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1 | INTRODUCTION airway mucosa by suppressing effector cells, including T helper 1

(Th1), Th2, and Th17 cells; suppressing eosinophils, mast cells, and
The airway mucosa is constantly exposed to airborne allergens and basophils; inhibiting inflammatory cell infiltration in local tissues;
exogenous particles, and the immune system appropriately responds and inducing immunoglobulin isotype E (IgE) class switching to
to these exposures and finally forms a state of immune tolerance. To IgG4.1*2 Initially, the defect in regulatory T (Treg) cells was found in
achieve immunological tolerance, Treg cells play a crucial role in the scurfy mice with severe autoimmunity and in humans with immune
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dysregulation, polyendocrinopathy, enteropathy, and X-linked (IPEX)
syndrome.® In airways, a decrease or dysfunction in Treg cells has
a detrimental role in allergic airway inflammatory diseases with a
skewed Th2 response.‘”’ In such cases, increasing the number, im-
proving the suppressive function, and maintaining the stability of
Treg cells are considered reasonable strategies for regulating the
Th2 response.

In this review, we describe the identification markers of Treg cell
subsets, discuss the stability of Treg cell subsets in Th2-biased air-
way diseases, and summarize the factors affecting the stability and
function of Treg cells, which will aid in the development of effective

strategies for treating allergic airway diseases.

2 | tTreg CELL AND pTreg CELL
IDENTIFICATIONS

Treg cells can be classified into the following two main subsets:
thymus-derived Treg (tTreg) and peripherally derived Treg (pTreg)
cells. T-cell receptor (TCR) on tTregs predominantly recognizes
self-antigens, which is important for maintaining self-tolerance and
preventing autoimmunity’; in contrast, pTreg cells are thought to
primarily govern tolerogenic responses against foreign antigens and
microbes.® Typically, CD4", CD25%, CD127'°W, and forkhead box P3
(FOXP3)"&" are markers required to identify both tTreg and pTreg
cells in mouse and humans.® High expression of neuropilin 1(Nrp1),
programmed cell death-1(PD-1), Helios, the guanine exchange factor
Swap70, and low expression of CDé are used to distinguish tTreg
cells from pTreg cells.”*? Conflicting data shed doubt on their specific
roles'®; however, TCR repertoire analysis in mouse indicated very lit-
tle overlap between FOXP3*Helios™ pTreg cells and FOXP3"Helios"
tTreg cells, suggesting Helios can be taken as a specific marker for
tTreg cells.** Treg cells, regardless of tTreg cells and pTreg cells, with
selectively expressed markers such as glucocorticoid-induced tumor
necrosis factor receptor (GITR) and cytotoxic T lymphocyte-asso-
ciated antigen-4 (CTLA-4), are regarded as active form in humans
and mouse.’® Critically, the expression of CD137*CD154 on human
FOXP3* Treg cells displays antigen-specific activation and a stable
suppressive signature, allowing for rapid identification and purifica-
tion after prior expansion.16 However, CD137 is a marker, which dis-
tinguishes the activated form of tTreg cells after antigen stimulation,
but cannot be used directly for determination of antigen/allergen-
specific tTreg cells. In addition to CD4"CD25"FOXP3*pTreg cells,
biomarkers to identify different types of pTreg cells such as type 1
regulatory T (Tr1) cells, Foxp3* invariant natural killer T (iNKT) cells,
and Foxp3* gammadelta (y8) T cells in allergic airway inflammatory
diseases are listed in Table 1.

Type 1 regulatory T cells are an inducible regulatory T-cell pop-
ulation in human chronic rhinosinusitis with nasal polyps (CRSwWNP)
tissue and mouse lung tissue, which is characterized by the abundant
production of IL-10 and absence of FOXP3 expression.}”*® Inducible
T-cell costimulator (ICOS), PD-1, CD49b, LAG-3, and CD226 are ex-

pressed on Tr1 cells; however, none can be regarded as a specific

marker.'>?° At present, coexpression of CD49b, CD226, and LAG3
is still used for both human and mouse Tr1 cell purification and iso-
lation.?! Type 1 iNKT cells and CD1d-restricted innate-like T cells,
which share the properties of both T cells and natural killing cells, can
produce Thi, Th2, or Th17 cytokines in allergic mice models or from
allergic airway patients.?>?> When FOXP3 is induced, FOXP3"iNKT
cells obtain immunosuppressive properties, with the expression of
CD25 but not necessarily CTLA4 or GITR.?® Thus, combined markers
CD25% FOXP3*, CD1d*, and invariable TCRs were used for human
and mouse FOXP3*iNKT cell identification.?”?® In contrast to clas-
sical af T cells, y8T cells directly recognize antigens independent of
MHC/peptide complexes. An increased number of y3T cells with
IL-17 secretion is observed in the peripheral blood of patients with
moderate/severe allergic rhinitis.?’ Surprisingly, inflammatory y8T
cells gain a suppressive function when FOXP3 is induced. Human
FOXP3*V82 T cells express CD25"'CD27"'CD45RA", while human
FOXP3*V81 T cells exhibit CD25*CD27*CD45RA expression.3%3!
Thus, y8TCR and CD25 are also used to define mouse FOXP3"y8T
cell.®? Recently, a novel mouse regulatory y5 T cell CD39y5 T cell
expressing CD25, CD27, CD39, and CD122 but not FOXP3 was
identified both in vitro and in vivo.%® Taken together, y6TCR, CD25,
and FOXP3 are common markers to identify human and mouse
FOXP3*y5 T cell.

3 | tTreg CELLS AND Th2 MILIEU

tTreg cells are Treg cells arise from the thymus and constitutively
express the FOXP3 protein. The suppressive function of tTreg
cells in allergic airway diseases has been widely reported.E”34
Administration of ovalbumin (OVA) peptide-specific CD4"CD25*
T cells in an allergic mouse model alleviated the Th2 response in
the airways.>®> On contrary, the same adoptive transfer of OVA-
specific tTreg cells in mouse some time did not yield satisfactory
results.’® We assume that the pro-inflammatory cytokine in-
terleukin-6 (IL-6) in allergic airway diseases leads to the loss of
FOXP3 expression in tTreg cells, affecting the stability of tTreg
cells and resulting in conversion of tTreg cells to Th17 cells.®’
Pro-inflammatory Treg cells such as IL-4-producing FOXP3" cells,
IL-17-producing FOXP3* cells, and interferon-y (IFN-y)-producing
FOXP3" cells were noticed in patients with asthma, and IL-4-pro-
ducing FOXP3" cells were strongly correlated with the severity of
asthma.’®%? Therefore, the instability and plasticity of tTreg cells
in the inflammatory environment markedly affects their suppres-
sive functions.

In Th2-biased allergic airway diseases, the GATA-binding pro-
tein 3 (GATAS) transcription factor is essential for the development
and proliferation of Th2 cells. Thus, therapeutic targeting of GATA3
can significantly attenuate both late and early asthmatic responses
after allergen provocation in patients with allergic asthma.*® The
intrinsic expression of GATA3 in tTreg cells limited tTreg polariza-
tion toward an effector T-cell phenotype in mouse inflamed small

and large intestinal lamina propria by binding and promoting the
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TABLE 1 Surface markers evaluated

for identifying different regulatory cell Cell subsets Identification markers Ref.
subsets tTreg cell Humans and mouse: CD4*, CD25%, CD127"", 915
FOXP3"&" Nrp1*, PD-1*, Helios", Swap70*, CD6",
CD4*CD25*FOXP3*pTreg cell  Humans and mouse: CD4*, CD25%, CD127"°", s
FOXP3"&" Nrp1, PD-1, Helios’, Swap70’,
Trl cell Humans and mouse: IL-10*, FOXP3", ICOS", PD-1", 19-21
CD49b*, LAG3*, CD226*
FOXP3" iNKT cell Humans:CD25*, FOXP3*, CD1d", invariable 25528

FOXP3* y8T cells

TCR(CD1d+V(x24J(x18V[311), CTLA4 or GITR

Mouse: CD25%, FOXP3*, CD1d*, invariable TCR (
CD1d*Val4Jal18 with VB8, or VB7 or Vp2), CTLA4"
or GITR

Humans: TCRy8*, CD25%, FOXP3*, CD27%, CD45RA* 3033
or TCRy&*, CD25%, FOXP3*, CD27*, CD45RA”

Mouse: TCRys*, CD25%, FOXP3*, CD27", or TCRy8",
CD25%, FOXP3", CD27*, CD39*, CD122*

Note: tTreg, thymus-derived regulatory T cell; pTreg, peripheral derived regulatory T cell; v5,
gammadelta; Tr1 cell, type 1 regulatory T cell; FOXP3, fork head box 3; CTLA-4, cytotoxic T
lymphocyte-associated antigen-4; GITR, glucocorticoid-induced tumor necrosis factor receptor;
TCR, T-cell receptor; LAG-3, lymphocyte activation gene 3; ICOS, inducible T-cell costimulator;
PD-1, programmed cell death 1; Nrp1, neuropilin 1.
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FIGURE 1 Schematic diagram of the balance between Gata3 and Foxp3 for maintaining the stability of tTreg cells in the Th2 milieu.
GATA3 binds to TSDR in CSN2 in Foxp3 to ensure stable FOXP3 expression. tTreg cells with complete GATAS3 deletion gain a Th17
phenotype. The balance of FOXP3 and GATA3 ensures the suppressive function of tTreg cells. Overexpression of GATA3 in tTreg cells
induces type 2 cytokine production. CNS, conserved noncoding sequence; TSDR, Treg-specific demethylated region; tTreg cell, natural
occurring regulatory T cell; Th17, T helper 17; Gata3, GATA-binding protein 3; Foxp3, forkhead box P3

activity of the conserved noncoding sequence 2 (CNS2) of Foxp3.**
Complete GATAS depletion in murine Treg cells resulted in the for-
mation of tTreg cells that were defective in peripheral homeostasis
and suppressive function and gained the Th17 cell phenotypes.*?

Ubiquitin-specific peptidase 21 (USP21), an E3 deubiquitinase,

reportedly prevented the loss of Foxp3 and controlled mouse tTreg

cell stability in vivo by upregulating GATA3.4®

These findings high-
light the essential regulatory role of GATA3 in tTreg cell stability
(Figure 1). However, further studies are needed to investigate

whether the intrinsic role of GATAS3 in tTreg cell stability can be
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exploited via therapeutic targeting of GATA3 or Th2 cytokines in
human airway diseases.

In contrast, enhanced GATA3 and FOXP3 expression was ob-
served in IL-4* Treg cells in the peripheral blood of patients with
asthma.®’ Mice with conditional knockout of the Wiskott-Aldrich
syndrome protein (WASP) phenotypically exhibited an increase
in GATA3 expression in effector memory Foxp3'Treg cells,**
which failed to limit the Th2 response mediated by food allergy.**
Epithelial cell-derived cytokines such as IL-33 have been described
to propagate the Th2 response in human CRSwWNP tissue by bind-
ing to its receptors ST2 on CD4" T cells**; ST2*CD45RO*CD4*
cells, known as pathogenic Th2 subset in allergic diseases, are re-
lated to sublingual immunotherapy efficacy.*® GATA3 drives the
expression of ST2 on Treg cells, and ST2" Treg cells represent as
active form in mice with increased suppressive function by secret-
ing IL-10 and transforming growth factor-p (TGF—ﬁ).‘W'48 However,
airway administration of OVA with IL-33 impaired murine immuno-
logic tolerance in the lungs because of dysregulated tTreg cell with
secretion of Th2 cytokines and upregulated expression of GATA3
and ST2.47°0 Recently, significant hypermethylation of the Gata3
promoter and hypomethylation of Foxp3 promoter were detected
in sustained epicutaneous immunotherapy in mice.>! Collectively,
these findings suggest that the balance between FOXP3 and
GATAZ3 ensures the suppressive function of tTreg cells.

Besides the type 2 response-related molecules, other molecules
synthesized by the tTreg cell also affect the stability of tTreg cells
for allergic response suppression. Cyclic adenosine monophosphate

(cAMP), an important second messenger regulating various cellular

MHC Il
Antigen
TCR
CD103~ CD11b* Cr, J-
dendritic cell
TGF-B8

Retinoic
acid

CTLA-4
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FIGURE 2 Schematic diagram of dendritic cells (DCs) for

the induction peripherally derived regulatory T cells (pTreg)

and maintaining their stability. Classic phenotype DCs (CD103"
CD11b") promote the generation of pTreg cells. In the meanwhile,
tolerogenic DCs maintain the stability of pTreg in peripheral. TGF-p,
transforming growth factor-p; ICOS, inducible T-cell costimulator;
ICOS-L, inducible T-cell costimulator ligand; PD-1, programmed

cell death 1; PDL-1, programmed death-ligand 1; MHC I, major
histocompatibility complex II; TCR, T-cell receptor

function, is synthesized within the cell from adenosine triphosphate
(ATP) by the enzyme adenylyl cyclase.*? Generally, tTreg cells directly
utilize cAMP to suppress the effector T cells via gap junction-based
cell contact-dependent intercellular communication.>® Prevention of
cAMP degradation strongly increased the suppressive potency of
tTreg cells for Th2 cells in vitro and in vivo and may partially amelio-
rate the poor result from adoptive transfer of tTreg cells in mice.”®
Notably, decreased cAMP in dendritic cells was recently reported
to provoke the Th2 immune response in mouse asthma models.>*
Consequently, inhibition of cAMP degradation by a PKA-selective
cAMP agonist in dendritic cells favored the Th2 response elimination
in these mice.”® The kinase PIM1, constitutively active serine/thre-
onine protein kinases, negatively regulates human Foxp3 chromatin
binding activity by specifically phosphorylating Foxp3 at Ser422.%¢
The concentration of PIM1 kinase was upregulated in the lungs of
mice with OVA sensitization and challenge or in human tTreg cells
with increasing intensity of TCR stimulation and in the presence of
IL-6.5¢%7 Herein, IL-6 mediated the conversion of human tTreg cells
to Th17 cells, which was at least partially inhibited by using PIM1 in-
hibitor to prevent the phosphorylation of human Foxp3 at its Ser422
residue.

Epigenetic modifications influence tTreg function. The mecha-
nistic target of rapamycin (mTOR) pathway is an important regula-
tor of T-cell responses, and signaling is achieved via two different
complexes, mTORC1 and mTORC2, to regulate T-cell responses.
mTORC1-dependent glucose metabolism initiates Th2 cell differ-
entiation,?® but Treg cells are less reliant on glycolysis.>’ Genetic
deletion of Raptor, a scaffold protein which recruits substrates of
mTORC1, has been shown to restrict mTOR signaling pathway and
metabolically maintain tTreg cell stability and function in mice.°
Furthermore, mTORC1 in lysosome has been shown to be responsi-
ble for the instability of TRAF3IP3-deficient murine tTreg cells, indi-
cating that the overexpression of transmembrane protein TRAF3IP3
promotes the stability of tTreg cells via the inhibition of mTORC1
signaling.®! An increased percentage of FOXP3* Treg cells has been
observed in CRSWNP tissue with the usage of mTOR inhibitor rapa-
mycin.®? Using a nonobese diabetic/severe combined immunode-
ficiency (NOD/scid) mouse model, Tresoldi and coIIeagues59 have
demonstrated that FOXP3*tTreg cells expanded by rapamycin treat-
ment were stable even upon in vivo transfer in the absence of further
rapamycin treatment. The authors proposed that this demonstration
may justify the clinical use of these cells in future cell therapy-based
trials.

Although Treg cells are CD4" cells, their suppressive function can
be facilitated by the interaction between MHC | and CD8" cells via
signaling through the GITR.®®%* Herein, adoptive transfer of tTreg
cells in CD8™™ mice has been shown to enhance the lung allergic re-
sponses in the mouse model, due to the conversion of tTreg cells into
pathogenic IL-13-producing effector T cells in vivo.®® Thymic den-
dritic cells (DCs) assist the induction of tTreg cells to mediate cen-
tral tolerance. Peripherally, classic phenotype DCs (CD103"CD11b")
promote the differentiation of pTreg cells from naive CD4" T cells

in vitro in a TGF-B-dependent and retinoic acid-dependent manner
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in allergic rhinitis patients receiving sublingual immunotherapy.®®¢”

However, the effect of activated DCs in generation functional Treg
cells is impaired by using a widely used adjuvant in allergen-specific
immunotherapy, due to low expression of programmed death-ligand
1 (PD-L1) and inhibition of mTOR activation in DCs.%® A recent study
has indicated that autophagy in DCs is required to stabilize Treg ex-
pression signatures, particularly as autophagy-deficient DCs with
downregulated ICOS ligand consistently failed to maintain pTreg cell
expansion, stability, and function.®’ These findings highlight the role
of DCs to generate and maintain the stability of Treg cells (Figure 2).
However, not all phenotypes of DCs possess tolerogenic properties.
Another recent study demonstrated that in type 2 airway disease,
IL-33 induces the conversion of Treg cells to Th17 cells through an
antigen-pulsed mature dendritic cell-mediated pathway, whereas

IL-33 alone had no direct effect.”®

4 | pTreg CELLS, Treg-SPECIFIC
DEMETHYLATED REGION (TSDR), AND THE
Th2 MILIEU

The TSDR in Foxp3 is highly conserved and fully demethylated in
tTreg cells, whereas the CpG island of CNS2 in Foxp3 is partially
demethylated in pTreg cells.”t Although the induction of Foxp3 in
vitro by using TGF-$ is independent of the TSDR demethylation sta-
tus,”? the methylated TSDR in murine pTreg cells is closely related
to the instability of FOXP3 expression and loss of pTreg cell func-
tion under certain conditions.”>”* Adoptive transfer of OVA-specific

pTreg cells during allergen challenge effectively attenuated airway

inflammation and improved airway function.” In such case, knowing
the regulation of TSDR demethylation in pTreg cells is important for
maintaining the stability of pTreg cells in Th2-biased diseases. The
regulation of TSDR is summarized in Figure 3.

Recently, a reduction in TSDR methylation using the common
DNA methyltransferase inhibitor 5-azacytidine (5-Aza) promoted
human pTreg cell generation with a combination of suboptimal
T-cell receptor (TCR) stimulation.”® Compared to untreated pTreg
cells, cells treated with 5-Aza produced higher levels of IFN-y,
TGF-B, and IL-2, which are essential for pTreg cell differentiation.”®
The Th2 cytokine IL-4 was reported as an antagonist of Treg cell
conversion.”’ CCAAT/enhancer-binding protein (C/EBP) binds to
the methyl-CRE sequence in the Foxp3 TSDR, thus enhancing
Treg cell generation by reducing the inhibitory effect of IL-4 on
FOXP3 expression in mouse asthmatic models.”® Recombinant
human phospholipase D2 (rhPLD2) also inhibited the IL-5-induced
response in chronic asthmatic guinea pig models, functioning as
a regulator for the nuclear factor kappaB (NF-xB) and protein ki-
nase C (PKC) signaling pathways.”? Consequently, administration
of rhPLD2-treated pTreg cells in asthmatic mouse models mark-
edly improved the quality and quantity of Treg cells, eventually al-
leviating lung inflammation significantly by reducing Foxp3 TSDR
methylation.8° Moreover, the CNS2 DNA demethylation and sta-
bilization of FOXP3 expression were facilitated via ten-eleven
translocation 2 (TET2) and TET3 enzymes.81 The influence of vi-
tamin C treatment on pTreg cell stability was also associated with
the TET enzyme activity, and the effect of vitamin C disappeared
in mouse TET2 pTreg cells.®?2 The mitochondrial respiratory

chain is required for stable T cell-suppressive function but not

Foxp3 promoter H CSN1 H CSN2/TSDR CSN3

<1 B

Foxp3 gene

Demethylation
) )
(nes)

pTreg cell nucleus

FIGURE 3 Schematic diagram of the regulation of DNA demethylation of the Treg-specific demethylated region (TSDR) in the conserved
noncoding sequence 2 (CNS2) of forkhead box P3 (Foxp3) in peripherally derived regulatory T cells (pTreg). 5-Azacytidine (5-Aza), a common
DNA methyltransferase inhibitor, promotes pTreg cell generation by reducing the TSDR methylation status; C/EBP (CCAAT/enhancer-
binding protein) binds to the mythy-CRE sequence in the Foxp3 TSDR, enhancing pTreg cell generation by reducing the inhibitory effect of
IL-4 on FOXP3 expression in mouse asthmatic models; human recombinant phospholipase D2 (rhPLD2)-treated pTreg cells, with a higher
suppressive action, function by reducing Foxp3 TSDR methylation, significantly alleviating lung inflammation in asthmatic mouse model;
CNS2 DNA demethylation and stabilization of FOXP3 expression are facilitated via ten-eleven translocation 2 (TET2) and TET3 enzymes
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for the survival of Treg cells. Mice lacking the mitochondrial com-
plex Il specifically in Treg cells affected the TSDR region by in-
hibiting TET family of DNA demethylases.?3 Methyl-CpG binding
protein 2 (MeCP2) was recruited to the CNS2 region of the Foxp3
locus to promote local histone H3 acetylation, thereby coun-
teracting inflammation-induced epigenetic silencing of Foxp3 in
mouse.? Unexpectedly, histone H3 acetylation at the Foxp3 locus
was higher in children with allergic asthma compared to healthy
controls.® This indirectly demonstrates no association between
Foxp3 H3 acetylation and Treg cell function in patients with
asthma.®¢ Collectively, TSDR is an important methylation-sensi-
tive element regulating Foxp3 expression and closely related to
pTreg cell stability. Generally, the methylation or demethylation of
TSDR in Foxp3 is considered to occur in both strands. However, a
recent study reported a strand-biased hemimethylation pattern in
the human Foxp3 promoter and TSDR; this hemimethylation was
characterized by complete methylation of the coding (reverse)
strand and significant demethylation of its complementary tem-
plate strand.®’ The strand-bias methylation mentioned in this lit-
erature may be consistent with the partial demethylation of TSDR
in pTreg cells.

In addition to TSDR-based regulation, direct regulation of
Foxp3 results in stable pTreg cells. Loss of sentrin/SUMO-specific
protease 3 (SENP3) in mouse Treg cells impaired the transcription
of Foxp3 and Pdcd1. Thus, SENP3-deficient Treg cells showed in-
flammatory characteristics with much lower FOXP3 expression
and aberrant IFN-y and IL-17 release.®® STAT5 is a key positive
regulator of FOXP3 expression,®’ and STAT3 binds to a silencer
element within the Foxp3 locus, thereby limiting the expression of
FOXP3 by reducing the binding of STAT3 on Smad3. Our group
also demonstrated that phosphorylated STAT3 positively regu-
lated FOXP3 expression in the Th2-biased upper airway disease
CRSWNP.?®

Unlike tTreg cell expression of high-affinity TCRs, which are
predominantly specific for autoantigens, a broad TCR repertoire
on pTreg cells mainly recognizes exogenous antigens. pTreg cells
mediate suppression by depleting peptide-MHC class Il from DCs
in an antigen-specific manner,” in that OVA-specific pTreg cells
were found to be more tolerogenic in comparison with polyclonal
tTreg cells in OVA-asthmatic mouse model.%¢ The upregulation of
Der p 1-specific FOXP3*Helios" tTreg and Der p 1-specific IL-10"T
cell detection by tetramers has also been observed in allergic rhi-
nitis patients undergoing 30 weeks subcutaneous house dust mite
specific immunotherapy.”? However, not all induced antigen-spe-
cific Treg cells are functional. A study by Pellerin and colleagues
73 has demonstrated that although peanut-specific Tr1 cells could
be induced in vitro from PBMCs of both healthy controls and pea-
nut-allergic individuals upon stimulation with the main peanut al-
lergens of Arachis hypogaea (Ara h 1 and 2), only Tr1 cells from
healthy controls were anergic and efficiently inhibited Th2 cyto-
kine production upon peanut-specific restimulation. While there
is clearly much to understand about antigen-specific responses

of Treg cells in allergic airway disease, this quest is hindered by

limited availability of appropriate peptide-MHC multimers, which
restricts identification of the specific antigens.

5 | CONCLUDING REMARKS AND FUTURE
PERSPECTIVES

Currently, novel treatments targeting the GATAS transcription fac-
tor and Th2 cytokines are used to ameliorate the different types of
allergic diseases. However, GATA3 and some Th2 response media-
tors play indispensable roles in FOXP3 expression and tTreg cell sta-
bility. In fact, the balance between GATA3 and FOXP3 is a possible
strategy for ensuring tTreg cell stability. Manipulation of the TSDR
methylation status in vitro affects the activity of pTreg cells and sta-
bility of FOXP3 expression. Therefore, we further propose the regu-
lation of Foxp3 TSDR to stabilize pTreg cells in Th2-biased diseases.
However, the molecular mechanisms involved in regulating FOXP3
expression remain unclear and further studies are needed to exploit
their applicability in the clinical setting. Moreover, antigen-specific
response of Treg cells should not be ignored in the further studies, as
these might help to better explain their specific roles in pathogenesis

of allergic airway diseases.
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