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 Introduction

Inflammatory bowel disease (IBD) may occur only once in a 
patient’s lifetime, but often it recurs and becomes refractory 
[1]. This feature suggests “pathogenic memory” that hints 
the importance of acquired immunity in the pathogenesis of 
IBD. Therefore, helper T (Th) cells differentiated from CD4+ 
naïve T cells play central roles in the acquired immune sys-
tem. Thus, each Th cell subset secretes various cytokines, 
which activate other immune cells. Original Th cell subsets 
only included type 1 (Th1) or type 2 (Th2). Subsequent rec-
ognition of regulatory T cells (Treg), which regulates effec-
tor T cell functions negatively, and Th17 cells added to the 
complexity of the system [2].

The effectiveness of monoclonal antibody against TNF-α, 
which is one of the proinflammatory cytokines secreted by 
several Th subsets as well as macrophages, for the treatment 
for both Crohn’s disease (CD) and ulcerative colitis (UC) has 
changed natural history of IBD pathogenesis [3]. This has 
encouraged many scientists to develop more effective thera-
pies targeting other T cell activation pathways. Furthermore, 
Th17 has also been highlighted in the pathogenesis of IBD 
due to significant association between the genetic polymor-
phisms in the Th17/IL-23 pathway. In this section, the role of 
each Th subset in the pathogenesis of IBD is discussed since 
this will be the fundamental basis for the future development 
of IBD treatment.

 Differentiation of Helper T Cells

When CD4+ T cells are developed in thymus and migrated to 
the peripheral tissues, they are called naïve T cells, which 
secret minimal cytokines and no efficient effector function. 
However, they are activated when specific antigens are pre-
sented to their T cell receptors (TCR) via antigen presenting 
cells (APC) through MHC class-II with co-stimulatory signal-
ing. Moreover, cytokines in the environment where the anti-
gen presentation occurs determine the polarization of these Th 
cells. Thus, expression of the specific transcription factors 
such as T-bet, GATA-3, and retinoic acid receptor- related 
orphan receptor (ROR-γτ) is induced in these cells. Such an 
event allows naïve T cells to differentiate into various Th cells 
that secrete characteristic type of cytokines [4] (Fig. 14.1).

 Th1 Differentiation

Classically, helper CD4+ T cells were classified as Th1 or Th2. 
Th1 cells differentiate in the presence of IL-12 and secrete 
IFN-γ, TNF-α, and IL-2. Th1 cells play an important role in the 
cellular immunity against tumors and intracellular viral and/or 
bacterial infections. IL-12 is secreted by APC such as macro-
phages and dendritic cells (DC). IL-12 activates STAT4 path-
way through IL-12 receptor (IL-12R) signaling and T-bet, a 
transcription factor which promotes specific gene expression 
profile including IFN-γ. This expression of IFN-γ is also one of 
the important factors for Th1 differentiation, because such dif-
ferentiation can be inhibited by IFN-γ neutralization according 
to in vitro experiments. However, T-bet, a member of the T-box 
family, is thought to be the master regulator of the Th1 dif-
ferentiation. While artificial transduction of T-bet in polarized 
Th2 cells converts them into Th1 cells, its absence causes 
disorder of Th1 differentiation in vitro and in vivo. T-bet 
prompts IL-12R expression and activates IFN-γ gene, which 
results in a positive feedback of Th1 polarization [4, 5].
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 Th2 Differentiation

Th2 cells are differentiated in the presence of IL-4 when spe-
cific antigens are presented to their TCR by APC, and these 
cells then start to secrete IL-4, IL-5, and IL-13. Th2 cells 
play an important role mainly in humoral immunity against 
parasites and some allergens. IL-4 activates STAT6 pathway 
through IL-4 receptor (IL-4R) signaling and promotes 
expression of GATA-3, which is a master regulator of the 
Th2 differentiation. In the absence of GATA-3, Th2 develop-
ment is inhibited in vitro and in vivo, while transduction of 
GATA-3 in the polarized Th1 cells results in IL-4 secretion. 
GATA-3 induces IL-4 gene expression, which forms a posi-
tive feedback of Th2 polarization. IL-12 inhibits Th2 polar-
ization, while IL-4 inhibits Th1 differentiation, which makes 
these subsets reciprocal [4, 5].

 Th17 Differentiation

Th17 cells have been reported to produce L-17A, IL-17F, 
IL-21, IL-22, and TNF-α, and these cells play an important 
role in the protective immunity against the extracellular 
pathogens such as bacteria [6]. Th17 cells are differentiated 
in the presence of IL-6 and TGF-β at the antigen presentation 
through the expression of RORγt. While TGF-β drives Smad 
signaling, IL-6 activates STAT3 pathway, which promotes 
the expression of RORγt [2]. RORγt, a transcription factor 
expressed on double positive (DP) T cells in the thymus and 
type 3 innate lymphoid cells (ILC3), is thought to be the 
master regulator of Th17 differentiation. Transduction of 
RORγt to CD4+ T cells results in significant IL-17A secre-
tion, while depletion in Th17 cells results in decreased 
IL-17A production. In addition to RORγt, Th17 cells may 
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Fig. 14.1 Differentiation of helper CD4+ T cells. When antigens spe-
cific for their own TCR are presented to naïve T cells by APC through 
MHC class-II/TCR signal with co-stimulatory signals, naïve T cells dif-
ferentiate to helper T cells, which secrete characteristic types of cyto-
kines and express specific transcription factors. Cytokines in the 
environment where the antigen presentation occurs determine the polar-
ization of these helper T cells. Th1 cells differentiate in the presence of 
IL-12, and secrete IFN-γ, TNF-α, and IL-2. IL-12 activates STAT4 
pathway through IL-12R and promotes T-bet, which is a master regula-
tor for the Th1 differentiation. Th2 cells differentiate in the presence of 
IL-4, and secrete IL-4, IL-5, and IL-13. IL-4 activates STAT6 pathway 
through IL-4R and promotes GATA-3, which is a master regulator of 
the Th2 differentiation. Th17 cells produce L-17A, IL-17F, IL-21, 
IL-22, and TNF-α. Th17 cells differentiate in the presence of IL-6 and 
TGF-β, through the expression of ROR-γt, which is a master regulator 
of Th17. While TGF-β drives Smad signaling, IL-6 activates STAT3 

pathway, which promotes the expression of RORγt. IL-21 is an impor-
tant cytokine for the amplification of Th17, while IL-23 is important for 
their stabilization. Th9 cells differentiate in the presence of TGF-β and 
IL-4, and secrete IL-9. IL-9 expression in these cells is regulated by 
transcription factors such as PU.1, STAT6, Batf, GATA3, and IRF4. 
Particularly, PU.1, which is induced by TGFβ, is thought to be a master 
regulator for Th9, and inhibits the development of Th2. Th22 cells dif-
ferentiate in the presence of IL-6, TNF, and FICZ, and secrete IL-22, 
but not IL-17. FICZ activates AHR, which is thought to be a master 
regulator for the Th22 differentiation. Th22 cells are also known to pro-
duce IL-13 and FGF. On the other hand, TGF-β is known to suppress 
Th22. iTreg is derived from naïve T cells in the presence of TGF-β and 
the absence of IL-6 through the expression of Foxp3. RA and IL-2 pro-
mote iTreg differentiation. In addition, IL-2 is an important survival 
factor for Treg. On the other hand, IL-6 prevents iTreg differentiation 
and promotes Th17 differentiation
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also express RORα, which is upregulated by STAT3 pathway. 
RORα deficient mice are still able to produce normal level of 
IL-17A, while RORγt deficient mice have impaired produc-
tion of IL-17A. However, IL-17A production in RORγt defi-
cient mice is dependent on the expression of RORα, and thus 
RORα and RORγt double deficient mice cannot produce any 
IL-17A [7]. In addition, IL-21 is also important cytokine for 
the differentiation of Th17. IL-6 promotes the production of 
IL-21 from Th17 cells independent of RORγt, and subse-
quently IL-21 upregulates the expression of RORγt through 
the activation of STAT3 pathway. This process forms a posi-
tive feedback in the Th17 differentiation and is thus called 
“amplification”. Therefore, it is necessary for the amplifica-
tion of Th17 cells although IL-21 is not essential for h17 
polarization. In fact, IL-21 deficient mice show a reduction 
in the number of Th17 cells [8]. IL-23 is also important for 
the Th17 pathway. However, IL-23 receptor (IL-23R) is not 
originally expressed on naïve T cells. TGF-β signal mediates 
IL-23R expression on Th17 cells, which makes them respon-
sive to IL-23. IL-23 is essential to the maintenance of the Th17 
phenotype in long-term cultures. Therefore, the effect of IL-23 
on Th17 is defined as “stabilization” [8]. IL-23 is highly 
expressed in mucosa of human ileum, and there are many 
Th17 cells in the human GALT. These Th17 cells play an 
important role for protective immunity against intestinal 
pathogens. Intestinal microbiota is essential for the develop-
ment of Th17, since mice in germ-free condition show 
decreased number of Th17 cells [9].

 Treg Differentiation

Regulatory T cells (Treg) play a crucial role in peripheral toler-
ance to prevent autoimmune disease development and chronic 
inflammation. Thus, Treg is one of the CD4+ T cell subsets that 
inhibit other Th cells, and this subset consists of two distinct 
subpopulations, naturally occurring Treg (nTreg) and induced 
Treg (iTreg) [10]. While nTreg is generated during T cell devel-
opment in the thymus, iTreg is differentiated from naïve T cells 
in the peripheral tissues during an immune response.

In the thymus, nTreg is identified as CD4+CD25+ auto- 
reactive T cells expressing TCR specific for auto-antigens. 
Although CD25 (also known as IL-2Rα chain) was previ-
ously thought to be an activation marker of effector T cells, it 
is notably expressed on nTreg in response to auto-antigens. 
nTreg may also express GITR and CTLA-4, as well as Foxp3 
which is thought to be the master regulator of nTreg. Genetic 
depletion of Foxp3 leads to various autoimmune disease and 
chronic intestinal inflammation similar to that of IBD. 
Furthermore, induction of Foxp3 to CD4+ T cells causes 
inhibition of effector T cells [10].

The other Treg subset, iTreg, may be derived from periph-
eral naïve T cells in the presence of TGF-β and the absence 
of IL-6 through the expression of Foxp3. It is believed that 
retinoic acid (RA) and IL-2 promote iTreg differentiation. 
IL-2 is especially important for the survival factor of Treg. 
On the other hand, IL-6 prevents iTreg differentiation and 
promotes Th17 differentiation instead [4–6, 10]. In this man-
ner, IL-6 may be an important cytokine that regulates the 
balance between Treg and Th17. However, these findings are 
according to in vitro assays, and whether they can be applied 
in vivo is still largely unknown.

 Role of Each Th Subset in IBD Models

In the past, CD was originally thought to be a Th1-mediated 
disease, while UC was Th2-mediated. Accordingly, the 
pathogenesis of animal models of IBD was understood to 
be either Th1- or Th2-mediated intestinal inflammation. 
However, many studies have already demonstrated that 
both Th1 and Th2 conditions can exist in most of animal 
models (Table 14.1) as well as IBD patients (Table 14.2). 
Moreover, recent studies also showed plasticity of Th cells 
differentiating into other subsets. Also, newly defined Th 
subsets, such as Th9 and Th22, have been added to the mix 
(Fig. 14.1).

 Th1 in Animal Models

It is known that naïve T cells derived from wild type mice 
can be differentiated into colitogenic effector T cells after 
transferring to the recipients such as RAG-deficient and 
SCID mice. Chronic colitis in this animal model was origi-
nally thought to be induced by Th1 inflammation. Thus, it 
has been reported that naïve T cells from T-bet deficient mice 
are unable to induce colitis in the recipient RAG-deficient 
mice, and the overexpression of T-bet in naive T cells results 
in exacerbation of colitis [11]. In addition, naïve T cells from 
STAT4 deficient mice cause less severe colitis in the recipi-
ents [12]. On the other hand, it is known that the lack of IL10 
gene results in spontaneous chronic colitis which was also 
thought to be Th1-mediated. In fact, administration of antag-
onistic antibody against IFN-γ abrogates colitis in IL-10 
deficient mice as well as T cell-reconstituted RAG-deficient 
mice [13, 14]. However, naïve T cells from IFN-γ deficient 
mice may induce colitis [12]. Furthermore, IL-10 and IFN-γ 
double-deficient mice develop colitis equally as IL-10 defi-
cient mice when they are infected with H. hepaticus [15]. 
These findings suggest that IFN-γ may not be essential for 
the development of colitis in these models.
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 Th2 in Animal Models

While Th1 plays important role in the pathogenesis of most 
animal models of IBD, there are few IBD models that are 
thought to be Th2 related [16]. Oxazolone-induced colitis, 
one of the models induced by haptens, reveals acute inflam-
mation limited to colonic mucosa lasting for 4–5 days [17]. 
CD4+ T cells in the intestinal mucosa in oxazolone-treated 
mice produce large amounts of Th2 cytokines such as IL-4 
and IL-5. Therefore it is believed that Th2 cells plays an 
important role in this model [17], while CD4+ T cells in 
TNBS-induced colitis model, which is also hapten-induced, 
produce Th1 cytokines such as IL-2 and IFN-γ [18]. 
Neutralization of IL-4 can attenuate the severity of oxazolone- 
induced colitis [17]. When mice are exposed to oxazolone 
prior to the rectal administration, chronic inflammation is 
induced and production of IL-4 is increased in the early phase 
followed by IL-13 elevation in the chronic phase [18]. In this 

chronic model, it is reported that the main sources of IL-13 
are not only Th2 cells but also CD1d- restricted invariant NKT 
cells. In fact, either depletion of NKT cells or inhibition of 
CD1-restricted antigen presentation suppresses the develop-
ment of colitis in this model [19, 20].

 Th17 in Animal Models

IL-23 forms a heterodimer made of p19 subunit and p40 sub-
unit, which is also a subunit of IL-12. Therefore it was previ-
ously difficult to determine whether IL-12/Th1 or IL-23/
Th17 pathway was more critical in the pathogenesis in many 
animal models since the antibody used in these experiments 
targeted IL-12p40. In fact, it has been reported the increase 
of Th17 cells in several colitis models are IL-12 dependent 
[5]. For example, in both IL-10 deficient mice and T cell- 
reconstituted RAG deficient mice, both of which have been 
thought as Th1 models previously, CD4+ T cells producing a 

Table 14.1 Effector T cells involved in the pathogenesis of murine models of IBD

Animal models Type of Th Mechanisms

Dysfunction of intestinal epithelial barrier

DSS colitis Th1, Th2, Th17 Direct damage to epithelial barrier

Gαi2−/− Th1 Defect of intestinal epithelial barrier
Defect of regulatory B cells

Dysregulation of innate immune system

C3H/HeJBir Th1,Th17 Dysfunction of sensitivity of TLR

Dysregulation of acquired immune system

TNFαΔARE Th1 Overexpression of TNF-α
Activation of effector T cells

IL-7-Tg Th1 Overexpression of IL-7
Activation of effector T cells

T bet Tg Th1 Activation of effector T cells

STAT4 Tg Th1 Activation of effector T cells

Bone marrow-reconstituted Tgε26 Th1 Activation of effector T cells

TCRα−/− Th2 Activation of effector T cells

Dysfunction or decrease of Treg

T cell-reconstituted RAG-/- Th1, Th17 Decrease of Treg
Activation of effector T cells

IL-10−/− Th1, Th17 Dysfunction of Treg

TGFβ1−/−, TGFβR2−/− Th1 Decrease of Treg

IL2−/−, IL2R−/− Th1 Decrease of Treg

Smad3−/− Th1 Decrease of Treg

WASP−/− Th2 Dysfunction of Treg

Other mechanisms

TNBS colitis Th1, Th2, Th17 Increase of activated effector T cells
SJL/J mice: Th1, Th17
Balb/c mice: Th2

Oxazolone colitis Th2, NKT, Th9 Increase of activated effector T cells

SAMP1/Yit mutant mice Th1, Th2 Dysfunction of intestinal epithelial cells
Increase of activated effector T cells
Increase of activated B cells
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large amount of IL-17 are increased as well as IFN-γ producing 
cells [21, 22]. IL-23p19 transgenic mice develop colitis and 
systemic autoimmune disease [23]. Administration of 
recombinant IL-23 exacerbates colitis in RAG deficient mice 
that has with naïve T cells from IL-10 deficient mice [22]. 
Genetic depletion or neutralization of IL-23p19 ameliorates 
colitis in both IL-10 deficient and T cell-transferred RAG 
deficient mice [22, 24]. IL-21 is important for the amplifica-
tion of Th17 cell, and IL-21 depletion can ameliorates DSS 
colitis and TNBS colitis [25]. These observations suggest 
that Th17/IL-23 is more important than IL-12/Th1 in the 
pathogenesis in this model.

IL-17, including various subtypes such as IL-17A and 
IL-17F, is a main effector cytokine of Th17. However, the 
role of IL-17 in the pathogenesis of IBD is controversial, and 
there are different arguments that it exacerbates, ameliorates, 
or does not influence colitis. IL-17A deficient mice devel-
oped more severe colitis than wild type mice in the TNBS 
colitis model, and administration of antibody against IL-17A 
exacerbates colitis induced by DSS [26]. In addition, 
although IL-23 is not dispensable for the development of 
colitis in T cell-reconstituted RAG deficient mice, IL-17 is 
not essential [21]. IL-17A suppresses DSS colitis, while 
IL-17F accelerates colitis in this model [27]. Similarly, 
IL-17A suppresses colitis in T cell-transferred RAG defi-
cient mice, inhibiting the polarization of Th1 [28]. In sum-
mary, effects of IL-17 in colitis differ among the various 
colitis models or experimental methods such as genetic 
depletion or neutralization antibodies.

In the oxazolone colitis model, depletion of IRF-4, an 
important factor for the Th2 differentiation, can suppress 
colitis [29]. However, IRF-4 is also associated with the 
Th17 differentiation, and therefore the importance of Th17 
rather than Th2 cannot be excluded. In addition, it is known 
that depletion of IL-6, important factor for the differentia-
tion of Th17, leads to suppression of oxazolone colitis, sug-
gesting that Th17 may be critical in the pathogenesis of this 
model. Furthermore, recent studies reported that Th17 cells 
may trans-differentiate into Th1 or Treg [30, 31], and Treg 
cells may trans-differentiate into Th17 cells [32–34]. Taken 
together, further investigations are needed on Th17 functions 
in IBD.

 Th9 in Animal Models

The expression of a cytokine IL-9 was originally associated 
with Th2 phenotype such as the one during infection with 
Leishmania major. However, Th9, a specialized IL-9- 
producing T cell subset induced by IL-4 and TGFβ, has been 
recently reported [35–37]. In this subset, IL-9 expression has 
been reported to be regulated by transcription factors such as 
PU.1, STAT6, Batf, GATA3, and IRF4. Particularly, IL-9 

Table 14.2 Th subsets involved in the pathogenesis of UC and CD 
patients

CD UC

Th1

T-bet LP CD4+ T cells 
(mRNA)

↑ LP CD4+ T cells (mRNA) →

IL-12 LPMC
LP macrophages

↑
↑

LPMC →

IL-12R LPL ↑ not clear

TNF-α Inflamed mucosa 
(mRNA)
LP CD3+ T cells
LP macrophages

↑
↑
↑

Inflamed mucosa (mRNA)
LP CD3+ T cells
LP macrophages

↑
↑
↑

IFN-γ Inflamed mucosa
LP CD4+ T cells
PB CD4+ T cells

↑
↑
↑

Inflamed mucosa
PB CD4+ T cells

→
→

IL-2 LP CD4+ T cells
PB CD4+ T cells

↓
↓

LP CD4+ T cells →

IL-18 Intestinal mucosa
LPMC

↑↑
↑↑

Intestinal mucosa
LPMC

↑
↑

Th2

IL-4 LP CD4+ T cells ↓ LP CD4+ T cells ↓
IL-5 LP CD4+ T cells

PB CD4+ T cells
↓
→

LP CD4+ T cells
PB CD4+ T cells

↑
→

IL-13 LPL
PB CD4+ T cells

↑
→

LPL
PB CD4+ T cells

↑↑
→

Th17

RORγt LP CD4+ T cells 
(mRNA)

↑ LP CD4+ T cells (mRNA) ↑

IL-6 Inflamed mucosa 
(mRNA)

↑ Inflamed mucosa (mRNA) ↑

IL-17A Sera
LP CD3+ T cells
LP macrophages
PB CD4+ T cells

↑
↑
↑
↑

Sera
LP CD3+ T cells
LP macrophages
PB CD4+ T cells

↑
↑
↑
↑

IL-17F Inflamed mucosa 
(mRNA)

↑ Intestinal mucosa (mRNA) ↑

IL-21 Inflamed mucosa ↑↑ Inflamed mucosa ↑
IL-23 Inflamed mucosa 

(mRNA)
LP MC

↑↑
↑

Inflamed mucosa (mRNA)
LP MC

↑
↑

IL-23R LP CD4+ T cells 
(mRNA)

↑ LP CD4+ T cells (mRNA) ↑

Th9

IL-9 LP CD4+ T cells ↑ LP CD4+ T cells ↑↑
Th22

IL-22 LP CD4+ T cells ↑ LP CD4+ T cells ↓
Treg

FOXP3 Intestinal mucosa 
(mRNA)
LP CD4+
PB CD4+

↑
↓a

↓

Intestinal mucosa (mRNA)
LP CD4+
PB CD4+

↑
↓a

↓

IL-10 LP CD3+ T cells 
(mRNA)

→ LP CD3+ T cells (mRNA) ↑

TGF-β LP CD3+ T cells 
(mRNA)

→ LP CD3+ T cells (mRNA) ↑

LP intestinal lamina propria, LPL intestinal lamina propria lymphocytes
LPMC intestinal lamina propria mononuclear cells
PB peripheral blood, PBMC peripheral blood mononuclear cells
aCompared with other inflammatory disease such as diverticulitis
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transcription is controlled by PU.1, which is induced by 
TGFβ. Therefore, PU.1 is thought to be a master regulator 
for Th9 (Fig. 14.1). PU.1, which is encoded by Spi1 gene, is 
known to inhibit the development of Th2.

The exacerbation of colitis in the T cell-reconstituted 
RAG deficient mice by co-transfer of IL-10 and IL-9 double 
positive T cells with naïve T cells has been reported [35]. 
And recently, it has been reported that Th9 subset is also 
induced in the oxazolone-induced colitis model. 
Neutralization of IL-9 with antibodies or deficiency in PU.1 
results in amelioration of colitis [38]. IL-9 was found to have 
epithelial cells with impaired intestinal barrier function and 
poor mucosal healing.

 Th22 in Animal Models

IL-22 is known to be produced by Th17 cells. It is an inhibi-
tory cytokine unlike other Th17 cytokines. IL-22 is also pro-
duced by ILC3 including lymphoid inducer cells (LTi) and 
one of the NK cell subset. Recently it is reported that IL-22 
producing RORγt+NKp46+ cells play a critical role in the 
homeostasis of intestinal mucosal immune system. In addi-
tion, a newly defined Th subset called Th22 producing IL-22, 
but not IL-17, has been recently reported [39, 40]. Th22 cells 
are differentiated in the presence of IL-6, TNF and the tryp-
tophan metabolite 6-formylindolo [3,2-b] carbazole (FICZ), 
and secrete IL-22, but not IL-17. FICZ is known to be a natu-
ral ligand for aryl hydrocarbon receptor (AHR). AHR is a 
ligand-dependent transcription factor, and thought to be a 
master regulator for the Th22 differentiation (Fig. 14.1). 
Th22 cells are also known to produce IL-13 and fibroblast 
growth factor (FGF). On the other hand, TGF-β is known to 
suppress Th22 differentiation.

Either genetic depletion or neutralization of IL-22 exacer-
bates colitis in T cell-reconstituted RAG deficient and DSS- 
treated mice [41]. IL-22 not only prevents excess activation 
of immune system but also induces anti-apoptotic molecules 
in the intestinal epithelial cells to ameliorate epithelial dys-
function in colitis [42].

 Each Th Subset in IBD Patients

Th1 had been originally thought to play important roles in 
the pathogenesis of CD and Th2 in UC. However, it has also 
been reported that Th17 may be involved in the pathogenesis 
of CD and UC. In addition, significant associations between 
genomic regions of Th17/IL-23 pathway and IBD have been 
reported from genome wide association studies (GWAS) 
[43]. On the other hand, the roles of the newly defined 
Th9 and Th22 subsets in the pathogenesis of UC have been 
accumulating (Table 14.2).

 CD Patients

A large number of CD4+ T cells that highly express T-bet and 
STAT-4 have been found in the intestinal mucosa of CD 
patients [11, 44]. In fact, CD4+ T cells in the intestinal lam-
ina propria of CD patients produce a large amount of IFN-γ 
and lower amount of IL-4 when compared to that of healthy 
control [44]. Macrophages in the intestinal lamina propria of 
CD patients produce a large amount of IL-12 [45]. 
Lymphocytes in the intestinal lamina propria of CD patients 
express high levels of IL-12R, and produce a large amount of 
IFN-γ in response to IL-12 [46]. Although treatment with 
blocking antibody against IFN-γ has not been effective in 
CD patient, treatment of monoclonal antibody against 
IL-12p40 may be effective [47]. These data show that Th1 is 
also strongly associated with the pathogenesis of CD.

On the other hand, it is reported that IL-17A, IL-17F, 
IL-21, IL-22, IL-23, RORγt, and IL-23R are highly expressed 
in the intestinal mucosa of CD patients [4, 48]. Furthermore, 
a unique macrophage producing IL-23, TNF and IL-6 are 
found to be increased in the intestinal mucosa of CD patients 
[49]. IL-17 and IL-23 in CD patients decrease after treatment 
with steroids or neutralizing antibody against IL-12p40 [50]. 
As mentioned above, several GWAS proved significant asso-
ciations between the genomic regions of Th17/IL-23 pathway 
and IBD [43]. Although Th17 is believed to be an important 
factor in IBD development, human data are weak, and further 
studies are still needed.

 UC Patients

UC has traditionally been thought of as Th2-mediated, 
because IFN-γ in the colon of UC patients has always found 
to be very low. In UC patients, CD4+ T cells in the intestinal 
lamina propria secretes higher amount of IL-5 and IL-13 
compared to that of CD patients or healthy control [44, 51]. 
On the other hand, IL-4, the predominant Th2 cytokine, level 
in the intestine of UC is lower than that of CD patients or 
healthy control [44], and this suggests that UC cannot be 
defined as merely a Th2-mediated disease. Similarly to the 
oxazolone-induced colitis model, the main sources of 
IL-13 in the colonic mucosa of UC patients are CD1d- 
restricted invariant NKT cells. In fact, there are many NKT 
cells in the inflamed mucosa of UC patients [51]. However, 
the role of IL-13 and NKT cells in the pathogenesis of UC is 
not clear, and further investigations are still needed.

Th17 cytokines, such as IL-17A, IL-17F, IL-21, IL-22, 
IL-23, RORγt, and IL-23R, are highly expressed in the intes-
tinal mucosa of UC patients [4, 48]. Moreover, Th9 subset 
expressing the transcription factor PU.1 and IL-9, as well as 
the epithelial cells expressing IL-9R, has been recently 
reported in the patients with UC [38]. PU.1 expression is 
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known to be induced by TGF-β signaling. In addition, there 
is a reduced number of IL-22+ cells in actively inflamed tissue 
in UC patients despite increase of mono-IL-17- producing 
cells [40]. It is suggested that such decrease of Th22 cells is 
associated with increased TGF-β expression. This is consis-
tent with the finding that Th22 population was decreased in 
lamina propria mononuclear cell culture in vitro by stimula-
tion with recombinant TGF-β, whereas anti-TGF-β antibody 
increased IL-22 production. Loss of Th22 by increased 
TGF-β may be associated with alterations of mucosal micro-
biota in the inflamed colonic tissues of UC.

 Treg in Animal Models and IBD Patients

There are several animal models that relates to the impor-
tance of regulatory T cells for the homeostasis of intestinal 
mucosal immune system. Both CTLA4 deficient mice and 
Foxp3 deficient mice develop colitis, and transferring of 
Treg suppresses colitis in multiple IBD models [10]. These 
findings suggest that dysfunction or decrease in Treg may 
cause IBD.

The number of CD4+CD25+FOXP3+ T cells in the periph-
eral blood of both CD and UC patients is decreased when 
compared to that of the healthy control [52, 53]. On the other 
hand, the number of CD4+CD25+FOXP3+ T cells in intesti-
nal mucosa of both CD and UC patients is increased [53, 54]. 
Furthermore, these Treg from IBD patients can suppress 
effector T cells in vitro [54]. These findings of either decrease 
in the effector site or dysfunction of Treg are not observed in 
IBD patients, and thus they raise doubts regarding the impor-
tance of Tregs in the pathogenesis of IBD. However, as com-
pared with other intestinal inflammatory diseases such as 
diverticulitis, intestinal Treg in IBD patients is decreased 
[52, 53], and it is thought that there exists an imbalance 
between Treg and effector T cells in IBD patients.

IL-10 is one of the regulatory cytokines produced by 
Treg. It is known that IL-10 deficient mice develop colitis. 
Administration of recombinant IL-10 or transgenic overex-
pression of IL-10 suppresses colitis in T cell-reconstituted 
RAG deficient mice. In human, there is a strong association 
between polymorphism at IL10 locus and UC [55]. Rare 
alleles of IL10R locus associated with familial enterocolitis 
[56] have also been reported.

 Conclusion

Previously, anti-inflammatory and/or nonspecific immuno-
suppression drugs have been used to treat IBD. Recently, 
anti-TNF therapies including chimeric or humanized mono-
clonal antibody have advanced and revolutionized the disease 
management. The traditional Th1/Th2 paradigm is augmented 

by the discovery of other equally important cells and cytokines 
such as Treg, Th17, Th9, and Th22. Also, follicular helper 
T cell subset supporting the differentiation and immunoglob-
ulin secretion of B cells has been recently identified [57]. 
Definitions of such Th subsets have become more complex. 
However, understanding the role of each Th subset will 
accelerate the development of new IBD therapies.
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