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 INTRODUCTION 
 In healthy individuals, the gut mucosa is populated by a large 

number of lymphocytes in a state of balanced physiologic inflam-

mation between the mucosal immune system and antigens of 

the diet and the indigenous microbiota. The mucosal immune 

system of the gut deals with harmless antigens by eliciting a 

tolerogenic immune response. In contrast, antigens produced 

by pathogens that colonize the intestinal tract or use the gut as a 

portal toward systemic infection elicit an inflammatory immune 

response aimed at clearing the infection. Maintaining the bal-

ance between the mucosal immune system and the antigens 

present in the gut lumen is pivotal for the maintenance of the 

intestinal immune homeostasis. A breakdown in this balance as 

a result of complex genetic and environmental factors is thought 

to underlie the pathogenesis of Crohn ’ s disease (CD) and ulcera-

tive colitis (UC), the two major forms of inflammatory bowel 

disease (IBD). IBDs are characterized by the chronic activation 

of the intestinal immune system resulting in gut inflammation 

and the downstream pathways responsible for tissue damage. 

 The excessive activation of the mucosal immune system in 

IBD is the result of a complex series of events characterized by 

cross talk between immune and non-immune cells via cytokines 

and membrane-bound receptors. The knowledge obtained from 

studies regarding cytokines and their role in inflammation 

has led to the development of novel therapeutic approaches, 

which are exemplified by the tumor necrosis factor- �  (TNF- � ) 

blockade in routine clinical use and by the blockade of interferon 

(IFN)- � , interleukin (IL)-6, and IL-12, all being shown to be of 

therapeutic benefit in randomized controlled trials. 1 – 3  However, 

the incomplete control of inflammation obtained using these 

therapies and the unresponsiveness of the majority of patients 

taking new biological therapies means that we still need to better 

define the immunologic process leading to inflammation and 

inflammation-related tissue damage in the gut to produce new 

and more effective therapies. 

 IL-21 is a relatively recently described cytokine, which 

appears to be involved at many levels in the upstream and 

downstream pathways of inflammation in IBD.  Box 1  sum-

marizes its biological activity. Here, we review data on the 

role of IL-21 in the development and maintenance of gut 

inflammation.   

 ACTIVATED CD4    +     T CELLS ACCUMULATE IN THE GUT IN IBD 
 CD4    +     cells play a key role in the immune – inflammatory 

response leading to IBD. In both CD and UC, the inflamed 

mucosa shows an increased accumulation of activated 

CD4    +     T lymphocytes. The essential role of CD4    +     T cells in 

the development of intestinal inflammation is well demon-

strated in animal models where depletion of CD4    +     T cells 

and / or inhibition of their activation limit mucosal inflamma-

tion. 4  CD4    +     T cells accumulate in the gut mucosa as a result of 

an enhanced production of chemoattractants within the 
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inflammatory microenvironment. However, the absolute 

number of CD4    +     T cells present in the gut mucosa of 

IBD patients is also due to an enhanced rate of cell cycling in 

CD. 5  There is a higher proliferation rate of CD4    +     T cells iso-

lated from the gut of CD patients compared to UC or normal 

controls. At an intracellular level, the high proliferation rate 

observed in CD CD4    +     T cells is associated with an increased 

phosphorylation of Rb, which promotes the entry into the S 

phase of the cell cycle, and decreased phosphorylation of p53, 

a suppressor of S phase transit. 6  In addition, T cells infiltrating 

the gut mucosa of IBD patients show an increased resistance 

to apoptosis. The mechanism of resistance is unknown, but is 

probably multifactorial through the activation of specific intra-

cellular survival pathways by cytokines. In this context, blocking 

IL-6 has been shown to promote T-cell death, thus dampening 

mucosal inflammation. 7  Although the direct role of IL-21 on 

CD4    +     T-cell survival / apoptosis is unknown, signals delivered 

by cytokines sharing the  � -chain receptor subunit (i.e., IL-2, 

IL-4, IL-9, IL-13, IL-15, and IL-21) have been implicated in the 

maintenance and expansion of the CD4    +     cell pool. Moreover, 

IL-21 has been shown to promote proliferation of B cells and 

CD8    +     T cells. 8    

 A Th1 IMMUNE RESPONSE IS A FEATURE OF CD 
 The inflammatory response seen in CD mucosa is characterized, 

at least in the late chronic phase, by an abundance of T helper 

type 1 (Th1) cells. Accordingly, lamina propria CD4    +     T cells 

isolated from CD-affected patients produce high levels of IFN- � . 

The predominant differentiation of Th1 cells fits well with the 

presence in diseased Crohn ’ s mucosa of IL-12, a heterodimeric 

cytokine composed of p35 and p40 subunits, which drives Th1 

polarization. 9  IL-12, produced by activated antigen-presenting 

cells, targets CD4    +     T cells, which express high levels of IL-12R 

 � -chain and activate the intracellular signal transduction and 

activation of the signal transducers and activators of transcrip-

tion (Stat)-4, a transcription factor that acts directly on the 

IFN- �  promoter. Moreover, IL-12 stimulation leads to T-cell 

expression of T-bet, a member of the family of T box transcrip-

tion factors, the master controller of the Th1 lineage. 10  More 

recently, it has also been demonstrated that IL-12 p40 can asso-

ciate with a p19 subunit to make IL-23, which also promotes Th1 

differentiation. 11  IL-23 has been reported to be elevated in CD, 

but the balance of IL-12- vs. IL-23-driven Th1 differentiation 

is not known. 12  Regardless of this, however, anti-IL-12 p40 has 

some clinical benefit in CD, and it neutralizes both IL-12 and 

IL-23. 2  However, accumulating evidence has implicated IL-23 

in the maintenance of Th17-mediated immune response, sug-

gesting that this novel class of helper cells might contribute to 

CD pathogenesis. 13  

 The role of IL-12 and the induction of a Th1-mediated 

immune response have been studied in animal models. 

Intrarectal administration of 2,4,6-trinitrobenzene sulfonic 

acid in mice causes a Th1-mediated acute colitis, which is char-

acterized by high levels of IL-12 and IFN- � . In this model, the 

neutralization of IL-12 by means of a p40-neutralizing antibody 

has been shown to prevent colitis. 14    

 THE ADDITIONAL ROLE OF IL-21 IN MEDIATING TH1 IMMUNE 
RESPONSE IN THE GUT MUCOSA 
 The identification of the key role played by Th1 cells in colitis 

and of the stimuli necessary for naive T cells to polarize into Th1 

cells brings into question whether other signals are required to 

maintain and expand Th1 responses. We have recently suggested 

that the type 1 cytokine, IL-21, may accomplish this function 

in IBDs. 15  

 IL-21 receptor (IL-21R) was discovered 7 years ago by a 

genomic and expressed sequence tag sequencing approach 

and was identified as a novel orphan type 1 cytokine receptor. 8  

IL-21R shows significant structural homology with the IL-2R 

 � -chain. IL-21 was identified by expression cloning and is struc-

turally similar to IL-2, IL-4, IL-7, IL-9, and IL-15, which share 

the common  � -chain as an element of their receptor complex. 

Similar to other members of this family of cytokines, IL-21 inter-

acts with a heterodimeric receptor complex formed by IL-21R 

and the common  � -chain. At the intracellular level, IL-21 pref-

erentially activates Stat-1 and Stat-3 and, to a lesser extent, Stat-

5A and Stat-5B. IL-21 also activates the phosphatidylinositol 

3-kinase / Akt and mitogen-activated protein kinase intracellular 

pathways. 

 IL-21 is mainly produced by CD4    +     T cells, but IL-21R is 

expressed by a wide range of cell types, including B and T cells, 

natural killer cells, myeloid cells, fibroblasts, and keratinoc-

ytes. 16 – 19  IL-21R is expressed by both naive CD4    +     and CD8    +     

T cells and by immature B220hi / IgMlow B cells. In both T and 

B cells, IL-21R is increased by ligation of both the antigen recep-

tor and the Toll-like receptors in B cells. 19  Expression of IL-21R 

is downregulated by IFN- �  in both T and natural killer cells, 20  

whereas in T cells, IL-21 promotes the expression of its own 

receptor. 21  Functionally, IL-21 augments the proliferation and 

cytokine profile of CD4    +     and CD8 T lymphocytes. 22  In B cells, 

IL-21 directs isotype switching and modulates both proliferation 

and apoptosis. 23,24  

 With regard to the role of IL-21 in Th1 / Th2 polarization, 

initial studies showed that IL-21 induces the expression of 

Th1-related genes such as IFN- � , T-bet, and IL-12R  � -chain. 22  

However, in another study IL-21 was shown to inhibit IFN- �  

expression in naive T cells activated under Th1 polarizing con-

ditions without affecting the expression level of either Th1-

   Key facts about IL-21   
 IL-21 is produced by activated CD4    +     T cells 
 IL-21R is present on CD4    +    , CD8    +     T cells, natural killer 
and B cells, myeloid cells, fi broblasts, and keratinocytes 
 IL-21R belongs to the family of receptors sharing the 
common gamma-chain ( � c) 
 In B cells, IL-21 promotes IgG synthesis and suppresses 
IgE synthesis 
 In CD8    +     T cells and natural killer cells, IL-21 enhances 
cytotoxicity 
 In CD4    +     cells, IL-21 promotes Th17 cell differentiation 
 In fi broblasts, IL-21 promotes the expression of MIP-3 �  
and MMPs 
 In epithelial cells, IL-21 induces the production of MIP-3 �   
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related cytokines or T-bet. 25  Therefore, the role of IL-21 in Th1 

polarization remains unclear and is dependent on the specific 

experimental setting.   

 IL-21 EXPRESSION IN THE GUT 
 Analysis of IL-21 protein in biopsies of patients affected by 

IBD and healthy controls showed that IL-21 is overproduced 

in the inflamed intestine of patients with CD compared to 

patients with UC and healthy controls. Moreover, exogenous 

IL-12 further boosted IL-21 expression in explants of CD mucosa 

 in vitro , whereas blockade of IL-21 reduced Stat-4 phosphory-

lation, T-bet expression, and IFN- �  production. Collectively, 

these results suggest that, in CD, IL-21 may be part of a positive 

feedback loop that expands and maintains the ongoing Th1 cell 

response. 15  

 Nevertheless, enhanced expression of IL-21 is also seen in 

mucosal samples from patients affected by UC, a disease that, 

in contrast to CD, is characterized by an atypical Th2 immune 

response. This suggests that the role of IL-21 in inflammation 

in the gut might be quite complex and that further studies are 

needed.   

 INTERPLAY OF IL-21 WITH OTHER CYTOKINES 
 Accordingly, with the possible role of IL-21 in Th2-mediated 

immune responses,  in vitro  polarization of naive cells toward a 

Th2 phenotype enhanced IL-21 expression. Moreover, IL-21 is 

expressed at high levels in Balb / c mice infected with  Leishmania 

major , which is characterized by Th2 polarization. 25  IL-21 also 

suppresses IFN- �  expression in Th1-polarized cells without 

affecting T-bet expression. Moreover, in this situation, IL-21-

mediated suppression of IFN- �  is not related to a downregula-

tion of IL-12R and is mediated by a suppressive effect on Stat-4. 

These data suggest that in certain conditions IL-21 may dampen 

the expansion of a Th1 immune response by suppressing IFN-

 � . In CD4    +     T cells, IL-21 does not affect the expression of 

T-bet, but in CD8    +     T cells, IL-21 suppresses the expression 

of eomesodermin, another member of the T box family of 

transcription factors, which is implicated in IFN- �  expression 

and in cytotoxic activity of these cells. 26  Collectively, these 

data suggest that in certain conditions IL-21 may modulate the 

expression of IFN- �  in different cell types through different 

mechanisms, without affecting the induction of Th1 cells, as 

shown by the unaltered expression of T-bet. 

 Finally, in another model of mucosal inflammation, namely 

that obtained by infection of mice with  Schistosoma mansoni  and 

 Nippostrongylus brasiliensis , also characterized by a Th2 immune 

response, IL-21-knockout mice show reduced pulmonary and 

hepatic granuloma formation associated with a general reduc-

tion of not only Th2 but also Th1 cytokines, suggesting that 

IL-21 might be involved more in the maintenance of contin-

ued T-cell activation, rather than having a unique role in T-cell 

polarization. 27  

 We can then conclude that the role of IL-21 in Th1- and 

Th2-mediated immune responses is context dependent, 

enhancing both the responses rather than promoting one 

of the two.   

 Th17 CELLS AND COLITIS 
 Th17 cells are a novel class of helper CD4 T cells thought to be 

involved in inflammatory conditions. Th17 cells, as their name 

implies, are characterized by the expression of IL-17, a cytokine 

with multiple cellular targets. Th17 cells may also express TNF- �  

and IL-6 but a little or no IFN- � . Th17 cells express the orphan 

nuclear receptor retinoic acid-related orphan receptor- � t 

(ROR � t), which orchestrates the differentiation of this effector 

cell lineage, as ROR � t expression is sufficient to induce IL-17 

in naive T cells. 28  

 The coordinated activity of transforming growth factor- �  

(TGF- � ) and IL-6 has been shown to be required to induce 

ROR � t and IL-17 expression in naive mouse T cells. 29,30  It is 

noteworthy to mention that TGF- �  stimulation of naive T cells 

has also been linked to the peripheral generation of regulatory 

T cells, which play a key role in the maintenance of the mucosal 

immune system homeostasis. 31,32  Therefore, IL-6, a cytokine 

highly expressed in inflammatory conditions such as IBDs, 

might preferentially drive the differentiation of Th17 T cells 

while preventing the generation of regulatory T cells. 33  

 IL-23 has also been shown to expand the number of Th17 T 

cells and to augment IL-17 expression in these cells. Further, 

IL-23 is also highly expressed in Th17-mediated inflammatory 

conditions. 34,35  

 Studies in mice indicate the importance of Th17 T cells in 

the generation and maintenance of mucosal inflammation and 

inflammation-related tissue damage. IL-10-knockout mice 

develop severe colitis. IL-10 / IL-12p35 double knockout mice 

show an equal susceptibility to colitis, whereas IL-10 / IL-23p19 

double knockout mice do not develop colitis, 36  thus indicating 

that the IL-23 / Th17, but not the IL-12 / Th1, axis of the immune 

system is involved in the development of colitis induced by IL-10 

deficiency. In an adoptive transfer model of colitis, administra-

tion of exogenous IL-23 exacerbated gut inflammation. Likewise, 

neutralization of p19IL-23 protected C3H / HeJBir mice from 

colitis. 37  p19-deficient Rag    −     /     −     mice were also protected from 

colitis induced upon adoptive transfer of naive T cells, whereas 

p40- or p35-knockout mice were susceptible. Consistent with 

this, p19-knockout mice were also highly susceptible to 2,4,6-

trinitrobenzene sulfonic acid colitis in comparison to both p35-

knockout and wild-type mice. 38  Overall, these data indicate 

that Th17 and Th1 T cells mediate different types of colitis, as 

underscored by the different outcomes obtained by IL-23 / IL-12 

blockade in different mice models. However, it is not possible 

at the moment to rule out the possibility that Th17 and Th1 

immune responses might coexist, representing different stages 

of the same mucosal inflammatory process. 

 High levels of IL-23 and IL-17 have been observed in the colon 

of CD-affected patients. 39,40  In addition, mutations of the gene 

encoding for an IL-23R subunit, located on the chromosome 

1p31, have been linked to CD and UC susceptibility, thus linking 

the IL-23 / Th17 axis to IBD. 41    

 IL-21 AND Th17 
 Recently, several groups have independently shown that in 

addition to IL-6 and TGF- � , IL-21 is required for the  de novo  



MucosalImmunology  | VOLUME 1 NUMBER 2 | MARCH 2008 113

REVIEW

induction of Th17 cells 42 – 46  in mice ( Figure 1 ). The resistance 

to Th17-mediated inflammation in experimental autoimmune 

encephalomyelitis, seen in IL-6-deficient mice and linked to 

the absence of Th17 cells, is abrogated by the  in vivo  deple-

tion of regulatory T cells, thus suggesting that cytokines other 

than IL-6 are involved in Th17 differentiation, in the absence of 

regulatory T cells. Analysis of Th17 differentiation in different  

in vitro  models has shown that the endogenous expression of IL-21 

driven by IL-6 stimulation is required for the generation of Th17 

cells in the presence of TGF- � . However, whether autocrine 

IL-21 expression is required for the IL-6-mediated induction 

of Th17 cells or whether IL-21 helps amplify this process needs 

to be better defined. Indeed, the expression of the IL-23R, a 

cytokine involved in the maintenance / expansion of Th17 cells, 

was enhanced by IL-21, but not IL-6, whereas IL-6 was still able 

to induce a certain IL-17 expression also in the absence of the 

IL-21R, 42  thus suggesting that IL-21 might be involved in the 

amplification of Th17-mediated immune response. Interestingly, 

IL-21 is expressed by Th17 cells, thus suggesting that it may sus-

tain Th17-mediated inflammation in a paracrine manner. 

 As IL-21 is highly expressed in both CD and UC, which 

are characterized by a dominant Th1- and Th2-like immune 

response, respectively, it is tempting to speculate that in IBD 

an exaggerated Th17 inflammatory response might be a com-

mon event. There is evidence that mucosal T cells from Crohn ’ s 

patients express abundant IL-17, but this has not been studied 

systematically in UC. However, it is worth noting that in humans 

the role of IL-6 and TGF- �  in Th17 cell generation has been 

questioned, raising the possibility that the role of IL-21 in man 

may also differ from what is observed in mice.   

 IL-21 TARGETS INTESTINAL EPITHELIAL CELLS AND 
ENHANCES T-CELL CHEMOTAXIS 
 Gut epithelial cells play an important role in immune 

response, and their capacity to respond to bacteria, present 

antigens, and secrete cytokines, which control survival and 

activity of mucosal lymphocytes, makes them an integral part 

of the innate immunity. Moreover, intestinal epithelial cells sus-

tain inflammation by expressing high levels of chemoattract-

ants, which cause activated lymphocytes to accumulate in the 

gut mucosa. Vice versa, activated lymphocytes influence epi-

thelial cell activity through cytokine expression. Therefore, the 

interaction of lymphocytes and gut epithelial cells represents an 

important aspect of the cross talk between innate and adoptive 

immunity. 

 Intestinal epithelial cells constitutively express the IL-21R 

complex. In addition, IL-21R expression is further enhanced 

in the inflamed tissue of UC and CD compared to uninflamed, 

normal controls, suggesting that IL-21 might directly target 

intestinal epithelial cells during inflammation.  In vitro  experi-

ments using epithelial cell lines have shown that IL-21 increases 

secretion of the macrophage inflammatory protein (MIP)-3 �  

(CCL20). 47  Accordingly, in both CD and UC mucosa, where 

IL-21 is expressed at high levels, MIP-3 �  is upregulated, which 

probably contributes to the recruitment of gut-homing  � 4- � 7-

expressing T cells ( Figure 2 ). Indeed, MIP-3 �  accounts for most 

of the T-cell chemoattractant activity of intestinal epithelial cell 

cultures. Recent data show that T cells sharing features of both 

Th1 and Th17 cells have isolated from the lamina propria of CD-

affected patients. These cells are characterized by the expression 

of CC chemokine receptor 6, the MIP-3 �  receptor, thus suggest-

ing that MIP-3 �  might favor the accumulation of these cells into 

the gut lamina propria during chronic inflammation. 48    

 IL-21 CONTRIBUTES TO GUT DAMAGE BY ENHANCING THE 
SECRETION OF METALLOPROTEASES 
 In CD and UC, inflammatory flares cause erosions and 

ulceration frequently involving large areas of the intestinal 

mucosa. However, after years of active disease, the physiologic 

response to the inflammation-related damage results in the 

subversion of the original organ structure characterized by an 

abnormal deposition of collagen in CD. The main players in this 

process are lamina propria myofibroblasts and fibroblasts, which 

produce collagen, profibrotic factors and, in inflammatory con-

ditions, large amounts of matrix metalloproteinases (MMPs). 

MMPs are a family of neutral endopeptidases that can cleave 

multiple components of the extracellular matrix. These enzymes 

are mostly secreted as proenzymes and activated extracellu-

larly. Their activity is tightly controlled by specific inhibitors of 

metalloproteinases (tissue inhibitors of metalloproteinases). 

An imbalance between MMPs and their inhibitors 

results during inflammation, implicating that inflammatory 

  Figure 1        IL-6-mediated IL-21 autocrine expression promotes Th17 
cell differentiation and blocks inducible Treg (iTreg) induction. IFN- � , 
interferon- � ; IL, interleukin; TGF- � , transforming growth factor- � ; Th, T 
helper cell.  
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mediators may contribute to the tissue damage observed in 

chronic inflammation. 

 We have recently demonstrated that IL-21R is expressed by 

gut fibroblasts and that IL-21 stimulation results in the enhanced 

secretion of MMP-1, MMP-2, MMP-3, and MMP-9 but not tis-

sue inhibitors of metalloproteinases. 49  Neutralization of IL-21 

markedly reduces the amounts of MMPs released when fibrob-

lasts are cultured with CD lamina propria mononuclear cell 

supernatants, confirming the role of IL-21 as mediator of the 

MMP-mediated tissue damage ( Figure 2 ). Interestingly, IL-21 

does not affect the expression of MMPs at the transcriptional or 

post-transcriptional level, rather it acts by causing the release of 

intracellular stores of MMPs. 

 TNF- �  cooperates with IL-21 in inducing MMP secretion 

by fibroblasts. A possible mechanism to explain this coopera-

tive effect is that TNF- � , similar to the other proinflammatory 

cytokine IL-1 � , increases expression of IL-21R in these cells, 

thus enhancing IL-21 signaling. 

 Although the role of IL-21 in gut fibrosis has not been investi-

gated in animal models of colitis, data produced in a liver fibrosis 

model after infection with  S. mansoni  indicate that mice lacking 

the IL-21R develop significantly less fibrosis compared to wild-

type mice. 27  However, as IL-21 is implicated in the generation 

of Th17 cells and high levels of IL-17 have been observed in this 

model, it is not possible to rule out the possibility that the differ-

ence in fibrosis observed in IL-21R-deficient mice is secondary 

to a less severe Th17 immune response.   

 CONCLUDING REMARKS 
 Mucosal inflammation is the result of the cross talk among dif-

ferent cell lineages. This cross talk is controlled by cytokines 

and their interaction with specific receptors expressed on the 

surface of target cells. As a consequence, many phenomena 

observed during mucosal inflammation result from the response 

to cytokines of specific cell types. In IBD chronic inflammation 

of the gut is orchestrated by the coordinated release of cytokines, 

which initiate and sustain the cellular events responsible for 

initiation and maintenance of the inflammatory process. For 

instance, in CD the massive release of IL-12 by antigen-present-

ing cells creates an environment that favors the differentiation 

of naive T cells into Th1 cells. In turn, Th1 cells produce IFN-

 � , thus amplifying the Th1-mediated inflammation character-

ized by the massive release of TNF- � , an important mediator of 

inflammation-related tissue damage. 

 IL-21, a T-cell-derived cytokine, also exerts multiple effects 

on the inflammatory process. Here, we have summarized data 

showing that IL-21 is involved in the  de novo  differentiation of 

Th17 cells, a novel class of T helper cells that plays a pivotal role 

in many inflammatory diseases such as rheumatoid arthritis, 

multiple sclerosis, and psoriasis. Moreover, IL-21 contributes 

to the accumulation of T cells in the lamina propria of IBD 

patients by enhancing the chemoattractant MIP-3 � . Finally, by 

modulating the expression of metalloproteases, IL-21 is directly 

implicated in the inflammation-related tissue damage and archi-

tectural subversion observed in the gut of IBD patients affected 

by long-standing inflammation. 

 The relevant therapeutic benefit gained by using monoclonal 

antibodies against TNF- �  in IBD therapy has pushed research 

to find novel molecular targets to dampen chronic immune 

responses. For instance, a novel anti-p40 antibody that targets 

the common subunit of both IL-12 and IL-23, thus blocking 

both Th1 and Th2 immune responses, has shown promising 

results in human trials. However, in Th17-mediated diseases, 

the selective inhibition Th17 cells, while keeping other immune 

responses (i.e., Th1 and Th2) unaffected, might be safer inas-

much as it could avoid excessive immunosuppression. The 
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   Figure 2        The picture illustrates some of the biological functions of IL-21 in the gut. IL-21 enhances the production of IFN- �  by Th1 cells. IL-21 also 
stimulates fibroblasts to synthesize MMPs, a family of proteases that cleave components of the extracellular matrix, thereby promoting tissue damage. 
Additionally, IL-21 enhances the production of MIP-3 � , a T-cell chemoattractant, in epithelial cells. IFN- � , interferon- � ; IL-21, interleukin-21; MIP-3 � , 
macrophage inflammatory protein-3 � ; MMP, matrix metalloproteinase; Th1, T helper type 1.  
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effect of IL-21 in mucosal inflammation and its role in Th17 

cell generation makes this cytokine an interesting target for 

therapy, thus representing a possible alternative to anti-TNF- �  

and anti-p40 monoclonal antibodies in IBD therapy.     
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