Journal Pre-proof T

Allergy..Clintcal
R

Weaving innate lymphoid cells (ILC) into the fabric of asthma exacerbations

William W. Busse, M.D., James E. Gern, M.D.

Pll: S0091-6749(22)00147-6
DOI: https://doi.org/10.1016/j.jaci.2022.01.021
Reference: YMAI 15455

To appearin:  Journal of Allergy and Clinical Immunology

Received Date: 23 November 2021
Revised Date: 11 January 2022
Accepted Date: 14 January 2022

Please cite this article as: Busse WW, Gern JE, Weaving innate lymphoid cells (ILC) into the fabric of
asthma exacerbations, Journal of Allergy and Clinical Immunology (2022), doi: https://doi.org/10.1016/
j-jaci.2022.01.021.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2022 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma &
Immunology.


https://doi.org/10.1016/j.jaci.2022.01.021
https://doi.org/10.1016/j.jaci.2022.01.021
https://doi.org/10.1016/j.jaci.2022.01.021

A wWDN PR

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Busse-1

Weaving innate lymphoid cells (ILC) into the fabric of asthma exacerbations

a\William W. Busse, M.D., ®2James E. Gern, M.D.

4Department of Medicine, Division of Allergy, Pulmonary and Critical Care Medicine,
University of Wisconsin School of Medicine and Public Health, Madison, W1

bDepartment of Pediatrics, Division of Pulmonary and Critical Care Medicine University of

Wisconsin School of Medicine and Public Health, Madison, WI

Correspondence:

William W. Busse, M.D.
Emeritus Professor of Medicine
University of Wisconsin Hospital
K4/910 CSC, MC 9988

600 Highland Avenue

Madison, W1 53792

Tel: (608) 263-6183

Email: wwb@medicine.wisc.edu

Keywords: Innate Lymphoid Cells (ILC), Asthma exacerbations, Rhinovirus provoked
exacerbations, Airway Inflammation

Disclosure Statement: WWB reports research support from NIH (NIAID and NHLBI) and has
consulted for and/or been on the Advisory Board of: Sanofi, Regeneron, GSK, AstraZeneca,
Novartis. JG has served as a consultant for AstraZeneca and Meissa Vaccine Inc., and has stock

options in Meissa Vaccines Inc.


mailto:wwb@medicine.wisc.edu

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Busse-2

Asthma exacerbations are a major cause of morbidity for many patients. Although major
progress has been made to establish the mechanisms associated with asthma exacerbations, the
complexity and heterogeneity of immune responses during exacerbations remain to be fully
elucidated and is an important step towards improved treatment. Dhariwal and colleagues of the
MRC-GSK Strategic Alliance consortium focused on a new aspect of these responses, the roles
and contributions of innate lymphoid cells (ILCs) in asthma exacerbations.* Their findings
underscore the contribution of ILC2 cells to airway inflammation, but perhaps more important
and interesting is the identification of an altered reciprocal relationship with ILC1 cells that may

diminish antiviral activity in asthma.

To frame the contributions of Dhariwal and co-investigators,* a brief review of the mechanisms
of asthma exacerbation will be helpful. Although multiple environmental factors contribute to
asthma exacerbations, rhinovirus (RV) infections are the dominant cause in both children and
adults. Investigators in this UK-based consortium have developed an informative translational
model of asthma exacerbations with the use of an experimental respiratory infection of asthma
patients with RV-A16. Their model has proven to have a high degree of clinical relevance. First,
the experimental infections can be performed in asthma patients making observations directly
translatable to clinical disease. As the safety aspects of the experimental infection have been
verified, this investigative group has inoculated patients with moderate persistent asthma and
caused reductions in lung function to parallel changes seen during a natural RV infection.
Second, because RV is the experimental inoculum, the infectious organism matches the viral

features of clinical events. Finally, by directly sampling the lower airway with bronchoscopy in
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relationship to the infection, it becomes possible to more precisely establish patterns of the

immune responses associated with the RV illness and changes in pulmonary physiology.

Dhariwal et al.* focused on two key elements: 1) RV activation of airway epithelial cells to
initiate inflammation and 2) the association of defective antiviral activity in asthma. In patients
with asthma, RV infection increases secretion of alarmins, IL-33 and IL-25. Generation of
epithelial cell alarmins can activate both adaptive and innate components of airway
inflammation, Th2 and ILC2, respectively, to increase secretion of type (T) 2 cytokines, IL-4,
IL-5, and IL-13. There may be further amplification of T2 inflammation as RV interact with
neutrophils, to cause NETosis with release double-stranded DNA to activate Th2 cells release of
T2 cytokines. The T2 inflammatory response that occurs during an RV-infection is characterized
by a recruitment of eosinophils to the airway and the development of airflow obstruction.
Therefore, a key step in RV-provoked asthma exacerbations is further generation of a T2

inflammatory response in patients with an already established T2 phenotype.

A potential second risk factor for exacerbations is impaired antiviral activity in asthma. Initial
studies with cultured bronchial epithelial cells from asthma subjects found diminished interferon
B and interferon-A compared to controls.? Subsequent assessments of RV-induced interferon
from in vitro and clinical studies were more variable, with reports that asthma was associated
with interferon responses that were deficient, normal, or even greater than normal.>® This
apparent conflict likely stems from differences in study design and study populations. There is
also evidence that asthma is associated with delayed virus-induced interferon responses,® which

could influence clinical outcomes. A brisk interferon response at the onset of infection could
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limit viral replication and cell-to-cell spread of the infecting virus to reduce the risk of a severe
illness. Accordingly, in a study of children with moderate-severe asthma, increased interferon
gene expression (a low T2/IFN ratio) in airway epithelial cells sampled at the beginning of the
viral respiratory infection season was associated with a reduced risk for wheezing illnesses.® If
the initial interferon responses to a virus infection are defective, this may lead to uncontrolled
viral replication with a late and excessive interferon response that increases the risk of

exacerbation.

In addition, asthma control can influence interferon responses to viral infection. In previous
inoculation studies, interferon responses were normal in study subjects with well-controlled
asthma but deficient in subjects with mild-moderate persistent allergic asthma (as in the current
study by Dhariwal et al.t). These findings suggest that allergic airway inflammation may impair
antiviral responses. Accordingly, Teach et al.” treated children with mild-moderate asthma with
omalizumab and tested for its effects on viral infections, illnesses, and immune responses.
Omalizumab restored the ex vivo IFNa response of RV-stimulated PBMCs, and this restoration
in IFNo generation was associated with protection from asthma exacerbations.” These findings
demonstrate that T2-mediated inflammation can suppress RV-induced interferon and increase

susceptibility to viral wheeze.

Dhariwal and co-workers! performed bronchoscopy with lavage to more comprehensively
delineate cellular and molecular mechanisms in asthma during a RV illness. By performing
bronchoscopy on three occasions: baseline (pre-cold), day 3 of the cold (maximal symptoms),

and day 8 (recovery or sustained effects), they were able to define the kinetics of cell recruitment
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to the airway as well as ensuing immune and physiological changes. Their focus on ILC
participation in the response to RV infection is novel, and sheds new light on how the reciprocal

relationships of these two distinct immune cell populations relates to exacerbations.

ILCs are a heterogeneous population of bone marrow derived cells whose roles and contributions
to asthma are of escalating interest, importance and complexity. Three ILC subtypes have been
identified: ILC1, ILC2, and ILC3. Dhariwal et al.* evaluated appearance of ILC1 and ILC2 in the
airway during the RV infection and their relationship to the infection and development of an
asthma exacerbation. ILC2 cells contribute to T2 inflammation through generation of IL-4, -5, -9
and -13 following activation by epithelial cell alarmins, IL-25, 1L-33 and TSLP. ILC1 cells, in
contrast, have antiviral and immunoregulatory properties by producing IFN-y. Until this study,
there has been limited information on this cell population in asthma and exacerbations. Dhariwal
et al found the reciprocal, or balanced, relationship of these two ILC cells may be shifted in

asthma such that the effect is enhanced T2 inflammation and diminished antiviral activity.!

RV inoculation of 11 patients with moderate persistent asthma caused increased respiratory
symptoms and a significant fall in the morning FEV1. Although RV inoculation increased
respiratory symptoms in the control participants (n=12), the symptoms were less severe, and
there was no significant change in lung function. The investigators also monitored the upper and
lower airways for viral load and generation of cytokines during the experimental cold. Nasal
viral load was similar between the two study groups except for a greater increase in viral mMRNA

at day 4 in asthma.
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The investigators used state of the art methods to identify asthma-related differences in nasal and
BAL immune responses, including novel observations related to ILC trafficking. There was a
skewed T2 immune response (i.e. increased IL-5) in nasal secretions at baseline and following
RV infection in asthma. Further, there was an enrichment of ILC2 cells at baseline in asthma,
likely serving as a source of T2 cytokines and persistent inflammation. RV infection led to the
recruitment of both ILC1 and ILC2 cells in the BAL of both controls and asthma subjects.
However, the relative delay in asthma of the appearance of ILC1 cells in the airway during the
infection suggests diminished or defective antiviral activity. It is also possible that increased T2
inflammation at baseline suppressed subsequent antiviral IFN responses in asthma. Notably, both
ILC1 and ILC2 responses in asthma were delayed and of greater magnitude at the time of the day
8 BAL. These observations suggest that the antiviral response to RV in asthma may be both

diminished and delayed.®

The authors calculated an ILC2/ILC1 ratio, which was greater in asthma subjects at baseline and
after infection, indicating a persistent bias towards T2 inflammation. Overall, the ILC2/ILC1
ratios correlated with virus load, lower respiratory tract symptom scores, and nasal measures of
IL-5 protein. One caveat is that the healthy and asthma groups, which differed in the ILC2:1LC1
ratio and several of the dependent variables (e.g. IL-5, viral load, Day 4), were combined in the
analysis, which places limits on the interpretation of these correlations. These new data suggest a
loss of balance in asthma between protection (ILC1) and inflammation (ILC2) that may
contribute to RV illness and exacerbation. We previously noted a similar shift in balance

between protection and inflammation in a RV inoculation study, which showed inverse
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relationships between the IFN-y/IL-5 mRNA ratio in sputum cells and both respiratory

symptoms and viral clearance.®

Entwined in these observations is a central and contributing role by IL-33 (Figure 4). IL-33 and
IL-25 are generated by RV infection of airway epithelium. The RV-induced increase in 1L-33
can activate 1LC2s to further promote T2 inflammation, thus contributing to an exacerbation.
Further evidence on the importance of IL-33 in asthma has been reported by Wechsler et al®
showing that the anti-1L-33 monoclonal antibody, itepekimab, prevented a loss of asthma control

when ICS and LABASs were withdrawn.

The clinical relevance of these novel and intriguing findings linking an imbalance in the airway
ILC1:ILC2 ratio to facilitate T2- inflammation during virus-induced exacerbations is supported
by the efficacy of multiple T2-directed biologics that significantly reduce rates of asthma
exacerbations.® Although blockage of T2 inflammatory pathways inhibits exacerbations, the
preventive response is not complete in all treated patients, suggesting a heterogeneity and
complexity in the pathways which lead to asthma exacerbations. The results of Dhariwal et al.*
suggest that investigations into the pathways that promote ILC1 cells to establish a healthy and
normal balance of ILCs in the airway could lead to new strategies to prevent exacerbations, and

potentially achieve added benefit (Figure).



159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

Busse-8

References

1.

Dhariwal J, Cameron A, Wong E, Paulsen M, Trujillo-Torralbo B, Del Rosario A, et al.
Pulmonary Innate Lymphoid Cell Responses during Rhinovirus-induced Asthma
Exacerbations In Vivo: A Clinical Trial. Am J Respir Crit Care Med 2021. doi:
10.1164/rccm.202010-37540C.

Contoli M, Message SD, Laza-Stanca V, Edwards MR, Wark PA, Bartlett NW, et al.
Role of deficient type Il interferon-lambda production in asthma exacerbations. Nat Med
2006;12:1023-6.

DeMore JP, Weisshaar EH, Vrtis RF, Swenson CA, Evans MD, Morin A, et al. Similar
colds in subjects with allergic asthma and nonatopic subjects after inoculation with
rhinovirus-16. J.Allergy Clin.Immunol 2009;124:245-52.

Jackson DJ, Trujillo-Torralbo MB, del-Rosario J, Bartlett NW, Edwards MR, Mallia P, et
al. The influence of asthma control on the severity of virus-induced asthma
exacerbations. J Allergy Clin Immunol 2015;136:497-500.

Veerati PC, Troy NM, Reid AT, Li NF, Nichol KS, Kaur P, et al. Airway Epithelial Cell
Immunity Is Delayed During Rhinovirus Infection in Asthma and COPD. Front Immunol
2020;11:974.

Altman MC, Gill MA, Whalen E, Babineau DC, Shao B, Liu AH, et al. Transcriptome
networks identify mechanisms of viral and nonviral asthma exacerbations in children. Nat

Immunol 2019;20:637-51.



181

182

183

184

185

186

187

188

189

190

191

192

10.

Busse-9

Teach SJ, Gill MA, Togias A, Sorkness CA, Arbes SJ, Jr., Calatroni A, et al. Pre-seasonal
treatment with either omalizumab an inhaled corticosteroid boost to prevent fall asthma
exacerbations. J Allergy Clin Immunol 2015;136:1476-85.

Gern JE, Vrtis R, Grindle KA, Swenson C, Busse WW. Relationship of upper and lower
airway cytokines to outcome of experimental rhinovirus infection. Am J Respir Crit Care
Med 2000;162:2226-31.

Wechsler ME, Ruddy MK, Pavord ID, Israel E, Rabe KF, Ford LB, et al. Efficacy and
Safety of Itepekimab in Patients with Moderate-to-Severe Asthma. N Engl J Med
2021;385:1656-68.

Menzies-Gow A, Busse WW, Castro M, Jackson DJ. Prevention and Treatment of

Asthma Exacerbations in Adults. J Allergy Clin Immunol Pract 2021;9:2578-86.



193

194

195

196

197

198

199

200

201

Busse-.10

Figure Legend

Figure. The roles of innate lymphoid cells in rhinovirus-provoked asthma exacerbations. RV
infect airway and stimulate the release of alarmins including IL-33. IL-33 polarizes ThO cells to
Th2 cells and activates ILC2 to collectively generate a T2 pattern of inflammation by IL-4, IL-5,
and 1L-13. In contrast, ILC1 cells have antiviral activity. Dhariwal et al* have found the
reciprocal relationship between ILC2 and ILC1 cells is altered in asthma resulting in an

increased T2 inflammatory response and diminished ILC1 activity with reduced antiviral action.
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