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Abstract
Cytokines are indispensable signals of the mucosa-
associated immune system for maintaining normal gut 
homeostasis. An imbalance of their profile in favour of 
inflammation initiation may lead to disease states, such 
as that is observed in inflammatory bowel diseases 
(IBD). Although Crohn’s disease (CD) is often described 
as a prototype of T-helper 1-type diseases, and ulcera-
tive colitis (UC) is traditionally viewed as a T-helper 
2-mediated condition, the classic paradigm, which 
categorises cytokines into pro- and anti-inflammatory 
groups, has recently been changed. The inflammation 
regulatory pathways may not be mutually exclusive 
as individual cytokines can have diverse and even op-
posing functions in various clinical and immunological 
settings. None the less there are many common im-
munological responses in IBD that are mediated by 
cytokines. Although they regulate and influence the de-
velopment, course and recurrence of the inflammatory 
process, the concrete pathogenic role of these small 
signaling molecules is sometimes not unambiguous in 
the subtypes of the disease. Our aim is to review the 
current information about pro- and anti-inflammatory 
effects of traditionally studied and recently discovered 
cytokines in the pathogenesis of UC and CD. The better 

understanding of their production and functional activ-
ity may lead to the development of new therapeutic 
modalities.
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INTRODUCTION
The balance of  pro- and anti-inflammatory cytokines in 
the colonic mucosa is essential for normal gut homeo-
stasis. A disturbance of  the cytokine profile in favour of  
pro-inflammatory cytokine overproduction leads to dis-
ease states, such as that observed in inflammatory bowel 
diseases (IBD)[1,2]. 

The concept that ulcerative colitis (UC) and Crohn’s 
disease (CD) are two distinct forms of  IBD has been 
changed recently. Instead, they are considered as a spec-
trum from mildly inflamed mucosa to severely active 
bowel inflammation with or without extraintestinal mani-
festations and different clinical behaviour.

CD is often described as a prototype of  T-helper 
(Th) 1-mediated diseases because the primary inflamma-
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tory mediators are the Th1 cytokines such as interleukin 
(IL)-12, interferon (IFN)-γ, and tumor necrosis factor 
(TNF)-α[3,4]. However, UC is usually viewed as a Th2-
type condition because of  the increased intestinal ex-
pression of  the Th2-associated cytokine IL-5 and IL-13, 
although a clear association with IL-4, another definitive 
Th2 cytokine, has never been established[3,4]. The role of  
pro-inflammatory cytokines such as IL-1α, IL-1β, IL-2, 
-6, -8, -12, -17, -23, IFN, or TNF in IBD is associated 
with the initiation and progression of  UC and CD. Cyto-
kines with anti-inflammatory effects, like IL-4, -10, and 
partly IL-13 also contribute to the pathogenesis of  IBD, 
decreasing the inflammatory process by down-regulating 
pro-inflammatory cytokine production.

However, this classic paradigm has recently been 
changed. These pathways may not be mutually exclusive 
as individual cytokines can have diverse and even oppos-
ing functions in various clinical and immunological set-
tings[4]. 

Although many common immunological responses 
in IBD are mediated by cytokines, the concrete patho-
genic role of  these small peptide molecules is sometime 
not unambiguous in the subtypes of  the disease. There-
fore we aimed to review the current information about 
pro- and anti-inflammatory effects of  traditionally stud-
ied and recently discovered cytokines in the pathogenesis 
of  UC and CD. Controlling their expression, production 
and functional activity is an approach that may allow the 
development of  more efficient and less harmful thera-
peutic strategies.

CYTOKINES WITH PRO-INFLAMMATORY 
EFFECTS IN ULCERATIVE COLITIS
The IL-1 family
The cytokines of  the IL-1 family play a major role in 
several autoimmune inflammatory diseases, including 
IBD[5]. IL-1 represents two structurally distinct forms: 
IL-1α and IL-1β. For both IL-1α and -β, the most 
significant and relevant properties are the initiation of  
cyclooxygenase type 2, inducible nitric oxide synthase 
and phospholipase A2, which are produced by various 
cell types[6]. Endogenous IL-1 receptor antagonist (IL-
1Ra), a natural occurring antagonist of  IL-1, regulates 
normal immune homeostasis in the gut[1]. The increase 
of  the IL-1/IL-1Ra ratio is parallel with the activity of  
colitis, while the IL-1/IL-1Ra ratio remains constant in 
the non-affected part of  the colon and in non-IBD in-
flammatory controls[7]. The main source of  IL-1 in IBD 
is the monocyte/macrophage system as it can activate 
the IL-1 converting enzyme, therefore active IL-1β is 
released into the colonic mucosa[8]. 

IL-33, as known as IL-F11, is the newest identified 
member of  the IL-1 family[9,10]. It has been detected in 
several different cell types such as myofibroblasts, adi-
pocytes, smooth muscle cells, endothelial cells bronchial 
and intestinal epithelial cells, macrophages and dendritic 

cells[10-12]. For the expression of  the biological effect of  
IL-33 the binding to its receptor, IL-1 receptor like 1 (also 
known as ST2), is required[10]. IL-33 has a pathogenic 
role in allergy[13], airway inflammation[14] and rheumatic 
diseases[15]. Based on the results of  Schmitz et al[10], IL-33 
appears to reconstitute mucosal barrier defences against 
luminal pathogens, increasing epithelial protection by 
mucus secretion and augmenting immune response via 
type 2 helper T cell (Th2)-related cytokines, such as IL-5 
and IL-13. In 2010, elevated expression of  IL-33 in UC 
was reported by four independent groups[16-19]. In active 
UC, the expression of  the full-length, biologically active 
form of  IL-33 is markedly increased in epithelial cells 
and in the infiltrating macrophages and B-cells of  the 
lamina propria, while in the serum only the cleaved form 
of  IL-33 is detectable[18]. This latter possesses reduced 
biological activity[20] therefore leading to the speculation 
that the presence of  extracellular proteases has the abil-
ity to inactivate full-length IL-33 preventing possible 
harmful effects (i.e., anaphylactic shock) triggered by 
high levels of  circulating IL-33[21]. 

Similarly to IL-33, the expression of  its receptor, ST2, 
was shown to be increased in both colonic wall and se-
rum of  IBD patients[16]. Although the epithelial-derived 
ST2 expression is decreased and redistributed in IBD[20], 
a marked infiltration of  ST2 expressing antigen present-
ing cells and Th cells is present in the lamina propria and 
perivisceral adipose tissue[18]. The same epithelial expres-
sion of  ST2 was not detected in non-IBD colitis sam-
ples, such as diverticulitis or infectious colitis[18]. Regard-
ing the colon, the IL-33/ST2 axis could have a dual and 
perhaps dichotomous role in the pathogenesis of  IBD. 
Pro-inflammatory cytokine stimuli, such as TNF-α and 
IL-1β, and signals from pathogen-associated molecular 
patterns result in an increased IL-33 level in epithelial 
cells. After epithelial damage the released IL-33 may en-
hance the immune responses via ST2 expressing immune 
cells, therefore exacerbating the severity of  inflamma-
tion[20,22]. Thus, it is tempting to speculate that the block-
ade of  IL-33 during UC may help to reduce the severity 
of  the disease. 

In line with the activation of  inflammation IL-33, 
partly come from endothelial cells, may also act on ST2 
expressing epithelial cells and myofibroblasts, promoting 
wound healing and angiogenesis[20,23]. 

The TNF superfamily 
The TNF protein superfamily consists of  18 type 2 
proteins that exist in either membrane-bound or soluble 
forms[24]. Receptors for these ligands are type 1 trans-
membrane proteins[25]. Binding of  TNF-like ligands to 
their receptors triggers intracellular pathways that are 
directly involved in cell proliferation, differentiation, and 
survival[26]. Most members of  the TNF/TNF-receptor 
protein superfamilies are expressed on immune cells 
and play a critical role in multiple components of  the 
immune response, including defence against microor-
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ganisms, inflammation, programmed cell death, and the 
development of  the immune system[24-26].

TNF-α is a master cytokine in the pathogenesis if  
IBD[27]. It exerts its pleiotropic effects through the ex-
pression of  adhesion molecules, fibroblast proliferation, 
procoagulant factors, as well as the initiation of  cyto-
toxic, apoptotic, and acute-phase responses[28]. It also has 
the ability to increase IL-1β, IL-6, and IL-33 production 
as well as modulate ST2 expression in epithelial cells[18,29]. 
The source of  TNF-α in IBD is partly the innate im-
mune cells, such as macrophages or monocytes, and also 
differentiated Th1 cells[30]. The serum levels of  TNF-α 
correlate with the clinical activity of  UC and CD[31]. Its 
orchestrating role in colonic inflammation established 
the basis of  anti-TNF-α antibody therapy in IBD. 

Tumor necrosis factor-like factor (TL1A), another 
newly discovered member of  the TNF family, stimulates 
IFN-γ secretion by binding to death receptor 3 (DR3)[32]. 
DR3 is expressed by a high percentage of  cells from 
mucosal biopsies of  UC and CD, and an increase of  
IFN-γ level has been observed with disease activity in 
IBD patients[32]. Although TL1A seems to be involved in 
intestinal epithelial cell apoptosis in IBD[30], its concrete 
role in UC pathogenesis still remains unknown. 

The IL-6 family
IL-6, IL-11, IL-31, leukemia inhibitory factor, oncostatin 
M, cardiotrophin-1, ciliary neurotrophic factor, and 
cardiotrophin-like cytokine belong to the IL-6 family of  
cytokines. 

IL-6 is an immunoregulatory cytokine that activates 
a cell surface signaling assembly composed of  IL-6, 
soluble IL-6 receptor (sIL-6R), and the shared signaling 
receptor gp130[33-35]. The combination of  IL-6 and sIL-
6R only stimulates gp130 expressing cells, a mechanism 
that is called trans-signalling. IL-6 signaling via signal 
transducer and activator of  transcription-3 (STAT3) 
plays an important role in UC pathogenesis, moreover in 
carcinogenesis of  UC-associated colorectal cancers[36]. 

Mitsuyama et al[37] found that sIL-6R levels were sig-
nificantly increased in patients with active UC and CD 
compared with inactive disease. Thereby, serum IL-6 and 
sIL-6R levels correlated strongly with C-reactive protein 
levels. 

Besides mononuclear cells, intestinal epithelial cells 
are supposed to contribute to IL-6 production in the 
lamina propria[38,39]. Recent data have shown interesting 
new aspects of  epithelial function[40]. It was demonstrat-
ed in Caco2 cells that IL-6 induces NF-kappaB activa-
tion and then enhanced expression of  the intercellular 
adhesion molecule 1, which is important in IBD patho-
genesis and most likely in extraintestinal manifestations 
of  the disease[41,42]. 

Based on these data, the blockade of  IL-6/STAT3 sig-
naling and the use of  anti-IL-6R antibodies have been sug-
gested as promising therapeutic approaches for the future. 

IL-8
IL-8, a small basic heparin-binding protein, is a member 
of  the cysteine-amino acid-cysteine chemokine family 
(2 cysteines are separated by a single amino acid in the 
first 2 of  the 4 conserved cysteine residues)[43]. It primar-
ily mediates the activation and migration of  neutrophils 
into tissue from peripheral blood. In a recent study[44], 
the tissue level of  IL-8 was found to be higher in active 
UC compared to normal colonic tissue, and its serum 
concentration was also related to endoscopic and his-
tological severity of  UC. Based on these results, IL-8 
seems to be a reliable biomarker, closely related to dis-
ease activity, but its pathogenic role in the initiation and 
maintain of  colitis needs to be further studied. 

The IL-12 family
IL-12, IL-23, IL-27 and IL-35 belong to the IL-12 family 
of  pro-inflammatory heterodimeric cytokines and com-
prise IL-12p40/IL-12p35, IL-12p40/IL-23p19, Epstein-
Barr virus-induced gene 3 (EBI3)/IL27p28(IL-30) and 
IL12p35/EBI3 subunits[45-48]. 

IL-12 and IL-23 are mainly produced by antigen 
presenting cells, dendritic cells and phagocytes[49]. Their 
receptors are also heterodimeric[49]. 

IL-12 receptor (IL-12R) is expressed mainly on T 
cells, natural killer (NK) cells and natural killer T (NKT) 
cells[49]. IL-12 expression is elevated in the mucosa of  
UC patients and it correlates with disease activity[50]. 
Recently, the basic leucine zipper protein, NFIL3, was 
shown to be a regulator of  IL-12p40 in macrophages 
and mucosal immunity[51]. Interactions of  macrophages 
with the colonic microbiota induce NFIL3 to limit their 
inflammatory capacity.

IL-23 promotes the differentiation of  naïve CD4+ 
T cells into Th17 cells[52]. The production of  IL-23 by 
the cells of  innate immunity is a response to pattern-
recognition-receptor (toll-like- and nucleotide oligomeri-
zation domain-like receptors) stimulation or endogenous 
signals, indicating a potential role for T cells in reinforce-
ment of  the IL-23 response[53]. The pathogenic role of  
IL-23 receptor (IL-23R) polymorphisms in UC may 
result in part from its wide distribution among other im-
mune cells. IL-23R is expressed by NK cells, NKT cells, 
CD4+ T cells and CD8+ T cells[54]. It is possible that 
some of  the disease-associated polymorphisms observed 
in the IL-23R gene region may influence IL-12RB2 ex-
pression, given their adjacent location on the genome[55]. 
The regulation of  IL-23R and IL-12RB2 expression has 
a key role in the regulation of  T cell differentiation. 

Although in most colitis mouse models IL-23 plays a 
pro-inflammatory role, in 2,4,6-trinitrobenzene sulfonic 
acid (TNBS)-induced colitis, which is T cell mediated, 
IL-23 functions as an anti-inflammatory cytokine be-
cause it suppresses IL-12 production[56,57]. 

There is a strong link between IL-23 and Th17 re-
sponse in vivo. It appears that IL-23 is not necessary 
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tor result in significant epithelial healing, supporting the 
aforementioned hypothesis[67-69]. 

Recently, it was also shown that IL-13 signaling 
through IL-13Rα2 led to the increase of  transforming 
growth factor (TGF)-β1 production, which favours to 
the progression of  colonic wall fibrosis[70,71].

The IL-17 family
IL-17, which is mainly produced by Th17 cells, is acting 
as a key mediator in delayed-type immune reactions by 
increasing chemokine production and recruiting mono-
cytes and neutrophils to the inflammatory site[72]. After 
sequencing the human genome 6 structurally related iso-
forms of  the IL-17 family were described: IL-17A (also 
known as IL-17), IL-17B, IL-17C, IL-17D, IL-17E (also 
known as IL-25), and IL-17F[73]. IL-17A and IL-17F 
share 55% homology, which is the highest amongst the 
family members, but IL-17F has significantly weaker ac-
tivity than IL-17A[57]. There are more receptors for IL-17 
(i.e., IL-17RA, IL-17RC), widely expressed by epithelial 
cells, endothelium or fibroblasts, and it is supposed that 
the different receptors show different affinity for IL-17s 
and different signaling pathways[74].

Although the main source of  IL-17A is the Th17 cells, 
CD8+ T cells are also able to produce this cytokine during 
chronic inflammation[57]. However, a causative relationship 
between UC and IL-17A remains controversial. 

In most of  IL-17A knock out mice dextrane sulfate 
sodium (DSS) treatment failed to result in a typical acute 
colitis[75], and after the administration of  TNBS, the TN-
BS-induced colitis was attenuated in the IL-17RA knock 
out animals[76]. These data support the pro-inflammatory 
role of  IL-17 in colitis models. 

On the other hand, O’Connor et al[77] demonstrated 
IL-17A-mediated protection in the CD45RBhi transfer 
model of  colitis. An accelerated wasting disease elicited 
by IL-17A-/- CD45RBhi CD4+ T cells correlated with 
higher expression of  genes encoding Th1 type cytokines 
in colon tissue. Furthermore, IL-17RA-/- T cells elicited 
an accelerated wasting disease in Rag1-/- recipients. Their 
findings support the observation that surprisingly IL-
17A can mediate protective function rather than pathol-
ogy in experimental colitis. Additionally, they have also 
identified T cells as not only the source but also a target 
of  IL-17 in vivo.

In humans, it was recently shown that IL-17 levels 
were increased in UC compared to healthy colonic mu-
cosa, but in the most reliable studies in which protein 
rather than messenger RNA was measured this increase 
was found to be far less than that found in CD[78].

Since different results were obtained from differ-
ent studies, it will be important to clarify the source and 
function of  IL-17A in the pathogenesis of  UC. 

IL-25 was shown to inhibit CD14+ cell-derived cy-
tokines, mainly IL-12 production and Th1 cell-driven 
experimental colitis in mice, suggesting its potential 
therapeutic role in both UC and CD[79].

for the initiation of  Th17 cell differentiation but it is 
required at a crucial point in controlling the Th17 re-
sponse[57]. IL-23 signaling is primarily mediated through 
the adapter molecule, STAT3. STAT3 was also shown 
to be essential in the Th17 response, as it binds to the 
Il-17a gene promoter and mediates IL-23-regulated ex-
pression of  IL-17A, the main effector cytokine of  Th17 
cells. In lack of  IL-23, a decrease in the accumulation of  
Th17 cells appears in response to inflammatory stimuli, 
suggesting a regulatory role of  IL-23 in Th17 cell re-
sponse[57,58]. Besides Th17 cell differentiation, IL-23 also 
influences the development of  regulatory T cells (Tregs) 
by suppressing Foxp3 expression[59,60]. IL-23 reduces the 
frequency of  Foxp3+ Tregs in the colon and is dispensa-
ble for the pathogenesis of  mucosal inflammation in the 
lack of  Tregs

[61]. 
The main source of  the newly discovered IL-35 is 

the Tregs
[48]. Recently, it has been shown[62] that IL-35 

controls the development of  T-cell-dependent colitis in 
mice models, suggesting the potential in targeting IL-35 
for patients with chronic intestinal inflammation. The 
role of  IL-35 in the pathogenesis of  human IBD needs 
to be further investigated. 

IL-13
UC has been traditionally considered as a Th2 mediated 
disease, in which IL-13 was identified as an important 
effector cytokine[63]. The mRNA expression of  IL-13 in 
UC mucosa is increased[64], and ex vivo cultured lamina 
propria mononuclear cells from UC patients secrete 
significantly higher amounts of  IL-13 upon stimula-
tion than those from both healthy controls and CD pa-
tients[63]. The critical cell population for IL-13 secretion 
is CD161+ NKT cells, producing IL-13 in response to 
stimulation by CD1d+ antigen presenting cells in UC[63].

The functional importance of  NKT cell-derived 
IL-13 in UC has been studied in detail. It was shown 
that both receptors of  IL-13, IL-4Rα and IL-13Rα2, 
were expressed in colonic epithelial cells, which proves 
the ability for functional IL-13 signaling in UC[65]. The 
UC-specific CD161+ NKT cells show cytotoxic activity 
against colon epithelium, which effect is, at least partial-
ly, dependent upon functional IL-13[63]. IL-13 was also 
shown to exert pernicious effects on epithelial barrier 
function by increasing epithelial cell apoptosis, unmak-
ing tight junction integrity, and decreasing restitution 
velocity[65]. Based on these results, it was hypothesized by 
Fuss et al[66] that stimuli from commensal flora-derived 
microbial products stimulate CD161+ NKT cells to 
produce IL-13 in the colonic mucosa. Then, the down-
stream effects, such as the cytotoxic activity of  NKT 
cells, the IL-13 induced epithelial cell apoptosis, and 
the disruption of  tight junctions, culminate to epithelial 
injury. In active UC, the suppression of  IL-13 produc-
tion by interferon-β1 administration or the inhibition of  
STAT6, a key adaptor molecule in IL-13 signaling, by 
small interfering RNA or a histone deacetylase inhibi-
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IL-5 and IL-21
IL-5, as known as eosinophil differentiation factor, is a 
selective eosinophil activating growth hormone and a 
member of  the common β-chain-dependent cytokine 
family. The source of  mucosal IL-5 is the mononuclear 
cells, which produce a high amount of  this cytokine in 
active UC but not in CD[3,65]. IL-5 together with IL-13 
and granulocyte/monocyte colony stimulating fac-
tor have been recognized as activators of  eosinophil 
function, including migration to the site of  inflamma-
tion[80]. Though IL-5 seems to have a regulatory role in 
eosinophil recruitment in UC mucosa, the role of  this 
cytokine in priming of  the blood eosinophils is not as 
obvious[81,82]. There is no enhanced IL-5 production of  
circulating lymphocytes in UC, which indicates that in 
addition to IL-5 other factors may be involved in the 
priming of  blood eosinophils in IBD.

IL-21 is a T cell derived member of  the common 
γ-chain-dependent cytokine family, acting as a maintainer 
of  the Th1 mediated inflammation in the colonic epi-
thelium by inducing IFN-γ production[83]. In IBD, IL-21 
is mostly produced by CD4+ lamina proprial T cells 
coexpressing IFN-γ and follicular T cells[84,85]. The num-
ber of  these cells is higher in CD than UC[84]. Based on 
the recent results, IL-21 inhibits Treg differentiation and 
leads to the resistance of  CD4+ T cells to Treg-mediated 
immune-suppression, therefore enhances the inflamma-
tory process[85].

CYTOKINES WITH ANTI-INFLAMMATORY 
EFFECTS IN ULCERATIVE COLITIS
The IL-10 family
IL-10 may be considered the most important anti-
inflammatory cytokine in humans, secreted by CD4+ 
Th2 cells[86]. During the last two decades, a range of  cy-
tokines related to IL-10 were discovered, making IL-10 
the founding member of  the type II cytokine family that 
includes IL-19, IL-20, IL-22, IL-24, IL-26, IL-28 and 
IL-29[87].

IL-10 inhibits antigen presentation and the release 
of  pro-inflammatory cytokines, hereby attenuates the 
inflammatory process in the mucosa. It is expressed by 
many cells of  the innate and adaptive immune system. 
The former triggers IL-10 expression in a toll-like recep-
tor (TLR)-dependent and a TLR-independent way. The 
major sources of  IL-10 are macrophages and dendritic 
cells[88]. Regarding the adaptive immune system, Th2 cells 
primarily promote humoral immunity express IL-10[88]. 

The key role of  IL-10 within the colonic mucosal 
immune system has been extensively studied in IL-10 
knockout mice models[89]. In UC, IL-10 mRNA expres-
sion was found to be highly increased in mucosal T cells, 
and the IL-10 production of  Tregs is also important in 
the pathogenesis of  IBD[59,90]. A subset of  IL-10 and 
TGF-β1 producing B cells, namely the regulatory B cells 
(Bregs), are involved in UC pathogenesis as well[91]. 

The mutations of  the IL-10 pathway genes such as 
Il-10 1q32 or Stat3 17q21 have also been shown to be as-
sociated with UC[92,93]. 

IL-19 is associated with the pathogenesis of  both 
Th1 and Th2 mediated diseases[94]. IL-19 produced by li-
popolysaccharide activated macrophages suppresses pro-
inflammatory cytokine release, especially the secretion of  
TNF-α, IL-6 and IL-12 by an IL-10 independent way[95]. 
IL-19 deficient mice are susceptible to DSS-induced 
colitis[94]. In a recent study, it was shown that IL-19 poly-
morphisms (rs2243188 and rs2243193) might have a 
protective role in the development of  UC[96]. Although 
these results are promising, the exact role of  IL-19 in 
IBD needs to be further studied. 

IL-22 has elevated levels in both serum and mucosa 
of  active CD[97], but it has been recently proven that it 
has a protective role in DSS-colitis murine model of  UC 
by inducing mucin membrane bound production by gob-
let cells[98]. In humans, the mucosal level of  IL-22 was 
found to be elevated in active UC compared to inactive 
disease or healthy control samples[99]. It was also recently 
published, that after Trichuris trichiura therapeutic self-
infection, the active UC went into remission, and IL-
22-producing Th cells accumulated in the mucosa[100]. It 
seems that this kind of  helminthiasis may reduce symp-
tomatic colitis by promoting goblet cell hyperplasia and 
mucus production through Th2 cytokines and IL-22.

TGF-β and IL-4
TGF-β has multiple biological effects on both hema-
topoietic and nonhematopoietic cells[101]. Binding of  
TGF-β to its receptor, TGF-βRII, phosphorylates sma- 
and mothers against decapentaplegic-related protein 
transcription factors that have primarily immunosuppres-
sive function[101]. Genetic mutations in TGF-βRII are 
linked to UC and UC-associated cancer in humans[102], 
and mice lacking TGF-β responsiveness in epithelial 
cells or T lymphocytes develop severe intestinal inflam-
mation[103,104]. 

In human UC patients, IL-33 expression is highly up-
regulated within the colonic mucosa and IL-33-deficient 
mice are protected from DSS-induced colitis[10,17,19]. 
Recent data[105] show that CD68TGF-βDNRII mice, 
lacking normal TGF-β signaling, produce high levels of  
IgE and IL-33 within the colon following oral DSS ad-
ministration. One source of  IL-33 in these mice was the 
intestinal macrophages, which demonstrates that TGF-β 
serves as an anti-inflammatory factor via suppressing 
the production of  IL-33. This may be an important 
mechanism that could partially explain the reason how 
mutations in TGF-βRII in humans are associated with 
increased risk for UC and UC-associated neoplasias[106]. 

IL-4, an anti-inflammatory cytokine, is a stimulatory 
factor for B and T cells, and has an immunosuppres-
sive effect in the colon[107,108]. IL-4 and IL-10 are able to 
down-regulate inflammatory mediators including TNF-α 
and IL-1 and favour a humoral immune response[109]. In 
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proctitis, the combined effects of  IL-4 and IL-10 were 
shown to shift the Th1/Th2 cell activation in favour of  
a Th2-type response[109], which eventually ameliorated 
mucosal healing. 

In T-cell receptor-α chain-deficient (TCR-α -/-) 
mice, anti-IL-4 monoclonal antibody treatment altered 
the cytokine profile of  CD4+ ββ T cells (a subset of  
CD4+ Th2-type cells) from dominant Th2 to Th1 type, 
resulting in the prevention of  mucosal inflammation in 
TCR-α -/- mice[110]. The treatment of  peripheral blood 
mononuclear cells form active UC and CD patients 
with IL-4 in vitro resulted in significant decrease of  the 
vascular endothelial growth factor (VEGF) production 
of  these cells, which suggests that the known defective 
immunosuppressive role of  IL-4 in IBD may contribute 
to the pathogenesis of  inflammation by VEGF mediated 
mechanisms[111].

CYTOKINES WITH PRO-INFLAMMATORY 
EFFECTS IN CROHN’S DISEASE
The IL-1 family
Similarly to UC, the IL-1 system plays an important role 
in the pathogenesis of  CD. The IL-1/IL-1Ra ratio is in 
line with the activity of  CD[7]. In a recent study using 
phage display technology, a short peptide (TCP-353) 
was identified from the blood mononuclear cells of  CD 
patients which specifically binds to CD sera and stimu-
lates the pro-inflammatory responses (IL-1β, IL-6 and 
TNF-α) of  CD mononuclear cells[112]. This novelty may 
have diagnostic, pathogenic and therapeutic significance 
with regard to the treatment of  CD.

IL-18, another member of  the IL-1 family, was 
originally described as an important Th1 cell polarizing 
cytokine[113]. The level of  IL-18 is increased in the in-
flamed mucosa of  a subgroup of  CD patients[114,115]. The 
balance between this pleiotropic pro-inflammatory cyto-
kine and its natural inhibitor, IL-18-binding protein (IL-
18BP), may contribute to the pathogenesis of  IBD[116]. 
IL-18 is localized to lamina proprial cells and intestinal 
epithelial cells, suggesting that both groups of  cells may 
be involved in the complex events occurring in CD[114]. 
In the presence of  IL-18, mucosal T cells from active 
CD have been shown to produce less IL-10 than control 
tissue[117]. Recombinant IL-18 alone is able to induce a 
significant proliferative response in mucosal lymphocytes 
of  active CD, moreover a synergy between IL-18 and 
IL-12 in macrophages may regulate driving of  mucosal 
lymphocytes toward a Th1 response[118,119]. 

Leach et al[116] found that IL-18, produced in the co-
lons of  children with CD, contributes to the local inflam-
matory changes. They showed that systemic IL-18 level 
is a possible and useful indicator of  disease activity. Fur-
thermore, free IL-18 was found to be greatly elevated in 
CD children, suggesting that compensatory increases in 
IL-18BP are insufficient. Further exploration of  the role 
of  IL-18 in the pathogenesis of  CD is now required.

The TNF superfamily
The role of  TNF-α in CD has been widely investigat-
ed[120-122]. Binding TNF-α to serum soluble TNF receptor 
1 and 2 (sTNFR1 and 2) initiates pro-inflammatory sig-
naling. The levels of  sTNFR1 and 2 are elevated in CD 
sera compared to both UC and normal controls, hence it 
can be used as a marker for disease activity and discrimi-
natory factor between the two subtypes of  IBD[123,124]. 
It was recently demonstrated that TNFR1-signaling 
cascade in colonic myeloid lineage cells contributes to 
the suppression of  acute damage-associated mortality 
presumably by controlling colonic epithelial cell homeo-
stasis[125]. 

The central pro-inflammatory role of  TNF-α has 
substantiated the use of  anti-TNF-α antibodies in the 
treatment of  CD[126]. 

The TL1A/DR3 system is also involved in the 
pathogenesis of  CD[32]. The macrophages of  the lamina 
propria are a major producer of  TL1A, which expres-
sion is markedly enhanced in CD compared with UC or 
normal colon[127]. Kamada et al[127] found that TL1A and 
IL-23 synergistically promotes the production of  IFN-γ 
and IL-17 by mucosal T cells, while TL1A alone does 
not induce cytokine production. Furthermore, they have 
also shown that TL1A promotes Th17 differentiation 
from naïve T cells by mucosal macrophages; however, 
IL-23 did not show any synergistic effects on Th17 dif-
ferentiation.

TNF ligand superfamily, member 14 (TNFSF14, 
also known as LIGHT) is a type II membrane protein 
that forms a biologically active homotrimer, which can 
be cleaved into a soluble form or exist in an intracel-
lular form with deleted transmembrane region and not 
displayed on the cell surface[128,129]. The human intestinal 
mucosa may be a primary site for LIGHT-mediated 
pro-inflammatory activity, which shows a correlation 
with disease activity[128]. In CD, it was shown that IFN-
producing CD4+ lamina propria T cells express LIGHT 
mediating a Th1 response[128]. As several data from trans-
genic mouse models[130,131] indicated that LIGHT-depen-
dent inflammation selectively targeted the intestine, the 
mucosal specificity of  LIGHT-mediated inflammation 
could have significant pathological implications in hu-
man CD, which needs further investigation.

The IL-6 family
The IL-6/STAT3 signaling system plays a key role in 
the pathogenesis of  CD. The circulating levels of  IL-6 
and sIL-6R is in correlation with the activity of  the dis-
ease[132]. The pathogenic role of  IL-6-sIL-6R system in 
mediating the resistance of  T cells to apoptosis in CD 
was proved by blocking IL-6 trans-signaling[133]. 

Subepithelial myofibroblasts can also be a source of  
mucosal IL-6 in CD. It was recently demonstrated that 
the increased production of  IL-6 synthesis related to 
the oxidative state, suggesting redox regulation with the 
involvement of  extracellular signal-regulated kinase 1/2 
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and p38 mitogen-activated protein kinase activation[134]. 
Based on these data, IL-6 may have an influence not just 
on the chronic inflammatory process, but on relapses 
occurring in the pathology of  CD. 

The IL-12 family 
As it is in UC, the expression of  IL-12 is up-regulated in 
active CD mucosa as well, and its level is in correlation 
with disease activity[50]. Because of  the elevated levels 
of  IL-12p40 and IL-12Rβ2 in the early phase of  CD, 
it is suggested that IL-12 is primarily involved in the 
early induction of  Th1 polarization of  naïve T cells[135]. 
However, the expansion and maintenance of  Th1 cell 
response in the colon requires additional signals. The IL-
12-dependent synthesis of  IFN-γ of  the mucosal T cells 
can be enhanced by cytokines that signal through the 
common γ-chain receptor (i.e., IL-7, IL-15, IL-21)[136]. 

IL-23 also has an elevated mucosal level in CD[137]. 
Based on the results from mouse studies with targeted 
deletion of  either the IL-12/p35 or IL-23/p19 subunit, 
it is suggested that IL-23 and not IL-12 is essential for 
manifestation of  intestinal inflammation occurring in 
IL-10-deficient mice[138]. The IL-23-driven intestinal 
inflammation seems to be mediated by IL-17 and IL-6 
production. It needs to be further investigated whether 
the harmful effect of  IL-23 on the ongoing mucosal in-
flammation occurs only in the absence of  IL-10-related 
regulatory effects.

IL-27 is a newly described, heterodimeric member 
of  the IL-12 family[47]. It was proved by in vitro studies 
that IL-27 is mainly produced by activated monocytes 
and dendritic cells, it induces the proliferation of  naïve 
CD4+ T cells and synergizes with IL-12 for IFN-γ pro-
duction[47].

The mucosal expression of  IL-27p28 was shown to 
correlate with the activity of  disease in both UC and 
CD[137]. Particularly, IL-27p28 and EBI3 transcripts have 
shown to be significantly elevated only in active CD[137]. 

The IL-17 family
In humans, the mucosal level of  IL-17 levels is highly 
elevated in active CD[78]. Recently, it has been shown 
that in CD patients increased numbers of  circulating 
IL-17 and IFN-γ-producing CD161+ memory cells are 
present, and these cells constitute a high percentage of  
colonic mucosal cells[139]. In addition, CD patients have 
increased numbers of  circulating IL-23R expressing T 
cells, which respond to IL-23 with increased production 
of  IL-17, IL-22 and IFN-γ, which is further increased by 
the presence of  IL-1β. Moreover, these cells express gut 
homing receptors CCR6 and β7-integrin, which makes 
them to be programmed to recruit into the lamina pro-
pria during inflammation[140]. Based on these results, 
Th17 cells producing both IL-17 and IFN-γ are identi-
fied as important elements in the inflammatory response 
in CD. 

Dendritic cells are crucial in inducing acquired im-

munity. In CD, dendritic cells of  myeloid origin were 
found to produce a higher amount of  IL-23 and a lower 
amount of  IL-10, when stimulated with exogenous bac-
terial derivative, moreover they induced a dysregulated 
Th1/Th17 immune response in mixed lymphocyte reac-
tion than it is in UC and normal control[78]. 

Similarly to UC, different results were obtained from 
different studies; therefore it will be important to clarify 
the source and function of  IL-17 in the pathogenesis of  
CD. 

IL-21
IL-21 is significantly overexpressed in CD mucosa[141]. 
IL-21 is generated mainly by CD4+IFN-γ-producing T 
cells[84]. In contrast, only a small fraction of  IL-21 pro-
ducing CD4+ T-cells co-express IL-17A, thus indicating 
that, in humans, IL-21 is produced preferentially by Th1 
rather than Th17 cells. Activation of  CD4+ T-lympho-
cytes from normal colon with anti-CD3 antibody and 
exogenous IL-12 increases the proportion of  IL-21-
secreting Th1 cells, whereas blockade of  endogenous 
IL-12 in CD mucosal cell cultures significantly reduces 
IL-21 production[142]. On the other hand, blocking IL-21 
in cells from CD with antibodies or soluble receptor fu-
sion proteins inhibits IL-17A and IFN-γ production[142].

It was also found that intestinal epithelial cells and 
subepithelial fibroblasts constitutively express IL-21R 
and respond to IL-21 by inflammatory molecule secre-
tion. Following IL-21 stimulation, colonic fibroblasts 
secrete large amounts of  matrix metalloproteinase 1 and 
3, enzymes involved in mucosal injury of  CD[143,144].

CYTOKINES WITH ANTI-INFLAMMATORY 
EFFECTS IN CROHN’S DISEASE
The IL-10 family
IL-10 plays a pivotal anti-inflammatory role in CD. An 
inactivation of  IL-10 resulted in an increased production 
of  the pro-inflammatory IL-12 and IFN-γ in mice[145]. In 
humans, the inflamed mucosa and granulomas of  CD 
show low IL-10 levels[146]. It was also recently described 
that endogenous IL-10 constrains Th17 cell develop-
ment through the control of  dendritic cells’ IL-1 pro-
duction, which reaffirms the crucial anti-inflammatory 
role of  IL-10 in patients with CD[147]. 

On the contrary, the level of  IL-22 is elevated in CD 
mucosa and serum[98]. It was shown that IL-23R geno-
types have an effect the serum concentrations of  IL-22, 
which links genetic CD susceptibility to Th17 cell func-
tion[97]. 

Regarding IL-22, a new regulatory pathway was re-
cently described in CD[148]. The aryl hydrocarbon recep-
tor (AhR) may represent a link between the environment 
and the mucosal immune system. AhR is a transcription 
factor which is activated by a large number of  environ-
mental factors[148]. It has been recently shown that muco-
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sal T cells and NK cells isolated from active CD biopsies 
express low levels of  AhR and respond to AhR ligands 
with decreasing pro-inflammatory cytokine production 
and up-regulating IL-22[149]. Hereby, the changing muco-
sal cytokine profile promotes mucosal healing. 

TGF-β
TGF-β is thought to be an inhibitory key cytokine of  
immunological homeostasis and inflammatory responses. 
On the other hand, TGF-β is also a potent profibrogenic 
agent inducing collagen synthesis and regulating the bal-

Table 1  The disease-related immunological and pathological effects of cytokines

Ulcerative colitis Crohn's disease

Interleukin-1 family IL-1 Inflammation induction
IL-18 NI Mucosal T cell IL-10 secretion ↓

Th1 response ↑
IL-33 Reconstitute mucosal barrier defence NI 

Epithelial mucus secretion ↑
Th2-response ↑

Wound healing and angiogenesis ↑
Tumor necrosis factor 
superfamily

TNF-α Adhesion molecules expression ↑ Initiates pro-inflammatory signaling
Fibroblast proliferation ↑

Procoagulant factors level ↑
Initiation of cytotoxic, apoptotic, and acute-phase responses

IL-1β, IL-6, IL-33 production ↑
Modulates epithelial cell ST2 expression

TL1A IFN-γ secretion ↑ IFN-γ, IL-17 production ↑
Modulates epithelial cell apoptosis Th17 differentiation ↑

LIGHT NI Mediates Th1 response and mucosa specific inflammation
Interleukin-6 family IL-6 Involved in colitis-associated carcinogenesis Mediates T cell resistance to apoptosis

Possible role in extraintestinal manifestations Influences of disease relapse
Interleukin-8 IL-8 Mediates the activation and migration of neutrophils NI 
Interleukin-12 family IL-12 Modulates macrophage activity Early induction of Th1 polarization of naïve T cells

IFN-γ of the mucosal T cells
IL-23 Promotes  Th17 cell differentiation IL-17 and IL-6 mediated intestinal inflammation

Controlling Th17 response
Influences Treg cell development
Number of mucosal Treg cells ↓

IL-27 Proliferation of naïve CD4+ T cells ↑
IFN-γ production ↑

IL-35 Possible controlling of T-cell dependent inflammation NI 
Interleukin-13 IL-13 Induces cellular cytotoxicity against colonic epithelium NI 

Epithelial cell apoptosis ↑
Tight junction integrity ↓

Epithelial restitution velocity ↓
Colonic wall fibrosis ↑

Interleukin 17 family IL-17 Pro- and anti-inflammatory effects IL-17, IL-22, IFN-γ production ↑
Enhance T cell recruitment into the lamina propria

IL-25 Possible inhibition of IL-12 secretion NI 
Possible promotion of Th1-driven inflammation

Interleukin-21 IL-21 Maintainer of Th1-mediated inflammation Required for IL-17A and IFN-γ production
Inhibits Treg cell differentiation Fibroblasts MMP secretion ↑

CD4+ T cell resistance to Treg-suppression ↑
Interleukin-5 IL-5 Activates eosinophil function and migration NI 
Interleukin-10 family IL-10 Inhibits antigen presentation Constrains Th17 cell development

Pro-inflammatory cytokine release ↓
IL-19 TNF-α, IL-6, IL-12 secretion ↓ NI 
IL-22 Goblet cell hyperplasia ↑ Promotes mucosal healing

Mucus production ↑
Interleukin-4 IL-4 TNF-α, IL-1 production ↓ NI 

Humoral immune response ↑
Mucosal healing ↑

Monocyte/macrophage VEGF production ↓
Transforming growth 
factor-β

TGF-β Possible suppression of IL-33 production Collagen synthesis ↑
Regulates the balance between matrix-degrading MMPs and 

their inhibitors
IL-13 expression ↑

EMT ↑

IL: Interleukin; TNF: Tumor necrosis factor; IFN: Interferon; TL1A: TNF-like factor; TGF-β: Transforming growth factor-β; LIGHT: Lymphotoxins, exhibits 
inducible expression, and competes with herpes simplex virus glycoprotein D for herpesvirus entry mediator, a receptor expressed by T lymphocytes; MMP: 
Matrix metalloproteinase; VEGF: Vascular-endothelial growth factor; EMT: Epithelial-to-mesenchymal transition; NI: (possibly) Not invloved in pathogenesis. 
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ance between matrix-degrading matrix metalloprotein-
ases and their inhibitors[150]. It has a role in CD-related 
fibrosis, as changes in TGF-β signaling and matrix me-
talloproteinase production were identified in the mucosa 
overlying strictures[150].

It was also shown that TGF-β induces IL-13 expres-
sion and epithelial-to-mesenchymal transition of  intesti-
nal epithelial cells, while IL-13 promotes the expression 
of  genes associated with cell invasion[151]. Based on these 
data, it seems that TGF-β and IL-13 play a synergistic 
role in the pathogenesis of  CD-associated fistulae[151], 
which has therapeutic consequences.

CONCLUSION
Cytokines have important and complex role in the 
pathogenesis of  IBD (Table 1 and Figure 1). There are 
several different biologic therapies directed to cytokines 
or their receptors which have possibilities in the treat-
ment of  IBD. 

Some anti-TNF-α antibodies are currently being 
used to treat CD and UC. Although these molecules dra-
matically improved the treatment of  patients, sometimes 
severe side effects or the development of  anti-drug anti-
bodies limits their application. 

Neutralizing antibodies targeting other pathways of  
the immune response have been developed and tested[152]. 
Antibodies targeting the IL-12 and IL-23 pathways, or 
pro-inflammatory cytokines (i.e., IFN-γ, IL-2, IL-6, IL-
17A) initially showed a promising result, but for none 
of  their efficacy has undoubtedly been established[153]. 
Administration of  the regulatory cytokines, namely IL-10 
and IL-11, also failed to induce reproducible clinical ef-
fects[152]. 

Accordingly to the complex effects and regulation 
of  cytokines in IBD, the cytokine-based therapies of  the 
future must have higher specificity and lower toxicity. 
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