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ABSTRACT

Helper T cell (Th) has been identified as a critical immune
cell for regulating immune response since 1980s. The
type 2 helper Tcell (Th2), characterized by the production
of interleukin-4 (IL-4), IL-5 and IL-13, plays a critical role in
immune response against helminths invading cutaneous
or mucosal sites. It also has a functional role in the
pathophysiology of allergic diseases such as asthma and
allergic diarrhea. Currently, most studies have shed light
on Th2 cell function and behavior in specific diseases,
such as asthma and helminthes inflammation, but not on
Th2 cell itself and its differentiation. Based on different
cytokines and specific behavior in recent research, Th2
cell is also regarded as new subtypes of T cell, such as
IL-9 secreting T cell (Th9) and CXCR5+ T follicular helper
cells. Here, we will discuss the latest view of Th2 cell
towards their function and the involvement of Th2 cell in
diseases.
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INTRODUCTION

The immune system is the defense system to protect body
from the invasion of foreign challenges, such as bacteria,
parasites, fungi as well as to control inner abnormal affairs,
like cancer or autoimmune diseases. After billions of years of
evolution, the immune system has developed precise,
effective and complicated mechanisms to combat those
foreign enemies. The immune system is divided into innate
immune system and adaptive one; the former can react
quickly to a wide range of frequently encountered antigens,

while the latter can recognize subtle differences between
antigens, give more specific reactions, and keep memory of
the antigens it has encountered. CD4+ T cells play a central
role in adaptive immune system, by helping the activation and
maintenance of CD8+ T cells and macrophages, mediating B
cells in antibody production and class switching, regulating
immune responses when necessary, and most importantly,
recognizing a huge range of pathogenic antigens, and taking
corresponding actions against them.

Th2 DIFFERENTIATION AND CELL SIGNALING

After the engagement of the T cell receptor (TCR) with
peptide-MHC-II complex (major histocompatibility complex
class II) processed by the antigen presenting cell (APC),
which triggers clonal expansion, CD4+ helper T cells rapidly
undergo programmed differentiation (Abbas et al., 1996; Ho
and Glimcher, 2002). This differentiation process results in
highly polarized immune responses, such as T cell related
cytokines and chemokines secretion, or helping B cells to
switch antibody isotypes.

Naïve helper T cell can differentiate into at least four major
subsets, including Th1, Th2, regulatory Tcell (Treg) and Th17
(Mosmann et al., 1986; Weaver and Hatton, 2009). Th1 cells,
which produce large quantities of interferon-γ (IFN-γ) and
interleukin-12 (IL-12), are involved in enhancing clearance of
certain intracellular pathogens. The development of Th2 cells,
which evolve to enhance the clearance of parasites, is
coupled to IL-4. Subsequently, the identification of the
interleukin 17 (IL-17)-producing T helper (Th17) subset as
well as transforming growth factor (TGF-β)-induced regula-
tory T cells (iTreg cells) has added to the CD4+ effector T cell
program (Fig.1).

By the 1990s, classic studies on helper Tcell differentiation
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had been fully explored. The process by which an uncom-
mitted helper Tcell develops into a mature Th1 or Th2 cell is a
useful model of developmentally regulated gene expression,
T-bet for Th1 cell and GATA3 for Th2 cell (Ouyang et al., 2000;
Szabo et al., 2000; Szabo et al., 2002). There is good
evidence to indicate that this differentiation process is highly
plastic. Many factors influence the decision to become a Th1
or Th2 cell. The cytokines IL-12 and IL-4, acting through
signal transducer and activator of transcription 4 (STAT4) and
STAT6, respectively, are key determinants of the outcome
(Kaplan et al., 1996; Mullen et al., 2001; O’Shea et al., 2011).
It also has been reported that antigen dose, co-stimulators,
genetic modifiers and other non-cytokine factors have crucial
roles in determining the dominance of helper T cell response
(Ho et al., 1996; Schweitzer et al., 1997; Lee et al., 2001;
Rothoeft et al., 2003). However, how each signaling
influences the differentiation process of helper T cells is still
controversial.

In the past 20 years, several lines of evidence have
indicated that chromatin structure has an integral role in
helper T cell differentiation (Murphy and Reiner, 2002). The
induction of competence for effector-cytokine gene expres-
sion seems to be involved in derepression of silent chromatin
contexts (Agarwal and Rao, 1998; Bird et al., 1998; Agarwal
et al., 2000). For Th2 epigenetic research, Il4 locus is actively

repressed in naïve CD4+ T cells by molecules that link
methylated DNA to repressive chromatin. Together, methyl-
CpG-binding domain protein 2 (MBD2) and nucleosome
remodeling and histone deacetylase (NURD) form the
MeCP1 complex (Hutchins et al., 2002). The sites of action
of this repression probably overlap with crucial cis-acting
elements in the locus, such as the IL-4-IL-13 intergenic region
(CNS1), the second intron of IL-4, and the 3′ enhancer
(CNS2) (Mohrs et al., 2001). Activation of the locus occurs in
a stepwise fashion. First, GATA3 mediates displacement of
MBD2, leading to chromatin changes such as histone
acetylation, an effect that is concurrent with the induction of
IL-4 transcription. Later, the acquisition of additional epige-
netic changes, such as stable CpG demethylation, occurs
along the cytokine gene. A recent study has reported that
HS2 is the target of GATA-3 in regulating chromosomal
modification of the Il4 locus and is independent of the Il5 and
Il13 loci (Tanaka et al., 2011).

One of the important transcript factors of Th2 development
is Dec2, a basic helix-loop-helix (bHLH). We found Dec2 is
selectively expressed in Th2 cells, and overexpressing Dec2
by retrovirus-infection or transgenic manipulation could
promote Th2 development in Th2 cytokine milieu, while
Dec2 deletion leads to less Th2 cytokine expression, such as
IL-4, IL-5 and IL-13, in both in vitro and in vivo conditions. In

Figure 1. CD4+ Tcell subsets and Th2 signaling. Naïve Tcells can develop into different subsets when facing different cytokine
milieus. In Th2 cells, GATA3 remodels IL-4 locus into a more accessible condition. Dec2 caused IL-2Rα up-regulation and can
cooperate with GATA3 to enhance Th2 differentiation. GATA3 directly activates ECM1 expression, and ECM1 blocks STAT5

phosphorylation by interaction with IL-2Rβ, by which the negative signal of S1Pr1 re-expression is released, and mature Th2 cells
can egress lymph node under the calling of high level of S1P.

© Higher Education Press and Springer-Verlag Berlin Heidelberg 2011 605

Th2 cell regulation and differentiation Protein & Cell



further work, Dec2 is found directly bind to the Junb CNS and
the Gata3 promoter to activate their transcription, and can
promote CD25 level in Th2, which shows Dec2 may help Th2
development in both differentiation and proliferation aspects
(Liu et al., 2009; Yang et al., 2009) (Fig. 1).

Th2 CELL AND ALLERGY ASTHMA

Asthma is defined as a chronic inflammatory lung disease that
is characterized by airway hyperreactivity and mucus
hypersecretion that results in intermittent airway obstruction
(Busse and Lemanske, 2001). It has been known for a long
time that atopic individuals, including those with atopic
dermatitis, allergic rhinitis and asthma, have an inherited
predisposition to become sensitized to commonly encoun-
tered environmental allergens and to develop high levels of
immunoglobulin E antibodies. However, the reason for
mounting these IgE responses was not well understood
until the discovery of Th1 and Th2 subtypes of CD4+ T helper
cells (Kim et al., 1985; Mosmann et al., 1986). The high levels
of Th2-type cytokines that are found at sites of allergic
inflammation are consistent with a Th2-cell-based etiology of
atopic disease (Robinson et al., 1992; Walker et al., 1992;
Robinson et al., 1993). Furthermore, studies using mouse
models of asthma have shown that allergic airway inflamma-
tion is dependent on CD4+ T cells and, more specifically, is
seen when T-cell receptor transgenic Th2, but not Th1, cells
are adoptively transferred to mice (Brusselle et al., 1994;
Cohn et al., 1998). Finally, the absolute requirement for Th2
cells in directing allergic airway inflammation has been shown
by the use of IL-4 deficient mice. In these studies, defective
priming of Th2 cells in the absence of IL-4 resulted in a failure
to generate allergic inflammatory responses after subsequent
airway challenge (Kips et al., 1995; Corry et al., 1996).
Moreover, other Th2 related cytokines have also been proved
to have their individual roles in airway inflammation and
allergic asthma (Herrick and Bottomly, 2003).

Recently, T cell trafficking is known as one of key steps for
asthma induction (Medoff et al., 2008). This progress contains
amplified Tcell migrating into allergic lung and memory Tcells
back to lymph nodes (LN). After exposure to allergen, the
number of T cells in the airways increases dramatically,
amplifying allergic inflammation (Lommatzsch et al., 2006;
Thomas et al., 2007). Experiments in animal models have
demonstrated that, following allergen challenge, antigen
specific T cells in the airways do not proliferate but are
recruited into the lung from regional lymph nodes, leading to
the increase in Tcells in the airways (Harris et al., 2002). This
increase is dependent on both T cell proliferation and T cell
egress into inflammatory sites. After 2000, many T cell
migration control receptors have been studied as critical
targets for regulating T cell migration, such as S1P1. Recent
studies indicate that the emigration of Tcells from thymus and
secondary lymphoid organs is also regulated by S1P

receptors (Schwab and Cyster, 2007; Rivera et al., 2008).
S1P is a natural lysophospholipid found at micromolar
concentrations in the plasma. S1P receptors, including
S1P1 and S1P4, which are highly expressed on T cells,
consist of five known G protein-coupled receptors (Rivera
et al., 2008). An immunosuppressive agent, FTY720, acts as
an agonist for S1P receptors. FTY720 binds to S1P1, S1P3,
S1P4 and S1P5 and inhibits lymphocyte emigration from
lymphoid organs (Brinkmann et al., 2002; Mandala et al.,
2002). S1P1-deficient T cells in mice fail to exit into blood
(Harris et al., 2002). Moreover, for Th2 cell emigration, ECM1
was identified as an important regulating point, which
functions through S1P1 re-expression at the late stage (Li
et al., 2011) (Fig.1).

Th2 AND Th9: TWINS FROM ONE FAMILY

Although Th2 cell was proven to have a lot of functions for
immune response as a genetically stable subset in past
studies, some not so classical “brother subsets” were also
identified in recent years, such as Th9 cell. IL-9 was first
linked to Th2 cells, along with IL-4, IL-5 and IL-13, and
constitutes the Th2 cytokine profile. It is reported that levels of
IL-9 expression were high in the Th2-prone BALB/c mouse
strain but low in the Th1-prone C57BL/6 mouse strain during
infection with Leishmania major (Gessner et al., 1993). The
same study showed that T cells were the main producers of
IL-9 in vivo and the levels of IL-9 expression correlated with
the expansion of Th2 cell populations. Furthermore, blockade
of IL-4, which is a crucial mediator of Th2 cell differentiation,
could suppress IL-9 production. Owing to recent character-
ization of Th9 cells [which express IL-9 but not the key
signature cytokines of other helper Tcell subsets, such as IL-
4 (Th2 cells), IFN-γ (Th1 cells) and IL-17 (Th17 cells)], it is
now unclear whether the correlation between IL-9 levels and
Th2 cell numbers is due to the direct production of this
cytokine by Th2 cells or whether Th2-cell derived IL-4
supports the development of Th9 cells from either naive
CD4+ T cells or terminal Th2 cells. Currently, only one group
has reported low but detectable co-expression of IL-4 and IL-
9 during in vitro differentiation of Th2 cells (Chang et al.,
2010). Surprisingly, to date there have been no reports
addressing whether these cytokines are co-expressed by
effector CD4+ T cell populations that differentiate in vivo
during a Th2-type immune response.

Th9 cells are a recently described subset of helper T cells
that express IL-9 but not other helper T cell lineage-specific
cytokines or transcription factors (Dardalhon et al., 2008;
Veldhoen et al., 2008). The most definitive work that supports
the existence and functional relevance of Th9 cells in vivo has
come from the study of mice with a T cell-specific deletion of
the transcription factor PU.1. These mice do not develop IL-9-
dependent allergic inflammation in the lungs and have only
low levels of IL-9 in bronchoalveolar lavage fluid, but still
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develop normal numbers of Th2 cells. This finding indicates
that, at least in this setting, Th9 cells are the main Tcell subset
expressing IL-9 and that PU.1 is crucial for their development
(Chang et al., 2010). Another transcription factor that is
associated with Th9 cell development both in vitro and in vivo
is interferon-regulatory factor 4 (IRF4) (Staudt et al., 2010),
which also regulates Th2 and Th17 cell differentiation
(Rengarajan et al., 2002; Brüstle et al., 2007). Characteriza-
tion of Th9 cells in vitro showed that their generation is
dependent on TGF-β and IL-4 (Schmitt et al., 1994). The
addition of IL-25 along with these two cytokines can further
enhance IL-9 production by T cells in vitro. Th9 cells from IL-
25-deficient mice have decreased IL-9 expression and
reduced airway inflammation in a model of asthma (Angka-
sekwinai et al., 2010), which shed light on the inflammatory
function of this traditional regulatory cytokine. There have
also been conflicting reports that various cytokines, such as
IL-1β, IL-6, IL-10, IL-12, IL-21, IFN-α and IFN-β, may have an
additive effect on promoting Th9 cell generation in the
presence of TGF-β and IL-4 in vitro (Moreau et al., 2000). In
addition, culturing human memory T cells in the presence of
TGF-β (alone or in combination with IL-1β, IL-4, IL-6, IL-12, IL-
21 or IL-23) was shown to promote IL-9 production with or
without co-expression of IFN-γ and IL-17 (Beriou et al.,
2010).

Th2 AND Tfh: Th2 WITH SPECIFIC MISSION

CD4+ T follicular helper (Tfh) cells were first described in
2000, when several groups reported that a large proportion of
CD4+ T cells in tonsils have a unique phenotype, expressing
high levels of CXCR5 (Breitfeld et al., 2000; Schaerli et al.,
2000). Tonsils are a secondary lymphoid organ similar to
lymph nodes but with constant exposure to antigens via the
throat and upper respiratory tract. Tonsils have, as a result,
large and active germinal centers (GCs), which makes tonsils
an appealing organ for the study of GCs. GCs are
histologically distinct structures that develop within B cell
zones (follicles) of secondary lymphoid tissues, and it is within
GCs that the interrelated and multifaceted processes of B cell
affinity maturation (hypermutation and selection), class switch
recombination (CSR), plasma cell differentiation, and memory
B cell differentiation predominantly occur. These features
make the GC key to protective immunity against many
pathogens. GC formation depends on CD4+ Tcells, and many
tonsillar CD4+ T cells are located inside GCs (MacLennan,
1994; Allen et al., 2007). The chemokine receptor CXCR5
expressed by B cells is required for migration by responding
to CXCL13 (formerly B lymphocyte chemoattractant, or BLC)
to form GCs (Förster et al., 1996). CD4+ T cells that express
CXCR5 can also migrate in response to CXCL13 (Ansel et al.,
1999) and relocate to follicles. This colocalization of CD4+ T
cells with B cells is critical for T-B interactions, as T cell

receptor-major histocompatibility complex class II (TCR-MHC
II) engagement is pivotal to the restriction of cognate B cell
help. CD40L and other important surface molecules are
crucial components of T cell help to B cells and require direct
cell-cell contact. Recently, the identification of Bcl6 as a
master regulator of Tfh differentiation (Johnston et al., 2009;
Nurieva et al., 2009; Yu et al., 2009), the demonstration of the
requirement of Tfh cells for B cell help in vivo (Nurieva et al.,
2008; Yu et al., 2009), and the identification of the importance
of IL-21 for Tfh function (Nurieva et al., 2008; Linterman et al.,
2010; Zotos et al., 2010) have now established Tfh cells as a
distinct CD4+ T cell type, and one of great importance for
protective immunity.

Although the differentiation has been fully discussed in
these years, the function of Tfh remains elusive. The
relationship of CD4+ T cell subsets, IL-4 production, and B
cell help has long been a conundrum. IL-4 was recognized
early as a B cell survival and differentiation factor (Paul and
Ohara, 1987). The subsequent identification of Th1 and Th2
differentiation programs, with IL-4 as the canonical Th2
cytokine (Zhu et al., 2010), led to a widespread association of
Th2 cells with B cell help. However, GC B cell numbers and
serum IgG responses were mostly unaffected in mice with
genetic defects blocking Th2 differentiation, beyond altera-
tions in Ig isotypes (Kopf et al., 1995). It has now been
determined that B cell help requires Tfh cells, not Th2 cells in
vivo (Johnston et al., 2009; Nurieva et al., 2009). Never-
theless, Tfh and GC Tfh cells have often reported to produce
IL-4, which was once been argued as IL4R+ cell, but finally
confirmed by GFP and human CD2 knock-in reporter mouse
experiments (Fazilleau et al., 2009; Reinhardt et al., 2009;
Zaretsky et al., 2009). It has recently been determined that in
some disease models, GC Tfh cells specifically produce IL-4
(Reinhardt et al., 2009; Yusuf et al., 2010), and this production
depends on SAP and SLAM and can be independent of Th2
differentiation (Yusuf et al., 2010). Production of IL-4 by GC
Tfh cells is required for optimal B cell help (King and Mohrs,
2009). IL-4 has antiapoptotic activity on B cells (Liu et al.,
1989; Nelms et al., 1999; Wurster et al., 2002), which may be
particularly crucial in GCs, as GC B cells are extremely
susceptible to apoptosis (Liu et al., 1989).GC B cells express
low levels of Bcl2 and high levels of Fas (Martinez-Valdez et
al., 1996; Takahashi et al., 2001). IL-4 signaling in B cells
prevents apoptosis by inducing the Bcl2 family member Bcl-
XL (Wurster et al., 2002). IL-4 signaling also potently
increases glucose uptake and metabolism, enhancing cell
survival and better poising GC B cells for additional
proliferation (Dufort et al., 2007). While it has been challen-
ging to identify a nonredundant requirement for GC Tfh cell-
produced IL-4 in GCs for most experimental systems (Nurieva
et al., 2009), IL-4 does contribute to sustaining GCs in some
experimental models (King and Mohrs, 2009), which may be
due to the cumulative effects of the antiapoptotic activity of
IL-4 over many rounds of GC B cell proliferation.
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NOTCH AND Th2

In classic helper T cell differentiation mode, IL-12 and IL-4
induce Th1 and Th2 respectively, in vitro. However, not all
Th1-cell responses require IL-12 in vivo, and Th2-cell
responses are remarkably independent of IL-4-receptor
signaling, suggesting that other polarizing signals must
exist. Accumulating evidence indicates that Notch is a
candidate receptor that might mediate these signals. How-
ever, contrasting roles for Notch have been proposed: some
evidence shows that Notch promotes Th1 cell differentiation,
whereas other evidence supports a prominent role for Notch
in Th2 cell differentiation. However, there is arguably more
persuasive evidence that supports a role for Notch in Th2 cell
differentiation. Expression of any of the four intracellular
Notch proteins in CD4+ Tcells resulted in pronounced Th2 cell
differentiation in several studies (Amsen et al., 2004; Amsen
et al., 2007; Fang et al., 2007). Importantly, there is a lack of
genetic evidence that supports the role of Notch in Th1 cell
differentiation, whereas its role in Th2-cell differentiation is
strongly supported by such studies (Amsen et al., 2007). Th2
cell responses to parasite antigens or to antigens adsorbed to
aluminum hydroxide adjuvant were abrogated in vivo in the
absence of RbPJ or in mice that expressed a dominant-
negative form of the co-activator mAmL1. Although both
RbPJ and mAmL1 have functions that are independent of
Notch (Barolo et al., 2000), Th2 cell responses were also
defective in the absence of both Notch1 and Notch2 (Amsen
et al., 2007) (but not either one alone), formally confirming the
requirement for Notch in these responses. However, although
Notch was required for Th2 cell responses to parasite
antigens, T cells that were deficient for both Notch1 and
Notch2, for RbPJ or for both presenilin 1 and presenilin 2
differentiated normally into Th2 cells in vitro in the presence of
high amounts of exogenous IL-4. So, excess IL-4 can
override the requirement of Notch ligation to generate Th2
cells in vitro. This discrepancy has been the root of some
controversy regarding the requirement for Notch in Th2-cell
differentiation (Ong et al., 2008).

PROSPECT

The model of T cell subsets has been established for 25
years. It explains many immune phenomena and accelerates
immunologic studies. In recent years, the classic Th1/Th2
paradigm has been modified. Induced Treg, Th17, Tfh, Th9,
and Th22 have been considered as independent subsets
early or late by most or some immunologists. On the other
hand, some studies found a sort of IFN-γ+IL-17+ in experi-
mental autoimmune encephalomyelitis (EAE) disease model
or in vitro cultured T cells (Lee et al., 2009; Wei et al., 2009).
Treg cells are also reported to have plasticity (Yang et al.,
2008). It seems that Th1/Th2 subsets are the most stable and
have unique T cell fate, and only a few researchers declared

the reprogramming of Th2, which required very long period of
culturing (Hegazy et al., 2010). In future studies, new
transcript factors may be identified to involve in IL-4 or IL-2
signaling in Th2, and gene locus modification could be
interesting to study. With more and more disease models,
new subsets which are not so classical may be found, but the
stability and universality of these cells still need further
consideration. With more understanding of Th2 differentiation
and function, we can select drug targets for Th2-related
diseases.

ABBREVIATIONS

APC, antigen presenting cell; CSR, class switch recombination; IL,
interleukin; LN, lymph nodes; MBD2, methyl-CpG-binding domain
protein 2; MHC-II complex, major histocompatibility complex class II;

NURD, nucleosome remodeling and histone deacetylase; STAT4,
signal transducer and activator of transcription 4; Th, helper T cell;
Tfh, T follicular helper cells; TCR, Tcell receptor; TGF-β, transforming
growth factor-β; Treg, regulatory T cell
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