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Regional association plot of Selection of the most significant
TMPRSS2/MX1 locus on chromosome 21 disease-associated SNPs

..TACGGGTACC...

42.80
Chromosome 21 (Mb)

M1 T ..AATAGGCACG....
S K \
/ N
4 \
’ \
TMPRS_SZ MX1_
Lowrisk 4===m —— ———
W Controls

B Severe COVID19

FRRRRRRRE ¥ Wi os ==

TMPRSS2/MX1 locus is associated with The selected SNPs are eQTLs
severe COVID-19 for TMPRSS2 and MX1



Common variants at 21922.3 locus influenceMX1 and TMPRSS2 gene

expression and susceptibility to severe COVID-19

Immacolata Andolfb? Roberta Russd, Vito Alessandro Lasorsd Sueva Cantalupd,

Barbara Eleni Rosald, Ferdinando Bonfigliy Giulia Frissd? Pasquale Abete Gian
Marco CasseéeGiuseppe Servilfy Gabriella Esposiftf, lvan Gentil& Carmelo Piscogo
Romolo VillanP, Giuseppe Fiorentiflp Pellegrino Cerintf, Carlo Buonerb?, Biancamaria

Pierri®*, Massimo Zolld? Achille lolascon?, Mario Capasst®

Dipartimento di Medicina Molecolare e Biotecnologlediche, Universita degli Studi di Napoli Federito
Napoli, Italy

“CEINGE Biotecnologie Avanzate, Napoli, Italy

®Dipartimento di Ingegneria chimica, dei Materialidella Produzione industriale, Universita degli dbtdi
Napoli Federico Il, Napoli, Italy

*COVID Hospital, P.O.S. Anna e SS. Madonna dellaéNdivBoscotrecase, Ospedali Riuniti Area Vesuviana,
Napoli, Italy

*Dipartimento di Neuroscienze e Scienze riproduttideodontostomatologiche, Universita degli Studidpoli
Federico Il, Napoli, Italy

®Dipartimento di Medicina clinica e Chirurgia, Unigéa degli Studi di Napoli Federico Il, Napolialy

"Medical and Laboratory Genetics Unit, A.O.R.N. ‘Anio Cardarelli’, Napoli, Italy

8 poison Centre, A.O.R.N. ‘Antonio Cardarelli’, Napdialy

°AORN dei Colli Presidio Ospedaliero Cotugno, Napliily

Ystituto Zooprofilattico Sperimentale del Mezzogior Napoli, Italy

Y“Dipartimento di Medicina, Chirurgia e OdontoiattiScuola Medica Salernitana”, Universita di Salerno,
Baronissi, Italy

Keywords: COVID-19, SARS-CoV-2TMPRSS2, MX1, SNP genotyping.
Running title: Analysis of TMPRSS2/MX1 locus in severe COVID-19.

Corresponding author and lead contact:

Prof. Mario Capasso

Department of Molecular Medicine and Medical Bidteclogies
University of Naples, Federico Il, 80145, Napld¢alyl

CEINGE, Biotecnologie Avanzate,

Via Gaetano Salvatore, 486, 80145, Naples, Italy

Tel: +39-081-3737736

e-mail: mario.capasso@unina.it




42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Summary

The established risk factors of coronavirus disfd® (COVID-19) are advanced age, male
sex and comorbidities, but they do not fully explahe wide spectrum of disease
manifestations. Genetic factors implicated in tlsthantiviral response provide for novel
insights into its pathogenesis.

We performed an in-depth genetic analysis of chisonte 21 exploiting the genome-wide
association study data, including 6,406 individuatdspitalized for COVID-19 and 902,088
controls with European genetic ancestry from theV@@d19 Host Genetics Initiative. We
found that five single nucleotide polymorphismshimtTMPRSS2 and neaMX1 gene show
associations with severe COVID-19. The minor afleté the five SNPs correlated with a
reduced risk of developing severe COVID-19 and léglel of MX1 expression in blood.

Our findings demonstrate that host genetic faciae influence the different clinical
presentations of COVID-19 and that MX1 could beoteptial therapeutic target.
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Introduction

The recent severe acute respiratory syndrome carosa2 (SARS-Cov-2) pandemic has
caused so far more than over 2.5 million deathipglitcovid19.who.int/). The coronavirus
disease 2019 (COVID-19), caused by the SARS-Cag-2ssociated with diverse clinical
presentations, ranging from asymptomatic or milsjynptomatic infections to respiratory
failure and death (Bellani et al., 2021; Grassll., 2021; Grasselli et al., 2020; Richardson
et al.,, 2020). Advanced age is an established fashor, as well as male sex and
comorbidities such as hypertension and diabetesu£h al., 2020). Since these risk factors
do not fully explain the wide spectrum of diseasanifestations, dissecting the genetics of
the host response to SARS-CoV-2 infection may mi®viovel insights into its pathogenesis
(Anastassopoulou et al., 2020).

A genome-wide association study (GWAS) (Ellinghaeis al., 2020) identified two
susceptibility loci of severe COVID-19: the firgicus on chromosome 3 harbors multiple
genes §.C6A20, LZFTL1, CCR9, CXCR6, XCR1, FYCO1) that could be functionally
implicated in COVID-19 pathology; the second onarhosome 9 that defines the ABO
blood groups (Ellinghaus et al., 2020). Other wegent papers reported the results from the
analysis of two large independent GWASSs that védiddhe two previous risk loci and found
novel risk variants at chromosome 19p13.3, 12924ah8 21922.1 associated with severe
COVID-19 (Pairo-Castineira et al., 2020; Sheltoalet2020).

Two whole exome sequencing studies showed thativaéiog rare mutations in genes
belonging to the type | interferon pathway predspao life-threatening COVID-19
pneumonia (van der Made et al., 2020; Zhang e@Rkp). Addionally, preliminary results
on a small set of Italian cases suggest that codangnts inTMPRSS2 and PCSK3 may
contribute to the variability in infection suscdglity and severity.(Latini et al., 2020).

In our previous opinion article, based on the asialpf allele frequencies across different
populations and expression quantitative triat 1@QTLs) data, we hypothesized that
common variants on chromosome 21 n€RPRS2 and MX1 genes may be genetic risk
factors associated with the COVID-19 different idat manifestations (Russo et al., 2020).
Both TMPRSX2 andMX1 are involved in the host response to SARS-CoVfection. ACE2

is the main entry receptor for SARS-CoV-2 (Wangakt 2020). Entry depends on the
binding of the surface unit S1 of the spike (S)t@iro of the virus to the receptor. SARS-
CoV-2 engages ACE2 as the entry receptor and empley host cellular TMPRSS2 for S-
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protein priming (Hoffmann et al., 2020b; Matsuyastaal., 2010). Particurarly, binding of
SARS-CoV-2 S- protein with ACE2 receptor is thefidwed by host TMPRSS2-mediated
cleavage of the viral S-protein. This process,rafias priming, involves cleavage of the S-
protein at S1/S2 and S2 sites which is essentialtfe viral fusion with the host cell
membrane before entry into the cell (Hoffmann ef 2020b; Matsuyama et al., 2020).
SARS-CoV-2 can use other proteases such as cathBfisifor S-protein in the absence of
TMPRSS2 receptors. However, in the lungs (the pynoagan for SARS-CoV-2 infection),
cathepsin B/L cannot substitute for TMPRSS2 pra&eadivity as the latter is indispensable
for viral entry as observed for SARS-CoV and MER&/GHoffmann et al., 2020aMX1 is

an interferons/p inducible gene that encodes a guanosine triphtsphatabolizing protein
involved in the cellular antiviral response (Cianebi et al., 2016).

In this study, to further support our hypothesis, axploited GWAS meta-analysis data from
the COVID-19 Host Genetics Initiative (COVID-19 Ho&enetics Initiative, 2020) and
performed an in-depth genetic analysis of chrom@&s@h using summary statistics where
common variants at this chromosome were assocratbdsevere COVID-19 at the genome-
wide significance level @x10%). Using the cohort of 908,494 subjects with Eusope
origins, we found five single nucleotide polymorghis (SNPs) at thEMPRSS2/MX1 locus
showing suggestive association with the diseadefivl SNPs replicated the association in
two independent cohorts of Asian subjects, whet@asSNPs confirmed the association in
African and one SNP in the Italian cohort. SigrafiteQTLs signals were found for thixX1

gene in blood.
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Results

TMPRSS2/MX1 locus is associated with severe COVID-19

To prove that common variants diMPRSS2/MX1 (219g22.3) locus may affect the
susceptibility to severe COVID-19 onset, we analytlee summary statistics of a large
available GWAS dataset released by the COVID-19t Hamsnetics Initiative (COVID-19
Host Genetics Initiative, 2020). The dataset ineki®,406 hospitalized cases and 902,088
controls with European ancestryTéible S1.Study groups that have contributed to GWAS
meta-analyses of the COVID-19 Host Genetics ImitgatRelated to Figure 17). A region on
chromosome 21 appears to be significantly assatiaiéh severe COVID-19 at the genome-

wide level (https://www.covid19hg.org/results/)aso demonstrated in a recently published

GWAS study (Pairo-Castineira et al., 2020). To stigate whether more than one
association signals may exist at chromosome 21selected 74 SNPs showing g1%10°
and we identified 3 independent loci among thermafifle S2. Summary statistics at
chromosome 21 from GWAS dataset, Related to Figlrdhe most significant signal was
represented by rs13050728 (P=2.76%¥100R=0.83, Figure 1a) that maps within the
INFRA2 gene. The other two signals showed a suggestivefisance level (R1x10°) and
were tagged by rs111783124 (P=2.39%100R=1.17, Figure 1b) and rs3787946
(P=2.73x10, OR=0.87 Figure 10), respectively. The rs3787946 maps in an introagion

of TMPRSX2 and the first closest gene wWeX1 (Figure 10); herein, we named this locus as
“TMPRS2/MX1". An in-depth inspection of theMPRSS2/MX1 locus showed that 13 SNPs
were in linkage disequilibrium (LD) with the leas3787946 (0.8, Table 1) and that the 5
most significant SNPs (P-values ranging from 2.7%1®5.8x1(, Table 1) were in strong
LD with each other €=0.90, ‘Figure S1.Linkage disequilibrium block at TMPRSS2/MX1
locus, Related to Figure 1”). The other 9 SNPs #tban LD with the lead SNP rs3787946
ranging from 0.8 to 0.9 and P-values ranging frofi@®' to 0.04 (Table 1). We then sought
to replicate the associations of the 14 SNPs eetimdependent cohorts of cases and controls
of GenOMMIC GWAS (Pairo-Castineira et al., 2020jhwnon-European ancestry. All the 11
available SNPs replicated in the east asian pdpuldEAS) population; the top five SNPs
replicated in the South Asian (SAS) ancestry pdpriawhereas two out of five SNPs in the
African (AFR) one Table 1). By using the TagMan assay, we typed the rs1232%ariant

in samples from 226 hospitalized COVID-19 patiefittable S3.Characteristics of Italian
patients recruited by our research group, Relatedable 1”) and 1848 controls from

Southern Italy collected in our Institute. An aduti@al Italian cohort of 1915 controls and 770
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cases, typed for rs12329760 by whole-exome sequgneis obtained from the Network for
Italian Genomes (NIG) database (Daga et al., 20%ftg&r combining the two cohorts, we
confirmed the minor allele as a protective factgaiast the aggressive form of the disease
(Table 2, ORye1e=0.89, Rieie=0.07; ORominan=0.57, P=0.01; OFcvst=0.57, P=0.01). The
results of our case-control study suggest thatpttodective effect against the severity of

COVID-19 is mainly due to the TT genotype.

SNPs atTMPRSS2/M X1 locus are enriched in regulatory regions active itthe thymus

We tested if the 14 SNP34ble 1) and their proxy SNPs%0.8) were significantly over-

represented in active enhancers and promoters Itipieucell types and tissues by using
HaploReg v4.1. These SNPs were enriched in thelatgy regions of several tissues
(“Table S4.Results of SNP enrichment analysis in regulatogmelnts in different tissues
and cell types, Related to Figure 27), but the bestichment was found in induced

pluripotent stem cells and thymusdure 2a).

Functional role of the most significant SNPs atMPRSS2/M X1 locus

We then investigated the predicted functional aflehe 14 SNPs by GWAVA and CADD
tools. We found that two out of the five most sfgasint SNPs, i.e. rs9983330 and
rs12329760, showed the first (combined score=2@) setond (combined score=23) most
significant scoreable 1). The rs12329760 was classified as a coding viafawal197Met)
localized in the exon 6 of tiBMPRSS2 gene and was predicted to be pathogenic (PolyPhen-
2=probably damaging and SIFT=deleterious).

The most significant disease-associated SNPs areTd@ for MX1 in blood

We verified if the top five SNPsT@ble 1) might cause gene expression alterations
interrogating the GTEXx portal for all the commormiaats withinTMPRSS2/MX1 locus. We
found that all the top five SNPs had eQTL sighals MX1 exclusively in blood tissue.
Particularly, the minor alleles of these SNPs dateel with higher expression dfiX1
compared to the major alleleBigure 2b, “Figure S2a.Results of SNP enrichment analysis
in regulatory elements in different tissues and tygles, Related to Figure 27). Of note, all
the other SNPs, except for rs2298660, did not re@&L signals forMX1 in the blood
(“Table S5.Results of eQTL analysis for the common variant§ PRSS2/MX1 locus,
Related to Figure 2). The two SNPs rs12329760 s2298660 were confirmed as eQTLs for
MX1 in the blood (P=1.79x1D and 2.8x13, minor alleles correlated with a higher

6
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expression compared to the major alleles) by iogation of another independent publicly
available dataset (Westra et al., 20IBYIPRSS2 is highly expressed in lung (Russo et al.,
2020), so we investigated if the top five SNPs wepd'Ls forTMPRS? in lung tissues at a
nominally statistically significant level §0.05). We found that the minor alleles of four out
of five SNPs correlated with lower expressionTdPRSS2 compared to the major alleles
(Figure 2c and “Figure S2b.Results of SNP enrichment analysis in regulatogynents in
different tissues and cell types, Related to Fidtije Notably, rs12329760 is also an eQTL
for TMPRSX2 in osteoblasts treated with dexamethasone (Grugdiel., 2011).
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Discussion

Despite the substantial advances made in recenthsian the field of SARS-CoV-2
infection, the major question remains about thatifieation of the factors that modulate the
variable clinical spectrum of COVID-19.

Host genetic risk factors are emerging as a pateetiplanation for the clinical heterogeneity
of COVID-19 and are also crucial to find new druglgatherapeutic targets (Asselta et al.,
2020; Beck and Aksentijevich, 2020; Benetti et 2020; Pairo-Castineira et al., 2020; Singh
et al., 2020). The main host cell entry factorsSéfRS-CoV-2 are ACE2 and TMPRSS2
(Asselta et al., 2020; Benetti et al., 2020). Tpikes (S) glycoprotein of the virus binds to the
ACE2 making it essential for the entry of the viiog the host cell. S- protein priming by
the serine protease TMPRSS2 allows the fusionraf @nd cellular membranes, resulting in
virus entry and replication in the host cells ($ireg al., 2020). TMPRSS2 is emerging as a
host cell factor that is critical for SARS-CoV-Zection (Hoffmann et al., 2020b).

In our previous study, we hypothesized that commamants at chromosome 21, driving
TMPRSS2 andMX1 expression, might have a mild-to-moderate effecth@ susceptibility to
SARS-CoV-2 infection. Particularly, genetic varsaissociated with reduc@PRSS2 and
elevated MX1 expression might confer less individual susceliiybito SARS-CoV-2
infection and favor a better outcome (Russo et 2020). Here, to further support our
hypothesis, we exploited GWAS data of a cohort@8,994 subjects with European origins
from the COVID-19 Host Genetics Initiative (COVI® Host Genetics Initiative, 2020) and
performed an in-depth genetic analysis of chromasdah. We identified five common
variants (rs3787946, rs9983330, rs12329760, rsZB8&nd rs9985159) at locus 21g22.3
within TMPRSX2 and near théIX1 gene that showed suggestive associations withreseve
COVID-19. In particular, we found that the allel@gh minor frequency were less recurrent
among hospitalized patients when compared to theraoindividuals, suggesting their
protective role against the progression of the atise Interestingly, all five SNPs were
replicated in two cohorts of Asian origin, wherda® SNPs replicated in a case series of
African ancestry. Additionally, we replicated thesaciation of the rs12329760 SNP in an
independent case-control cohort of Italian origis.“proof of concept”, the rs12329760 SNP
was also detected in recent studies (Hou et aRQ;2Wargas-Alarcon et al., 2020). It was
demonstrated that the SNP, in addition to its e@l&, decreased the stability of the protein,
which might impede viral entry (Vishnubhotla et, &020); moreoverin silico analysis

demonstrated that it createdda novo pocket protein (Paniri et al., 2020). These result
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confirm 21g22.3 as a novel susceptibility locusutafavorable outcome of COVID-19.
Furthermore, molecular mechanisms underlying teisegjic predisposition may be common
among individuals with different ethnicity.

The results from our enrichment analysis for reguiagenomic regions suggested that the
identified SNPs and other proxy SNPs located at2213jlocus can be associated with
different outcomes of COVID-19 by altering DNA elents that regulate the transcription of
MX1 and likely of other genes relevant to the thymuacfions. The thymus plays a
significant role in the regulation of adaptive immeuresponsed.he effect of aging on the
thymus and immune senescence is well establisimedthe resulting inflammaging is found
to be implicated in the development of many chrafigeases (Gunes et al., 2020; Kellogg
and Equils, 2020). Both aging and diseases of nmflaging are associated with severe
COVID-19, and a dysfunctional thymus may be impgechin the unfavorable outcome of
disease (Gunes et al., 2020; Kellogg and Equil20R0Df note, MX1 plays an important role
in the thymus as part of the innate antiviral im@uesponse. Indeed, it is exclusively
expressed after engagement of the type | interfexoeptor by interferon/p in normal fetal
and post-natal human thymus, but not in the penphihe highest level of MX1 is properly
found in mature thymocytes (Colantonio et al., 2011

The five SNPs here identified had eQTL signals K&X1 exclusively in blood tissue.
Particularly, the minor allele of these SNPs cated with higher expression X1 and
associated with a minor risk of developing seve@VI-19. These results support the
evidence thaMX1 can play a relevant role in determining less sev¥erms of disease and
are in line with a recent study that sugg®4¥l as an antiviral effector against SARS-CoV-2
(Bizzotto et al., 2020). Indeed, the expressioMifl was found to be high in SARS-CoV-2
positive subjects, negatively correlated with age] independently associated with increased
viral load (Bizzotto et al., 2020). MX1 is part thfe antiviral response induced by type | and
lll interferons (Zav'yalov et al., 2019). Inactiireg mutations in genes belonging to type |
interfern pathway and the consequently decreaseslsleof proteins have been shown to
occur in patients with severe COVID-19 (Zhang et2020).

Of note, within the region on chromosome 21, sigaiitly associated with severe COVID-
19 at the genome-wide level, the most significagna was represented by rs13050728 that
maps within thd NFRA2 gene. ParticurarlyNFRA2 gene encodes for the type | membrane
protein that forms the interferadp receptor, involved in the canonical host antiviral
signalling mediators (Duncan et al., 2015), so @ssed with interferon signlalling like

MX1. The SNP rs13050728 was previously identifisdesad variant from the meta-analysis

9



254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287

of overlapping SNPs between GenOMICC, The COVIDH@&st Gentics Initiative and
23andMe studies and its allele C was reported doae the odds of severe COVID-19 as
associated with an increased expressionFfAR2 (Pairo-Castineira et al., 2020). These
findings, along with ours, further strength thetpative role of IFN pathway against severe
COVID-19.

We also report that the minor allele of four of tbp five SNPs might reduce the expression
of TMPRSX? in lung tissues. In particular, the rs12329760 wgdrariant (p.Vall97Met) is
predicted to decrease the TMPRSS2 protein stakality ACE2 binding, thus decreasing
virus entry into the cells (Vishnubhotla et al.22Q Of note, this variant was recently found
to be less frequent among Chinese patients witicalriCOVID-19 disease (Wang et al.,
2020). Additionally, it correlates with lower exgston of TMPRS? in osteoblast treated
with dexamethasone (Grundberg et al., 2011), a duugently used to inhibit an excessive
inflammation response (Group et al., 2020). Togetlleese data suggest that even the
functions of TMPRS2 may be affected by the occurrence of protectiveamés against
severe COVID-19.

Finally, we want to point out that our findings hiight the effectiveness of investigating
other independent (putative) risk loci, when they mbt pass genome-wide significance
levels. These loci, usually overlooked in extengiveta-analysis and multi-cohorts efforts,
might indeed contain important genetic variantoeaiséed with severe COVID-19 and map
genes relevant to the pathogensis of this disé&gethen encourage post-GWAS genetic
(re)analyses using multiple data sources to unrageeél COVID-19 risk loci and possible
insights on the underlying biology.

In conclusion, our results provide evidence thahicmn variants, regulating the expression
of MX1, can predispose to the risk of developing sever®&I0c19. Unraveling the role of
regulatory variants at thEMPRSS2/MX1 locus could represent an important starting point
for the treatment of COVID-19.

Limitations of the Study

The data on eQTLs related TMPRSS2 must be interpreted with caution as these eQTL
signals in the lung (P=0.019) do not pass the GF¥lgxificance threshold adjusted for
multiple comparisons (0.000055). Additional studies required to further verify the role of
genetic variants atTMPRSS2/MX1 locus in modulating theTMPRSX2 expression.
Furthermore, the statistical approach adopted is $study did not include multivariate

analyses to take into account confounding factltiiough this limitation does not affect the

10



288 robustness of the presented genetic associatiorpksated in multiple indipendent cohorts,
289 we believe that future studies will help to bettlafine the effect of genetic variants at
290 TMPRS2/MX1 locus on the clinical subgroups of COVID-19 diseagor instance,
291 performing association analyses on patients gedtlly disease aggressiviness or controlled
292  for comorbidities in larger cohorts.

293
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294  All methods can be found in the accompanying “Trangarent methods supplemental
295  file”.

296

297 Resource availability

298  Further information and requests for resources Ishioel directed to and will be fulfilled by
299 the Lead Contact, Prof. Mario Capasso, mario.ca@ssina.it.

300

301 Material availability

302 This study did not generate nor use any new orugigagents.

303

304 Data and code availability

305 Manhattan plot and QQ plot of the results from ke GWAS “The COVID-19 Host
306 Genetics Initiative website” are available at thebgite (https://www.covid19hg.org/results/).
307 The 770 hospitalized COVID-19 cases and 1915 ctntyped for rs12329760 by whole-
308 exome sequencing were retrieved from the web ds¢éaNatwork for Italian Genomes (NIG)
309 available at the website (http://nigdb.cineca.dér.php).

310 Prediction of the functional impact of 14 SNPs &MPRSS2/MX1 locus was assessed by
311 Genome Wide Annotation of VAriants (GWAVA) tool alable at the website
312  (htts://www.sanger.ac.uk/sanger/StatGen_Gwava) gn@€ombined Annotation Dependent
313 Depletion (CADD) tool at_(https://cadd.gs.washingemu/).

314 The Blood eQTL Browser is available at (https://wagenenetwork.nl/bloodeqtlbrowser/).
315
316
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Figure legends

Figure 1. Regional association plots of the SNPs at three iagdendent association signals
of chromosome 21.Plots were generated using LocusZoom.laxes represent the
significance of association (-log10 transformedafues) and the recombination rate. SNPs
are color'coded based on paiwise linkage disequilibrium {y with indicated lead SNPs:
rs13050728 (panel a), rs111783124 (panel b) arkBi&R!I6 (panel c).

Figure 2. Enrichment of SNPs in regulatory regionsand eQTL analyses.The statistically

significant fold enrichments (P<0.05 after Bonfeiroorrection) of SNPs in regulatory DNA
regions active in different tissues are shown ¢QTL violin plots between genotypes of
rs3787946 (b) and rs3787946 (c) withX1 and TMPRSX2 expression from the from the
Genotype-Tissue Expression (GTEx). The significaticeeshold adjusted for multiple

comparisons is equal to 0.000055.
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Table 1. Associations of SNPs at TMPRSS2/MX1 risk locus in linkage disequilibrium with the lead rs3787946 in different
populations and prioritization scores

RSnumber EA OA MAF r> OR P EUR OR P EAS OR P_SAS OR P AFR  Region *TSS  “Predicted AScore Combined
score score Function score

(s3787946 C G 023 1.00 0.87 2.73E-06 063 0.026 071 002 074 007 016 029 INTRONIC 2 6
(s9983330 G A 023 091 0.88 3.12E-06 054 0004 073 004 079 016 031 064 REGULATORY 4 26
(s12329760 T C 024 090 0.88 3.13E-06 064 0029 076 008 078 014 032 041 MISSENSE 7 23
(s2298661 A C 023 099 0.88 451E-06 063 0030 067 001 060 001 018 035 INTRONIC 2 9
(s9985159 T C 023 098 0.88 5.80E-06 061 0.018 075 006 098 089 016 046 INTRONIC 2 15
(s2298660 T C 020 082 088 0001 NA NA NA NA NA NA 012 028 INTRONIC 2

(s7364088 A G 026 084 091 0002 NA NA NA NA NA NA 019 023 INTRONIC 2

(s2298663 T C 025 087 1.08 0005 149 0052 112 040 094 066 026 037 REGULATORY 4 15
(52094881 C T 025 087 1.08 0005 147 0058 1.10 047 093 060 029 026 REGULATORY 4 13
1s8131649 T C 025 085 092 0007 064 0035 090 046 101 093 026 035 REGULATORY 4 12
1s8134203 T C 026 085 1.08 0007 149 0058 109 054 091 050 026 041 REGULATORY 4 17
1s8134216 T C 026 085 1.08 0007 154 0038 111 043 091 049 028 04 REGULATORY 4 19
(s2104810 A G 026 085 1.08 0008 154 0.040 110 047 090 048 023 035 REGULATORY 4 11
(s8131648 C T 026 085 107 0036 NA NA NA NA NA NA 033 042 REGULATORY 4 26

*Scores from GWAVA predictor tool
AScores from CADD predictor tool
°GWAVA and CADD scores were ranked from the smallest to largest and the obtained values were summed
In bold the SNPs that replicated in at least one cohort
EA: Effect Allele; OA: Other Allele
EUR: Europen; EAS: East Asian; SAS: South Asian; AFR: African; ITA: Italian
MAF: minor allele frequency
OR: Odds Ratio
473

474
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Table 2. Association of rs12329760 SNP with severe  COVID-19 in Italian population

Sl cases Sl controls NIG cases chi(r?trols All cases All controls b OR (CI: 95 oo oo
n=226 n=1848 n=770 1015 n=996 n=3763 S| (Cl: 95%) Pne  OR (Cl: 95%) Pai OR (Cl: 95%)
mn % n % n % n % n % n %

Genotype

CcC 164 72,6 1274 68.9 532 69.1 1289 67.3 696 69.9 2563 68.1 - - -

CT 57 252 497 26.9 220 28.6 554 289 277 278 1051 279 047 0.89(0.64-1.22) 0.68 0.96(0.79-1.15) 0.71 0.97 (0.83-1.13)

TT 5 2.2 77 4.2 18 2.3 72 3.8 23 2.3 149 4.0 0.14 0.50(0.20-1.26) 0.06 0.60(0.35-1.02) 0.01 0.57 (0.36-0.89)

Allele

C 385 85.2 3045 824 1284 834 3132 818 1669 83.8 6177 821 - - -

T 67 148 651 176 256 166 698 18.2 323 16.2 1349 179 0.14 0.81(0.62-1.07) 0.16 0.89(0.76-1.04) 0.07 0.89(0.78-1.01)

Dominant

CCICT 221 978 1771 958 752 97.7 1843 96.2 973 97.7 3614 96.0 - - -

TT 5 2.2 77 4.2 18 2.3 72 3.8 23 2.3 149 4.0 0.15 0.52(0.20-1.30) 0.06 0.61(0.36-1.03) 0.01 0.57 (0.37-0.89)

Recessive

CcC 159 704 1274 68.9 532 69.1 1289 67.3 691 694 2563 68.1 - - -

CTIaT 62 274 574 311 238 309 626 327 300 301 1200 319 0.26 0.84(0.61-1.14) 0.37 0.92(0.76-1.10) 0.28 0.92(0.79-1.07)

NIG: Network for Italian Genomes
OR: odds ratio; Cl: Confidence Interval
Sl: Southern Italy
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Common variants at 21g22.3 locus influence MX1 and TMPRSS2 gene

expression and susceptibility to severe COVID-19
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Highlights

- Genetic analysis was performed on 7,970 indiviglhaspitalized for COVID-19.
- Five SNPs withifTMPRSS2/MX1 locus (chr.21) are associated with severe COVID-19
- The minor alleles of the five SNPs correlatedwiiigh level ofVIX1 expression in blood.

- MX1 could be a potential therapeutic target itigrags with COVID-19.



