the macroph-
age to play a more active role in the inflammation pro-
cess. Furthermore, alpha TNF also enhances cell me-
tabolism.'*!"

Interleukin-1 Receptor Antagonist (IL-1 ra)

IL-1 ra could also be called as IL-1 inhibitor, which is
a protein size 23-25 kDa. IL-1 ra inhibits IL-1 by block-
ing receptors on IL-1 target cells. Several studies dem-
onstrate that administration of IL-1 significantly reduces
the inflammation response.*'*"?

interleukin-10 {11.-10)

IL-10 has been known to be the cytokine synthesis
inhibitory factor (CSIF), in other words acts as an “anti-
cytokine”. IL-10 produces murine T helper-2 and inhib-
its the synthesis of cytokines (especially gamma 1FN)
that is secreted by T helper-1 celis.®®'8 Autschbach et
al reported that [L-10 (production) deficiency is a gen-
eral cause in the development of IBD.

Soluble Alpha TNF Receptor (s alpha TNF r)
Soluble alpha TNF receptor could also be called al-
pha TNF inhibitor. Just as IL-1 ra is an IL-1 inhibitor, s
alpha TNF acts by blocking receptors that are targeted
by alpha TNF. A balanced ratio (near 1) between alpha
TNF secretion and r alpha TNF secretion could signifi-
cantly reducc the inflammation response.®'*?20
Based on several studies, imbalance between
proinflammatory cytokines and inhibitory cytokines play
an important role in establishing the degree of inflamma-
tion, such as the balance between 1L-1 and IL-1 recep-
tor antagonist and alpha TNF and alpha TNF receptor.
In other words, the ratio of proinflammatory cytokine
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secretion and its inhibitor should be approximately one
(balanced). But in actuality, in ulcerative colitis and
Crohn’s disease (Inflammatory Bowel Disease) the se-
cretion of proinflammatory cytokines is always more than
inhibitory cytokines. Based on this, scientists reason on
the possibility of the role of genetic factors in the devel-
opment of IBD. In Japan, it has been discovered that
IBD is closely associated with the HLA DR2 antigen.

CYTOKINE-ASSOCIATED THERAPY FORINFLAMMA.-
TORY BOWEL DISEASE

Cytokine has been known to play a very important
role in the pathogenesis of ulcerative colitis and Crohn’s
Disease (Inflammatory Bowel Disease}. [n IBD treat-
ment/therapy, cytokines (particularly proinflammatory
cytokines) play an important role in the patient’s recov-
ery.

Up to now, experts are still trying to find the best
medications for IBD, including by controlling cytokine

activity. There are 4 (four) major cytokine-related thera-

peutic approaches for IBD, namely: *!
Inhibit cytokine synthesis

2. Inhibit cytokine release

3. Inhibit cytokine action
4
1

—

Inhibit cytokine intracellular signaling pathway

. Inhibit Cytokine Synthesis

Up to now, there are many drugs known to inhibit
cytokine release, both selectively or inhibiting all
cytokines in general. These drugs inhibit genetic tran-
scription or mRNA translation in cytokine-producing
cells. In recent years, immunosuppressive agents such
as cyclosporine and FK506 have been demonstrated to
inhibit the synthesis of lymphokines such as 1L-2, IL-3,
IL4, and gamma INF.!#

2. Inhibit Cytokine Release

IFeytokine transcription or translation inhibition were
not possible, another effort would be to prevent formed
cytokine from being released by cytokine-producing cells
to target cells. Specific enzymes arc needed for cytokines
such as for pro-inflammatory cytokine [L-| beta and al-
pha TNF to be released to target cells. In case of IL-1
beta, the enzyme converses the precursor 33 kDa 1L-1
beta into active 17 kDa IL-1 beta that is released to the
target cells. This enzyme is called the IL-1 beta Con-
verting Enzyme (ICE). Sterling Winthrop and Vertex
reported the development of a strong [1.-1 beta inhibitor
in vivo.?
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3. Inhibit Cytokine Action

Cytokine activity can be inhibited by providing or acti-
vating its antagonistic cytokine, or with the use of soluble
cytokine receptors. Several cytokines have been known to
have antagonists that work by blocking target cell recep-
tors. Among these is the [L- | receptor antagonist (IL-1 ra)
for IL-1.2* While known solubie cytokine receptors in-
clude soluble alpha TNF receptor for alpha TNF and soluble
IL-6 receptor for [L-6.>* Administration of cytokine an-
tagonist also has its risks. Anis LA et al reported that ad-
ministration of recombinant cytokine therapy could produce
a toxicity reaction towards various organs, especially in the
skin. Such skin reaction could manifest locally at the site of
injection in Lthe form of pruritus, erythema, erythroderma,
or even the formation of bullae.™

4. Inhibit Cytokine Intracellular Signaling Pathway

After a cytokine binds with a receptor at a target
cell, a series of reaction oecurs according to the signal-
ing pathway that the cytokine expresses in the target
cell. If the signaling pathway in the target cell were in-
hibited, the target cell is no longer active as expected by
the cytokine. Inhibition of signaling pathways can be
performed by immunosuppressive agents such as
cyclosporine.™

CONCLUSION

1. Inflammatory Bowel Disease includes ulcerative
colitis and Crohn’s disease, which up to now still has
no known etiology, but possibly associated with en-
vironmental and genetic factors.

2. Cytokines, especially pro-inflammatory cytokines
such as IL-1, IL-2, 1L-6, and alpha TNF, play an
important role in the pathogenesis of IBD.

3. Imbalance between proinflammatory cytokines and
their inhibitory cytokine in the intestinal mucosa is
an important activity in the development of IBD.

4. Experts try to treat IBD by controlling the role of
cytokine starting from inhibiting cytokine synthesis
from cytokine-producing cells, up to inhibiting sig-
naling pathways in cytokine target cells.
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