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Regulatory T cells use “ltch” to control asthma

WanJun Chen

Mucosal Immunology Section, OPCB, NIDCR, NIH, Bethesda, Maryland, USA.

Regulatory T cells (Tregs) control type 2 T helper cell-mediated (Th2-medi-
ated) lung inflammation, but the molecular mechanisms by which Tregs
execute this activity remain elusive. In this issue of the JCI, Jin et al. reveal
that Itch, a HECT-type E3 ubiquitin ligase in Tregs, plays a specific role in
restraining Th2 cell responses. This finding has important implications for
understanding the pathogenesis of allergy and asthma.

Introduction

Tregs, which are characterized by the
expression of the transcription factor
Foxp3, are instrumental in the induction
and maintenance of immune tolerance and
homeostasis (1, 2); however, the molecular
mechanisms underlying Treg-mediated
immunoregulatory functions remain elu-
sive. This issue is complex, considering that
Tregs are capable of executing their immu-
nosuppressive activity against a broad and
diverse array of antigens and within dif-
ferent microenvironments. For example,
Tregs can suppress IFN-y-producing Th1,
IL-17-producing Th17, and IL-4-pro-
ducing Th2 responses. This leads to the
question: Do Tregs use universal suppres-
sive mechanisms or do these cells employ
environmentally orientated programs of
suppression enacted in response to distinct
inflammatory cues?

It is generally accepted that Tregs use
an arsenal of mechanisms to suppress the
immune response through certain sur-
face molecules (e.g., CTLA4, CD25, CD73,
CD39) and secretion of immunoregula-
tory cytokines (e.g., TGF-f, IL-10) (3, 4).
These mechanisms explain many, but not
all, of the immunosuppressive activities
of Tregs. Recent evidence suggests that
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Tregs suppress different types of T cell-
mediated immune responses through
the acquisition of specific T effector cell
transcriptional programs, depending on
the context and the location of inflam-
mation (5). For example, Treg-mediated
specific suppression of Th1 cells requires
the expression of the transcription factor
T-box 21 (TBET). Treg-specific deletion of
Tbet results in uncontrolled type 1 inflam-
mation (6). In a similar vein, Treg-specific
deletion of the gene encoding STAT3 leads
to dysregulated Th17 responses (7), imply-
ing a key role for STAT3 in Treg control
of Th17-mediated inflammation. Intrigu-
ingly, Treg-specific knockout of Irf4, a
transcription factor involved in both Th2
and Th17 cell differentiation, causes the
selective dysregulation of autoreactive Th2
responses, suggesting that IRF4 is required
for Treg suppression of Th2 cells (8). In this
issue of the JCI, Jin et al. (9) reveal an indis-
pensable function of Itch, a HECT (homol-
ogous to E6-associated protein C terminus)
E3 ubiquitin ligase, in Treg-regulated Th2
responses in mice. Targeted deletion of Itch
in Foxp3* cells resulted in the uncontrolled
production of IL-4, IL-5, and IL-13 by
Tregs and, surprisingly, by Itch-sufficient
CD4* effector T cells (9).

Without ltch in Tregs, Th2-type
inflammation is uncontrolled

Itch was originally identified in a mutant
mouse that displayed skin scratching
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and abnormal immune disorders (10).
Irch~~ mice exhibit swollen lymph nodes,
enlarged spleens, and increased Th2-type
inflammation in the lungs and digestive
tract (11). The excess Th2 inflammation
in these mice was attributed to the inabil-
ity of Itch”/~ CD4" T cells to differentiate
into inducible Tregs (iTregs ) (12, 13) in
response to TGF-f (14); however, an intrin-
sic role for Itch in thymic-derived Treg cells
(tTregs or nTregs) remains unknown.

Jin et al. developed a Treg-specific Itch
knockout mouse by crossing Itch?f mice
with Foxp3© mice (Itch’/Foxp3°) to inves-
tigate the role of Itch in tTregs. Surpris-
ingly, the Itch”fFoxp3©* mice appeared
normal at birth, but later exhibited lymph-
oproliferative disorder, pulmonary inflam-
mation, skin lesions, decreased weight,
and a higher mortality rate. Since Itch
regulates Th2 cytokine production (11),
the authors challenged Itch”/Foxp3©* mice
with OVA in an experimental model of
asthma. They found that compared with
control mice, Itch’/Foxp3©* mice had more
severe lung inflammation with dramatic
increases in OVA-specific IgE and Th2
cytokines including IL-4, IL-S, and IL-13
in the BAL. These results raised the possi-
bility that aberrant Th2 inflammation was
a systemic event in Itch?/Foxp3© mice.

To address the possibility that Th2
inflammation is systemically altered in
Itch/fFoxp3© mice, Jin et al. examined ani-
mals between 6 and 8 weeks of age, when
signs of inflammation first appeared.
There were no changes in the thymus, but
the number of splenic CD4* and CD8" T
cells was increased along with activated
T cells in Itch//Foxp3¢ mice compared
with age-matched WT mice. Importantly,
ex vivo analysis revealed that CD4" T cells
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from the spleen and peripheral lymph
nodes produced larger amounts of the
Th2 cytokines IL-4, IL-5, and IL-13, but
normal levels of Th1 and Th17 cytokines;
however, CD4* T cells isolated from the
lungs of Irch”fFoxp3© mice had a higher
proportion of Th17 cells along with
increased Th2 cytokines. These findings
suggest that a lack of Itch in Tregs leads
to systemic T cell activation, which skews
toward Th2 cytokine production.

It is known that a reduction in Treg
numbers, downregulation of Foxp3 expres-
sion, and a defective suppressive ability
and/or switch of Treg phenotype by loss
of Foxp3 (ex-Tregs) all contribute to Treg
dysfunction. Jin et al. investigated whether
the deletion of Itch in Tregs affects their
homeostasis, suppressive function, or sta-
bility. They found that Treg-specific dele-
tion of Itch did not change Treg numbers
in the thymus or periphery. Standard in
vitro coculture suppression assays (4) and
an in vivo CD4*CD45SRBM T cell transfer-
mediated colitis model (15) revealed nor-
mal suppressive function of Itch-deficient
Tregs. Furthermore, Itch knockout Tregs
exhibited normal levels of Foxp3 and had a
similar frequency of conversion to Foxp3-
negative “ex-Tregs” in the absence or pres-
ence of TCR stimulation. Thus, Itch did
not control the Foxp3 expression, sup-
pressive function, or stability of Tregs. In
which case, what are the exact mechanisms
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responsible for aberrant Th2 cytokine pro-
duction in Itch’fFoxp3© mice?

ltch-deficient Tregs have

Th2 properties

An examination of cytokine production by
Itch-deficient Tregs revealed that they pro-
duced large amounts of Th2 cytokines in
vitro. Furthermore, Itch-deficient, Foxp3-
negative “ex-Tregs” produced even greater
amounts of Th2 cytokines. The unre-
strained Th2 cytokine production in
Itch-deficient Tregs was accompanied by
T cell activation and increased expression
of some Treg-associated markers; how-
ever, it is not clear whether changes in Treg
markers are important in the immune
response. Itch-deficient Tregs also pro-
duced enhanced Th2 cytokines in an OVA-
mediated experimental model of allergic
asthma. Together, these findings reveal a
previously unrecognized function of Itch
in preventing the acquisition of Th2-like
properties in Tregs.

Examination of the expression of tran-
scription factors critical for driving the
Th2 differentiation program revealed that
expression of the GATA-binding protein 3
gene (Gata3) and the transcription factor
cMafwere increased in Itch-deficient Tregs.
TCR stimulation further increased GATA3
expression and promoted phosphorylation
of STAT6 in Itch-deficient Tregs. Impor-
tantly, the functional relevance of GATA3
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Figure 1

ltch regulates Th2 cytokines in Tregs. (A) In
normal Tregs, Itch controls the expression
of GATA3 and phosphorylation of STATS,
which prevents /4 gene transcription and
IL-4 production. Thus, no Th2 cytokines (IL-4,
IL-5, and IL-13) are produced or secreted
by ltch-sufficient normal T cells; (B) In the
absence of Itch, as evident in Iltch”'Foxp3¢re
mice, Tregs cannot control GATA3 and STAT6,
which results in increased GATAS3 expres-
sion and STAT6 activation. Consequently, //4
transcription is activated and IL-4 production
is increased. IL-4 secreted by ltch-deficient
Tregs instructs the normal naive CD4+ T cells
to initiate a Th2 cell differentiation program for
the secretion of large amounts of IL-4, IL-5,
and IL-13, which together lead to uncontrolled
Th2-type inflammation, especially in the lungs
of ItchFoxp3Cre mice. Red “X” indicates a
block or deletion of the target molecules; black
arrows indicate positive effects, and red lines
indicate negative effects. Dotted line indicates
no available evidence yet.

and STAT6 in promoting Th2 cytokines
in Itch-deficient Tregs was confirmed by
Gata3 and Stat6 knockdown experiments.
The reduction of both Gata3 and Stat6
expression inhibited Th2 cytokine produc-
tion by Itch-deficient Tregs. These findings
indicate that Itch controls the activities
of GATA3 and STAT6 and thus restrains
Tregs from acquiring the ability to produce
Th2 cytokines.

ltch-deficient Tregs instruct T cells

to produce IL-4

Despite the dramatic Th2 cytokine pro-
duction by Itch-deficient Tregs, these
cells constitute only a small portion of
total T cells. Jin et al. reasoned that the
Th2 cytokines produced by Itch-deficient
Tregs could not fully account for the
pathogenic Th2 inflammatory response
seen in Itch/fFoxp3° mice. They hypoth-
esized that the cytokines produced by
Itch-deficient Tregs instruct naive normal
T cells to develop into Th2 cells. Indeed,
they found that naive CD4* T cells cocul-
tured with supernatants derived from
TCR-stimulated Itch-deficient Tregs
differentiated into IL-4- and IL-5-pro-
ducing T effector cells. Treatment with
an anti-IL-4 antibody completely abol-
ished Th2 differentiation, indicating
that IL-4 production by Itch-deficient
Tregs instructs the development of a Th2
inflammatory response.
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Summary and perspectives

Itch has been shown to be a unique
“player” on a team of newly emerging mol-
ecules that are capable of regulating Treg
function. It appears that the major task
Itch performs is to restrain Tregs from
producing Th2 cytokines. This is largely
through the suppression of Gata3 expres-
sion and STAT6 phosphorylation. In the
absence of this checkpoint, Itch-deficient
Tregs produce IL-4, which drives non-
Tregs to the Th2 phenotype (Figure 1).
The function performed by Itch in Tregs is
therefore different from that of other fac-
tors shown to be vital for Treg suppressive
activities. In Tregs, IRF4 forms a complex
with Foxp3 that confers the ability to con-
trol Th2 responses (8); however, GATA3
expression in Tregs is vital to maintain-
ing Treg suppressive function and sta-
bility (16, 17). The Itch/GATA3 pathway
presented in this article may represent a
specific part of the broad functional spec-
trum of GATA3 in Tregs. It will be impor-
tant to elucidate the molecular pathways
by which Itch selectively inhibits GATA3-
mediated Th2 responses. In addition to
uncontrolled Th2 inflammation, it is sur-
prising that Itch deficiency did not change
the frequency at which Tregs converted to
Foxp3-negative “ex-Tregs,” and this find-
ing supports the case for Treg “plasticity”
in response to inflammatory cues.

The elucidation of the requirement for
Itch in Tregs to control Th2 inflamma-
tion raises several exciting and intriguing
questions. First, what is the role of iTregs
in the uncontrolled Th2 lung inflamma-
tion induced by Itch deletion specifically
in tTregs? It is known that iTregs are crit-
ical for suppressing Th2 responses in the
lung (12, 14, 18), and CD4* T cells from
systemic Itch”~ mice exhibit a severe defect
in iTreg conversion. Second, what are the
underlying mechanisms responsible for
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the increased activation and proliferation
of both Itch-deficient Tregs and Itch-suffi-
cient non-Treg cells in Itch’/Foxp3© mice?
Does Itch function via Foxp3-independent
mechanisms to control T cell activation?
Third, why are Th17 cells enhanced in
the lung in experimental asthma, but not
in the CNS during EAE in Itch//Foxp3©re
mice? Finally, what is/are the molecular
mechanism(s) by which Itch regulates
GATA3 and STAT6? Does phosphoryla-
tion of STAT6 act on GATA3-dependant
gene expression or vice versa during the
enhanced IL-4 production seen with Itch
deficiency? Although it was reported that
Itch regulates JunB-mediated I/4 gene tran-
scription in normal T cells, Tregs do not
express JunB at steady state or when acti-
vated. The authors consider that Itch may
regulate the epigenetic codes present at the
genes encoding Th2 cytokines. Whatever
proves true, this report by Jin et al. clearly
reveals that Tregs use “Itch” to specifically
control Th2 inflammatory responses and
may pave the way for a deeper understand-
ing of the pathogenesis of human allergy
and asthma.
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