diagnosis and those with IPF. Clearer case definition should improve
understanding of how specific disease features impact choice of
treatment and anticipated response to therapy.

As demonstrated by the two perspectives in this issue of the
Journal, as we seek to develop an international consensus on
diagnosis and classification of HP, there will be a wide range of
differing opinions. There is an urgent need to resolve such
differences and to find consensus for the benefit of those
individuals suffering with and dying from HP. Looking to the
future, it is critically important that steps are taken to move
research forward in this disease area. The development of definitive
guidelines will, like IPF and the IIPs beforehand, be an iterative
process driven by research findings arising from initial attempts
at consensus classification. A quote from Winston Churchill
(speech, November 1942) perhaps best exemplifies where the
perspectives of Salisbury and colleagues and Vasakova and
colleagues lead us: “Now this is not the end. It is not even the
beginning of the end. But it is perhaps the end of the beginning.” Let
this be a call to arms for the international ILD community to focus
on the important and growing clinical challenge presented by the
many faces of HP and to do so for the benefit of our patients.

Author disclosures are available with the text of this article at
www.atsjournals.org.

Philip L. Molyneaux, M.D., Ph.D.

Toby M. Maher, M.D., Ph.D.

National Institute for Health Research Respiratory Biomedical Research Unit
Royal Brompton Hospital

London, United Kingdom

and

National Heart and Lung Institute
Imperial College London
London, United Kingdom

References

1. Selman M, Pardo A, King TE Jr. Hypersensitivity pneumonitis: insights in
diagnosis and pathobiology. Am J Respir Crit Care Med 2012;186:314-324.

2. American Thoracic Society; European Respiratory Society. American
Thoracic Society/European Respiratory Society international
multidisciplinary consensus classification of the idiopathic interstitial
pneumonias. Am J Respir Crit Care Med 2002;165:277-304.

3. Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK, Costabel U,
Cottin V, Flaherty KR, Hansell DM, Inoue Y, et al.; INPULSIS Trial
Investigators. Efficacy and safety of nintedanib in idiopathic
pulmonary fibrosis. N Engl J Med 2014;370:2071-2082.

4. King TE Jr, Bradford WZ, Castro-Bernardini S, Fagan EA, Glaspole |,
Glassberg MK, Gorina E, Hopkins PM, Kardatzke D, Lancaster L, et al.;
ASCEND Study Group. A phase 3 trial of pirfenidone in patients with
idiopathic pulmonary fibrosis. N Engl J Med 2014;370:2083-2092.

5. Raghu G, Anstrom KJ, King TE Jr, Lasky JA, Martinez FJ; Idiopathic
Pulmonary Fibrosis Clinical Research Network. Prednisone,
azathioprine, and N-acetylcysteine for pulmonary fibrosis. N Engl
J Med 2012;366:1968-1977.

6. Vasakova M, Morell F, Walsh S, Leslie K, Raghu G. Hypersensitivity
pneumonitis: perspectives in diagnosis and management. Am J
Respir Crit Care Med 2017;196:680-689.

7. Salisbury ML, Myers JL, Belloli EA, Kazerooni EA, Martinez FJ, Flaherty KR.
Diagnosis and treatment of fibrotic hypersensitivity pneumonia: where
we stand and where we need to go. Am J Respir Crit Care Med 2017,
196:690-699.

8. Mooney JJ, Koth LL. Surgical lung biopsy over bronchoalveolar lavage in
chronic hypersensitivity pneumonitis. Am J Respir Crit Care Med
2014;189:371-372.

9. Fernandez Pérez ER, Swigris JJ, Forssén AV, Tourin O, Solomon JJ,
Huie TJ, Olson AL, Brown KK. Identifying an inciting antigen is
associated with improved survival in patients with chronic
hypersensitivity pneumonitis. Chest 2013;144:1644-1651.

10. Walsh SL, Wells AU, Desai SR, Poletti V, Piciucchi S, Dubini A,
Nunes H, Valeyre D, Brillet PY, Kambouchner M, et al. Multicentre
evaluation of multidisciplinary team meeting agreement on diagnosis
in diffuse parenchymal lung disease: a case-cohort study. Lancet
Respir Med 2016;4:557-565.

11. Ryerson CJ, Urbania TH, Richeldi L, Mooney JJ, Lee JS, Jones KD,
Elicker BM, Koth LL, King TE Jr, Wolters PJ, et al. Prevalence and
prognosis of unclassifiable interstitial lung disease. Eur Respir J
2013;42:750-757.

12. Morell F, Villar A, Montero MA, Mufoz X, Colby TV, Pipvath S, Cruz MJ,
Raghu G. Chronic hypersensitivity pneumonitis in patients
diagnosed with idiopathic pulmonary fibrosis: a prospective
case-cohort study. Lancet Respir Med 2013;1:685-694.

Copyright © 2017 by the American Thoracic Society

Group 2 Innate Lymphoid Cells Are the Earliest Recruiters
of Eosinophils in Lungs of Patients with Allergic Asthma

Protection against helminths, as well as immune response to
allergens, in atopic subjects not only consists of adaptive responses
orchestrated by type 2 T helper (Th2) cells but also involves the
activation of a recently discovered subset of innate immunity cells
(1). These cells, the group 2 innate lymphoid cells (ILC2s), have
been recently characterized in both mice and humans and
represent a cell subset of the innate immunity specialized in the
induction and maintenance of type 2 inflammation (2). Because
of their similarities in the function and requirement of
transcriptional machinery, it is considered that both Th2 cells and
ILC2s collaborate during type 2 immune responses, including

Originally Published in Press as DOI: 10.1164/rccm.201704-0799ED on May
5, 2017
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protection against parasites and the genesis of allergic inflammation.
ILC2s preferentially localize to the interface between the host and
the environment (lung, intestine, and skin), and this strategical
localization allows them to represent a critical link between the innate
and adaptive components of type 2 immunity (3). ILC2s differ
from Th2 cells mainly because of the lack of a T-cell receptor (TCR),
but they can be activated by several factors, including cysteinyl-
leukotrienes, PGD2, IL-2, IL-4, IL-7, IL-15, and some toll-like receptor
ligands (4). Beyond these factors, the epithelial-derived cytokines
IL-25, IL-33, and thymic stromal lymphopoietin represent the major
source of their activation (4, 5). Once activated, ILC2s are capable
of producing IL-4, IL-13, and large amounts of IL-5, whose
production is considered to be a hallmark of their function. Indeed,
ILC2s have been shown to accumulate at the site of eosinophilic
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inflammation, including nasal polyps and sinus mucosa in
subjects with chronic rhinosinusitis, skin lesions in atopic
dermatitis, and of course in lungs of patients with bronchial
asthma (6).

In this issue of the Journal, Chen and colleagues (pp. 700-712)
stressed the role of ILC2s as initiators of eosinophilic inflammation
in allergic asthma, thanks to in vivo experiments performed in
subjects with asthma challenged with the sensitizing allergen (7).
The experimental approach allowed the authors to evaluate the
biologic effects of allergen challenge, in both the site of
inflammation and peripheral blood, and finally, in bone marrow,
where eosinophils are generated. The first main novelty emerging
from this interesting manuscript consists of the identification of
the dynamic of different inflammatory subset activation, with
ILC2s the initiators of allergic inflammation and Th2 cells
responsible for its maintenance. The early involvement of ILC2s
is the direct consequence of the biological mechanisms that
determines their activation. Indeed, airway epithelial cells, in
addition to functioning as a physical barrier, also secrete cytokines
and are able to rapidly activate ILC2s (8). In particular, the
epithelial alarmins, different from classical cytokines that are
secreted in an active process after pathogens induce their de novo
synthesis, are constitutively expressed in somatic cells and passively
and rapidly released by perturbed airway epithelial cells (9). In
particular, the pivotal role of IL-33 in driving the early type 2
response to allergens has been shown in a mouse model of acute
airway inflammation that was induced by exposure to the
fungus Alternaria alternata, which is able to induce a rapid release
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of IL-33 by airway epithelial cells and to increase eosinophils
recruitment in the lung (10). In this view, it is not surprising that
fungal sensitization is frequently associated with asthma (11), and
in particular, with the more severe forms of the disease, with acute
exacerbations and sometimes with fatal events (12).

The second important finding of the manuscript regards the
link between ILC2 activation and eosinophilic inflammation.
The recruitment of eosinophils in the lungs of patients with asthma
and allergic airway diseases and their local production of toxic
mediators are crucial in determining tissue damage and remodeling.
In this context, the opportunity to interfere with eosinophilic
activation could represent a possible target of new therapeutic
approach in bronchial asthma. In past years, several inhibitors
of IL-5 have been proposed to treat severe eosinophilic asthma
(13). Interestingly, the possibility of acting on ILC2s, the earliest
source of eosinophil activation, through neutralization of thymic
stromal lymphopoietin has been investigated and proven to be
effective only in mild asthma (14), whereas the blocking of IL-25
and IL-33 pathways in humans is currently on the course of
evaluation in clinical trials. In addition, Chen and colleagues
performed their elegant study in subjects with mild stable atopic
asthma, showing that ILC2s are rapidly activated by allergen
challenge (7). Taken together, these data allow us to hypothesize
that the blocking of ILC2 activation can represent a novel
therapeutical strategy in mild to moderate asthma, when this subset
plays a crucial role in initiating the allergic inflammation. Once
Th2 cells and other cellular elements of allergic phlogosis are
activated, it is likely that the blocking of ILC2s is not sufficient to
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Figure 1. Once activated by allergens, perturbed epithelial cells produce alarmins that activate group 2 innate lymphoid cells (ILC2s), which in turn

promote early eosinophil recruitment in lungs and type 2 T helper (Th2) cell activation. Subsequently, Th2 lymphocytes stimulate eosinophils, amplifying
the circuit. ILC2-targeted therapies are more probably effective in the initial phase of inflammation, whereas IL-5 inhibition is effective in severe asthma.
CRTH2 inhibitors, acting on ILC2s, Th2 lymphocytes, and eosinophils, may act on both the early and late phases of eosinophilic inflammation. CRTH2 =
chemoattractant receptor-homologous molecule expressed on Th2 cells; mDC = myeloid dendritic cell; MHC-II = major histocompatibility complex class I;

TSLP = thymic stromal lymphopoietin.
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dampen the inflammation. The possibility of inhibiting, at the same
time, both ILC2 and Th2 activation may represent a possible
evolution of asthma treatment, independent in its severity. The
DP2 receptor (CRTH2) inhibitor, fevipiprant, which is able to
reduce eosinophilic airway inflammation in patients with persistent
moderate to severe asthma, could represent a favorable tool in this
direction (15). Indeed, CRTH2 ligation by PGD-2 induces both cell
recruitment and activation, and more important, this receptor is
expressed on several actors of allergic phlogosis, such as ILC2s
(1, 4), Th2 lymphocytes, and eosinophils (16).

In conclusion, the inflammatory milieu in eosinophilic asthma
is complex, and different players participate in different moments
in the induction and maintenance of inflammation. The observation
that ILC2s are rapidly activated by the allergen suggests ILC2-
targeted therapies are more probably effective in the initial phase of
inflammation and in mild to moderate asthma (Figure 1).
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Inflammasome Deficiency Makes Pro-resolving Lipid Mediators

Great Again

Sepsis is a life-threatening condition associated with organ
dysfunction caused by a dysregulated host response to infection (1).
Although the infection can often be successfully treated with
antimicrobials, and failing organs can be temporally supported
by modern intensive care, little progress has been made in

the development of clinically effective interventions that
therapeutically interfere with the dysregulated immune cascade.
Strategies to inhibit proinflammatory cytokines, for examples, have
not been successful in clinical trials (2). Sepsis-related morbidity
and mortality therefore remain high and might further increase due
to an aging population with more comorbidities.
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Sepsis is characterized by consecutive or overlapping
hyperinflammatory and hypoinflammatory reactions, which can
lead to collateral tissue damage and enhanced susceptibility to
secondary infections, respectively (2). The NLR family pyrin
domain-containing 3 (NLRP3) inflammasome is believed to play a
critical role in inflammation and sepsis, as it serves as a platform for
caspase-1-dependent release of IL-1f3, IL-18, and high-mobility
group protein B1, as well as cell death in response to infections and
noninfectious insults (3, 4). In addition, a previous study indicated
that inflammasomes are also able to mediate the production of
various proinflammatory eicosanoid lipid mediators. It was
demonstrated that intraperitoneal delivery of an NLR family
apoptosis inhibitory proteins (NAIP5)/NLR family CARD
domain-containing protein 4 (NLRC4) ligand stimulated an
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