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Summary

Pre-existing respiratory diseases may influence coronavirus disease (COVID-19) susceptibility and
severity. However, the molecular mechanisms underlying the airway epithelial response to severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection severity in patients with chronic
respiratory diseases remain unelucidated. Using an in vitro model of differentiated primary bronchial
epithelial cells, we aimed to investigate the molecular mechanisms of SARS-CoV-2 infection in pre-
existing cystic fibrosis (CF) and chronic obstructive pulmonary disease (COPD). Our study revealed
reduced susceptibility of CF and COPD airway epithelia to SARS-CoV-2, relative to that in healthy
controls. Mechanistically, reduced transmembrane serine protease 2 (TMPRSS2) activity potentially
contributed to this resistance of CF epithelium. Upregulated complement and inflammatory pathways
in CF and COPD epithelia potentially primed the antiviral state prior to infection. Analysis of a COVID-
19 patient cohort validated our findings, correlating specific inflammatory markers (IP-10, SERPINAL,
and CFB) with COVID-19 severity. This study elucidates SARS-CoV-2 pathogenesis and identifies

potential biomarkers for clinical monitoring.

Keywords: Cystic Fibrosis, COPD, COVID-19, SARS-CoV-2, Respiratory epithelium, chronic
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Introduction

The coronavirus disease (COVID-19) pandemic has underscored individual variations in the
susceptibility and severity of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infections. The major risk factors for severe illness include age, immunocompromised status, and
underlying comorbidities. Hypertension, diabetes and cardiovascular disease confer a high risk of severe
COVID-19%

At the onset of the pandemic, individuals with pre-existing impaired lung function due to chronic
respiratory diseases such as cystic fibrosis (CF), asthma, or chronic obstructive pulmonary disease
(COPD) were considered potentially more vulnerable. Follow-up clinical studies have revealed varying
susceptibility levels and risks of severe COVID-19 among these patient populations?. People with CF
(pwCF), particularly those who have undergone lung transplantation, are at increased risk of severe
disease and mortality following SARS-CoV-2 infection®*. Numerous cohort studies and meta-analyses
have demonstrated an increased likelihood of severe hospitalisation and mortality among patients with
COPD®*7 but not necessarily among those with asthma’®. However, conflicting results have emerged
because asthma is treated as a single condition without differentiation based on its type and severity.
Despite follow-up clinical studies, limited research has been conducted to understand and model
whether patients with preexisting conditions are more susceptible to severe COVID-19. To date,
research has primarily focused on the virus entry receptors, angiotensin-converting enzyme 2 (ACE2),
and transmembrane serine protease (TMPRSS2), which are overexpressed in smokers and patients with
COPD, but not in those with asthma?. However, ACE2 expression varies and depends on the type of
asthma, with low expressions associated with type 2 asthma and atopic inflammation?. At the cellular
level, SARS-CoV-2 targets epithelial cells of the respiratory tract, starting from the nasal cells of the
upper respiratory tract and progressing to the alveolar epithelial cells. In addition to their importance in
the infection process, these epithelial cells play crucial roles in both innate immunity and the initiation
of an adaptive immune response?, as well as in their interactions with immune cells to condition disease

severity?®.



However, the molecular mechanisms underlying the response of the airway epithelium to SARS-CoV-
2 infection in patients with chronic respiratory diseases remain poorly understood. In this study, we
aimed to model SARS-CoV-2 infection in the context of pre-existing respiratory conditions, specifically
CF and COPD. Our objective was to investigate the influence of specific characteristics of the epithelial
response on the outcome of SARS-CoV-2 infection in these pathological conditions. We used an in vitro
SARS-CoV-2 infection model involving differentiated primary bronchial epithelial cells cultured at an
air-liquid interface (ALI)*. These cells were derived from healthy individuals and patients with CF or
COPD. We used an integrated strategy combining virological, physiological, transcriptomic, and
proteomic approaches to highlight the common or characteristic signatures of SARS-CoV-2 infection
in these different contexts. We further compared the identified signatures with clinical data through a

retrospective analysis of a large cohort of patients with COVID-19.



Results

Differential impact of SARS-CoV-2 on the integrity of the control, CF, and COPD epithelia

We aimed to assess the differential impact of SARS-CoV-2 on the response of human airway epithelial
(HAE) cell models relative to those in the control (CTL), cystic fibrosis (CF), and chronic obstructive
pulmonary disease (COPD) epithelia (Fig 1. A) Initially, the transepithelial electrical resistance (TEER)
was determined, to evaluate epithelial integrity (Fig. 1B-D). The baseline TEER values before viral
infection were lower in the CF and COPD groups than those in the CTL group, reflecting inherent
physiological differences in each model (Fig. 1B-D). In all groups, whether in infected or uninfected
conditions, we observe an increase in TEER at 24 h, which returns to the initial state at 48 h (Fig. 1B-
D). Following SARS-CoV-2 infection, the CTL group exhibited a more substantial reduction in TEER
(68% decrease at 72 [hours post-infection (hpi); p<0.0001, Fig. 1B] than that in the CF (35% decrease;
p<0.05, Fig. 1C) and COPD (38% decrease; Fig. 1D) groups. Thus, CF and COPD epithelia may be
more resistant to SARS-CoV-2 infection. To compare the impact of SARS-CoV-2 on epithelial integrity
across groups, we calculated the TEER change (ATEER) between infected and mock-infected
conditions at each time point. The findings revealed a more substantial impairment of airway epithelial
integrity after SARS-CoV-2 infection in the CTL group than those in the CF and COPD groups (Fig.
1E). No significant differences in viral quantification were observed on the apical surface of the
epithelium among the three groups, with levels reaching a plateau at 24 hours post-infection (Fig. 1F).
However, quantification of intracellular viral genome expression (nspl4 mRNA levels) with time
showed lower SARS-CoV-2 replication in the CF group, with only a slight increase at 72 hpi (Fig. 1G).
In contrast, the CTL and COPD groups exhibited similar trends between 24 and 48 hpi, with a notable
increase in nspl4 mRNA expression. Interestingly, SARS-CoV-2 replication sharply declined in the
COPD group at 72 hpi, returning to a level similar to that in the CF group, whereas nspl4 mRNA
expression slightly increased in the CTL group. Finally, we observed that SARS-CoV-2 infection led to
a loss of ZO-1 expression in HAE CTL cells (Fig. 1H). Overall, our findings suggest more pronounced
SARS-CoV-2 replication in the CTL than that in the CF and COPD HAE models, which correlates with

a greater impact on epithelial integrity.



SARS-CoV-2 induces an epithelial type-specific transcriptomic responses over time

The transcriptomic response to SARS-CoV-2 in the CTL group was initiated at 48 h, revealing 135
differentially expressed genes (DEGS) relative to those in the mock-infected group, 132 of which were
overexpressed. This response was further amplified at 72 h, with 1275 DEGs, of which 970 were
overexpressed (see Fig. 2A and Table S1). Analysis of the associated enriched biological pathways
notably highlighted the “innate immune response” (GO:0045087) pathway (Fig. 2B). At 72 hpi,
numerous genes of the interferon (IFN) family, including IFNB1 (encoding IFN-B), IFNL1 (encoding
IFN-A1 or IL-29), IFNL2 (encoding IFN-A2 or IL28A), IFNL3 (encoding IFN-A3 or IL28B), and
CXCL10 (encoding interferon gamma-inducible protein 10 kDa (IP-10)), were among the top 15 most-
induced DEGs (Fig. 2C). At the protein level, this inflammatory response manifests through the
induction of IP-10 (Fig. 2D), Granulocyte colony-stimulating factor (G-CSF; Fig. 2E), RANTES (Fig.
2F), IL-1B (Fig. 2G), IFN-A3 (or IL-28B; Fig. 2H), tumour necrosis factor-a. (TNF-a; Fig. 21), IL-17A
(Fig. 2J), IFN-y (Fig. 2K), and IL-8 (Fig. 2L) at 72 hpi. However, the infection did not affect the
production of the other tested mediators (Fig. S1 and Fig. S2).

In the CF group, the transcriptomic response to SARS-CoV-2 initiated at 48 hpi, involving 20 DEGs,
of which 19 were overexpressed. At 72 h, 135 DEGs including 128 overexpressed transcripts were
identified (Fig. 3A and Table S2). The analysis of associated enriched biological pathways notably
revealed the activation of “antiviral mechanism by IFN-stimulating genes” (R-HSA-1169410) and
“defence response to virus” (GO:0051607) pathways (Fig. 3B). At 72 hpi, CXCL10, CXCL11,
Cl1orf96, ZBP1, and IFIT2 were among the top 15 most-induced DEGs (Fig. 3C). Among the
mediators measured at the protein level, only MMP-9 production was affected and downregulated at 24
hpi (Fig. 3D, Fig. S1 and Fig. S2).

Similar to the CTL and CF groups, the response to the virus in the COPD group was detected only at
the transcriptomic level from 48 h. It was characterised by 79 DEGs (including 78 overexpressed genes)
at 72 hpi (Fig. 3E and Table S3). Enriched biological pathways included “defence response to virus”
(G0:0051607) and “SARS-CoV-2 innate immunity evasion cell-specific immune response pathways”

(WP5039) (Fig. 3F). At 72 hpi, IFNB1, IFNL1, IFNL2, IFNL3, and CXCL11 were among the top 15



most-induced genes (Fig. 3G). At the protein level, only IP-10 production was affected and was

upregulated at 72 hpi (Fig. 3H and Fig. S1 and Fig. S2).

SARS-CoV-2 induces a stronger inflammatory response in epithelium from healthy donors than
from CF and COPD patients

A comparative analysis was conducted to investigate the reduced susceptibility of CF and COPD
epithelia to SARS-CoV-2 infection, relative to the CTL epithelia. Overall, the effect of SARS-CoV-2
infection on each group (CTL, CF, and COPD) revealed an increased number of transcripts from 48 h
onwards. However, this increase was notably greater at 72 h in the CTL group than that in the other two
pathological groups (Fig. 4A). The following three DEGs were common to all three groups at both 48
and 72 hpi : SOCS1, ZBP1, and CXCL10 (Fig. 4B and Fig. S3). Functional enrichment analysis at 48
and 72 hpi unveiled two major common pathways, "cytokine signalling in the immune system™ (R-HAS-
1280215) and "defence response to virus" (GO:0051607) (Fig. 4C). In the CF group, this response was
mainly detected at 72 hpi, whereas in the CTL and COPD groups, it was observed as early as 48 hpi,
with the CTL group exhibiting the strongest activation (Fig. 4C). Comparative analysis at 72 hpi, the
time when the number of induced genes is maximal (Fig. 4A), revealed a distinct response, mainly
between the CF and CTL groups, with 193 specific DEGs (Fig. 4D and Table S4). Biological pathway
enrichment analysis notably supported the involvement of the “complement and coagulation cascade”
and “TGF-f signalling pathway” in the specific response of the CF group (Fig. 4E). No significant
enrichment was observed in the COPD-specific response at 72 hpi. Comparative analysis at 24 hpi
revealed a distinct response, primarily between the CF and CTL groups, with 159 specific DEGs (Fig
S4A and Table S4). Biological pathway enrichment analysis (only feasible in the CF group with
sufficient DEGs) highlighted the involvement of “NF-«kB, TNF-a, and IL-17 signalling” pathways. Few
DEGs were identified between the COPD and CTL or the CF and COPD groups at 24 hpi. At 48 hpi
(Fig S4B and Table S4) and 72 hpi (Fig. 4C and Table S4), a slight increase of the number of DEGs
was observed between the CF and CTL groups (165 and 193 specific DEGs, respectively), as well as

between the COPD and CTL groups (25 and 26 specific DEGs, respectively). Finally, enrichment



analysis at 48 h supported the involvement of “NF-«xB and IL-17 signalling pathway” and “TNF and IL-
17 signalling pathways” in the specific responses of the CF and COPD groups, respectively (Fig S4B).
A comparative analysis of the infection effects between groups at different infection times (intersection:
(CTL non-infected (ni) vs. infected (pi)) vs. (disease group ni vs. pi)) was conducted. The only
difference in transcript expression was observed at 72 h between the CF and CTL groups (126 genes),
as well as between the COPD and CTL groups (45 genes) (Fig S5 and Table S5). Apart from the 28
common genes, 17 genes were specific to the COPD HAE response, and 28 genes were specific to the
CF HAE response. Enrichment analysis revealed that the "TNF signalling pathway" was involved in,
both, the CF and COPD groups. In contrast, no DEGs were observed between the CF and COPD groups.
The inflammatory response was further investigated by comparing the secretion of various cytokines
among the three groups. Overall, a stronger inflammatory response was observed in the CTL group at
72 h than in the other pathological groups, as shown by the heat map (Fig. 5A and Fig. S6A-K), with in
particular a strong increase in the level of IP-10 expression compared to those of the CF and COPD
groups (Fig. 5B). At 24 h, a significant increase in G-CSF expression levels was observed in the CTL
HAE group compared to those in the CF and COPD groups (Fig. S6A). Additionally, a significant
increase in IL-17A levels was observed in the CTL group compared to that in the CF group (Fig. S6A).
No significant differences were observed at 48 h; however, higher expression levels of G-CSF,
RANTES, MMP-1, S100A9, CCL-2, MIP-2, Furin, IFN-y, IL-1B, and TNF-o (Fig. S6A-K) were
observed in the CTL group at 72 h compared to those in the CF and COPD groups. In contrast, no
variations in IFN-A2, TFN-B, IL-8, IL-6, IL-1a, IL-17C, CRP, MMP-9, MMP2, and neuropilin secretion
levels were observed between the disease groups (data not shown).

Interestingly, increased soluble intercellular adhesion molecule 1 (SICAM-1) levels were observed at 72
h in the CTL group compared to those in the CF and COPD groups (Fig. 5C). Despite these data
suggesting induction at this time point, we did not observe a significant difference in SICAM-1 secretion
between non-infected and infected CTL HAE (Fig. 5D), contrary to the RNA-sequencing (RNA-seq)
results (Fig. 5E). These data suggest a delay between the increase in mMRNA expression and secretion

of soluble ICAM-1. Consistently, we compared the induction of intracellular ICAM-1 between non-



infected and infected conditions at 72 hpi, revealing a significant induction of intracellular ICAM-1 only

in the CTL group (Fig. 5F).

CF and COPD epithelial cells possess specific characteristics which protect them from SARS-
CoV-2 infection

We aimed to rationalize the difference in antiviral response between the pathological groups. We
hypothesised that although epithelial cells are isolated from the organ and cultivated in vitro, they retain
the intrinsic properties which enable them to generate a specific innate immune response. We analysed
the response in the initial state (non-infected at 24 h) of each group using both transcriptomic and
proteomic approaches (Fig. 6). CF cells displayed a very distinct transcriptomic signature compared to
CTL, with 350 DEGs. In comparison, only 46 DEGs were observed between COPD and CTL cells (Fig.
6A and Table S6). Finally, only nine specific DEGs were observed between CF and COPD cells (Fig.
6A and Table S6). Pathway enrichment analysis highlighted a strong association with the "inflammatory
response” (GO:0006954) processes and "complement and coagulation cascades" (hsa04610) in the CF
and COPD group (Fig. 6B). Interestingly, IL-6 and MUC5B/MUCS5AC (Table S6) are among the genes
most highly expressed in COPD and CF cells respectively, compared to CTL cells.

In addition, protein expression analysis revealed significant differences between the CTL and CF groups
(Fig. 6C and Table S7). The 15 most differentially expressed proteins (fold change) included AACT
(Alpha-1-antichymotrypsin or SERPINA3), DMBT1 (Deleted in malignant brain tumours 1 protein),
CO4B (Complement C4-B), TGM2 (Protein-glutamine gamma-glutamyltransferase 2), CFAB
(Complement factor B), SAAL1 (Serum amyloid A-1 protein), HTRAL (Serine protease HTRA1),
SLC5AL1 (Sodium/glucose cotransporter 1), RARRES (Retinoic acid receptor responder protein 1),
GALT6 (Polypeptide N-acetylglucosaminyltransferase 6), ALAT (Alpha-l-antitrypsin), MIA
(Melanoma-derived growth regulatory protein), CO3 (Complement C3), ABCC4 (ATP-binding cassette
sub-family C member 4), UBD (Ubiquitin D), and MK (Midkine). Enrichment analysis of the 86
differentially expressed proteins (Table S7) notably identified 11 significantly enriched Gene Ontology
(GO) terms, including “complement activation” (GO:0006956) and “regulation of peptidase activity”

(G0:0052547) (Fig. 6C). Protein interaction network analysis revealed four clusters with one major
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cluster containing 34 proteins (Fig. 6D). Interestingly, we also identified several proteins involved in
the complement pathway. These expression profiles obtained at 24 h using proteomics and
transcriptomics suggested re-evaluation of the RNA-seq data under infection conditions over time for
the target genes C3, CFB, C4B, C4A, SERPINAL, and SERPINA3. Consistent with the proteomic data,
the overexpressions of C3, CFB, C4B, C4A, SERPINAL, and SERPINA3 were observed in CF cells at
baseline (Fig. 6E). However, this increase is not observed in airway 16HBE140- CF cells with different
variants compared with wild-type 16HBE140-isogenic cells (Fig. S61). Finally, SARS-COV-2 induced
C4B and C4A expressions in the CTL and COPD groups at 72 hpi, whereas C3, CFB, SERPINAL, and
SERPINA3 expressions increased only in the CTL group at 72 hpi.

We aimed to elucidate the molecular mechanisms that protect CF and COPD epithelial cells against
SARS-CoV-2 infection. This could be potentially attributed to relatively lower expressions of viral
receptors (ACE2 and TMPRSS2). Similar ACE2 mRNA and protein expression levels were observed
in all three groups of non-infected cells at 24 h (Fig. 6F). Comparative TMPRSS2 RNA expression at
24 h showed a significant reduction in the CF group (Fig. 6F). However, corresponding differences at
the protein level were not observed using western blotting (Fig. 6G) or proteomic analysis (Table S7).
Furthermore, we observed a significant 1.5-fold decrease in TMPRSS2 activity at the apical side of the
CF epithelium relative to that in the CTL and COPD group, which was equivalent to that obtained with
serine protease inhibitor treatment, such as mesylate camostat (Fig. 6H). Thus, the relative protection
of CF epithelia against SARS-CoV-2 is not linked to quantitative but to functional variations in
TMPRSS2. In conclusion, our analyses reveal that the initial state of bronchial epithelial cells in CF and
COPD patients differs significantly from that of healthy donor cells. The pro-inflammatory condition of
these cells, along with specific characteristics like the overexpression of A1AT and the reduced

expression of TMPRSS2 observed in CF cells, may impact their response to SARS-CoV-2 infection.

IP-10, SERPINAL and CFB are associated with COVID-19 infection and severity

Transcriptomic and proteomic analyses performed in HAE revealed elevated IP-10 levels in SARS-

CoV-2-infected CTL, CF, and COPD epithelia. Similarly, but restricted to the CTL group, sSICAM-1,
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SERPINAL, SERPINAS3, C3, C4, and CFB were induced by SARS-CoV-2 infection. Thus, these
mediators may serve as potential clinical markers of infection and disease severity.
To validate this hypothesis, we analysed the secretion levels of these mediators in patients from the

COVID-19 Quebec Biobank (BQC19, www.quebeccovidbiobank.ca) using a multiplex SOMAmer

affinity array (Somalogic)''. The expression levels of IP-10, SERPINA1, C4, and CFB were
significantly higher in the COVID-19-positive group than in the COVID-19-negative group.
Conversely, sSICAM-1, SERPINAS3, and C3 levels were significantly lower in the COVID-19-positive
group (Fig. 7A). Considering infection severity, we determined that IP-10, SERPINAL, and CFB levels
were significantly elevated in patients with severe COVID-19 compared to those with moderate
COVID-19, whereas C3 levels were reduced in the severe group. Thus, IP-10, SERPINAL, and CFB are
markers of both SARS-CoV-2 infection and COVID-19 severity (Fig. 7B). In-line with this, further
specific analysis of patients with COPD showed a significant increase in IP-10 levels in COVID-19-
positive patients with COPD, compared to those without COVID-19 (Fig. 7C). However, a similar

analysis could not be performed in patients with CF due to the limited number of cases.
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Discussion

At the beginning of the COVID-19 pandemic, patients with pre-existing respiratory pathologies were
expected to be at a higher risk of developing severe illnesses. Apart from clinical studies, limited
experimental studies have investigated if these patients are more vulnerable to SARS-CoV-2 infection
and elucidated the underlying molecular mechanisms. In this study, we investigated and compared the
response of bronchial epithelial cells from healthy donors and patients with pre-existing respiratory
pathologies, such as CF and COPD, to SARS-CoV-2 infection. We further determined whether the
experimental models were consistent with the clinical data reported for this vulnerable population.

We used a physiologically relevant in vitro model of reconstituted epithelium derived from cells
differentiated at the air-liquid interface from healthy lung tissue, a model previously well-characterized
by our team and others in the context of SARS-CoV-2 infection'®*?, Additionally, we included epithelia
derived from pwCF and patients with COPD. Despite the inherent limitations of an in vitro model, these
epithelia preserve key disease-specific characteristics. For instance, the CF model exhibits impaired
CFTR chloride channel function®®. Reconstituted epithelium models derived from COPD patients retain
key disease-associated features, even over the long term**.

Using this model, we observed that bronchial HAE from patients with pre-existing respiratory
pathologies (CF or COPD) displayed a distinct response to infection relative to that from healthy donors.
Interestingly, this response was characterised by preservation of epithelial integrity, low SARS-CoV-2
infectivity, and low antiviral and inflammatory responses. Thus, we hypothesised that individuals
without excessive inflammatory responses could not develop severe COVID-19.

Based on the findings of our previous study™®, we observed that the infection of healthy donor epithelium
by SARS-CoV-2 induced a loss of epithelial integrity, characterised by a decrease of TEER and the
disruption of ZO-1 cell junction protein as previously shown'?™*. This was associated with an
inflammatory response characterised by IFN pathway activation, as observed using both transcriptomic
and proteomic data. Interestingly, CXCL-10 (IP-10) was strongly induced at 72 hpi, as evidenced by
both mRNA expression and protein secretion. Consistently, this strong CXCL-10 induction was
similarly observed in another study using primary tracheobronchial and alveolar cells cultured at the air-

liquid interface®. CXCL-10 is a well-known IFN-inducible chemokine with pleiotropic roles’; its levels
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are increased in patients with COVID-19'8, This cytokine is also a known nasopharyngeal biomarker of

1920 and a systemic marker of COVID-19 severity?:. Our experimental results

viral respiratory infection
are in-line with these numerous clinical studies and also correlate with our cohort analysis, wherein
CXCL-10 correlated at the systemic level with SARS-CoV-2 infection and severity in the BQC19
cohort. CXCL-10 mRNA levels, but not protein levels, were also increased 72 hpi in the CF epithelium,
compared to that in healthy controls. This difference could be explained by the timing of infection,
wherein a longer duration of SARS-CoV-2 infection in CF cells may be required to determine its impact
on CXCL-10 protein secretion. Unfortunately, we were unable to analyse CXCL-10 secretion in pwCF
from the BQC19 cohort, since data were not recorded. Interestingly, a case study reported lower CXCL-
10 expression in a pwCF infected with SARS-CoV-2 than that in a pwCF without SARS-CoV-2
infection?. Although our experimental results corroborate these findings, it is difficult to establish an
association between CXCL-10 levels and the severity of pwCF in our study, as no pwCF with COVID-
19 was included in the BQC19 cohort. Similarly, CXCL-10 mRNA and protein levels were induced in
the COPD epithelium. In the BQC19 cohort, we also observed an enrichment of this cytokine in patients
with COPD positive for COVID-19 compared to that in patients with COPD but without COVID-19.

In the CF epithelium, viral replication was reduced and did not severely damage epithelial integrity. Our
data strongly correlate with the findings of previous studies using CF cells, such as cell lines (CFBE41o0-
AF, 16HBE CFTR KO) or differentiated primary bronchial epithelial cells at the ALIZ?%,
Correspondingly, there were no differences in ACE2 expression between control and CFTR-deficient
cells®®*?*, suggesting that reduced SARS-CoV-2 infection is not caused by a lower viral entry. However,
these results contradict those of a recent study by Bezzerri et al., which shows that ACE2 mRNA and
protein expression are reduced in CF epithelium compared to that in healthy primary nasal or bronchial
epithelium. They suggested that this phenomenon could explain the reduced SARS-CoV-2 replication
in CF cells®®. They also performed a similar analysis with Calu-3 CFTR-KO (SH3 cells) cells, as well
as isogenic cells of the 16HBE140-line with W1282X or G542X nonsense mutations, which supported
this hypothesis. However, they also demonstrated identical ACE2 expression in CFBE4lo- and
CFBE410-/F508del cells®. Furthermore, ACE2 expression is not modulated by CFTR inhibition®.

Therefore, it is difficult to rule out the impact of ACE2 expression on SARS-CoV-2 infectivity in
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patients with CF. In our study, western blotting or mass spectrometry did not reveal differences in ACE2
protein expression in bronchial HAE with the F508del variant, suggesting that the ACE2 expression
levels in CF cells may depend on CFTR expression levels related to the type of CFTR variant (missense
(e.g. F508del) vs. nonsense (e.g. G542X)). However, we cannot exclude the possibility of other inter-
individual variabilities, such as sex, in ACE2 expression between donors, rather than a specific effect
linked to CFTR. This hypothesis could explain the discrepant results between our study and that of
Berrezzi et al?®. Categorically, ACE2 is localized on the X chromosome and belongs to a subgroup of
X chromosome genes showing higher expression in male lungs®. Hence, in the study by Berrezzi et al.,
the use of healthy male donors and female pwCF may introduce a bias in interpreting the observed
difference in ACE2 expression 2°.

TMPRSS2 is a critical protein involved in SARS-CoV-2 infection. It cleaves the spike protein, allowing
viral entry and replication. In our experimental model, TMPRSS2 was similarly expressed in the CF
and healthy epithelium. This result is consistent with a single-cell transcriptomic study involving 19
healthy donors and 19 pwCFs (both fresh airway tissue and differentiated cells at ALI), demonstrating
similar ACE2 and TMPRSS2 expressions?’. Surprisingly, we observed reduced TMPRSS2 activity in
the CF epithelium compared to that in the healthy and COPD epithelium. To our knowledge, this is the
first demonstration that this mechanism might be responsible for reduced SARS-CoV-2 infectivity in
the CF respiratory epithelium. Interestingly, proteomic analysis of uninfected epithelia reveals a distinct
regulation of peptidase activity in CF cells, highlighted by an overexpression of ALlAT. This
overexpression may play a role in the inhibition of TMPRSS2 activity observed in CF cells. Indeeed,
AL1AT has been shown to inhibit TMPRSS2 protease activity and reduce SARS-CoV-2 infection in
primary human airway cells®.

In this study, we focused on deciphering the cause of different antiviral responses between CF and
COPD epithelia. Transcriptomic and proteomic analysis of the initial (non-infected) state revealed that
CF and COPD bronchial HAE are already involved in the response to infection. Interestingly, proteins
associated with complement pathways, such as C3 and CFB, are overexpressed intracellularly in CF
epithelial cells. Interestingly, confirming this already inflammatory basal state of the CF epithelium, we

also observed that MUC5B and MUCS5AC transcripts are overexpressed in CF cells. MUC5B and
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MUCS5AC proteins are known to be increased in the sputum of pwCF?. Some complement and
inflammatory proteins including IL-6 are also upregulated in the COPD epithelium, but only at the
genomic level. The overexpression findings in our experimental model correlated with those of another
study, wherein C3 was overexpressed at the intracellular level in the epithelium of pwCF*°. Moreover,
C3 is overexpressed in COPD lung tissues®. Kulkarni et al. suggested that the intracellular C3 protein
protects airway epithelial cells from stress-associated cell death®. Complement hyperactivation is also
a well-documented clinical feature of COVID-19%. However, the role of intracellular complement in
the cellular response to SARS-CoV-2 infection remains unclear. While the role of complement proteins
in regulating inflammatory and immune responses is well-known, their intracellular role is emerging
but remains poorly understood®?. A mechanistic study has shown that C3 is capable of binding to viruses
(e.g. adenovirus) and promoting their degradation, thus preventing their replication®. Similar to C3,
CFB plays a major role in pulmonary epithelial cell survival under stress by attenuating programmed
cell death®. Consistent with previous findings®®, we observed no overexpression of C3 or CFB in wild-
type 16HBE140 cells compared to isogenic 16HBE140 CF cells carrying various CFTR variants,
suggesting that CFB and possibly C3 overexpression are unrelated to the CFTR defect. The most likely
hypothesis is that this increase is linked to a history of CF, particularly the chronic colonisation of the
respiratory tract of pwCF by various pathogens. Notably, Pseudomonas aeruginosa infection of
bronchial epithelial cells increases C3 and CFB expressions®.

Epithelial cells from COPD or CF donors infected with SARS-CoV-2 showed no or delayed decrease
in integrity. The viral load in COPD cells was detectable at 48 h and in quantities similar to those of
healthy epithelial cells, but decreased significantly at 72 h, reaching the level of CF epithelial cells. We
did not observe any differences in viral replication in the apical medium between the different groups.
While other studies have demonstrated differences in viral replication between cells from CF and non-
CF donors (albeit with other respiratory pathologies and specific SARS-CoV-2 variants) using a higher
MOI (MOI=1)*, it is possible that the MOI employed in our model is excessively high. This represents
a potential limitation of our study. A similar transcriptomic signature was observed between COPD and
CF epithelia in our study, suggesting a common cellular response. The response of bronchial epithelial

cells in patients with COPD has been documented, particularly in a study using a single-cell RNAseq
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approach®. In this study, infected epithelial cells from healthy donors expressed lower CXCL-10 levels
than those in infected COPD epithelial cells. Contrary to our results, Johansen et al. showed that COPD
epithelial cells are much more susceptible to SARS-CoV-2 infection than healthy controls, which is
associated with a stronger inflammatory response, potentially due to the overexpression of SARS-CoV-
2 coreceptors, such as TMPRSS2 and a reduced anti-protease environment®. These findings could be
attributed to various factors, notably the older age of the patients (76.5 years on average vs. 50.5 years
in our study).

Overall, our in vitro epithelial model showed a weaker response to viral infection in the pathological
epithelia of pwCF and patients with COPD suggesting that the initial inflammatory state of the
epithelium protects against SARS-CoV-2 infection. Thus, during their lifetime, previous exposure of
patients with COPD and CF to microorganisms, such as P. aeruginosa responsible for chronic
inflammation, could condition their pulmonary response to subsequent SARS-CoV-2 infection. Indeed,
prior exposure to pathogens could lead to distinct innate immune responses, such as trained immunity
or tolerance® and our earlier work demonstrated that this phenomenon also occurs in lung epithelial
cells in vitro®. Recent studies using COPD bronchial epithelial cells further support the existence of
inflammatory memory linked to disease history**. Consistently, epidemiological data from patients with
COPD and CF suggest that only a small proportion of these patients developed a severe form of COVID-
19. However, a formal correlation between our in vitro results and epidemiological data could not be
established. Recent work supports our hypothesis that in patients with COPD and CF, pulmonary
inflammation preceding SARS-CoV-2 infection could explain the variability in response to SARS-CoV-
2 infection. Indeed, studies using murine models demonstrated that activation of the pulmonary
inflammatory response by respiratory pathogens, such as Staphylococcus aureus, which is associated
with CF, Toll-Like receptor ligands, TNFa, or IL-1, establishes an antiviral state in the lungs, which
limits SARS-CoV-2 replication®.

CF and COPD share several overlapping phenotypic and pathological characteristics, suggesting
potential mechanistic links. Both conditions are characterized by progressive airflow obstruction,
persistent neutrophilic airway inflammation, and recurrent infectious exacerbations*®. Notably,

alterations in CFTR chloride channel function play a role in both diseases: genetically driven variants
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in CF and dysfunction predominantly associated with cigarette smoke exposure in COPD*'. Therapies
targeting CFTR, proven effective in CF, as the potentiator ivacaftor are therefore garnering significant
interest for potential applications in COPD*.. This raises the question of whether the similar responses
observed in CF and COPD epithelia to SARS-CoV-2 infection might be linked to CFTR dysfunction,
and whether these phenotypes could be modulated by CFTR-targeting drugs. Pharmacological inhibition
of CFTR using various CFTR inhibitors (inh-172, IOWH-032 and PPQ-102) has been shown to reduce
SARS-CoV-2 infectivity and viral replication in bronchial epithelial cells®®*?, However, a recent study
on CF primary differentiated bronchial epithelial cells demonstrated that restoring CFTR activity with
a combination of correctors (elexacaftor and tezacaftor) and the potentiator ivacaftor does not increase
the susceptibility of CF epithelia to infection®. These contradictory results show that the specific role
of both wild-type and mutated CFTR in the control of viral infection remains to be further investigated.
It would thus be interesting to evaluate the role of CFTR activators in COPD cells that retain a non-
mutated CFTR.

A limitation of our study is the use of donors of different ages in the three groups. The CF patient group
was younger (mean age: 28 years) than the COPD (mean age: 50.5 years) and CTL (mean age: 45.75
years) groups. A recent study using nasal cells differentiated at the ALI showed that donor age plays an
important role in the response to SARS-CoV-2, which is consistent with epidemiological data
identifying age as a risk factor for severe COVID-19*%. Donor age influences cell tropism; both ACE2
and TMPRSS2 expressions vary between paediatric (<12 years) and adult donors, as well as between
adults of different ages (30-50 years vs. >70 years). The infected paediatric nasal epithelium shows high
expression of IFN-stimulated genes and partial viral replication in goblet cells, whereas the infected
older adult nasal epithelium shows an increase in basaloid-like cells, promoting viral spread and altering
epithelial repair pathways. Although all donors were between 22—60 years of age (i.e. under 70 years),
the effect of age between the CF and control groups could not be convincingly ruled out in our study.
In conclusion, the pre-existing inflammatory state of the airway epithelium in chronic respiratory
diseases may paradoxically confer protection against severe COVID-19. This study provides important
insights into the pathogenesis of SARS-CoV-2 infection and identifies potential biomarkers for clinical

monitoring.
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Resource availability
Lead Contact
Further information and requests for resources and reagents should be directed to and fulfilled by the

lead contact Loic Guillot (loic.quillot@inserm.fr)

Material availability
The SARS-CoV-2 isolate generated in this study will be made available from Olivier Terrier

(olivier.terrier@univ-lyonl.fr) with a completed Materials Transfer Agreement.

Data and code availability

The complete genome sequence of the isolated SARS-CoV-2 is available in the GISAID EpiCoVTM
database. The RNA-Seq data were deposited to the ArrayExpress collection. The mass spectrometry
proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE* partner
repository. Accession numbers are listed in the key resources table.

Computer code is publically accessible through https://github.com/GENOM-1C-Cochin/RNA-
Seq_analysis. Any additional information required to reanalyse the data reported in this paper is

available from the lead contact upon reasonable request.

Limitation of the study

While we demonstrated that bronchial epithelium from healthy donors is significantly more sensitive to
viral infection compared to that of CF or COPD donors—showing as a loss of epithelial integrity and
elevated CXCL-10 production. it is important to note that this remains an in vitro model, which could
not fully predict clinical reality at the individual level. Indeed, the age, sex and clinical variability of
donors, which could not be tested, could influence the response of the reconstituted epithelium to SARS-
COV-2. We identified a reduction in TMPRSS2 expression in CF cells, which may account for the
apparent protection of the epithelium. However, the mechanisms underlying the reduced susceptibility

of bronchial cells from COPD donors require further, more in-depth investigation.
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Figure legends

Figure 1. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection features in
reconstituted bronchial human airway epithelium (HAE) obtained from control (CTL), chronic
obstructive pulmonary disease (COPD), and cystic fibrosis (CF) donors. (A) Summary of the
experimental design: HAE obtained from four different donors for each group were mock-infected or
infected with SARS-CoV-2 (multiplicity of infection [MOI] = 0.1) for 24, 48 or 72 h. Thus, to conduct
the various analyses, the experiment includes two sets, each comprising a total of 72 HAE. At each
timepoint, transepithelial electrical resistance (TEER; ohms.cm?) was measured for the CTL (B), CF
(C), and COPD (D) groups. Data are the mean (+ SD) TEERs measured in each group, CTL, CF and
COPD, each of which includes 4 donors. For each group, the number of values represented (n=8)

corresponds to two independent measurements per individual (2 independent epithelium sets - see Fig.
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1A). Two-way analysis of variance (ANOVA) was used with Sidak’s multiple comparisons test. (E)
Data are the mean (= SD) of the change in TEER between infected and mock condition and were
determined at each timepoint for the three groups (n=8/group). Two-way ANOVA was used with
Tukey’s multiple comparisons test. Kinetics of (F) apical (relative to input as the reference=1) and (G)
intracellular (relative to that of the housekeeping gene GAPDH) nspl4 mRNA expression determined
using quantitative reverse transcriptase-polymerase chain reaction. Data are the mean (+ SD) of relative
gene expression at each timepoint for the three groups (n=8/group). Two-way ANOVA was used with
Tukey’s multiple comparisons test. *, ** and **** for p<0.05, p<0.01 and p<0.0001, respectively. (H)
Confocal images of mock-infected (left image) and SARS-CoV-2-infected HAE CTL cells (MOI =0.1;
72 h) stained for ZO-1 (green) (middle image) and co-stained with the SARS-CoV-2 nucleocapsid
(gradient) (overlay, right image). Nuclei were stained with DAPI (yellow). Images were taken at a

magnification of x63 (scale bar 50 um).

Figure 2. Specific antiviral response in healthy (CTL) reconstituted bronchial HAE (A) Venn
diagram depicting the total number of differentially expressed genes (DEGSs) (padjBH<0.05, log2FC>1
and <-1, Base mean>20) in CTL HAE infected with SARS-CoV-2 (MOI=0.1) for 24, 48 or 72 h. (B)
Heatmap of biological pathways involved in SARS-CoV-2 response of CTL HAE cells at 48 h and 72
h. (C) Volcano plot comparison of infected and mock-infected CTL cells (padjBH cut-off 1.3, log2FC
cut-off: 1/-1). (D-L) Kinetics of IP-10 (D), G-CSF (E), RANTES (F), IL-1B (G), IFN-A2 (IL-28B) (H),
TNF-a (1), IL-17A (J), IFN-y (K), IL-8 (L) production in CTL HAE cells infected with SARS-CoV-2
(MOI=0.1) for 24, 48 or 72 h. Data are the mean (+ SD) of cytokine expression at each timepoint
(n=4/group). *p<0.05 Two-way ANOVA was used with Sidak’s multiple comparisons test. See Fig. S1

and S2.

Figure 3. Specific antiviral response in CF and COPD reconstituted bronchial HAE. (A) Venn
diagram depicting the total number of DEGs (padjBH<0.05, log2FC>1 and <-1, Base mean>20) in CF

HAE cells infected with SARS-CoV-2 (MOI=0.1) for 24, 48, or 72 h. (B) Heatmap of biological
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pathways involved in SARS-CoV-2 response of CF HAE at 48 h and 72 h. (C) Volcano plot comparison
of infected and mock-infected CF cells (padjBH cut-off 1.3, log2FC cut-off: 1/-1). (D) Kinetics of
Matrix metalloproteinase-9 (MMP-9) production in CF HAE infected with SARS-CoV-2 (MOI=0.1)
for 24, 48 or 72 h. Data are the mean (£ SD) of MMP-9 expression at each timepoint (n=4/group).
*p<0.05 Two-way ANOVA was used with Sidak’s multiple comparisons test. (E) Venn diagram
depicting the total number of DEGs (padjBH<0.05, log2FC>1 and <-1, Base mean>20) in COPD HAE
infected with SARS-CoV-2 (MOI=0.1) for 24, 48, or 72 h. (F) Heatmap of biological pathways involved
in SARS-CoV-2 response of COPD HAE at 48 h and 72 h. (G) Volcano plot comparison of infected
and mock-infected COPD cells (padjBH cut-off 1.3, log2FC cut-off: 1/-1). (H) Kinetics of CXCL-10
production in COPD HAE infected with SARS-CoV-2 (MOI=0.1) for 24, 48, or 72 h. Data are the mean
(+ SD) of IP-10 expression at each timepoint (n=4/group). *p<0.05 Two-way ANOVA was used with

Sidak’s multiple comparisons test. See Fig. S1 and S2.

Figure 4. Comparison of transcriptomic signature of CTL, CF, and COPD reconstituted bronchial
HAE with time. (A) Total number (up- and down-regulated) of DEGs in HAE from CF, COPD, and
CTL donors infected with SARS-CoV-2 (MOI=0.1) for 24, 48, or 72 h. (B) Venn diagram depicting the
total number of DEGs (padjBH<0.05, log2FC>1 and <-1, Base mean>20) in the CTL, CF, and COPD
HAE infected with SARS-CoV-2 (MOI=0.1) for 48 or 72 h. (C) Heatmap of biological pathways
involved in SARS-CoV-2 response of CTL, CF, and COPD HAE cells at 48 h and 72 h. (D) Venn
diagram depicting the total number of DEGs (padjBH<0.05, log2FC>1 and <-1, Base mean>20) at 72 h
among SARS-CoV-2-infected HAE from CTL, CF, and COPD groups. Gene Ontology enrichment
analysis was performed with ShinyGO 0.8, using a list of specific DEGs (when the number of DEGs is
sufficient). The charts represent the most enriched biological processes; the size and colour of the dots

indicate the number of genes and the false discover rate (-log10(FDR)). See Fig. S3 and S4.

Figure 5. Comparison of inflammatory responses from CTL, CF, and COPD reconstituted

bronchial HAE with time. Heatmap (A) (ClustVis options: clustering distance rows/columns:
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correlation; Clustering method rows/columns: average) of mean comparative production data
(A=differences between production measured without and with infection in each group; n=4) with time
(24, 48, or 72 h) of inflammatory mediators, including IP-10 (B) between CTL, CF, and COPD HAE
infected with SARS-CoV-2 (MOI=0.1) at each timepoint. **p<0.01, ***p<0.001 Two-way ANOVA
was used with Tukey’s multiple comparisons test. (C) Kinetic of ASICAM-1 (infected/non-infected)
mean (+ SD) expression using enzyme-linked immunosorbent assay (ELISA) in bronchial epithelial
cells from CTL, CF, and COPD groups (n=4/group) infected with SARS-CoV-2 (MOI=0.1) for 24, 48,
and 72 h. *p<0.05 Two-way ANOVA was used with Tukey’s multiple comparisons test. (D) Kinetics
of SICAM-1 mean (£ SD) expression using ELISA in mock-infected or SARS-CoV-2-infected
(MOI=0.1) CTL group (n=4) at 24, 48 and 72h. *p<0.05 Two-way ANOVA was used with Sidak’s
multiple comparisons test (E) ICAM-1 mRNA (mean number (n) + SD of reads, extracted RNAseq
data) (F) and protein (relative expression after normalization against B-actin) expressions in CF, COPD,
and CTL HAE (n=4/group) infected with SARS-CoV-2 (MOI1=0.1) for 72 h. *p<0.05 paired t-test. See

Fig. S6.

Figure 6. Comparison of transcriptomic and proteomic signatures of initial infection-free states
among CTL, CF, and COPD reconstituted bronchial HAE. (A) Venn diagram depicting the total
number of DEGs among non-infected CTL, CF, and COPD HAE at 24 h (padjBH<0.05). (B) Heatmap
of biological pathways involved in the initial infection-free state of CTL, CF, and COPD HAE at 24 h.
(C) Volcano plot for comparison of protein expressions between non-infected CF and CTL HAE at 24
h (padjBH cut-off 1.3, log2FC cut-off: 1.5/-1.5). (D) Network (STRING) of predicted associations of
the proteins coded by the 86 differentially expressed proteins between non-infected CF and CTL HAE
cells at 24 h. The network nodes are proteins, and the edges represent the predicted functional
associations. Line thickness indicates the strength of data support. Four clusters (K-means clustering)
have been identified (light and dark green, red and blue). (E) Temporal comparison of the mean (+ SD)
expressions of various transcripts among CTL, CF, and COPD HAE (n=4/group) in uninfected or

SARS-COV-2-infected conditions (*padjBH<0.05: uninfected (-) vs. (+) SARS-CoV-2;
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(#padjBH<0.05: CF vs. CTL or COPD vs. CTL at 24h uninfected; $padjBH<0.05: CF vs. COPD at 24
h uninfected). (F) Angiotensin-converting enzyme 2 (ACE2) and TMPRSS2 mRNA (mean number (n)
(+ SD) of reads, extracted RNAseq data, padjBH<0.05) and (G) protein expressions in CTL, CF, and
COPD HAE (n=4/group) not infected at 24h. Data are the mean (+ SD) of relative TMPRSS2 and ACE2
protein expressions after normalization against GAPDH. One-way analysis of variance (ANOVA) was
used with Tukey’s multiple comparisons test. (H) TMPRSS2 activity in HAE cells from two CTL (n=9
independent inserts per donor), one CF donor (n=9 independent inserts) and one COPD donor (n=9
independent inserts) treated or not with camostat mesylate (n=3 independent inserts for each donor).
*p<0.05, ***p<0.001, ****p<0.0001; One-way analysis of variance (ANOVA) was used with Sidak’s

multiple comparisons test.

Figure 7. Violin plot of expression levels (z-scores) of IP-10, SICAM-1, SERPINAL, SERPINA3, C3,
C4, and CFB proteins between COVID+ and COVID- patients (A), severe and moderate COVID+

patients (B) and COVID+ and COVID- patients with COPD (C).

Supplemental information:

Tables S1-S6 and Figures S1-S6

STAR Methods

KEY RESOURCES TABLE

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Reconstituted bronchial HAE

HAE were obtained from bronchi samples of healthy individuals (control: CTL, 4 independent donors

including 2 males and 2 females), patients diagnosed with COPD (n=4 independent donors including 2

males and 2 females), and pwCF (4 independent donors including 2 males and 2 females), all of whom
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were homozygous for the F508del variant; these were provided by Epithelix SARL (MucilAir™, Plan-
les-Ouates, Switzerland; see Key Ressources Table for specific donors details). These cells were
cultured simultaneously at an ALI for 3 weeks to allow differentiation. Subsequently, the HAE were
cultured in MucilAir™ culture medium at 37 °C, 5% CO, (Epithelix), following the manufacturer's
instructions. All the HAE were certified by Epithelix negative for mycoplasma. Considering the known
risk factors for severe COVID-19, the experimental design included as many male and female donors
for the healthy and pathological groups. As expected, owing to the intrinsic characteristics of CF, pwCF
(mean age: 28 years) were younger than those with COPD (mean age: 50.5; p=0.043, Tukey’s multiple
comparison test) and CTL (mean age: 45.75, not significant). These studies were conducted in
accordance with the Declaration of Helsinki on Biomedical Research (Hong Kong amendment, 1989)
and approved by the local ethics commission. This project was approved (Opinion number 20-688/20-

688 bis) by the Inserm Institutional Review Board (IRB00003888, IORG0003254, FWA00005831).

Epithelial cell lines

Pr Dieter Gruenert (originator) and Dr Beate lllek (provider) from the University of California San
Francisco generously supplied 16HBE140- (16HBE) cells. The cells were cultured in minimum
essential medium-Glutamax supplemented with 10 % FCS and 1 % antibiotics, as recommended by the
manufacturer. Cells with the CFTR variants (F508del, G551D, G542X and W1282X ) were obtained
from the Cystic Fibrosis Foundation and cultured as recommended by the manufacturer *°. 16HBE cells

were negative for mycoplasma contamination (MycoStrip™, Invivogen, Toulouse, France).

Virus

The SARS-CoV-2 strain used was isolated from a 47-year-old female patient enrolled in a French
clinical cohort of patients with COVID-19 (NCT04262921)™. Sequence deposited in the GISAID

EpiCoVTM database under BetaCoV/France/IDF0571/2020 (accession ID EPI_ISL_411218).

BCQ19 cohort
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The circulating proteome of BQC19 patients was analyzed between 2 April 2020 and 20 April 2021
using a multiplex SOMAmer affinity array (SomaLogic, 4,985 aptamers). The data were pre-processed
according to the protocol described in a previous study*. A two-sided Mann-Whitney U test was used

to assess the association between the levels of these mediators and disease characteristics.

METHOD DETAILS

SARS-CoV-2 infection and viral quantification

All experiments involving clinical samples and manipulation of infectious SARS-CoV-2 were
performed in biosafety level 3 facilities, using the appropriate protocols. Two sets of HAE cells from
CTL (n=4), COPD (n=4), and CF (n=4) were washed gently twice with OptiMEM (Life technologies,
Paisley, UK)) at the apical poles and then were mock-infected (OptiMEM) or infected with SARS-CoV-
2 (strain BetaCoV/France/IDF0571/2020; accession ID EPI_ISL_411218) with a multiplicity of
infection of 0.1, as previously described (1 h of contact with the virus followed by a change in medium)
10 for 24, 48, and 72 h at 37 °C, 5% CO; (Fig. 1A). Apical washes and basal media were collected at
each timepoint and conserved at -80 °C for further analysis. HAE cells were harvested in cell lysis
buffer, and total RNA was extracted for subsequent real-time quantitative reverse transcriptase and

polymerase chain reaction (RT-gPCR) and RNA-seq analysis.

SARS-CoV-2 quantification

Viral quantification in the apical media was performed using the EXPRESS One-Step Superscript RT-
gPCR Kit (Invitrogen, Carlsbad, CA, USA) (Set 1) and primer and probe sequences targeting the
ORF1b-nsp14 as previously detailled'®. The relative expression level of ORF1b-nsp14 was expressed
relative to the input.

Intracellular quantification of ORF1b-nsp14 and GAPDH (housekeeping HAE gene) was perfomed by
RT-gPCR of the total RNA extracted from cell lysates (Set 1) using the NucleoSpin RNA/miRNA kit
(Macherey Nagel, Duren, Germany). RT and PCR were performed using a high-capacity cDNA kit

(Applied Biosystems, Foster City, CA, USA) and a Sensifast Probe Lo-Rox Kit (Bio-Technofix,
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Guibeville, France) respectively. Thermal cycling was performed using an ABI QS3 apparatus (Applied
Biosystems, Foster City, CA, USA). The relative expression level of ORF1b-nsp14 was normalized to
the expression of GAPDH relative to the reference group (not infected) used as a calibrator and was

calculated using the 2724t method.

TEER Measurement
TEER was measured at each timepoint (in sets 1 and 2) using an Epithelial Volt/Ohm meter (EVOM2,

World precision instrument, Hitchin Hertfordshire, UK) and expressed as Ohm.cm?,

Immunofluorescence

Mock- and SARS-CoV-2-infected cells were fixed with 4% PFA for 10 min and permeabilized (1X
PBS containing 0.1% Triton X-100) through two 25-min incubations, targeting both the apical and basal
surfaces. Blocking was carried out by incubating the cells with 1X PBS supplemented with 1% FBS
applied to both surfaces. For immunolabeling, the apical surface was incubated for 2 h with primary
antibodies against the SARS-CoV-2 nucleoprotein and the tight junction marker ZO-1. Afterward, cells
underwent three 10 min washes with 1X PBS containing 0.1% Triton X-100, followed by a 30 min
incubation with secondary antibodies applied to the apical surface. Post-secondary antibody staining,
three additional 10 min washes with 1X PBS containing 0.1% Triton X-100 were performed. Nuclei
were stained with DAPI at a concentration of 1 pug/mL for 10 min, followed by two final 10 min washes
with 1X PBS. The epithelial monolayers were subsequently mounted on slides using Fluoromount
(Invitrogen, 00-4958-02). Confocal images were acquired using a Leica TCS-SP5X imaging system

(Wetzlar, Germany).

Reverse Transcription-quantitative polymerase chain reaction
RNA from 16HBE140- cells was extracted using the NucleoSpin RNA kit (Macherey Nagel) and RT
was performed using a high-capacity cDNA reverse transcription kit (Applied Biosystems). Real-time

gPCR was performed as described above using TagMan probes (Applied Biosystems) for GAPDH, C3
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and CFB. GAPDH was used to normalize the expression levels of the target genes. The relative

expression of each gene was calculated using a reference group and the 224 method.

Transcriptomic study

RNA from Set 1 was isolated using a NucleoSpin RNA/mMiRNA kit (Macherey-Nagel, Duren,
Germany), and quantified using a fluorometric Qubit RNA assay (Life Technologies, Grand Island, New
York, USA). RNA quality (RNA integrity number, RIN) was determined using an Agilent 2100
Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA), according to the manufacturer’s instructions.
Two samples CTL- SARS-CoV-2-72 h and COPD-CTL-24 h, did not meet the quality criteria (RIN <7)
and were excluded. To construct the libraries, 400 ng of high-quality total RNA was processed using a
TruSeq Stranded mRNA kit (Illumina), according to the manufacturer’s instructions. Libraries were
quantified using gPCR with the KAPA Library Quantification Kit for Illumina Libraries (Kapa
Biosystems, Wilmington, MA, USA), and library profiles were assessed using the DNA High Sensitivity
LabChip kit on an Agilent Bioanalyzer. Libraries were sequenced on an Illumina NextSeq 500
instrument using 75 base-lengths read V2 chemistry in the paired-end mode. After sequencing, a primary
analysis based on AOZAN software (ENS, Paris) was applied to the demultiplex to control the quality
of the raw data (based on FastQC modules/version 0.11.5). The obtained fastq files were then aligned
using the STAR algorithm (version 2.5.2b), and quality control of the alignment was performed using
Picard tools (version 2.8.1). Reads were then counted using Featurecount (version Rsubread 1.24.1),
and statistical analyses of the read counts were performed using the DESeq2 package version 1.14.1, to
determine the proportion of DEGs among the experimental groups. Venn diagrams were constructed
using Jvenn® and Volcano plots using VolcaNoseR*®. Enrichment analysis was performed using

ShinyGo* and Metascape™.

Protein extraction and western blot
Protein extracts (20 pg, set 2) in radioimmunoprecipitation assay buffer supplemented with anti-
protease-antiphosphatase (Halt™ Protease and Phosphatase Inhibitor Single-Use Cocktail, Thermo

Fisher Scientific, Waltham, USA) were reduced and size-separated on 4-15% Mini-PROTEAN® TGX
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Stain-Free™ Precast Gels (Bio-Rad, Hercules, CA, USA) and transferred onto nitrocellulose
membranes using an iBlot2™ Gel Transfer Device and iBlot2™ Nitrocellulose Regular Stacks
(1B23001, Invitrogen). Membranes were incubated with primary antibodies followed by secondary-
horseradish peroxidase antibody. Immunodetection was performed using Clarity Western ECL
Substrate (#170-5061, Bio-Rad). Images were acquired using a Las-3000 system (Fujifilm, Bussy-Saint-
Georges, France). Densitometric quantification was performed using the ImageJ software

(https://imagej.net).

Proteomic analysis

Protein digestion

Ten micrograms of each sample (set 2) was diluted 1:1 with 2x lysis buffer [10% (w/v) SDS in 100 mM
triethylammonium bicarbonate (TEAB), pH 8.5] and incubated for 10 min in an ultrasonic bath.
Disulfide bridges were reduced using 20 mM dithiothreitol treatment for 10 min at 90 °C and
subsequently alkylated with 40 mM iodoacetamide for 30 min in the dark. Lysates were then transferred
into S-TRAP microspin columns (Protifi), according to the manufacturer’s instructions. Samples were
then digested with 1 pg trypsin (sequencing-grade modified trypsin, Promega) overnight at 37 °C.
Peptides were collected in three successive elution steps using 50 mM TEAB, 0.2% (v/v) formic acid
(FA), and 50% (v/v) acetonitrile (ACN) in 0.2% (v/v) formic acid. All the elutes were then dried in a
vacuum centrifuge (Speed-Vac, Thermo Scientific) and resuspended in 20 puL 2% (v/v) acetonitrile and
0.1% (v/v) formic acid. Desalting of the peptides was performed on an automated platform
(DigestProMSi, CEM, Matthews, North Carolina, USA), with in-house packed StageTips and two layers
of C18 medium (Empore C18). The eluted peptides were dried in SpeedVac and resuspended in 2%

acetonitrile and 0.1% formic acid before mass spectrometric (MS) analysis.

Liquid chromatography-tandem mass spectrometry
The peptide mixtures were analysed using a NanoElute UHPLC system (Bruker, Bremen, Germany)
coupled to a timeTOF Pro mass spectrometer (Bruker). Peptides were separated on an analytical column

RP-C18 Aurora 2 (25 cm, 75 um i.d., 120 A, 1.6 pm - lonOpticks, Fitzroy, Australia) at a flow rate of
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250 nL/min, at 50 °C, with mobile phase A (0.1 % FA) and B (99.9 % ACN /0.1 % FA). The elution
gradient was as follows: 2-13% B for 42 min, 13-20% B for 23 min, and 20-30% B for 5 min, for a
total time of 70 min. MS acquisition was performed in the DIA-PASEF mode. The accumulation time
was set as 100 ms for the TIMS tunnel. Capillary voltage and temperature were set at 1.6 kV and 180
°C respectively. The mass ranges for MS1 were set to m/z 100 — 1700. The dia-PASEF window scheme
ranged in dimension m/z from 343 to 1036 and in dimension 1/K0 0.7-1.2, with 21 windows of 33 m/z
with a ramp time of 100 ms, for a total cycle time of 1.06 seconds. The maximum window height was
0.2 1/K0. The collision energy was decreased as a function of the ion mobility (IM) from 59 eV at 1/KO
=1.6 Vcm2to 20 eV at 1/K0 = 0.6 V cm 2 The IM dimension was calibrated using three Agilent ESI
Tuning Mix ions (m/z, 1/K0:622.02, 0.9915 V cm 2, 922.01, 1.1986 V cm?, 1221.99, and 1.3934 V

cm?),

Data analysis

DIA-PASEF data files were analysed using DIA-NN® version 1.8.1. For constructing the spectral
library, the SwissProt Homo sapiens reference proteome (UP000005640, release 2023-02 with 20598
entries) was used as the reference database. For in silico digestion, trypsin/P specificity was chosen with
only one missed cleavage allowed. N-terminal methionine excision, methionine oxidation, and N-
terminal acetylation were accepted as variable peptide modifications, with a maximum of one
modification per sequenced peptide, whereas cysteine carbamidomethylation was set as a fixed
modification. The peptide length range was set to 7—30 residues, spanning a charge state range of 2—4.
The precursor m/z range was set to 300-1700 and the fragment m/z range was set to 200-1700. MS1
and MS2 mass accuracies were set to 15 and 14 ppm, respectively. Protein inference was performed at
the gene level and heuristic protein inference was enabled. The feature of match-between-runs was
activated. RT-dependent cross-run normalisation and robust LC (high precision) options were selected

for quantification. Enrichment analysis was performed using STRING *2,

Differential expression analysis
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All differential expression analyses were performed using ProStaR software suite, version 1.28.0 *,
First, all DIA-NN results were loaded into the software; entries related to contaminants and reversed
sequences were excluded from the dataset, resulting in 7936 entries. Imputation of partially observed
values and missing in the entire condition values was performed using the Det Quantile algorithm in a
guantile of 2.5 and a factor of 1. Following imputation, the ProStaR false discovery rate calibration tool
(adaptive Benjamini-Hochberg algorithm) and Limma statistical test were used to determine significant
differences between the experimental groups. All results were exported and the list of differentially

expressed proteins was manually assessed.

Inflammatory protein quantification

The inflammatory response was quantified in basal media (set 1). The molecules were measured using
a Human Magnetic Luminex Assay (R&D Systems). The panel included C-Reactive Protein (CRP),
CCL2 (MCP-1), CCL5 (RANTES), CXCL2 (MIP-2), CXCL-10 (IP-10), Furin, G-CSF, SICAM-1, IFN-
B, IFN-y, IL-1o/IL-1F1, IL-1B/IL-1F2, IL-6, IL-17/IL-17A, IL-17C, IL-17E/IL-25, IL-28A/IFN-A2, IL-
28B/IFN-A3, MMP-1, MMP-2, MMP-9, Neuropilin-1, S100A9, and TNF-a. IL-8 concentrations were
measured using an ELISA kit (DY208; R&D Systems, Minneapolis, MN, USA), according to the
manufacturer’s instructions. The substrate 3,3',5,5'-tetramethylbenzidine was procured from Cell
Signalling Technology (Danvers, MA, USA). A heat map of the inflammatory response was generated

using ClustVis*,

TMPRSS2 activity

A fluorogenic substrate assay was performed to examine TMPRSS2 catalytic activity®>®. Bronchial
HAE obtained from CTL (n=12) and pwCF (n=12) were incubated with a fluorogenic peptide substrate
(Boc-GIn-Ala-Arg-AMC; Ref ES014; R&D Systems Minneapolis, MN, USA, 200 mM in Opti-MEM)
at 37 °C, 5% CO2 for 1 h. The fluorescence intensity was monitored using a microplate reader (Spark
multimode microplate reader, Tecan) at 380/460 nm emission/excitation wavelengths. As a control, for

each group of HAE, three epitheliums were pre-treated for 24 h with Camostat mesylate (Ref 3193;
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R&D Systems Minneapolis, MN, USA, 40 uM in basal medium) which is a serine protease inhibitor

effective against TMPRSS2 *'.

Clinical datasets and pre-processing

The circulating proteome of BQC19 patients was measured between 2 April 2020 and 20 April 2021
using a multiplex SOMAmer affinity array (SomaLogic, 4,985 aptamers). When measurements of the
same patients at different time points were available, we used data corresponding to the first time point.
The SomaScan is a biotechnological protocol commercialised by SomaLogic. This relies on a set of
artificial aptamers linked to a fluorophore, each designed to bind a single protein. Once added to the
sample, the activity of each aptamer was measured using fluorescence and was used to determine the
approximate target protein expression level. The SomaScan protocol comprises several levels of
calibration and normalisation to correct technical biases (summarised in our previous study*). Log2 and
Z-score normalisation were performed on each aptamer separately, in addition to the normalised data
provided by the manufacturer (hybridisation control normalisation, intraplate median signal
normalisation, and median signal normalisation). As the data were analysed using SomaLogic in two
separate batches, we applied the z-score transformation separately to each batch to reduce batch effects.
These additional transformations ensured that the measured values of the different aptamers were

comparable and could be used for cluster analysis.

Ethics
This project was approved (Opinion number 20-688/20-688 bis) by the Inserm Institutional Review

Board (IRB00003888, IORG0003254, FWA00005831)

QUANTIFICATION AND STATISTICAL ANALYSIS

Apart from RNA-seq and proteomic data, differences among groups were assessed for statistical
significance using Prism 10.00 software (GraphPad Software, La Jolla, CA, USA) as indicated in the

figure legends. P < 0.05 was considered statistically significant.
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Table S1. Effect of infection in CTL group over time. Related to Figure 2. List of DEGs (24, 48,

and 72 h) following SARS-CoV-2 infection in the CTL reconstituted bronchial human airway
epithelium (HAE) group overtime. Selection criteria: p<0.05; Log2FC<-1 >1; Base mean>20). Red:

Upregulated DEGs; Blue: downregulated DEGs.

Table S2. Effect of infection in CF group over time. Related to Figure 3. List of DEGs (24, 48, and

72 h) following SARS-CoV-2 infection in the CF reconstituted bronchial (HAE) group overtime.
Selection criteria: p<0.05; Log2FC<-1 >1; Base mean>20). Red: Upregulated DEGs; Blue:

downregulated DEGs.

Table S3. Effect of infection in COPD group over time. Related to Figure 3. List of DEGs (24, 48,

and 72h) following SARS-CoV-2 infection in the COPD reconstituted bronchial (HAE) group overtime.
Selection criteria: p<0.05; Log2FC<-1 >1; Base mean>20). Red: Upregulated DEGs; Blue:

downregulated DEGs.

Table S4. Comparison of infected groups over time. Related to Figure 4 and Figure S4. List of

DEGs after SARS-CoV-2 infection between CF and COPD reconstituted bronchial HAE and the CTL
HAE groups overtime (24, 48, and 72 h). Selection criteria: p<0.05; Log2FC<-1 >1; Base mean>20).

Red: Upregulated DEGs; Blue: downregulated DEGs.

Table S5. Comparison of groups by effect of infection. Related to Figure S5. List of DEGs 72 h after

SARS-CoV-2 infection in CF and COPD reconstituted bronchial HAE versus the CTL group,
considering the initial uninfected state. Selection criteria: p<0.05; Log2FC<-1 >1; Base mean>20). Red:

Upregulated DEGs; Blue: downregulated DEGs.
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Table S6. Comparison of uninfected groups over time — genes. Related to Figure 6. List of DEGs

between the non-infected reconstituted bronchial HAE of the pathological groups (CF or COPD) and

the CTL group overtime (24, 48, and 72 h). Selection criteria: p<0.05; Log2FC<-1 >1; Base mean>20.

Red: Upregulated DEGs; Blue: downregulated DEGs.

Table S7. Comparison of uninfected groups at 24h — proteins. Related to Figure 6. List of proteins

differentially expressed between uninfected CF and CTL reconstituted bronchial HAE at 24 h.
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Figure 5

A |
| - ‘
| .
I I e B el
[ I\N/IMP-9 | coPD Adkk
i N
Nourggnt |1 Ao ]
[ g’lih2 ° 24h Kk
E MMP-1 R 6000 — M
o B
-17, ) = —
_sl_lﬁl,;-\MJ E 4000 o CTL
IFNA2 E 2000 o CF
IFN-A3 Py o
o -
RANTES g - —
.Ihmg = -2000 5
-2 -
G-CSF AQY T ' '
:\Iﬁ-l1pcx2 24 48 72
IFNY Time pl (h)
IL-1B
IL-6
IL-8
O O O
C.vQ C.vQ GOQ c,OQ OOQ o«\' C:Q o«\' c,'\\'
24h  72h 72h 24h 48h 48h 48h 24h  72h
c D Eo CTIL © CF o COPD
© CTL © CF o COPD p=141e-18
* o CTL o CTL/SARS-CoV-2
3000 W 6000 6000
E 2000 ~ E ° o@ 0 °
o)) o)) o 0]
£ 1000 2 4000 o ® 4000 %
; 0 A o |o \E/ %
< -1000- 8 Z 20004 P70 S 2000 f? s
G -2000- ° o S &
-3000 1 | | 0—— T T 0 T T
24 48 72 24 48 72 - SARS-CoV-2
Time pi (h) Time pi (h)
F
CTL CF COPD
SARS-CoV-2: -+ -+ -+-+ - - -+ -+ -+ -+-+-+
[ i wim| | g | [ = | ICAM-1
rvommumec il | R e ] B-actin
* ns
= — = [ =
g 209, & 20 8 20 lil
£ 15 £ 15 / £ 15
(%) Q [$)
§ 1.0 g 1.0 § 1.0 i
- 05 5w 05 5 05
1 % O
2 00 2 00 2 00 f]—
1) -+ Q -+ Q -+



Figure 6
A

Non infected; 24h
COPD vs.

VS.

350 g7 46

-10910(P)

0236 10 20

WP1533: Vitamin B12 metabolism

G0:0032103: positive regulation of response to external stimulus
G0:0035239: tube morphogenesis

G0:0040017: positive regulation of locomotion

G0:0045785: positive regulation of cell adhesion

hsa05144: Malaria

hsa05133: Pertussis

1 M5885: NABA MATRISOME ASSOCIATED
1 7 3 hsa_04610: Ct_)mplement and coagulation cascades
oS e o e
M3468: NABA ECM REGULATORS
WP2431: Spinal cord injury
G0:0045229: external encapsulating structure organization
9 _ E—oﬂggég%gﬁ??;eﬁaelggﬁtlig:‘gf(I)r;tsulin-like Growth Factor (IGF) transport and uptake by Insulin-like Growth Factor Binding Proteins
- G0:0051769: regulaltion of nit&ic—oxide synthase biosynthetic process
C.0070485: responce 1o axyasn lovere. 0o factor
VS. COPD . - - G0:0003013: circFlJJIatory syst)égm process CS@Sl
) : SLCBAL CIDN3 s dibaz
c LEG7 MK~_UBD\_TGM2 AACT D et
20 : \\~ \.SAM \. Change OGN GAINTE
; ' GALTe Unchanged =
DHI2 ALAT ® Increased _ / SERPINB13
MRP 4\1“\. CFAB ® Decreased ST'X\§P6 | CTBA
] / A,
_ 3 '<co4s NEAP2 Bk | =¥ STEGALL
g 15 HTBAT\ SC5A1 ioAML - _ AR
1 ve )/ B3GNT3 HTRAL
ettt FET PR R o T - ~» _GEB MRPS21 ALDH1L2
g DMBT1t C3—5EB =
o 512
1.0
PDIAS _ —~
UBD  MAGT1
STI3A
e SREs1
-2 ) 2 &
Fold Change (Logp)
Biological Process CAB RGP
#term ID Term description FDR
G0:0052547 Regulation of peptidase activity 0.0104
G0:0010466|Negative regulation of peptidase activity| 0.0143
G0:0030162 Regulation of proteolysis 0.0222 E CTL CF COPD
G0:0006956 Complement activation 0.0364 | T o |
F p=0.065 24 48 72 24 48 72 24 48 72
o %k
- [7)] C3 | | 5
@ 600 T 8000 ,—‘ ! ! 110
@ e 6000 i CFB | |
2 400 = : :
P =
N 200 gy 4000 + C4B- * i # *
“ 2000 4
3] & c4A- %143 |4 *|[5%10
<0 = | |
= SERPINA1T - #
& &L ! !
(¢) SERPINA3 - * | i | 7
G 1 1
CTL CF COPD
130[Fe-m—mmes —mam=mm=| ACE2 H ns
— S caPDH ~ [ ]
35 5 skeokokok
_ = X 60000 [ |
y < 1.0 £
S x ! 2
3 0.8 § 40000 ¢
E aQ 0.6 © CTL
a 5 . % i CF
S N 04 & 20000- COPD
N & 0.2 x
Ly x 0.0 =
o o = 00—+
< S Qv ()Q QO
~ (€] Camostat -




Figure 7
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Highlights

° CF and COPD airway epithelia showed reduced susceptibility to SARS-CoV-2

Reduced TMPRSS?2 activity was observed in the CF epithelium post-infection.

Specific inflammatory markers correlate with COVID-19 severity

. This study elucidates SARS-CoV-2 pathogenesis and potential clinical biomarkers



KEY RESOURCES TABLE

REAGENT or RESOURCE

' SOURCE

| IDENTIFIER

Antibodies

Anti-ICAM-1 (1/1000)

Proteintech

Cat#10831-1-AP

Anti-ACE2 (1/200) R&D systems Cat#AF933

Anti-TMPRSS2 (1/1000) Thermo Fischer | Cat#MA5-35756
Scientific

Anti-B-actin (1/10000) Sigma-Aldrich Cat#A2228

Anti-GAPDH (1/1000) Sigma-Aldrich Cat#MAB374

Anti-SARS-CoV-2 nucleocapsid (1/100) Invitrogen Cat#MAb-36271

Anti-ZO-1-Alexa Fluor-488 (1/100) Invitrogen Cat#339188

Goat anti-rabbit HRP (1/5000) Cell Signalling | Cat#7074
Technology

Horse anti-mouse HRP (1/5000) Cell Signalling | Cat#7076
Technology

Rabbit anti-Goat-HRP (1/10000) Invitrogen Cat#A27014

Goat anti-rabbit antibody-Alexa Fluor-633 (1/100) | Invitrogen Cat#A21070

Bacterial and virus strains

SARS-CoV-2, Pizzorno et al.*? accession ID

BetaCoV/France/IDF0571/2020

EPI_ISL_411218

Chemicals, peptides, and recombinant proteins

3,3',5,5'-tetramethylbenzidine Cell Signalling | #7004
Technology

Boc-GIn-Ala-Arg-AMC R&D Systems Cat#ES014

Camostat mesylate R&D Systems Cat#3193

Critical commercial assays




TruSeq Stranded mRNA kit

IHllumina

Cat#20020595

KAPA Library quantification kit for Ilumina

Libraries

Kapa Biosystems

Cat#0796040001

Clarity™ Western ECL Substrate

Biorad

Cat#170-5061

Human Magnetic Luminex assay

R&D Systems

Custom Cat#LXSAHM-24

Human IL-8 ELISA R&D Systems Cat#DY208

Deposited data

BCQ19 https://en.quebeccov | Release 11
idbiobank.ca

RNAseq https://www.ebi.ac.u | E-MTAB-14481

k/biostudies/arrayex

press/
Computer code https://github.com/G
ENOM-IC-
Cochin/RNA-
Seq_analysis
Proteomics data https://lwww.ebi.ac.u | PXD055635
k/pride/
Experimental models: Primary cells
Infection experiments
Human Airway epithelial cells MucilAir™ Female, | Epithelix MD078701
56 years (y), Non-smoker, No pathology reported
Human Airway epithelial cells MucilAir™ Male, | Epithelix MD082201
48y, Non-smoker, No Pathology reported
Human Airway epithelial cells MucilAir™ Male, | Epithelix MD080101

27y, Non-smoker, No Pathology reported




Human Airway epithelial cells MucilAir™ Female, | Epithelix MD081001
52y, Non-smoker, No Pathology reported

Human Airway epithelial cells MucilAir™ Male, | Epithelix CF-MD43702
27y, Non-smoker, CF, CFTR F508del homozygous

Human Airway epithelial cells MucilAir™ Female, | Epithelix CF-MD67901
30y, Non-smoker, CF, CFTR F508del homozygous

Human Airway epithelial cells MucilAir™ Female, | Epithelix CF-MD051902
33y, Non-smoker, CF, CFTR F508del homozygous

Human Airway epithelial cells MucilAir™ Male, | Epithelix CF-MD063701
22y, Non-smoker, CF, CFTR F508del homozygous

Human Airway epithelial cells MucilAir™ Female, | Epithelix MD068301
31y, Smoker (<1 pack per day (PPD) x 17y), COPD

Human Airway epithelial cells MucilAir™ Female, | Epithelix MD047201
53y, Smoker (3 PPD x 30 y), COPD

Human Airway epithelial cells MucilAir™ Male, | Epithelix MD068901
58y, Smoker (1/2 PPD x 40 y), COPD

Human Airway epithelial cells MucilAir™ Male, | Epithelix MDOQ77701
60y, Smoker (1 PPD x 45y), COPD

TMPRSS?2 activity

Human Airway epithelial cells MucilAir™ Male, | Epithelix MD0889
African American, 17y, No Smoker, No Pathology

reported

Human Airway epithelial cells MucilAir™ Female, | Epithelix MDO0868
African American, 54y, No smoker, No Pathology

reported

Human Airway epithelial cells MucilAir™ Female, | Epithelix MDO0607

21y, No Smoker, CF, CFTR F508del homozygous




Human Airway epithelial cells MucilAir™ Male, | Epithelix MD0903
Caucasian, 58y, Smoker (2 PPD x 22 y), COPD

Oligonucleotides

Primers for nspl4: Eurogentech

HKU-ORF1b-nsp14F: 5'-

TGGGGYTTTACRGGTAACCT-3'; reverse primer

HKU-ORF1b-nsp14R: 5'-
AACRCGCTTAACAAAGCACTC-3% probe
HKU-ORF1b-nsp141P: 5'-FAM-

TAGTTGTGATGCWATCATGACTAG-TAMRA-

3')

GAPDH Tagman® gene expression assay

Applied Biosystems

Hs02786624_g1

C3 Tagman® gene expression assay

Applied Biosystems

Hs00163811_m1

CFB Tagman® gene expression assay

Applied Biosystems

Hs00156060_m1

Software and algorithms

AOZAN software ENS Paris

STAR algorithm https://github.com/al | Version 2.5.2b
exdobin/STAR/relea
ses

Picard tools https://github.com/br | Version 2.8.1
oadinstitute/picard/r
eleases/tag/3.2.0

Featurecount https://subread.sourc | Version Rsubreadl.24.1

eforge.net




DESeq2 package https://bioconductor. | Version 1.14.1
org/packages/release
/bioc/html/DESeq2.
html

DIA-NN https://github.com/v | Version 1.8.1

demichev/DiaNN

ProStaR software

https://www.biocond
uctor.org/packages/r

elease/bioc/html/Pro

Version 1.28.0

star.html

ShinyGO http://bioinformatics | Version 0.80
.Sdstate.edu/go/

STRING https://string-db.org | Version 12.0

Metascape https://metascape.or | Version 3.5.20240101
g/gp/index.html#/ma
in/stepl

Jvenn https://jvenn.toulous
e.inrae.fr/app/examp
le.html

VolcaNoseR https://huygens.scien
ce.uva.nl/VolcaNose
R/

ClustVis https://biit.cs.ut.ee/cl
ustvis/

ImagelJ https://imagej.net

Prism 10.00 https://www.graphpa

d.com




Biorender

https://www.biorend

er.com

Other

Column RP-C18 Aurora 2

lonOpticks

25cm, 75 pmi.d., 120 A, 1.6

Hm




