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Inflammation is a hallmark of many airway diseases. Improved understanding of the cellular

and molecular mechanisms of airway disease will facilitate the transition in our understanding

from phenotypes to endotypes, thereby improving our ability to target treatments based on

pathophysiologic characteristics. For example, allergic asthma has long been considered to be

driven by an allergen-specific T helper 2 response. However, clinical and mechanistic studies

have begun to shed light on the role of other cell subsets in the pathogenesis and regulation of

lung inflammation. In this review, we discuss the importance of different lymphocyte subsets to

asthma and other airway diseases, while highlighting the growing evidence that asthma is a

syndrome that incorporates many immune phenotypes. CHEST 2017; 151(5):1122-1130
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The Global Asthma Network estimates that
approximately 334 million individuals
around the world have asthma.1 Early
definitions of asthma referred exclusively to
shortness of breath. Today, asthma is
recognized as a disease of reversible airflow
obstruction, accompanied by chronic airway
inflammation, airway hyperresponsiveness,
and airway remodeling. Classically, allergic
asthma, constituting approximately 50% of
all asthma cases, has been viewed as a disease
resulting from an unwarranted type 2
inflammation that arises after exposure to
common environmental allergens.1

However, rapid advancements in murine
modeling and disease phenotyping have
demonstrated roles for other T-cell subsets
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in asthma that can in some cases synergize
with T helper (Th)2 responses. These
advances have also revealed a broadened role
for Th2 T cells in asthma pathogenesis than
was first thought. Here, we will review new
functions of Th2 T cells and the role of new
T-cell subsets in the context of a Th2 disease.

Th2 T-Cell-Mediated Immunity
in Asthma
The identification of IL-2, IL-4, and IL-5
enabled the segregation of T cells producing
these cytokines into Th1 or Th2 cells.2 The
ability of IL-4 and IL-5 to facilitate B-cell
class switching and eosinophil recruitment
established a plausible link between T cells
expressing these cytokines and allergic
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disease. Many studies have implicated enhanced levels of
T cells producing type 2 cytokines (IL-4, IL-5, and IL-
13) in asthma; these cells are known to be enriched in
the BAL and lung tissue of people with atopic asthma.3,4

Moreover, strategies attempting to deplete Th2 T cells
through the reduction of GATA3 expression, a required
Th2 transcription factor,5 through the use of a
DNAzyme that targets and cleaves GATA3 messenger
RNA, has been demonstrated to ameliorate airway
inflammation in murine models of allergic airway
disease,6 and, in a randomized, double-blind, placebo-
controlled trial, to attenuate allergen-induced early and
late-phase asthmatic responses in subjects with
allergies.7 These, and many other studies, established the
belief that asthma was primarily the result of a Th2-
mediated immune response. Further confirming this
belief was the establishment of numerous murine
models wherein the selective ablation or blockade of one
or more of these cytokines led to complete resolution of
disease.8-11

Since these findings, numerous antibodies have been
developed, with the goal of treating allergic disease by
selectively depleting IL-4, IL-5, and IL-13. Some
notable successes have been made with anti-Th2
cytokine antibodies,12,13 supporting the importance of
Th2 cytokines in allergic asthma. Importantly, success
of these trials has been dependent on identifying a
target patient population, through disease phenotyping,
that is amenable to therapy; specifically, this entails
identifying subjects with asthma with a predominantly
Th2 asthmatic phenotype, through the use of high
eosinophils or periostin as enrollment or patient
stratification criteria.14 In trials with less stringent
patient stratification, anticytokine strategies have led to
little improvement in disease. Although it is plausible
that there have been confounding factors associated
with potentiation of cytokine activity by treatment with
anticytokine antibodies,15 it is also possible that these
strategies were less efficacious than predicted because
of the heterogeneity of clinical asthma. Careful clinical
phenotyping of patient populations, by cluster analysis,
has led to the establishment of numerous asthma
endotypes, or known subtypes of disease, with distinct
pathologic mechanisms.16,17 These studies, in the
context of failed anti-Th2 cytokine strategies have
firmly established that asthma can no longer be
considered a disease constrained to exaggerated Th2
responses, but rather, a heterogeneous syndrome that
culminates in airflow obstruction through a variety of
mechanisms.
journal.publications.chestnet.org
Th2 T Cells: Old Dog(ma), New Tricks
Classically, the Th2 component of asthma was thought
to be exclusively due to effector cytokines produced by
Th2 cells. However, the discovery of type 2 innate
lymphoid cells (ILC2s) in 201018 has challenged this
framework. ILC2s lack lineage surface markers and an
antigen-specific receptor but act similarly to Th2 T cells
in that they facilitate the rapid propagation of type 2
immune responses through secretion of IL-5 and IL-13
following stimulation with IL-33, IL-25, and IL-2, or
thymic stromal lymphopoietin.18,19 ILC2s are critical
effectors of the Th2 immune response to allergens,20

proteases,19 and helminth infection,21 while also
mediating tissue repair following virus infection.22 ILC2s
were first identified in the mesenteric lymph node,23 but
they have since been detected in the lungs of mice and
humans and in human nasal polyps.24,25 ILC2s also have
been implicated in asthma.26,27 Although the
development of ILC2s is beyond the scope of this review,
it is intriguing that they share many commonalities with
T cells, evolving from the common lymphoid progenitor
and sharing several transcription factors with Th2
T cells, including inhibitor of DNA binding 2, Bcl11b,28

and GATA3.29

The activity of ILC2s in allergic asthma has driven the
development of numerous therapeutic strategies.
Neutralization of IL-25 and IL-33 in murine models
of allergic airway disease have protected mice
from airway inflammation and alleviated airway
hyperresponsiveness, similarly demonstrating the
importance of ILC2s activating cytokines.30,31 In
2013, lipoxin A4, a suppressive lipid mediator, was
found to inhibit ILC2 function in vitro.32 Finally, a
study examining the blockade of thymic stromal
lymphopoietin, an ILC2-activating cytokine, in people
with mild allergic asthma provided encouraging results,
suggesting that targeting ILC2s will be an important
feature of evolving antiallergy therapies,33 while also
serving to highlight the importance of these cells to the
disease.

Interaction with ILC2s represents a new function for
Th2 T cells, as evidence of cross talk between these cell
types has rapidly been accumulating. A number of
studies have shown that ILC2s can play a role in T-cell
sensitization and disease propagation. In mice, ILC2s
facilitated T-cell sensitization to papain, in an IL-13-
dependent fashion, by activating dendritic cells within
the lung and stimulating their homing to the lung-
draining lymph nodes.34 ILC2 facilitation of T-cell
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responses has also been confirmed in vitro and in a
model of Nippostrongylus brasiliensis expulsion, wherein
antigen uptake and presentation by major
histocompatibility complex class II molecules by ILC2s
were critical to the development of robust type 2
responses.35,36 These studies also demonstrated that
T-cell-derived IL-2 drives the activation and
proliferation of ILC2s36 and that ILC2s can also
potentiate Th2 T-cell responses.37 The clinical relevance
of T-cell/ILC2 cross talk will require extensive study. Of
particular importance will be identifying what factors
lead to the termination of this T-cell/ILC2 positive
feedback loop. Intriguingly, evidence from a trial of
subcutaneous grass pollen immunotherapy, a treatment
known to induce regulatory T cells (Tregs), has
demonstrated regulation of ILC2 recruitment,38

suggesting that T cells may be capable of regulating ILC2
function. Whether this is through the function of
immunosuppressive cytokines or consumption of IL-2
remains to be determined.

Lymphocytes (T cells and ILC2s) have been recognized
as contributors to the maintenance and restoration of
tissue homeostasis following exposure to epithelial-
derived cytokines. IL-33, in addition to its noted
inflammatory capacity, induces the differentiation and
maintenance of Tregs at epithelial surfaces39 and within
muscle.40 These Tregs, in addition to dampening
immune responses, have been found to produce
amphiregulin by some41,42 but not by others.43

Amphiregulin is an epidermal growth factor that acts to
restore epithelial integrity following acute injury by
inducing the proliferation and differentiation of
epithelial cells and keratinocytes.44-46 ILC2s also
produce amphiregulin following activation, which can
mediate epithelial integrity in the absence of T cells.47

Finally, IL-33 can also induce the recruitment and
differentiation of alternatively activated macrophages, an
innate cell that can contribute to the resolution of
inflammation and restoration of tissue homeostasis.48,49

Thus, as our focus moves beyond inflammation,
evidence indicating the importance of lymphocytes
interacting with the epithelium and innate immune cells
continues to mount.

T-Cell Plasticity and Asthma Heterogeneity
As mentioned, allergic asthma has long been thought to
be primarily driven by Th2 responses. However,
evidence indicates that Th1 and Th2 responses may
coexist in asthma. A study examining the Th1 and Th2
cytokine-producing capabilities of peripheral blood
1124 Translating Basic Research Into Clinical Practice
mononuclear cells and BAL cells from subjects with
asthma and control subjects who had atopic or
nonatopic conditions revealed that T cells obtained from
subjects with asthma produced significantly more
interferon (IFN)-g on stimulation, with no differences in
IL-4 production noted.50 This observation led to the
suggestion that there may be a superimposition of Th1
responses onto allergen-specific Th2 responses in
asthma. Similarly, in a study of 34 subjects with steroid-
resistant asthma, 14 subjects were nearly devoid of
eosinophils, but the remaining subjects had expectedly
high levels of eosinophils and mast cells.51 In this report,
it was suggested that perhaps the asthmatic disease in
the patients without eosinophils had begun as typical
Th2-driven eosinophilic disease and progressed to the
observed eosinophil-deficient phenotype. In accordance
with these findings, the transfer of Th1-polarized T cells
into mice with preexisting Th2 allergic lung disease did
not inhibit disease but rather enhanced airway
dysfunction.52

In a study comparing mild to moderate asthma against
severe asthma, analysis of BAL fluid revealed that
subjects with severe asthma possessed fourfold more
IFN-g-positive T cells, significantly enhanced IFN-g
levels in the BAL, and enhanced secretion of IFN-g by
ex vivo cultured T cells.53 Intriguingly, this study
identified low levels of secretory leukocyte protease
inhibitor, a serine proteinase inhibitor involved in
wound healing,54 produced by airway epithelial cells, in
addition to high levels of IFN-g, to be a marker of severe
asthma in both humans and mice.

The dose of the allergen may affect the asthmatic
phenotype. A murine model of allergy to fungi has
supported this claim, as repeated low-dose exposure of
mice to fungi yielded eosinophilic lung inflammation,
but high-dose challenge led to neutrophilic and Th1-
dominated lung inflammation.55 Studies such as these
have led to the hypothesis that asthma is a fluid immune
disorder wherein Th2- and Th1/17-mediated
mechanisms represent polar extremes of disease, with
patient phenotypes developing and fluctuating between
these poles as a result of environmental pollutants and
allergen exposure doses.56
Th17
IL-17-producing cells are capable of inducing marked
inflammation, predominantly neutrophilic, and
mediating the progression of both autoimmune disease
and allergic asthma.57 The possibility of a blended
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Th2/Th17 cell also has arisen. In 2010, cluster of
differentiation (CD)4þ Th2 T cells that produced IL-17
were found in the peripheral blood mononuclear cells of
people with allergic asthma.58 Elsewhere, a study of 52
subjects with asthma and 25 control subjects found that
the number of dual positive Th2/Th17 cells in the BAL
correlated with reduced airway function and increased
blood eosinophilia.59 These, and murine, studies suggest
Th2 cells may acquire a Th2/Th17 phenotype. Exposure
of people with asthma to environmental pollutants that
enhance IL-6 may facilitate differentiation from Th2 to
Th2/17.60 The ability of Th2 T cells to acquire Th17-like
function and synergize with Th1 cells in the lungs of
people with asthma demonstrates how Th2 T-cell
plasticity could facilitate diverging disease mechanisms.

Th9
In 1993, IL-9-expressing CD4þ T cells were identified,
forming the basis for the Th9 subset.61 Although the
precise role of these cells in lung pathogenesis is
unknown, murine models have demonstrated that IL-9
can mediate airway inflammation and remodeling
(reviewed elsewhere62). In a murine model of allergic
airway inflammation, blockade of IL-9, using a
monoclonal anti-IL-9 antibody, protected mice from
airway remodeling and airway dysfunction.63 In
contrast, IL-9 blockade, in humans, has been an
ineffective treatment of allergic asthma, failing to
enhance pulmonary function or reduce medication
use or asthma exacerbation rates, in populations with
mild64 and moderate to severe asthma.65 Taken together,
it appears as though IL-9 can propagate allergic
inflammation, but the inability of IL-9 blockade to
reduce symptoms indicates that it may not do so
independently. These findings align with early
research wherein IL-9 was found to potentiate Th2
inflammation but be insufficient to drive inflammation
independently.66,67

In 2013, the ability of IL-9 to augment Th2 responses
was revisited. During infection with N brasiliensis, IL-9
receptor-deficient mice were found to have impaired
ILC2 accumulation and survival that led to deficient Th2
cytokine production and impaired lung repair.68 Further
examination revealed that IL-9 led to the upregulation of
BCL-3 in lung-derived ILC2s, an antiapoptotic protein
required for ILC2 survival. Thus, through interaction
with ILC2s, IL-9 contributes to the persistence and
magnitude of Th2 inflammation. The development of
Th9-augmented Th2 responses may also signal the
worsening of disease and represent an important
journal.publications.chestnet.org
diagnostic tool. In 2014, expression of IL-9 by T cells
was used to differentiate between subjects with peanut
allergy and individuals sensitized to peanut (IgE
positive) who tolerate peanut challenge.69 Cumulatively,
these data highlight the ability of Th9 cells to augment
existing type 2 inflammation and indicate that the
induction of IL-9 expression may demarcate a worsening
of disease, making IL-9 expression a potentially useful
biomarker.

Th22
IL-22 is member of the IL-10 family whose receptor is
composed of two subunits, IL-10R2 and IL-22R1. IL-
10R2 is expressed by a wide range of cell types, but IL-
22R1 is expressed by cells at barrier surfaces, such as the
lungs, gut, and skin70; perhaps surprisingly, IL-22R1 is
not expressed by leukocytes.70 Importantly, the
production of IL-22 is not restricted to Th22 cells, and it
can be produced by Th1 cells, natural killer cells, innate
lymphoid cells, and Th17 cells. What separates Th22
cells from other IL-22-producing cell types is that Th22
cells do not produce any other lineage-specific cytokines
(eg, IL-17, IFN-g, or IL-4).71

Many studies have investigated the effect of IL-22 at
barrier surfaces. The conclusion of these studies is that
IL-22 can be proinflammatory or tissue protective. The
proinflammatory nature of IL-22 is demonstrated by its
ability to enhance the production of antimicrobial
peptides, chemokines, and inflammatory cytokines in
addition to enhancing the effects of inflammatory
cytokines such as tumor necrosis factor-a, IL-1, and
IL-17.70-72 In contrast, IL-22 can be tissue protective by
enhancing the epithelial barrier, promoting wound
healing via enhanced proliferation and antiapoptosis,
reducing the amount of IL-25 produced by the airway
epithelium, and inhibiting symptoms of airway
inflammation in mice.71,73-76 Whether IL-22 exhibits
proinflammatory or protective effects appears to depend
on the other cytokines coproduced by the cell in
question.76 In a bleomycin lung injury model, Th17 cells
were found to be the predominant producers of IL-22
and IL-17. Blockade of IL-22 during bleomycin
administration ameliorated airway inflammation,
suggesting that IL-22 played a proinflammatory role;
however, in IL-17-deficient mice whose T cells still
produced high levels of IL-22, there was also a
significant reduction in airway inflammation,
demonstrating that in the absence of IL-17, IL-22 played
a protective role. Therefore, the proinflammatory
function of IL-22 was dependent on synergizing with
1125
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existing IL-17. IL-22 may also have different effects
during different phases of disease.

In an ovalbumin (OVA) asthma model, neutralizing IL-
22 during the sensitization phase, which is analogous to
the bleomycin study just mentioned, significantly
reduced airway inflammation resulting from intranasal
challenge with OVA. In contrast, neutralizing IL-22 after
sensitization, during the intranasal OVA challenge led to
increased airway inflammation.75 The majority of
studies have relied on blocking IL-22 by using
neutralizing antibodies or administering exogenous IL-
22 to investigate the role of IL-22. Because there are
many sources of IL-22, it is difficult to interpret the
findings in terms of the role of Th22 cells. Studies that
directly examine Th22 cells are required to begin to
determine the role of Th22 cells in airway inflammation.
The use of adoptively transferred Th22 cells in models of
airway disease, as has been done with enteropathogenic
bacteria,77 might be particularly enlightening in this
respect.
Follicular B-Helper T Cells
A population of T cells expressing CXC chemokine
receptor 5 (CXCR5) was identified that could home to
B-cell follicles and proficiently help B cells produce
high-affinity antibodies. These cells were termed
“follicular B-helper T cells” (Tfhs).78 Tfhs are potent
inducers of immunoglobulin class switching and
antibody production by B cells. Furthermore, the
prototypical Tfh cytokine, IL-21, and surface markers
(CD40L, inducible costimulator, and so forth) support
the survival, activation, and differentiation of B cells.
Current evidence suggests that Tfh can differentiate as a
distinct T-cell lineage, evolving directly from naïve
T cells in the presence of IL-21,79 or acquire Tfh
functionality after previous commitment to Th180,81 or
Th2.82

To date, Tfh function has predominantly been linked to
autoimmune diseases such as systemic lupus
erythematosus and Sjögren syndrome,83 with little
information about their role in allergic disease. The
difficulties identifying a role for Tfhs in allergic asthma
may arise from their apparent ability to impair IgE
production through secretion of IL-21.84 However, a
study of mild and severe asthma found that the
frequency of circulating Tfhs was significantly greater in
those with severe asthma and correlated positively with
IgE titers.85 Similarly, in a study of individuals with
allergic rhinitis, circulating Tfh populations were
1126 Translating Basic Research Into Clinical Practice
notably skewed toward a Th2-like Tfh.86 Intriguingly,
evidence from two murine models of house dust mite
allergy suggests that the Tfh-derived cytokine IL-21 may
directly play a role in the development of type 2 immune
responses in the lung, as IL-21 potently enhanced Th2
cell cytokine production and function.87,88 Thus, it
appears that Tfh, through helping B cells and IL-21
secretion may propagate lung inflammation. Elsewhere,
it has been suggested that Tfhs may precede and govern
subsequent type 2 responses as intranasal administration
of house dust mite was found to induce the generation of
IL-4-positive Tfhs (IL-21þCXCR5þBCL-6þGATA3lo)
detectable in the mediastinal lymph nodes, but not the
lung, that could differentiate into effector Th2 T cells
(IL-21loCXCR5loBCL-6loGATA3hi) and migrate to the
lung in response to subsequent house dust mite
challenges.89 Thus, it is possible that the plasticity of Tfh
enables the development of Th2 responses. Indirect
evidence for a role of Tfh in asthma comes from studies
of allergen immunotherapy in which effective therapy
was linked to reductions in circulating Tfh.
Tregs
The demonstration that the adoptive transfer of CD4þ

CD25þ T cells could prevent autoimmune disease
elicited a renaissance in the study of Tregs.90 Following
this demonstration, T cells with immunosuppressive
capabilities have been described as Tregs that are
predominantly split into two categories: forkhead box P3
(FoxP3)þ thymus-derived natural Tregs and
peripherally induced, FoxP3þ/-, cytokine-secreting
(IL-10 or transforming growth factor [TGF]-b)
inducible Tregs. Problematically, the inability to
rigorously differentiate inducible Tregs from natural
Tregs has limited the ability to identify their relative
contributions to the maintenance of peripheral tolerance
and progression of allergic asthma. Several putative
markers have been used to delineate these cell
populations, such as Helios91 and neuropilin-1.92,93

However, evidence has suggested that neither is a
specific marker of natural Tregs. An elegant adoptive
transfer study by Gottschalk et al94 observed that
adoptively transferred T cells upregulated Helios before
FoxP3 following intravenous peptide administration to
recipient mice, thereby demonstrating the expression of
Helios by inducible Tregs. Similarly, high neuropilin-1
expression was found in mice that predominantly
generate inducible Tregs.95 Thus, we continue to lack a
reliable marker that can differentiate inducible Tregs
from natural Tregs; such a tool would enable better
[ 1 5 1 # 5 CHE ST MA Y 2 0 1 7 ]



understanding of disease cause and the design of
therapies that rely on expansion of Treg subsets.
Intriguingly, neuropilin-1-positive Tregs were found to
possess impaired suppressive capacity compared with
Heliosþ Tregs,96 a feature attributed to reduced
expression of IL-10, cytotoxic T-lymphocyte-associated
protein 4, and Epstein-Barr virus-induced gene 3 (EBI3).

IL-10 and cytotoxic T-lymphocyte-associated protein 4
are well known effectors of immunosuppression. In
contrast, EBI3 is a relatively new suppressive molecule
that defines a new subset of suppressive Tregs. IL-35 is a
heterodimeric cytokine from the IL-12 family, consisting
of EBI3 and IL-12a/p35.97 IL-35 was found to be
exclusively, and constitutively, secreted by murine
FoxP3þ Tregs. The robust regulatory activity of IL-35
was demonstrated in Ebi3-/- and Il12a-/- Tregs, as these
cells lacked the ability to regulate in vitro immune
responses and failed to cure inflammatory bowel
disease.97 Similarly, recombinant IL-35 suppressed
T-cell proliferation, and ectopic expression of IL-35
conferred regulatory capacity to T cells.

Of particular interest is the ability of IL-35 to generate a
population of Tregs called “iTr35s.” Expression of IL-35
by Tregs is sufficient to induce the production of IL-35
by effector T cells. In this manner, IL-35 facilitates
infectious tolerance, the spread of antigen-specific
regulation, as effector cells that acquire the capability to
produce IL-35 become potent regulatory cells as
evidenced by the observations that iTr35 cells generated
in this manner possess the capability to regulate lethal
autoimmunity (Foxp3-/- mice), experimental
autoimmune encephalomyelitis, and inflammatory
bowel disease and contribute to the regulatory milieu
that fosters tumor growth.98 In a murine model of
allergy to OVA, regulation of disease and airway
hyperresponsiveness were associated with the presence
of IL-35-producing T cells, as Ebi3-/- deficient mice
failed to develop OVA tolerance; IL-10 and TGF-b were
dispensable.99 Similarly, transfecting pulmonary cells
with an IL-35 DNA construct protected mice from the
development of allergen-specific IgE and eosinophil
accumulation in a model of house dust mite allergy.100

In a study of newly diagnosed asthma, IL-35 was
significantly reduced in patients with asthma compared
with that in healthy control subjects.101 In contrast to
these studies, in a murine model of allergic sensitization,
challenge, and peptide immunotherapy, we were unable
to detect altered levels of IL-35 in the blood, lung, or
BAL of mice following effective therapy.102 Taken
together, these studies indicate that IL-35 and iTr35
journal.publications.chestnet.org
possess robust immunomodulatory functions, but the
role of IL-35 in human asthma and its therapeutic
potential remain to be examined.

Conclusion
Historically, allergic lung disease has been considered
the result of excessive, aberrant Th2 T-cell responses.
This outlook provides a reasonable foundation for
understanding allergic disease, accurately conveying
many of the dominant mechanisms engaged in allergic
asthma. As disease phenotyping tools become more
sophisticated and clinical disease is better understood,
we must begin to consider how cross talk between
different Th subsets may augment established Th2
disease. In a similar manner, resolution of disease
through T-cell-mediated regulation can no longer be
viewed as exclusively the role of IL-10þ, TGF-bþ, and
FoxP3þ cells. To obtain maximal efficacy in the clinic,
strategies such as immunotherapy that attempt to
expand Tregs will need to consider new targets, such as
iTr35 Tregs. In conclusion, established paradigms in the
immune-mediated pathogenesis and regulation of lung
disease have evolved because of a preponderance of
evidence; new subsets and functions of T cells should be
entwined with these existing concepts to reflect the
spectrum of disease.

Acknowledgments
Financial/nonfinancial disclosures: The authors have reported to
CHEST the following: M. L. is a cofounder and consultant of Circassia
Ltd., a stockholder of Circassia Pharmaceuticals plc, and a founding
scientist and consultant of Adiga Life Sciences Inc. and has received
research support from both of these companies. M. L. consulted for
Aravax Pty Ltd. and UCB in the 12 months prior to publication of this
article. None declared (D. M. M., C. D. R.).

Role of sponsors: The sponsor had no role in the design of the study,
the collection and analysis of the data, or the preparation of the
manuscript.

References
1. Global Asthma Network. The Global Asthma Report 2014.

Auckland, New Zealand: Global Asthma Network; 2014:16-41.

2. Mosmann TR, Coffman RL. TH1 and TH2 cells: different patterns
of lymphokine secretion lead to different functional properties.
Annu Rev Immunol. 1989;7:145-173.

3. Kay AB, Ying S, Varney V, et al. Messenger RNA expression of the
cytokine gene cluster, interleukin 3 (IL-3), IL-4, IL-5, and
granulocyte/macrophage colony-stimulating factor, in allergen-
induced late-phase cutaneous reactions in atopic subjects. J Exp
Med. 1991;173(3):775-778.

4. Huang SK, Xiao HQ, Kleine-Tebbe J, et al. IL-13 expression at the
sites of allergen challenge in patients with asthma. J Immunol.
1995;155(5):2688-2694.

5. Zheng W, Flavell RA. The transcription factor GATA-3 is
necessary and sufficient for Th2 cytokine gene expression in CD4
T cells. Cell. 1997;89(4):587-596.

6. Sel S, Wegmann M, Dicke T, et al. Effective prevention and
therapy of experimental allergic asthma using a GATA-3-
1127

http://refhub.elsevier.com/S0012-3692(16)62326-7/sref1
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref1
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref2
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref2
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref2
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref3
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref3
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref3
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref3
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref3
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref4
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref4
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref4
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref5
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref5
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref5
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref6
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref6
http://journal.publications.chestnet.org


specific DNAzyme. J Allergy Clin Immunol. 2008;121(4). 910.e5-
916.e5.

7. Krug N, Hohlfeld JM, Kirsten AM, et al. Allergen-induced
asthmatic responses modified by a GATA3-specific DNAzyme.
N Engl J Med. 2015;372(21):1987-1995.

8. Grunig G, Warnock M, Wakil AE, et al. Requirement for IL-13
independently of IL-4 in experimental asthma. Science.
1998;282(5397):2261-2263.

9. Leigh R, Ellis R, Wattie JN, et al. Type 2 cytokines in the
pathogenesis of sustained airway dysfunction and airway
remodeling in mice. Am J Respir Crit Care Med. 2004;169(7):
860-867.

10. Hogan SP, Mould A, Kikutani H, Ramsay AJ, Foster PS.
Aeroallergen-induced eosinophilic inflammation, lung damage, and
airways hyperreactivity in mice can occur independently of IL-4
and allergen-specific immunoglobulins. J Clin Invest. 1997;99(6):
1329-1339.

11. Foster PS, Hogan SP, Ramsay AJ, Matthaei KI, Young IG.
Interleukin 5 deficiency abolishes eosinophilia, airways
hyperreactivity, and lung damage in a mouse asthma model. J Exp
Med. 1996;183(1):195-201.

12. Nair P, Pizzichini MMM, Kjarsgaard M, et al. Mepolizumab for
prednisone-dependent asthma with sputum eosinophilia. N Engl J
Med. 2009;360(10):985-993.

13. Wenzel S, Ford L, Pearlman D, et al. Dupilumab in persistent
asthma with elevated eosinophil levels. N Engl J Med. 2013;368(26):
2455-2466.

14. Corren J, Lemanske RF, Hanania NA, et al. Lebrikizumab
treatment in adults with asthma. N Engl J Med. 2011;365(12):
1088-1098.

15. Rudulier CD, Larché M, Moldaver D. Treatment with anti-cytokine
monoclonal antibodies can potentiate the target cytokine rather
than neutralize its activity. Allergy. 2016;71(3):283-285.

16. Lötvall J, Akdis CA, Bacharier LB, et al. Asthma endotypes: a new
approach to classification of disease entities within the asthma
syndrome. J Allergy Clin Immunol. 2011;127(2):355-360.

17. Moore WC, Meyers DA, Wenzel SE, et al. Identification of asthma
phenotypes using cluster analysis in the severe asthma research
program. Am J Respir Crit Care Med. 2010;181(4):315-323.

18. Moro K, Yamada T, Tanabe M, et al. Innate production of T(H)2
cytokines by adipose tissue-associated c-Kit(þ)Sca-1(þ) lymphoid
cells. Nature. 2010;463(7280):540-544.

19. Halim TY, Krauss RH, Sun AC, Takei F. Lung natural helper cells
are a critical source of Th2 cell-type cytokines in protease allergen-
induced airway inflammation. Immunity. 2012;36(3):451-463.

20. Barlow JL, Peel S, Fox J, et al. IL-33 is more potent than IL-25 in
provoking IL-13–producing nuocytes (type 2 innate lymphoid
cells) and airway contraction. J Allergy Clin Immunol. 2013;132(4):
933-941.

21. Price AE, Liang HE, Sullivan BM, et al. Systemically dispersed
innate IL-13–expressing cells in type 2 immunity. Proc Natl Acad
Sci U S A. 2010;107(25):11489-11494.

22. Chang YJ, Kim HY, Albacker LA, et al. Innate lymphoid cells
mediate influenza-induced airway hyper-reactivity independently
of adaptive immunity. Nat Immunol. 2011;12(7):631-638.

23. Fallon PG, Ballantyne SJ, Mangan NE, et al. Identification of an
interleukin (IL)-25-dependent cell population that provides IL-4,
IL-5, and IL-13 at the onset of helminth expulsion. J Exp Med.
2006;203(4):1105-1116.

24. Barlow JL, Bellosi A, Hardman CS, et al. Innate IL-13–producing
nuocytes arise during allergic lung inflammation and contribute to
airways hyperreactivity. J Allergy Clin Immunol. 2012;129(1):191.
e4-198.e4.

25. Mjosberg J, Bernink J, Golebski K, et al. The transcription factor
GATA3 is essential for the function of human type 2 innate
lymphoid cells. Immunity. 2012;37(4):649-659.

26. Bartemes KR, Kephart GM, Fox SJ, Kita H. Enhanced innate type 2
immune response in peripheral blood from patients with asthma.
J Allergy Clin Immunol. 2014;134(3). 671.e4-678.e4.
1128 Translating Basic Research Into Clinical Practice
27. Smith SG, Chen R, Kjarsgaard M, et al. Increased numbers of
activated group 2 innate lymphoid cells in the airways of patients
with severe asthma and persistent airway eosinophilia. J Allergy
Clin Immunol. 2016;137(1):75.e8-86.e8.

28. Yu Y, Wang C, Clare S, et al. The transcription factor Bcl11b is
specifically expressed in group 2 innate lymphoid cells and is
essential for their development. J Exp Med. 2015;212(6):865-874.

29. Hoyler T, Klose Christoph SN, Souabni A, et al. The transcription
factor GATA-3 controls cell fate and maintenance of type 2 innate
lymphoid cells. Immunity. 2012;37(4):634-648.

30. Liu X, Li M, Wu Y, Zhou Y, Zeng L, Huang T. Anti-IL-33 antibody
treatment inhibits airway inflammation in a murine model of
allergic asthma. Biochem Biophys Res Commun. 2009;386(1):
181-185.

31. Ballantyne SJ, Barlow JL, Jolin HE, et al. Blocking IL-25 prevents
airway hyperresponsiveness in allergic asthma. J Allergy Clin
Immunol. 2007;120(6):1324-1331.

32. Barnig C, Cernadas M, Dutile S, et al. Lipoxin A4 regulates natural
killer cell and type 2 innate lymphoid cell activation in asthma. Sci
Transl Med. 2013;5(174):174ra126.

33. Gauvreau GM, O’Byrne PM, Boulet LP, et al. Effects of an anti-
TSLP antibody on allergen-induced asthmatic responses. N Engl J
Med. 2014;370(22):2102-2110.

34. Halim TY, Steer CA, Matha L, et al. Group 2 innate lymphoid cells
are critical for the initiation of adaptive T helper 2 cell-mediated
allergic lung inflammation. Immunity. 2014;40(3):425-435.

35. Mirchandani AS, Besnard AG, Yip E, et al. Type 2 innate lymphoid
cells drive CD4þ Th2 cell responses. J Immunol. 2014;192(5):
2442-2448.

36. Oliphant CJ, Hwang YY, Walker JA, et al. MHCII-mediated dialog
between group 2 innate lymphoid cells and CD4þ T cells
potentiates type 2 immunity and promotes parasitic helminth
expulsion. Immunity. 2014;41(2):283-295.

37. Halim TYF, Hwang YY, Scanlon ST, et al. Group 2 innate
lymphoid cells license dendritic cells to potentiate memory TH2
cell responses. Nat Immunol. 2016;17(1):57-64.

38. Lao-Araya M, Steveling E, Scadding GW, Durham SR, Shamji MH.
Seasonal increases in peripheral innate lymphoid type 2 cells are
inhibited by subcutaneous grass pollen immunotherapy. J Allergy
Clin Immunol. 2014;134(5). 1193.e4-1195.e4.

39. Schiering C, Krausgruber T, Chomka A, et al. The alarmin IL-33
promotes regulatory T-cell function in the intestine. Nature.
2014;513(7519):564-568.

40. Kuswanto W, Burzyn D, Panduro M, et al. Poor repair of skeletal
muscle in aging mice reflects a defect in local, interleukin-33-
dependent accumulation of regulatory T cells. Immunity.
2016;44(2):355-367.

41. Burzyn D, Kuswanto W, Kolodin D, et al. A special population of
regulatory T cells potentiates muscle repair. Cell. 2013;155(6):
1282-1295.

42. Qi Y, Operario DJ, Georas SN, Mosmann TR. The acute
environment, rather than T cell subset pre-commitment, regulates
expression of the human T cell cytokine amphiregulin. PLoS One.
2012;7(6):e39072.

43. Blotnick S, Peoples GE, Freeman MR, Eberlein TJ, Klagsbrun M.
T lymphocytes synthesize and export heparin-binding epidermal
growth factor-like growth factor and basic fibroblast growth factor,
mitogens for vascular cells and fibroblasts: differential production
and release by CD4þ and CD8þ T cells. Proc Natl Acad Sci U S A.
1994;91(8):2890-2894.

44. Berquin IM, Dziubinski ML, Nolan GP, Ethier SP. A functional
screen for genes inducing epidermal growth factor autonomy of
human mammary epithelial cells confirms the role of amphiregulin.
Oncogene. 2001;20(30):4019-4028.

45. Shoyab M, Plowman GD, McDonald VL, Bradley JG,
Todaro GJ. Structure and function of human amphiregulin: a
member of the epidermal growth factor family. Science.
1989;243(4894):1074-1076.
[ 1 5 1 # 5 CHE ST MA Y 2 0 1 7 ]

http://refhub.elsevier.com/S0012-3692(16)62326-7/sref6
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref6
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref7
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref7
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref7
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref8
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref8
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref8
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref9
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref9
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref9
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref9
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref10
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref10
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref10
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref10
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref10
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref11
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref11
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref11
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref11
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref12
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref12
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref12
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref13
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref13
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref13
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref14
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref14
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref14
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref15
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref15
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref15
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref16
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref16
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref16
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref17
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref17
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref17
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref18
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref18
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref18
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref18
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref18
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref19
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref19
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref19
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref20
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref20
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref20
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref20
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref21
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref21
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref21
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref22
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref22
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref22
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref23
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref23
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref23
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref23
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref24
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref24
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref24
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref24
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref25
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref25
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref25
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref26
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref26
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref26
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref27
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref27
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref27
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref27
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref28
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref28
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref28
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref29
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref29
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref29
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref30
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref30
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref30
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref30
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref31
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref31
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref31
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref32
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref32
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref32
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref33
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref33
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref33
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref34
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref34
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref34
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref35
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref35
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref35
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref35
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref36
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref36
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref36
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref36
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref36
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref37
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref37
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref37
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref38
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref38
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref38
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref38
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref39
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref39
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref39
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref40
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref40
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref40
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref40
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref41
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref41
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref41
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref42
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref42
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref42
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref42
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref43
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref43
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref43
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref43
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref43
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref43
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref43
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref43
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref44
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref44
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref44
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref44
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref45
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref45
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref45
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref45


46. Zaiss DMW, Gause WC, Osborne LC, Artis D. Emerging functions
of amphiregulin in orchestrating immunity, inflammation, and
tissue repair. Immunity. 2015;42(2):216-226.

47. Monticelli LA, Sonnenberg GF, Abt MC, et al. Innate lymphoid
cells promote lung-tissue homeostasis after infection with influenza
virus. Nat Immunol. 2011;12(11):1045-1054.

48. Patel N, Wu W, Mishra PK, et al. A2B Adenosine receptor induces
protective antihelminth type 2 immune responses. Cell Host
Microbe. 2014;15(3):339-350.

49. Nair MG, Du Y, Perrigoue JG, et al. Alternatively activated
macrophage-derived RELM-a is a negative regulator of type 2
inflammation in the lung. J Exp Med. 2009;206(4):937-952.

50. Krug N, Madden J, Redington AE, et al. T-cell cytokine profile
evaluated at the single cell level in BAL and blood in allergic
asthma. Am J Respir Cell Mol Biol. 1996;14(4):319-326.

51. Wenzel SE, Schwartz LB, Langmack EL, et al. Evidence that severe
asthma can be divided pathologically into two inflammatory
subtypes with distinct physiologic and clinical characteristics. Am J
Respir Crit Care Med. 1999;160(3):1001-1008.

52. Hansen G, Berry G, DeKruyff RH, Umetsu DT. Allergen-specific
Th1 cells fail to counterbalance Th2 cell-induced airway
hyperreactivity but cause severe airway inflammation. J Clin Invest.
1999;103(2):175-183.

53. Raundhal M, Morse C, Khare A, et al. High IFN-g and low SLPI
mark severe asthma in mice and humans. J Clin Invest. 2015;125(8):
3037-3050.

54. Ashcroft GS, Lei K, Jin W, et al. Secretory leukocyte protease
inhibitor mediates non-redundant functions necessary for normal
wound healing. Nat Med. 2000;6(10):1147-1153.

55. Porter PC, Roberts L, Fields A, et al. Necessary and sufficient role
for T helper cells to prevent fungal dissemination in allergic lung
disease. Infect Immun. 2011;79(11):4459-4471.

56. Lambrecht BN, Hammad H. The immunology of asthma. Nat
Immunol. 2015;16(1):45-56.

57. Cosmi L, Liotta F, Maggi E, Romagnani S, Annunziato F. Th17
cells: new players in asthma pathogenesis. Allergy. 2011;66(8):
989-998.

58. Wang YH, Voo KS, Liu B, et al. A novel subset of CD4þ TH2
memory/effector cells that produce inflammatory IL-17 cytokine
and promote the exacerbation of chronic allergic asthma. J Exp
Med. 2010;207(11):2479-2491.

59. Irvin C, Zafar I, Good J, et al. Increased frequency of dual-positive
TH2/TH17 cells in bronchoalveolar lavage fluid characterizes a
population of patients with severe asthma. J Allergy Clin Immunol.
2014;134(5):1175.e7-1186.e7.

60. Chiarella SE, Budinger GRS, Mutlu GM. b2-Agonist therapy may
contribute to the air pollution and IL-6-associated risk of
developing severe asthma with dual-positive TH2/TH17 cells.
J Allergy Clin Immunol. 2015;135(1):290-291.

61. Gessner A, Blum H, Rollinghoff M. Differential regulation of IL-9-
expression after infection with Leishmania major in susceptible and
resistant mice. Immunobiology. 1993;189(5):419-435.

62. Soroosh P, Doherty TA. Th9 and allergic disease. Immunology.
2009;127(4):450-458.

63. Kearley J, Erjefalt JS, Andersson C, et al. IL-9 governs allergen-
induced mast cell numbers in the lung and chronic remodeling of
the airways. Am J Respir Crit Care Med. 2011;183(7):865-875.

64. Parker JM, Oh CK, LaForce C, et al; and the MEDI-528 Clinical
Trials Group. Safety profile and clinical activity of multiple
subcutaneous doses of MEDI-528, a humanized anti-interleukin-9
monoclonal antibody, in two randomized phase 2a studies in
subjects with asthma. BMC Pulm Med. 2011;11:14.

65. Oh CK, Leigh R, McLaurin KK, Kim K, Hultquist M, Molfino NA.
A randomized, controlled trial to evaluate the effect of an anti-
interleukin-9 monoclonal antibody in adults with uncontrolled
asthma. Respir Res. 2013;14(1):1-11.

66. Temann UA, Ray P, Flavell RA. Pulmonary overexpression of IL-9
induces Th2 cytokine expression, leading to immune pathology.
J Clin Invest. 2002;109(1):29-39.
journal.publications.chestnet.org
67. Dugas B, Renauld JC, Pène J, et al. Interleukin-9 potentiates the
interleukin-4-induced immunoglobulin (IgG, IgM and IgE)
production by normal human B lymphocytes. Eur J Immunol.
1993;23(7):1687-1692.

68. Turner JE, Morrison PJ, Wilhelm C, et al. IL-9–mediated survival
of type 2 innate lymphoid cells promotes damage control in
helminth-induced lung inflammation. J Exp Med. 2013;210(13):
2951-2965.

69. Brough HA, Cousins DJ, Munteanu A, et al. IL-9 is a key
component of memory TH cell peanut-specific responses from
children with peanut allergy. J Allergy Clin Immunol. 2014;134(6):
1329.e0-1338.e0.

70. Wolk K, Kunz S, Witte E, Friedrich M, Asadullah K, Sabat R. IL-22
increases the innate immunity of tissues. Immunity. 2004;21(2):
241-254.

71. Eyerich S, Eyerich K, Pennino D, et al. Th22 cells represent a
distinct human T cell subset involved in epidermal immunity and
remodeling. J Clin Invest. 2009;119(12):3573-3585.

72. Aujla SJ, Chan YR, Zheng M, et al. IL-22 mediates mucosal host
defense against Gram-negative bacterial pneumonia. Nat Med.
2008;14(3):275-281.

73. Radaeva S, Sun R, Pan HN, Hong F, Gao B. Interleukin 22 (IL-22)
plays a protective role in T cell-mediated murine hepatitis: IL-22 is
a survival factor for hepatocytes via STAT3 activation. Hepatology.
2004;39(5):1332-1342.

74. Takahashi K, Hirose K, Kawashima S, et al. IL-22 attenuates IL-25
production by lung epithelial cells and inhibits antigen-induced
eosinophilic airway inflammation. J Allergy Clin Immunol.
2011;128(5):1067.e6-1076.e6.

75. Besnard AG, Sabat R, Dumoutier L, et al. Dual role of IL-22 in
allergic airway inflammation and its cross-talk with IL-17A. Am J
Respir Crit Care Med. 2011;183(9):1153-1163.

76. Sonnenberg GF, Nair MG, Kirn TJ, Zaph C, Fouser LA, Artis D.
Pathological versus protective functions of IL-22 in airway
inflammation are regulated by IL-17A. J Exp Med. 2010;207(6):
1293-1305.

77. Basu R, O’Quinn DB, Silberger DJ, et al. Th22 cells are an
important source of IL-22 for host protection against
enteropathogenic bacteria. Immunity. 2012;37(6):1061-1075.

78. Vinuesa CG, Tangye SG, Moser B, Mackay CR. Follicular B helper
T cells in antibody responses and autoimmunity. Nat Rev Immunol.
2005;5(11):853-865.

79. Nurieva RI, Chung Y, Hwang D, et al. Generation of T follicular
helper cells is mediated by interleukin-21 but independent of T
helper 1, 2, or 17 cell lineages. Immunity. 2008;29(1):138-149.

80. Ma CS, Suryani S, Avery DT, et al. Early commitment of naïve
human CD4(þ) T cells to the T follicular helper (T(FH)) cell
lineage is induced by IL-12. Immunol Cell Biol. 2009;87(8):590-600.

81. Nakayamada S, Kanno Y, Takahashi H, et al. Early Th1 cell
differentiation is marked by a Tfh cell-like transition. Immunity.
2011;35(6):919-931.

82. Zaretsky AG, Taylor JJ, King IL, Marshall FA, Mohrs M, Pearce EJ.
T follicular helper cells differentiate from Th2 cells in response to
helminth antigens. J Exp Med. 2009;206(5):991-999.

83. Ma CS, Deenick EK, Batten M, Tangye SG. The origins, function,
and regulation of T follicular helper cells. J Exp Med. 2012;209(7):
1241-1253.

84. Shang XZ, Ma KY, Radewonuk J, et al. IgE isotype switch and IgE
production are enhanced in IL-21-deficient but not IFN-gamma-
deficient mice in a Th2-biased response. Cell Immunol.
2006;241(2):66-74.

85. Gong F, Su Q, Jiang D, Chen J, Pan Y, Huang X. High frequency of
circulating follicular helper T cells in patients with bronchial
asthma. Clin Lab. 2014;60(6):963-968.

86. Kamekura R, Shigehara K, Miyajima S, et al. Alteration of
circulating type 2 follicular helper T cells and regulatory B cells
underlies the comorbid association of allergic rhinitis with
bronchial asthma. Clin Immunol. 2015;158(2):204-211.
1129

http://refhub.elsevier.com/S0012-3692(16)62326-7/sref46
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref46
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref46
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref47
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref47
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref47
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref48
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref48
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref48
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref49
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref49
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref49
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref50
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref50
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref50
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref51
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref51
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref51
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref51
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref52
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref52
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref52
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref52
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref53
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref53
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref53
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref54
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref54
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref54
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref55
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref55
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref55
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref56
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref56
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref57
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref57
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref57
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref58
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref58
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref58
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref58
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref58
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref59
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref59
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref59
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref59
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref60
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref60
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref60
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref60
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref60
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref61
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref61
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref61
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref62
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref62
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref63
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref63
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref63
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref64
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref64
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref64
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref64
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref64
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref65
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref65
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref65
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref65
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref66
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref66
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref66
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref67
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref67
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref67
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref67
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref68
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref68
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref68
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref68
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref69
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref69
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref69
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref69
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref70
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref70
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref70
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref71
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref71
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref71
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref72
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref72
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref72
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref73
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref73
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref73
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref73
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref74
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref74
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref74
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref74
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref75
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref75
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref75
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref76
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref76
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref76
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref76
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref77
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref77
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref77
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref78
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref78
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref78
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref79
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref79
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref79
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref80
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref80
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref80
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref80
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref81
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref81
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref81
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref82
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref82
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref82
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref83
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref83
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref83
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref84
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref84
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref84
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref84
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref85
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref85
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref85
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref86
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref86
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref86
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref86
http://journal.publications.chestnet.org


87. Lajoie S, Lewkowich I, Herman NS, et al. IL-21 receptor signalling
partially mediates Th2-mediated allergic airway responses. Clin Exp
Allergy. 2014;44(7):976-985.

88. Coquet JM, Schuijs MJ, Smyth MJ, et al. Interleukin-21-producing
CD4(þ) T cellspromote type 2 immunity to house dust mites.
Immunity. 2015;43(2):318-330.

89. Ballesteros-Tato A, Randall TD, Lund FE, Spolski R, Leonard WJ,
León B. T follicular helper cell plasticity shapes pathogenic T helper
2 cell-mediated immunity to inhaled house dust mite. Immunity.
2016;44(2):259-273.

90. Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M.
Immunologic self-tolerance maintained by activated T cells
expressing IL-2 receptor alpha-chains (CD25): breakdown of a
single mechanism of self-tolerance causes various autoimmune
diseases. J Immunol. 1995;155(3):1151-1164.

91. Thornton AM, Korty PE, Tran DQ, et al. Expression of Helios, an
Ikaros transcription factor family member, differentiates thymic-
derived from peripherally induced Foxp3(þ) T regulatory cells.
J Immunol. 2010;184(7):3433-3441.

92. Weiss JM, Bilate AM, Gobert M, et al. Neuropilin 1 is expressed on
thymus-derived natural regulatory T cells, but not mucosa-
generated induced Foxp3þ T reg cells. J Exp Med. 2012;209(10):
1723-1742.

93. Yadav M, Louvet C, Davini D, et al. Neuropilin-1 distinguishes
natural and inducible regulatory T cells among regulatory T cell
subsets in vivo. J Exp Med. 2012;209(10):1713-1722.

94. Gottschalk RA, Corse E, Allison JP. Expression of Helios in
peripherally induced Foxp3þ regulatory T cells. J Immunol.
2012;188(3):976-980.
1130 Translating Basic Research Into Clinical Practice
95. Szurek E, Cebula A, Wojciech L, et al. Differences in expression
level of Helios and neuropilin-1 do not distinguish thymus-derived
from extrathymically-induced CD4þFoxp3þ regulatory T cells.
PLoS One. 2015;10(10):e0141161.

96. Singh K, Hjort M, Thorvaldson L, Sandler S. Concomitant analysis
of Helios and Neuropilin-1 as a marker to detect thymic derived
regulatory T cells in naïve mice. Sci Rep. 2015;5:7767.

97. Collison LW, Workman CJ, Kuo TT, et al. The inhibitory cytokine
IL-35 contributes to regulatory T-cell function. Nature.
2007;450(7169):566-569.

98. Collison LW, Chaturvedi V, Henderson AL, et al. IL-35-mediated
induction of a potent regulatory T cell population. Nat Immunol.
2010;11(12):1093-1101.

99. Whitehead GS, Wilson RH, Nakano K, Burch LH, Nakano H,
Cook DN. IL-35 production by inducible costimulator (ICOS)-
positive regulatory T cells reverses established IL-17-dependent
allergic airways disease. J Allergy Clin Immunol. 2012;129(1):207.
e5-215.e5.

100. Huang CH, Loo EXL, Kuo IC, et al. Airway inflammation and IgE
production induced by dust mite allergen-specific memory/effector
Th2 cell line can be effectively attenuated by IL-35. J Immunol.
2011;187(1):462-471.

101. Chen C, Deng Y, Chen H, et al. Decreased concentration of IL-35
in plasma of patients with asthma and COPD. Asian Pac J Allergy
Immunol. 2014;32(3):211-217.

102. Moldaver DM, Bharhani MS, Wattie JN, et al. Amelioration of
ovalbumin-induced allergic airway disease following Der p 1
peptide immunotherapy is not associated with induction of IL-35.
Mucosal Immunol. 2013;7(2):379-390.
[ 1 5 1 # 5 CHE ST MA Y 2 0 1 7 ]

http://refhub.elsevier.com/S0012-3692(16)62326-7/sref87
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref87
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref87
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref88
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref88
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref88
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref88
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref89
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref89
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref89
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref89
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref90
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref90
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref90
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref90
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref90
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref91
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref91
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref91
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref91
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref91
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref92
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref92
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref92
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref92
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref92
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref93
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref93
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref93
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref94
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref94
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref94
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref94
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref95
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref95
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref95
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref95
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref95
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref95
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref96
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref96
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref96
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref97
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref97
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref97
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref98
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref98
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref98
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref99
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref99
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref99
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref99
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref99
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref100
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref100
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref100
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref100
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref101
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref101
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref101
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref102
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref102
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref102
http://refhub.elsevier.com/S0012-3692(16)62326-7/sref102

	An Update on Lymphocyte Subtypes in Asthma and Airway Disease
	Th2 T-Cell-Mediated Immunity in Asthma
	Th2 T Cells: Old Dog(ma), New Tricks
	T-Cell Plasticity and Asthma Heterogeneity
	Th17
	Th9
	Th22
	Follicular B-Helper T Cells
	Tregs
	Conclusion
	Acknowledgments
	References


