DR. MAHMOUD IBRAHIM (Orcid ID : 0000-0001-9263-7137)

DR. KIAN FAN CHUNG (Orcid ID : 0000-0001-7101-1426)

Article type : Letter to the Editor

Association of endopeptidases, involved in SARS-CoV-2 infection, with microbial aggravation in sputum of

severe asthma
Authors:

Mahmoud I. Abdel-Aziz MSc12*, Nazanin Zounemat Kermani PhD3*, Anne H. Neerincx PhD?, Susanne J. H.
Vijverberg PhD?, Yike Guo PhD3, Peter Howarth MD, PhD#, Sven-Erik Dahlen MD, PhD>, Ratko Djukanovic MD,
PhD?, Peter J Sterk MD, PhD?, Aletta D. Kraneveld PhD®7, Anke H. Maitland-van der Zee PharmD, PhD'#, Kian
Fan Chung MD, DSc®, lan M Adcock PhD?, on behalf the U-BIOPRED Consortium

* Shared co-authorship

1 Department of Respiratory Medicine, Amsterdam UMC, University of Amsterdam, Amsterdam, The
Netherlands.

2 Department of Clinical Pharmacy, Faculty of Pharmacy, Assiut University, Assiut, Egypt.

3 Data Science Institute, Imperial College London, London, United Kingdom.

4 NIHR Southampton Respiratory Biomedical Research Unit, Clinical and Experimental Sciences and Human
Development and Health, University of Southampton, Southampton, United Kingdom.

5 Centre for Allergy Research, Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden.

This article has been accepted for publication and undergone full peer review but has not been
through the copyediting, typesetting, pagination and proofreading process, which may lead to
differences between this version and the Version of Record. Please cite this article as doi:
10.1111/ALL.14731

This article is protected by copyright. All rights reserved

Check for
updates


https://doi.org/10.1111/ALL.14731
https://doi.org/10.1111/ALL.14731
https://doi.org/10.1111/ALL.14731
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fall.14731&domain=pdf&date_stamp=2021-01-07

6 Division of Pharmacology, Utrecht Institute for Pharmaceutical Sciences, Faculty of Science, Utrecht
University, Utrecht, the Netherlands.

7 Institute for Risk Assessment Sciences, Faculty of Veterinary Medicine, Utrecht University, Utrecht, the
Netherlands.

8 Department of Pediatric Respiratory Medicine, Emma Children's Hospital, Amsterdam UMC, Amsterdam,
The Netherlands.

9 National Heart and Lung Institute, Imperial College London, and Royal Brompton and Harefield NHS Trust,

London, United Kingdom.

Corresponding author details:
Prof. lan M. Adcock

National Heart and Lung Institute, Imperial College London, and Royal Brompton and Harefield NHS Trust,

London, United Kingdom.

e-mail: ian.adcock@imperial.ac.uk

To the Editor,

COVID-19 can be a serious multi-system disease caused by the SARS-CoV-2 coronavirus, and the current
pandemic has affected more than 80 million people and caused nearly two million deaths worldwide. The
SARS-CoV-2 virus attaches to angiotensin-converting enzyme 2 (ACE2) receptors on the host cell membrane,
with the help of dipeptidyl peptidase 4 (DPP4), both exopeptidases . Cleavage of the virus spike protein (S-
protein) by endopeptidases, such as transmembrane protease, serine 2 (TMPRSS2) and Furin, occurs

following which the virus enters the host cell leading to virus replication . Other enzymes, such as the

This article is protected by copyright. All rights reserved


mailto:ian.adcock@imperial.ac.uk

sialyltransferases; ST6GAL1 and ST3GAL4, play a role for the synthesis of influenza A virus entry receptors ?,

however their role in SARS-CoV-2 infection has not been elucidated.

Asthma is a chronic inflammatory airway disease affecting 350 million people worldwide. It has not been
linked to serious outcomes when presenting with COVID-19 infection, although a higher risk of death has
been reported in severe asthma populations 3. The heterogeneous inflammatory nature of asthma raises the
possibility that the type of asthmatic inflammation might determine the outcome of SARS-CoV-2 infection in
asthma. Type-2 (T2) inflammatory markers have been associated with decreased ACE2 expression in asthma #
5, that could underlie the reduced risk of SARS-CoV-2 infection in asthmatics. In contrast, non-T2 asthma,
particularly neutrophilic asthma, has been associated with higher ACE2 and endopeptidases (TMPRSS2 and
Furin) expression as compared with the T2-high phenotype # >, that might imply a worse outcome with

COVID-19 infection.

Airway microbial imbalances has been reported in asthma, particularly in severe non-T2 asthma, and is
characterized by decreased microbial a-diversity with increased pathogenic bacterial abundances in
association with neutrophilia ®. Endopeptidases involved in S-protein cleavage such as Furin may also play a
role in the cleavage of pathogenic bacteria such Streptococcus pneumoniae and Pseudomonas aeruginosa or
bacterial toxins 7-8. High expression of such endopeptidases may be associated not only with a higher risk of
SARS-CoV-2 infection but also with microbial imbalances in severe asthma. Therefore, the aim of this study is
to investigate associations of sputum endopeptidases gene expression with metagenomics composition and

whether they could be used to stratify asthma patients according to risk of SARS-CoV-2 infection.

We examined the relation of SARS-CoV-2-associated endopeptidases with the airway bacterial composition,
SARS-CoV-2-associated exopeptidases and sialyltransferases, and inflammatory profile (cells and proteins) in
120 sputum samples collected from severe non-smoking asthmatics, severe smoking asthmatics, mild-
moderate asthmatics and healthy controls of the Unbiased BIOmarkers in PREDiction of respiratory disease
outcomes (U-BIOPRED) adult cohort®. Definition of asthma severity within the U-BIOPRED cohort has been
presented in details elsewhere®. Sputum transcriptomics, SomaScan® proteomics and metagenomics were
assayed as described previously > 8. Gene set variation analysis (GSVA) was performed to obtain the
enrichment score (ES) of the endopeptidase genes (TMPRSS2, and Furin). Spearman correlation coefficients
were computed between endopeptidases ES and sputum inflammatory markers and metagenomics a-

diversity measures. The median ES is equal to zero. Subsequently, subjects were subdivided into two groups
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according to their ESs, i.e., endopeptidase-high (ES > 0, n=60) and endopeptidase-low expression group (ES <
0, n=60). These were compared according to sputum inflammatory markers, metagenomics a-diversity
measures, and gene expression of the exopeptidases, ACE2, DPP4 and sialyltransferases (ST3GAL4 and
ST6GAL1). The two groups were also compared with respect to current intake of antibiotics, oral
corticosteroid (OCS), OCS normalized dosage (in mg), and history of hypertension and diabetes diagnoses. The
differential bacterial abundance between endopeptidase groups was computed using edgeR after relative log
expression normalization, while proteomics differential abundance was computed using limma. Pathway
enrichment analysis of differentially abundant proteins in the endopeptidase-high group was performed using

the Reactome database in g:Profiler.

Severe non-smoking (n=61) and smoking (n=23) asthmatics showed the highest median expression ES of
endopeptidase as compared to mild-moderate asthmatics (n=20) and healthy controls (n=16) (Figure 1A),
consistent with previous findings . The endopeptidases ESs were significantly correlated with sputum
neutrophil absolute counts (r;=0.55, p=7.7x10"'1) and percentages (r,=0.58, p=2.4x10"'2), which suggests that
the endopeptidases were neutrophil-derived. The endopeptidases ESs were inversely associated with
bacterial a-diversity measures (r, for observed species=-0.44, Shannon=-0.38, Chao1=-0.46, Simpson=-0.35, all
ps<1x10). The endopeptidase-high group (mean age=50.9+13.2, 53.3% females) had higher sputum
neutrophils (Figure 1B), with no differences in sputum eosinophils (Figure 1C), and exhibited reduced
bacterial a-diversity measures as compared with the endopeptidase-low group (mean age=48.2+14.6 yrs,
53.3% females) (Figure 1D). In addition, the endopeptidase-high group had a higher abundance of pathogenic
bacteria, such as Moraxella catarrhalis, Haemophilus influenzae displaying a pattern of pathogenic bacterial
aggravation compared with endopeptidase-low group (Figure 2A), while the latter had a higher abundance of
commensal bacteria, such as Rothia and Prevotella species. The endopeptidase-high group showed higher
sputum expression of the exopeptidases, ACE2 and DPP4 (Figure 1E), and sialyltransferase ST3GAL4 (but not
ST6GAL1) (Figure 1F) compared with the endopeptidase-low group, which might indicate higher risk of SARS-
CoV-2 infection and possible associated COVID-19 morbidity. No significant differences were found between
both groups considering current antibiotic and normalized OCS dose (data not shown). 250 proteins were
differentially-abundant between the high and low endopeptidase groups particularly with a higher abundance
of inflammatory markers, such as interleukin-6 (IL-6), tumor necrosis factor (TNF) superfamily member 4
(LIGHT), tissue inhibitor of metalloproteinases 2 (TIMP2), macrophage migration inhibitor factor (MIF), TNF-

stimulated gene 6 protein (TSG-6) and IL-8 proteins in endopeptidase-high group. Enrichment analysis in the
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endopeptidase-high group showed up-regulation of several pathways including innate immunity, neutrophil
degranulation, cytokines signaling, Toll-like receptor and platelet activation (Figure 2C). In serum, there was a

higher levels of IL-6, IL-18 and C-reactive protein in the endopeptidase-high group (p < 0.05, data not shown).

These findings suggest that appropriate stratification of asthma patients is necessary to adequately estimate
risk and/or morbidity of SARS-CoV-2 infection. The neutrophilia observed in the endopeptidase-high group
might be directly associated with pathogenic bacteria aggravation in this group. This may suggest that these
pathogenic bacteria presence or “blooming” is aggravating the immune system and changing the overall
microbial population. In addition, we speculate that the presence of airway bacterial imbalances might be a
consequence of the disturbed immune system in severe asthma such as inadequate phagocytic capacity of
macrophages 9, which might lead to higher risk of infections. In this cohort, clusters of severe asthma
patients which exhibited bacterial aggravation were relatively stable after 12-18 months &, which suggest
impairment of immune system over relatively long periods of time. Second, this bacterial aggravation might
be associated with comorbid-conditions, such as hypertension and diabetes, which are known risk factors for
more severe COVID-19. In our study, the endopeptidase-high group showed higher gene expression of
exopeptidases ACE2 (associated with hypertension) and DPP4, and the sialyltransferase ST3GAL4 (associated
with diabetes) compared with the endopeptidase-low group, which might indicate the pathophysiologic
involvement of both diseases in the endopeptidase-high group. However, there were no significant
associations between endopeptidases high/low groups and reported history of diabetes and hypertension
diagnosis in the included subjects (data not shown). Therefore, future studies are needed to explore whether

both diseases may influence the airway microbiome composition in asthmatics.

The present findings suggest that personalized therapies, such as those targeting neutrophils (e.g. anti-IL-17),
endopeptidase inhibitors (e.g. neprilysin inhibitors) and/or antimicrobial compounds might be tailored to

asthma patients with high risk of SARS-CoV-2 infection.

In conclusion, these findings in sputum highlight that it is important to assess overall microbial profile in
relation to SARS-CoV-2 associated proteases in order to adequately assess risk of infection in patients with

severe neutrophilic asthma.
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Figure legends

Figure 1:\ A; Protease (endopeptidases) genes enrichment scores (ES) in induced sputum were compared
between the 4 U-BIOPRED adult sub-cohorts. B; Sputum neutrophils (in absolute counts) were compared
between endopeptidase-high and endopeptidase-low groups. C; Sputum eosinophils (in absolute counts)
were compared between endopeptidase-high and endopeptidase-low groups. D; Different metagenomics a-
diversity measures (observed, Shannon, Chaol and Simpson) were compared between endopeptidase-high
and protease-low groups. E; ACE2 and DPP4 expression in induced sputum was compared between
endopeptidase-high and endopeptidase-low groups. F; ST3GAL4 and ST6GAL1 gene expression in induced
sputum were compared between endopeptidase-high and endopeptidase-low groups. Analysis was

performed using two-tailed Mann-Whitney U and Kruskal-Wallis H tests as appropriate.

Figure 2: A; Bacterial species differential abundance in induced sputum between endopeptidase-high and
endopeptidase-low groups. Values in positive log, fold change demonstrate higher abundance of bacterial
species in endopeptidase-high group relative to endopeptidase-low group. Only statistically significant
differentially abundant bacterial species with false discovery rate (FDR) a < 0.05 are depicted. B; SomaScan®
proteomics differential abundance in induced sputum between endopeptidase-high and endopeptidase-low
groups. Values in positive log, fold change demonstrate higher abundances of proteins in endopeptidase-high
group relative to endopeptidase-low group. Only labels of sputum proteins with at least twofold change are
depicted on the figure. C; Pathway enrichment analysis of differentially-abundant proteins (DAPs) in the
endopeptidase-high group using the Reactome pathways database. Only the top 15 significant pathways are

depicted.
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