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Abstract
Inflammatory bowel disease (IBD) includes Crohn’s 
disease and ulcerative colitis. The exact etiology and 
pathology of IBD remain unknown. Available evidence 
suggests that an abnormal immune response against 
the microorganisms in the intestine is responsible for 
the disease in genetically susceptible individuals. Dys-
regulation of immune response in the intestine plays a 
critical role in the pathogenesis of IBD, involving a wide 
range of molecules including cytokines. On the other 
hand, besides T helper (Th) 1 and Th2 cell immune 
responses, other subsets of T cells, namely Th17 and 
regulatory T cells, are likely associated with disease 
progression. Studying the interactions between various 
constituents of the innate and adaptive immune sys-
tems will certainly open new horizons of the knowledge 
about the immunologic mechanisms in IBD.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: The etiology and pathology of inflammatory 
bowel disease (IBD) remain elusive, and dysregulation 
of the mucosal immune response toward commensal 
bacterial flora together with genetic and environmental 
factors may play important roles in the pathogenesis 
of IBD. A better understanding of the mechanisms of 
immune responses in the intestinal mucosa will provide 
new insights into the pathogenesis of IBD, and shed 
some light on targeted immune therapy for this dis-
ease.
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INTRODUCTION
The etiology and pathogenesis of  inflammatory bowel 
disease (IBD) remain elusive, and accumulating evidence 
has indicated that sustained intestinal infections, mucosal 
barrier defects, mucosal immune dysregulation, genetic 
and environmental factors are involved in the disease 
process[1-4]. Among these, the dysfunction of  the mucosal 
immune system plays an important role in the pathogen-
esis of  IBD (Figure 1). Among a variety of  inflamma-
tory cells in the gut, mucosal CD4+ T cells are thought to 
play a central role in both the induction and persistence 
of  chronic inflammation by producing proinflammatory 
cytokines. Previous studies have indicated that T helper 
(Th) 1-related cytokines [e.g., tumor necrosis factor (TNF), 
interferon (IFN)-γ, interleukin (IL)-12] as well as Th17-
associated cytokines (e.g., IL-17A, IL-21, IL-23) are mark-
edly increased in inflamed mucosa of  Crohn’s disease 
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(CD) patients, whereas the cytokine profiles in inflamed 
areas of  ulcerative colitis (UC) patients seem to exhibit in-
creased production of  the Th2-associated cytokines such 
as IL-4 and IL-13[1-3]. These proinflammatory cytokines 
are potent in vitro stimulators of  intestinal mucosal effect 
or functions, including T cell and macrophage prolifera-
tion, adhesion molecule expression, chemokine expres-
sion, and secretion of  other proinflammatory cytokines.

ABNORMAL IMMUNE RESPONSE IN THE 
INFLAMED MUCOSA OF IBD PATIENTS
Antigen-specific activation of  various lymphocytes within 
the intestinal mucosa by enteric pathogens is an impor-
tant feature of  IBD immunopathology[1-4]. Under physio-
logical conditions, a large number of  innate and immune 
cells are located in the intestinal lamina propria, such as 
T, B, natural killer (NK), NKT cells, macrophages (Mφ), 
dendritic cells (DCs), mast cells, neutrophils, eosinophils, 
as well as stromal cells (such as fibroblasts). It is actually 
surprising that the large lymphoid system in the intestine 
coexists so peacefully with the external environment, a 
single epithelial layer away from the luminal microbial 
flora. However, under inflammatory conditions, a large 
number of  activated immune cells infiltrate into the in-
testinal mucosa. These immune cells and some stromal 
cells not only express high levels of  adhesion molecules 
and auxiliary signal molecules (such as CD54, CD62L), 
but also express high levels of  inflammatory mediators 
and chemokine receptors (such as CCR5, CCR6, and 
CCR9) and integrin (such as integrin α4β7). Moreover, 
fibroblasts and capillary endothelial cells in the intestinal 
mucosa also express high levels of  chemokines, selectins 
(e.g., selectin E) and intracellular adhesion molecule-1 
(ICAM-1, or CD54), which further induce intermolecu-
lar interactions of  leukocytes in the blood circulation to 
migrate into the intestinal mucosa, and promote local 
inflammatory response[1-4].

Evidence has demonstrated that CD4+ T cells isolated 
from inflamed mucosa of  CD patients, when stimulated 
in vitro, are able to produce large amounts of  Th1/Th17-
associated proinflammatory cytokines (e.g., IFN-γ, TNF, 
and IL-17A), while in UC inflamed tissue CD4+ T cells 
and NK T cells secrete high levels of  Th2-related cyto-
kines (e.g., IL-4 and IL-13) and Th17-associated proin-
flammatory cytokines (e.g., IL-17A)[1-4]. The unbalance of  
pro/antiinflammatory cytokines contributes to intestinal 
mucosal inflammation. Recent studies have found that 
some proinflammatory cytokines (e.g., IL-12, IL-18, 
IL-21, and IL-23) are significantly increased in inflamed 
mucosa of  CD patients[5-7], and that some inhibitory cy-
tokines (e.g., TGF-β, IL-10, IL-25, IL-33, and IL-37) are 
significantly reduced. Moreover, loss of  forkhead pro-
teins (Foxp)3+ regulatory T cells (Treg) and FoxP3-IL-10+ 
CD4+ cells are also found in the inflamed mucosa of  
IBD patients, and these events result in not maintaining 
intestinal mucosal immune tolerance and further promot-
ing local intestinal mucosal immune response, leading to 

the intestinal mucosal injury[8].

PLEIOTROPIC ROLE OF IL-21 IN IMMUNE 
RESPONSE
IL-21 is a member of  the IL-2 family of  cytokines, ex-
pressed mainly by CD4+ T cells, including Th1, Th2, and 
Th17 cells (Figure 2)[9,10]. IL-21 receptor (IL-21R) is struc-
turally related to IL-2R and IL-15R, and is expressed in T, 
NK, B cells, and DCs[9]. IL-21 exhibits a pleiotropic ca-
pacity to regulate T cell differentiation and function, en-
hances clonal expansion of  antigen-activated naive CD4+ 

and CD8+ T cells, and induces the expression of  genes 
encoding IL-12R, IL-18R, IFN-γ, IL-2Rɑ, and the Th1-
associated transcription factor T-bet in activated memory 
T cells[11,12]. IL-21 is also associated with the Th2-medi-
ated immune response and plays a role in inhibiting the 
differentiation of  naive Th cells into IFN-γ-producing 
Th1 cells. In synergy with IL-15, Ftl-3 ligand, and stem 
cell factor, IL-21 promotes human NK cell maturation 
and activation. It exerts further biological functions in B 
cells, regulates differentiation and antibody production, 
including production of  all IgG isotypes, and synergizes 
with anti-CD40 mAb to stimulate B-cell activation, clonal 
expansion, and maturation (Figure 2)[13-15].

In recent years, IL-21 has been found to be produced 
in excess in the intestine of  IBD patients and may be 
involved in the pathogenesis of  human IBD[16-18]. When 
mucosal T cells from CD patients are activated in vitro 
with anti-CD3 in the presence of  either a neutralizing 
anti-IL-21 antibody or an IL-21R-IgG fusion protein, the 
production of  both IL-17A and IFN-γ is reduced. These 
results together with the demonstration that IL-21-
deficient mice are resistant against Th1/Th17 cell-driven 
colitis support the key role of  IL-21 in positively regulat-
ing Th1 and Th17 cell-associated inflammatory path-
ways. IL-21 exerts further biological functions that could 
contribute to its proinflammatory effect in the gut. For 
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Figure 1  Pathogenesis of inflammatory bowel disease. DC: Dendritic cell; 
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example, IL-21 stimulates stromal cells to produce tissue-
degrading proteases and enhances secretion of  the T-cell 
chemoattractant macrophage inflammatory protein-3a 
by intestinal epithelial cells. IL-21 potentates the expres-
sion of  Th1-related transcription factors and IFN-γ in 
T and NK cells and the cytotoxic activity of  NK cells. 
IL-21 also inhibits the peripheral differentiation of  Tregs 
and makes CD4+ T cells resistant to Treg-mediated im-
mune suppression. Therefore, through the multiple path-
ways IL-21 can damage the gut, and neutralizing IL-21 
may have a therapeutic potential in the management of  
IBD[13,18].

We have also investigated expression of  IL-21R in 
inflamed mucosa of  IBD patients and evaluated its role 
in the induction of  NK cell cytotoxicity and activation 
as well as Th17 differentiation[5]. The results have shown 
that IL-21R-positive cells are significantly increased in 
inflamed mucosa of  IBD patients compared with healthy 
controls, and IL-21R is mainly expressed in freshly iso-
lated peripheral blood (PB)- and lamina propria (LP)-
CD4+, CD8+ T, B, and NK cells. When stimulated with 
immobilized human IgG and IL-21, PB-NK cells from 
IBD patients produce higher levels of  IFN-γ and TNF 
than those from controls. IL-21-primed IBD NK cells 
show a more potent antitumor cytotoxicity to NK-
sensitive K562 cells than controls. Moreover, PB-T and 
LP-T cells from IBD patients produce larger amounts of  
proinflammatory cytokines (e.g., TNF and IFN-γ) than 
those from controls when stimulated with IL-21 and anti-
CD3. Importantly, IL-21 facilitates IBD CD4+ T cells to 
differentiate into Th17 cells[5]. In our further study, we 
have also evaluated the role of  anti-TNF mAb (infliximab, 
IFX) in regulating IL-21 expression and Th17 cell infil-
tration in the intestinal mucosa of  CD patients. Twenty-
six CD patients were treated with IFX at weeks 0, 2 and 6. 
IL-21 and Th17 cells were found to be expressed highly 

in inflamed mucosa of  active CD patients compared 
with healthy controls. Ten weeks after IFX infusion, CD 
activity index, erythrocyte sedimentation rate, serum 
C-reactive protein (CRP) and intestinal mucosal healing 
were improved markedly in CD patients. Moreover, IL-21 
expression and Th17 cell infiltration were also found to 
be significantly decreased compared with those before 
IFX therapy[19]. These data indicate that IL-21 plays an 
important role in the pathogenesis of  IBD.

PROINFLAMMATORY ROLE OF IL-23 IN 
THE PATHOGENESIS OF IBD
Recent advances have also indicated that IL-23, mainly 
produced by macrophages, is one of  the critical cytokines 
in IBD and is essential for promoting chronic intestinal 
inflammation[20,21]. IL-23 and IL-12 are members of  a 
small family of  proinflammatory heterodimer cytokines, 
sharing a common p40 subunit covalently linked to a p35 
subunit to form IL-12 or to a p19 subunit to form IL-23. 
IL-12R is comprised of  an IL-12Rβ1 and IL-12Rβ2 
subunit, whereas the receptor for IL-23 consists of  the 
IL-12Rβ1 subunit and a novel component termed IL-
23R[20], which is expressed predominantly on T, NK, and 
NKT cells and to a smaller extent, on monocytes, mac-
rophages, and DCs. After binding to the IL-23R, IL-23 
preferentially induces memory T cell activation. IL-23 
exhibits some similar biological activities to IL-12, how-
ever, in comparison with IL-12 with profound induction 
of  the Th1 immune response, as well as promotion of  
cytotoxic, antimicrobial, and anti-tumor responses, IL-23 
is found to play a critical role in the maintenance of  im-
mune response by controlling T cell memory function 
and by influencing the proliferation and survival of  IL-
17-producing Th17 cells[22,23]. Moreover, recent work has 
also shown that IL-23 could induce naive CD4+ T cells to 
secrete IL-22, indicating that IL-23 is also associated with 
the differentiation of  naive CD4+ T cells[24].

Previous studies with murine colitis models have dem-
onstrated a requirement for IL-23 in the development 
of  intestinal mucosal inflammation. IL-23p19 subunit 
knockout results in a decrease of  proinflammatory cyto-
kines (e.g., TNF, IFN-γ, IL-6, and IL-17) and the presence 
of  less intestinal mucosal inflammation[25,26]. Moreover, 
in vivo blockade of  IL-23 using anti-IL-23p19 mAb or 
its inhibitor STA-5326 could inhibit chronic intestinal 
inflammation in a colitis model and down-regulate a Th1-
mediated immune response[26,27]. Elevation of  IL-23p19 
transcript levels has been observed in inflamed mucosa 
of  IBD patients, and its expression is correlated with the 
severity of  endoscopic lesions[28]. Recent work has dem-
onstrated that myeloid DCs from mesenteric lymphoid 
nodes of  CD patients, when stimulated with exogenous 
microbial antigens in vitro, produce higher levels of  IL-
23p19 than UC patients and healthy controls[29].

In order to investigate the pathogenic role of  IL-23 
in the induction of  mucosal inflammation in IBD, we 
have analyzed IL-23p19 expression in inflamed mucosa 
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ies to eliminate the reinvasion of  microbes and the ab-
sorption of  microbial products. IL-10 is also one of  the 
most effective immune regulatory cytokines contributing 
to maintaining the homeostasis of  the body[31,32]. Previ-
ous studies indicate that the production of  IL-10 in the 
intestine of  IBD patients is suppressed, but the underly-
ing mechanism has not fully understood yet. Therefore, 
we examined the expression of  IL-10, IL-23, and IgA in 
the surgically removed colon specimens and found that 
the levels of  IgA and IL-10 were significantly lower, and 
both negatively correlated with IL-23 expression and the 
infiltration of  inflammatory cells in the IBD mucosa. 
The production of  IL-10 by lamina propria mononuclear 
cells was lower in the IBD group than the control, and 
these levels could be enhanced by blocking IL-23. The 
gene transcription of  IL-10 was significantly suppressed 
in CD4+ T cells of  IBD mucosa, and this phenomenon 
could be replicated in vitro by adding IL-23 in the culture 
of  polarized Th2 cells[7]. Thus we conclude that overex-
pression of  IL-23 in the intestinal mucosa weakens the 
defensive barrier in the gut and disturbs the local immune 
regulation (IL-10 and Treg) (Figure 3).

POTENTIAL ROLE OF IL-25 IN THE 
DEVELOPMENT OF IBD
IL-25 (also known as IL-17E) is a distinct member of  the 

of  IBD patients and its role in the induction of  intestinal 
epithelial lymphocyte (IEL) and NK cell activation as well 
as Th17 cell differentiation. Expression of  IL-23p19 has 
been observed to be increased significantly in inflamed 
mucosa of  CD patients compared with that in UC pa-
tients and healthy controls. IL-23R cells are increased 
significantly in PB- and LP-CD4+ and -CD8+ T and NK 
cells. IL-23 could markedly promote IBD IEL and NK 
cell activation and cytotoxicity and triggered IBD PB- 
and LP-T cells to secrete significantly higher levels of  
IFN-γ, TNF, IL-2, and IL-17A compared with healthy 
controls. IL-23 promotes IBD PB- or LP-CD4+ T cells 
to differentiate into Th17 cells. These data indicate that 
IL-23 plays an important role in the induction of  IEL, 
NK, and T cell activation, proinflammatory cytokine 
secretion, and Th17 cell differentiation[6]. In two IBD 
models there is excessive accumulation of  short-lived 
neutrophils and inflammatory monocytes in the intestine. 
IL-23-driven colitogenic T cell program has been found 
to regulate upstream hematopoietic stem and progenitor 
cells (HSPC)[30]. Targeted therapy directed against IL-23 
may have a therapeutic role in treatment of  IBD.

Additionally, we have also elucidated the further role 
of  IL-23 in the suppression of  IL-10 in the IBD intes-
tinal mucosa[7]. IL-10 is an important cytokine in the 
induction of  Th2 response that plays a crucial role in 
adaptive immunity via the induction of  specific antibod-
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IL-17 family of  cytokines, including IL-17A, IL-17B, IL-
17C, IL-17D, IL-17E (IL-25), and IL-17F. IL-25 shares 
the receptor IL-17 receptor homolog 1 (IL-17Rh1) (also 
named the IL-17RB) with IL-17B, although it binds 
with a much higher affinity. IL-25R is a 56-kDa single 
transmembrane protein and is expressed in Th2 central 
memory cells, eosinophils, monocytes, airways smooth 
muscle cells, fibroblasts, and endothelial cells. Evidence 
has shown that IL-25 is also involved in the immune 
responses in gut mucosa[33]. Previous work has demon-
strated that IL-25 is constitutively expressed by intestinal 
mucosal T cells of  mouse strains (e.g., BALB/c, C57BL/6 
mice) that are resistant to helminth Trichurismuris infec-
tion, whereas IL-25-deficient mice on a genetically resis-
tant background fail to develop a Th2-mediated immune 
response or eradicate Trichuris infection but develop se-
vere infection-induced intestinal inflammation. Moreover, 
the immunopathology in Trichuris-induced IL-25-
deficient mice is also associated with increased expression 
of  IFN-γ and IL-17A in the mesenteric lymph nodes and 
cecum[33]. Administration of  IL-25 could prevent intesti-
nal mucosal inflammation in experimental colitis induced 
with peptidoglycan, 2,4,6-trinitrobenzenesulphonic acid, 
or oxazolone in mice. These data indicate that IL-25, 
which promotes the differentiation and activation of  Th2 
cells in gut mucosa, plays a critical role in the attenuation 
of  destructive intestinal inflammation[33,34].

IL-25 has been also found to be decreased in the in-
flamed mucosa of  IBD patients and could decrease the 
synthesis of  IL-12 and IL-23 in the CD14+Mφ from the 
inflamed mucosa of  patients with CD in vitro[35]. There-
fore, IL-25 may be a negative regulator of  inflammatory 
responses in the intestinal mucosa. However, the exact 
role of  IL-25 in the development of  IBD remains to 
be elucidated. Recently, we have also studied the role of  
IL-25 in the pathogenesis of  IBD[36]. The results have 
demonstrated that IL-25 is significantly decreased in the 
sera and inflamed mucosa of  patients with active IBD 
compared with controls. The levels of  IL-25 in inflamed 
mucosa and sera are inversely correlated with endoscopic 
disease activities and CRP, respectively, in IBD. IL-25 
could markedly inhibit IBD CD4+ T cells to produce 
TNF, IFN-γ, and IL-17A but promote IL-10 secretion. 
IL-25 could suppress the differentiation of  IBD CD4+ T 
cells into Th1 and Th17 cells but did not interfere with 
Th2 cell differentiation. Importantly, blockade of  IL-10 
secretion by IBD CD4+ T cells markedly attenuates the 
inhibitory role of  IL-25 in modulating both Th1 and 
Th17 immune responses (Figure 4). Our study provides 
evidence that IL-25 is a critical anti-inflammatory cyto-
kine in the pathogenesis of  IBD and may be considered 
as a potential therapeutic agent for human IBD[36].

POTENTIAL ROLE OF THE TH17/IL-17 
AXIS IN THE PATHOGENESIS OF IBD
IL-17 has pleiotropic activities, functions through the 
adaptive and innate immune system to promote im-

mune response, and plays an important role in immune 
responses. The identification of  the IL-17 family of  cy-
tokines as well as the IL-23-mediated expansion of  IL-
17-producing T cells has uncovered a new subset of  Th 
cells, designated as Th17 cells. Th17 cells originate from 
naive CD4+ T cells in the presence of  TGF-β and IL-6. 
Th17 cell differentiation does not require IL-17. The 
amplification and stabilization of  Th17 are provided by 
IL-21 and IL-23. At the same time, the RORγt is identi-
fied as the master key regulator and transcription factor 
of  Th17 cell differentiation[37,38]. The IL-17 cytokine fam-
ily includes six members, IL-17A, IL-17B, IL-17C, IL-
17D, IL-17E (or IL-25) and IL-17F, and act in vitro and in 
vivo as potent proinflammatory cytokines[38]. IL-17A can 
induce the expression of  proinflammatory cytokines (such 
as IL-6 and TNF), chemokines (such as KC, MCP-1 and 
MIP-2) and matrix metalloproteases, which mediate tis-
sue infiltration and tissue destruction. It is also involved 
in the proliferation, maturation and chemotaxis of  neu-
trophils[38].

Evidence has shown that high numbers of  Th17 cells 
are present in the colonic LP of  the ileum and colon in 
conventionallyraised mice, and that these cells are highly 
infiltrated in inflamed areas of  colitic mice[39,40]. Further 
analysis confirms that commensal gut flora contributes 
to the expansion of  these CD4+ Th17 cells, leading to 
intestinal mucosal inflammation. In terms of  mucosal im-
munity, the IL-23/IL-17 axis has been observed to play 
an important role in normal intestinal homeostasis.

To date, IL-17 and other Th17-associated cytokines 
(e.g., IL-22 and IL-23) have been found to have protective 
or pathogenic effects dependent on other effective fac-
tors in local tissue. Recent work[41] has also demonstrated 
that most of  the transcripts for Th17-related cytokines 
are increased in IBD patients compared to normal con-
trols, but more abundant in UC than in CD. In contrast, 
upregulation of  IFN-γ mRNA is marked in CD LP CD4+ 

T cells. Up-regulation of  IL-23p19 mRNA is detected in 
colonic mucosa from both UC and CD patients. The sig-
nificance of  Th17 immunity in UC is further supported 
by the finding that recombinant IL-23 actually enhances 
IL-17A production by LP CD4+ T cells in UC, but has 
a lesser effect on LP CD4+ T cells in CD[42]. IL-17A is 
protective against dextran sodium sulfate (DSS)-induced 
colitis and colitis in the T cell transfer model, in which T 
cells are injected into lymphopoenic mice. However, mice 
deficient in IL-17F are resistant to DSS-induced colitis. 
These data suggest that IL-17F, not IL-17A, is pathogenic 
in the gut. IL-17 may synergize with other inflammatory 
mediators in the gut. Recent studies have highlighted fur-
ther potential heterogeneity within Th17 cell populations 
by demonstrating that some may even secrete IL-10[43], 
a factor known to inhibit intestinal inflammation. Thus, 
it is possible that the actions of  Th17 cells may differ 
dependently on other factors that may be present in the 
local environment. In the normal intestine, the primary 
function of  Th17 cells may be like sentinels which con-
tribute to maintaining epithelial barrier function, whereas 
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in sites of  chronic intestinal inflammation, high levels of  
IL-23 may activate their full pathogenic and antibacterial 
functions. Recently, Secukinumab (an IL-17A antibody), 
Brodalumab (an IL-17 receptor antibody) and two small-
molecule drugs (Vidofludimus and Tofacitinib) are used 
in clinical trials for IBD patients, which inhibit IL-17 as 
part of  their overall pharmacological profiles[44].

IL-27 AND IL-35: NEWER MEMBERS OF 
THE IL-12 FAMILY
The IL-12 family is made up of  secreted heterodimers 

with some overlapping usage between family members. 
IL-12 (p35/p40) and IL-23 (p19/p40) are the best-known 
members of  the IL-12 family. Other members include 
IL-27 (EBi3/p28) and IL-35 (EBi3/p35). Like the IL-17 
family, however, a critical issue is whether these molecules 
are pathogenic or protective in the gut. IL-27, produced 
mostly by myeloid cells, is present at increased concentra-
tions in IBD mucosa. If  T cells are taken from mice defi-
cient in the IL-27R and injected into lymphopoenic mice, 
they induce significantly less colitis than wild-type T cells, 
clearly suggesting that IL-27 is pathogenic in this model. 
IL-27R-null mice are also less susceptible to DSS-induced 
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colitis, again suggesting that IL-27 is a proinflammatory 
mediator. In marked contrast, however, treating mice 
with established TNBS-induced colitis with IL-27 reduc-
es disease and cytokine production. In humans, IL-27 has 
also been observed to reduce proinflammatory cytokine 
production in Mφ activated with TNF[45].

MICRORNA AND THE INTESTINAL 
IMMUNE HOMEOSTASIS
MicroRNA (miR) is an emerging group of  short, non-
coding RNAs that play an important role in regulating 
expression of  classical genes at the post-transcriptional 
level. miR regulates cell proliferation, apoptosis, growth, 
cell differentiation, metabolism and other processes. Re-
cently, miR in intestinal epithelial cells has been found to 
regulate intestinal mucosal barrier function through its 
important effect on intestinal epithelial cell proliferation 
and differentiation. Moreover, differential expression of  
miR in immune cells within the intestinal mucosa affects 
the intestinal immune homeostasis[46,47].

In recent years, evidence has suggested that intesti-
nal epithelial miR expression is closely related with the 
incidence and development of  IBD[46]. The expression 
of  miR-192, miR-375 and miR-422b is significantly de-
creased in inflamed mucosa of  patients with active UC, 
while miR-16, miR-21 and let-7 expression is significantly 
increased. miR-19b and miR-629 are significantly de-
creased in patients with active CD inflammation within 
the intestinal mucosa, while miR-23b, miR-106 and 
miR-191 are significantly increased. The abnormal miR 
expression will affect translation process of  its corre-
sponding target gene mRNAs, regulate gene expression 
and thus participate in inflammatory injury of  intestinal 
mucosa in IBD. A recent study by Coskun et al[48] provides 
the first evidence that miR-20b, miR-98, miR-125b-1*, 
and let-7e* are deregulated in patients with UC.

We have also investigated the expressions of  miR10a 
in IBD and found that the expression of  miR10a is de-
creased in inflamed intestinal mucosa of  IBD patients. 
Furthermore, we have also found that TNF inhibits 
miR10a expression, while blockade TNF with anti-TNF 
mAb markedly enhances miR10a expression in the intes-
tinal mucosa (unpublished data). Our findings, together 
with previous data showing that miR10a could block 
intestinal inflammation in mice and reduce the differen-
tiation Th1 and Th17[49], further prove that miR10a is in-
volved in intestinal mucosal inflammatory response, and 
that targeted therapy may be beneficial for human IBD.

ROLE OF REGULATORY B CELLS
B cells are a source of  inhibitory cytokines such as IL-10 
and TGF-β. Depending on the signals B cells receive, 
pro- or antiinflammatory cytokines can be produced, and 
the shift towards an inflammatory or a protective/sup-
pressive response will be induced. Specific B cell subset 
found to affect autoreactive responses and suggested to 

have a regulatory role in autoimmune diseases is B-reg-
ulatory cells (Bregs). CD19+CD25+ B cells were the first 
subset of  human B cells previously suggested to have a 
regulatory role. CD19+CD25+ B cells contribute up to 
30% of  all peripheral blood B cells in mice and can effec-
tively present peptides to helper T cells. In humans, only 
B cells expressing high levels of  CD25 (BCD25+) seem 
capable of  acting as Bregs with abundant TGF-β produc-
tion. However, it remains unknown how to identify Bregs 
with membrane markers or transcription factors. Several 
signals like B cell receptor (BCR), CD40 and/or Toll-like 
receptor (TLRs) may include. These different activation 
signals (alone or combined) were shown by many studies 
to increase regulatory functions of  Bregs[50]. 

Bacterial molecules have been used to stimulate Bregs. 
In mice, splenic B cells stimulated ex vivo by bacteria 
acquire the CD5+ CD1d+ phenotype, which is character-
ized by high level IL-10 expression and being capable of  
markedly suppressing the activity of  experimental IBD. 
The protective subset (contributing 1% to 2% of  all 
splenic B cells) is composed of  CD5+CD1d(high) B cells 
activated via the TLR2/4 pathway by bacterial antigens 
in the gut flora. Investigations into the influence of  the 
gut microbiota on the balance between effector B cells 
and Bregs may open up new therapeutic possibilities in 
IBD[51,52].

ROLE AND FUNCTIONAL ALTERATIONS 
OF THE INNATE IMMUNITY
Innate immunity prevents pathogens from entering and 
spreading within the body. The intestinal innate immune 
system involves three lines of  defense: the mucus layer, 
epithelium, and lamina propria. Mucus is the first line 
of  intestinal defense, and the major constitutive proteins 
are mucins (MUC), with diverse isotypes in different 
portions of  the gastrointestinal tract. CD patients show 
decreased MUC1 and MUC4 levels in the ileum, while 
MUC2, MUC5AC, MUC5B, MUC6, and MUC7 are un-
detectable in lesions. UC patients also show decreased 
MUC2 expression. As the second line of  defense, the 
intestinal epithelium is composed of  a monolayer of  fast 
replicating polarized cells: enterocytes, goblet cells, and 
enteroendocrine cells. All are bound together through 
tight junctions that separate the body from intestinal lu-
men components. The membrane TLRs and cytosolic 
nucleotide oligomerization domain receptor (NOD) are 
the most important among intestinal pathogen recogni-
tion receptors. NOD2 has also been described as a nega-
tive regulator of  TLR2-mediated IL-12 secretion. Some 
NOD2 mutations have been described in CD patients, 
which are associated with decreased defensin secretion 
by ileal mucosa Paneth cells.

Lamina propria as a third line of  intestinal defense 
contains innate and immune cells. In IBD patients, DCs 
promote a robust recognition of  bacterial products that 
might cause an immune responseto commensal bacteria, 
provoking a loss of  intestinal tolerance. Intestinal macro-
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phages from IBD patients have lost the ability to main-
tain tolerance, mainly through increased surface CD14 
content and NF-κB transcription pathway activity, which 
might induce increased peripheral macrophage recruit-
ment. Increased cytotoxic activity and elevated NK cell 
counts are also found in IBD patients. Crucial molecules 
in NK cells, such as IL-15, IL-21 and IL-23, and their 
cognate receptors, are elevated in the intestinal mucosa 
of  UC patients. Moreover, in IBD the IEL activation in-
creases, resulting in elevated production of  IFN-γ, TNF 
and IL-2, which is associated with increased IL-23[53,54].

Deregulated mucin expression in IBD patients might 
be due to the cytokine imbalance that characterizes these 
diseases. These molecules stimulate various transcrip-
tion factor pathways, such as JAK/STAT and NF-κB, 
and induce mucin secretion. The combination of  TNF 
and IFN-γ could also decrease claudin-3, claudin-5 and 
claudin-7 expression, with a marked increase in paracel-
lular permeability in rat colon. Moreover, TNF, IL-6 and 
IFN-γ increase apoptosis and monolayer permeability in 
HT-29/B6 cells. These cytokines also inhibit the wound-
healing in HT-29/B6 cells. Increased apoptosis and 
delayed woundhealing of  epithelial cells would augment 
monolayer permeability, and damage the epithelial barrier 
function[54,55].

CONCLUSION
The exact etiology of  IBD is still not completely un-
derstood, and increasing data have demonstrated that 
these conditions occur through an inappropriate immune 
response to a subset of  commensal enteric bacteria in a 
genetically susceptible host, with disease initiated by envi-
ronmental triggers. Dysfunction of  the mucosal immune 
system evokes intestinal inflammation through the acti-
vation of  both innate and acquired immunity in the gut. 
Among these, T cell activation and Teff/Treg imbalance 
play an important role in the process of  inflammation. 
Understanding of  immunopathogenesis of  IBD will help 
us to find new ideas for diagnosis and treatment.
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