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Editorial

“The discovery of more T-cell subsets may complicate our view on specific immune 
responses and the fact that some of the mediators are overlapping raises the question of 

whether the definition of new or any subset makes any sense.”
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New T-helper subsets controlling the immune 
system and tissue cells

Th2 cells [6], but also appears to be valid for other 
T-cell subsets. It is known, for example, that Th2 
differentiation inhibits Th1 commitment and vice 
versa. Specifically, the IL‑4-induced transcrip-
tion factors STAT‑6 and GATA‑3 inhibit dif-
ferentiation into Th1 cells in the early phase of 
commitment [7,8]. Recently, it was shown that the 
Th1 transcription factor T-bet directly regulates 
GATA‑3 function, suggesting that transcription 
factors compete in the early differentiation phase 
of T cells, potentially integrating environmental 
signals in order to finally imprint the T-cell pheno
type [9,10]. The imprinted phenotype is thought to 
be based on epigenetic modification that provides 
a stable phenotype even upon multiple cell divi-
sions, which explains how clonal expansion can 
be realized after phenotypic T-cell differentia-
tion. Therefore, immunomodulation on the path 
of T-cell differentiation is likely to generate sus-
tained treatment effects, but is always dependent 
on effective antigen stimulation or vaccination.

Regulatory T cells
The Tregs are defined by a functional ability to 
inhibit effector cells such as Th1, Th2 or Th17 
cells. The impact on Th22 cells is still unclear, 
but is assumed to be similar to those of other sub-
sets. To date, it is not fully clear whether there 
are different subsets of Tregs or whether Tregs 
are more variable in their expression of suppres-
sive cytokines such as IL‑10, TGF-b or cytotoxic 
T‑lymphocyte antigen 4. Owing the association 
of Tregs with immune tolerance, it is tempting 
to propose immunotherapies that induce Tregs 
and thus promote endogenous anti-inflammatory 
mechanisms in an antigen-specific fashion. In 
fact, allergen-specific immunotherapy has been 
shown to induce or expand Tregs [11–15]. Foxp3 is a 
critical transcription factor for the differentiation 
of Tregs, which has been reviewed elsewhere [16]. 

The immune system has evolutionarily devel-
oped a specific recognition system that is char-
acterized by long-lived cells carrying highly 
polymorphic receptors. These receptors either 
recognize native proteins (B cells) or fragments 
of proteins (T cells). Both of these long-lived cell 
types form the immunologic memory; this is a 
key target for immunotherapies to hopefully sus-
tain treatment effects in T- or B-cell-dependent 
diseases such as allergies or autoimmune diseases. 
Originally, T cells were discovered to be essential 
for immunoglobulin induction and ‘helping’ B 
cells to differentiate IgM from IgG or IgE produc-
tion. Two phenotypically different T-cell subsets 
were discovered, namely the IFN-g-producing 
Th1 and the IL‑4-secreting Th2 cells. A dichot-
omic Th1/Th2 paradigm has dominated our view 
on allergy pathogenesis and has produced impor-
tant concepts such as the hygiene hypothesis. This 
dichotomic view has been dramatically changed 
with the discovery of regulatory T cells, Th17 [1] 
and Th22 cells. 

T-cell differentiation & polarization
An important note to understand any helper 
subset is that all T-helper cells are believed to 
originate from naive T cells, which differentiates 
upon initial antigen challenge [2]. Thus, interven-
tions aiming at this fundamental process must 
take into consideration that any drug that aims to 
alter this process must coincide its action with the 
recognition of the specific T-cell peptide presented 
by an antigen-presenting cell [3–5]. Furthermore, 
this antigen contact needs to induce T-cell pro-
liferation, which is a prerequisite of T-cell differ-
entiation. The polarization involves a competi-
tive and exclusive mechanism of differentiation 
that generally results in discrete phenotypes. The 
exclusiveness of this polarization mechanism has 
been studied in quite some detail for Th1 and 
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It is effectively suppressed by the Th2 transcrip-
tion factor GATA-3, suggesting that Th2-driven 
inflammation can prevent Treg-mediated toler-
ance induction. Since bare antigen stimulation 
of T cells generally induces Foxp3, we hypoth-
esize that Treg induction may represent a default 
pathway that only deviates into proinflammatory 
effector (Th1, Th2 and Th17 cells) if proinflam-
matory cytokines are present during the initial 
differentiation process. 

�� Th17 cells
The Th17 cell subset is characterized by IL‑17A/F, 
IL‑22 secretion and the expression of the transcrip-
tion factor RORC2 (RORgt in the murine context; 
for review see [17]). However, both cytokines are 
also expressed by other T-cell subsets. To distin-
guish Th17 from other IL‑17-expressing subsets, 
the expression of the IL‑23R is also an important 
determinant. The discovery of Th17 cells changed 
our understanding of Th1 cells, which were previ-
ously considered as the main drivers of nonaller-
gic, acute inflammation. However, the discovery 
of Th17 cells revealed their key role in the tissue 
changes observed in major inflammatory diseases 
such as arthritis. In fact, recent data even suggest 
that by contrast to their previously suggest pro
inflammatory role, Th1 cytokines such as IFN-g 
and IL‑27 are enhancers of Foxp3 and may also  
be important in initiating Treg responses, possi-
bly by enhancing the MHC II-dependent antigen 
presentation [18].

By contrast to other T-helper subsets, Th17 cells 
mainly act on tissue cells according to the IL‑17A/F 
receptor expression. IL‑17 induces IL‑8 in epithe-
lial cells [19], which in turn recruits neutrophils to 

the site of antigen contact. An array of other genes 
are also induced in the target tissue cells, which 
altogether results in tissue inflammation that is 
underlying the pathology of many T-cell-driven 
diseases such as rheumatoid arthritis (reviewed 
in  [20]). The discovery of Th17 cells not only 
emphasizes the important role of T cells in regu-
lating immune responses in the tissues, but also 
increases the interest in IL‑22, which is remarkable 
in the sense that its receptor is exclusively expressed 
by structural, nonimmune cells [21]. 

�� Th22 cells
In chronic diseases such as psoriasis, contact and 
allergic dermatitis, Th17 cells were more closely 
investigated and were directly isolated from the 
site of inflammation. Interestingly, cells express-
ing IL-4 and IFN-g or IL-17 and IFN-g were 
regularly found in these tissues at the same time. 
Very few cells showed IL‑4 and IL‑17 coexpres-
sion. In this context, the term ‘plasticity’ was 
generated, as already established T-helper subsets 
such as Th1 or Th2 cells can be driven to express 
IL‑17 at least transiently. Most interesting, how-
ever, was a T-cell subpopulation that exclusively 
expressed IL‑22 and was deficient in IL‑17, IL‑4 
and IFN-g expression [22]. Similarily to Th17 cells, 
the IL‑22 cytokine is recognized by the IL‑22R, 
which is exclusively found on tissue cells. These 
cells could be cloned (along with Th1, Th2, Th17 
or Th17-IL‑22+ cells), were remarkably stable over 
10 weeks of culture and were also resistant to cul-
tures attempting to differentiate in vitro towards 
other T‑cell phenotypes. The expression profile of 
these clones was compared with other clones of 
know subset identity (Th1, Th2 and Th17) and 
revealed that these cells are as distinct from Th17 
as Th1 cells are distinct from Th2 cells. The Th22 
cells also showed a distinct transcription factor 
and functional profile. The differentiation path-
way of Th22 cells is still unclear; however, simple 
T-cell receptor engagement is sufficient to induce 
IL‑22. Furthermore, plasmacytoid dendritic cells 
and IL‑6 and TNF-a were suggested to promote 
Th22 commitment [23]. To explore the function 
these T cells, clone supernatants were added to 
keratinocytes, which revealed that Th22 cells pro-
moted epithelial growth and wound closure in 
an in vitro scratch assay. Th22 supernatants also 
induced keratinocyte genes, which enable innate 
immune defenses (Toll-like receptors and comple-
ment factors) and reinforce the barrier function 
of the epithelium (keratins and laminin [22]). The 
current data suggest that Th22 cells are not only 
defined by a unique expression profile, but also by 
a distinct functional profile that promotes wound 

Th1 Th2 Th22

Treg

T naive

Th17

Immune regulation Tissue regulation

Figure 1. Grouping of T-cell subsets into immune regulators and those 
subsets that regulate tissue cells. Regulatory cells play an important role prior 
to effector functions. All subsets appear to develop from naive T cells that 
differentiate into helper subsets.
Treg: Regulatory T cell.
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healing and epithelial integrity. The IL‑22 gene 
was identified as a lead cytokine for these cells. 
IL‑22 is a homeostatic cytokine that can protect 
and also reinforce proinflammatory response 
[Eyerich S, Eyerich K, Cavani A, Schmidt-Weber C, Trends 

in Immunology; Unpublished Data]. 

Future perspective
New T-cell subsets fall into the category of tissue 
regulation and are now recognized to be involved in 
local tissue inflammation (Figure 1). The discovery 
of more T-cell subsets may complicate our view on 
specific immune responses and the fact that some 
of the mediators are overlapping raises the ques-
tion of whether the definition of new or any subset 
makes any sense. Is it possible that every T cell dif-
ferentiates in its own individual, imprinted expres-
sion profile and that grouping them into subsets is 
not justified? To answer this question, we will need 
to analyze many more T-cell clones and cluster 
them in a hypothesis-free genome-wide approach. 
However, our knowledge of T-cell differentiation 

suggests that T-cell affects is affecting larger gene 
loci. For example, Th2 differentiation unlocks a 
locus control region, which mobilizes not only 
IL‑4 but also IL‑5 and IL‑13. Immunotherapy 
approaches, therefore, benefit from the discovery 
of new T-cell subsets, as they reveal new target 
structures, which can be addressed to selectively 
interfere with consequences of inflammation such 
as remodeling.
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