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Summary

Understanding Covid-19 pathophysiology is crucial for a better understanding of

the disease and development of more effective treatments. Alpha-1-antitrypsin

(A1AT) is a constitutive tissue protector with antiviral and anti-inflammatory prop-

erties. A1AT inhibits SARS-CoV-2 infection and two of the most important prote-

ases in the pathophysiology of Covid-19: the transmembrane serine protease

2 (TMPRSS2) and the disintegrin and metalloproteinase 17 (ADAM17). It also

inhibits the activity of inflammatory molecules, such as IL-8, TNF-α, and neutrophil

elastase (NE). TMPRSS2 is essential for SARS-CoV-2-S protein priming and viral

infection. ADAM17 mediates ACE2, IL-6R, and TNF-α shedding. ACE2 is the SARS-

CoV-2 entry receptor and a key component for the balance of the renin-

angiotensin system, inflammation, vascular permeability, and pulmonary homeosta-

sis. In addition, clinical findings indicate that A1AT levels might be important in

defining Covid-19 outcomes, potentially partially explaining associations with air

pollution and with diabetes. In this review, we focused on the interplay between

A1AT with TMPRSS2, ADAM17 and immune molecules, and the role of A1AT in

the pathophysiology of Covid-19, opening new avenues for investigating effective

treatments.
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1 | INTRODUCTION

In December 2019, the severe acute respiratory syndrome coronavi-

rus 2 (SARS-CoV-2) emerged in Wuhan, Hubei province, China to

cause a pandemic.1 Improved understanding of Covid-19 pathophysi-

ology, the role of host defense molecules and mechanisms against

viral infection are crucial for better understanding the disease, and

developing more effective treatment strategies.

Alpha-1-antitrypsin (A1AT) is a constitutive tissue protector, as

well as an antiviral and anti-inflammatory molecule.2,3 A1AT is an

inhibitor of SARS-CoV-2 infection and two of the most important pro-

teases in the pathophysiology of Covid-19: the transmembrane serine

protease 2 (TMPRSS2) and the disintegrin and metalloproteinase

17 (ADAM17), as was well as an inhibitor of inflammatory molecules,

such as IL-8, TNF-α, and neutrophil elastase.4-6 Moreover, recent data

indicate that lower IL-6:A1AT levels are related to worse prognosis in

Covid-19 patients.7

This review addresses the interplay between A1AT, TMPRSS2,

ADAM17, and inflammatory molecules during SARS-CoV-2 infection

with the aim of identifying new avenues for effective treatments

against Covid-19.

2 | SARS-COV-2 INFECTION

SARS-CoV can use a non-endosomal or an endosomal pathway to

enter cells.8 The non-endosomal pathway requires the virus spike

(S) protein to bind host angiotensin II converting enzyme receptor

(ACE2). Immediately after, the proteolytic action of TMPRSS2 pro-

cesses S into S1 and S2 subunits.9 The endosomal pathway is a less

efficient and non-essential pathway; it depends on cathepsin L, a

pH-dependent host-cell protease, to fuse the S protein in

lysosomes.8,10

A recent study demonstrated that blockage of both TMPRSS2

and cathepsin L by camostat mesylate inhibits, but does not abrogate,

SARS-CoV-2 infection of Calu-3 cells, inferring the possible involve-

ment of other proteases; furin is a strong candidate.9 Sequence-based

studies found four SARS-CoV-2-redundant furin cleavage sites that

are absent from SARS-CoV.11 In addition, the new coronavirus pre-

sents an exclusive S1/S2 cleavage site (RRARSVAS) that mimics a host

furin-cleavable peptide in the epithelial sodium channel α-subunit

(ENaC-α).12 This potential furin-mediated cleavage was thought to

explain the higher infectivity of SARS-CoV-2 compared to SARS-CoV.

However, Xia et al recently demonstrated, in an in vitro assay using

293T cells, that furin cleavage sites might not be very relevant for

SARS-CoV-2 infections in the human airway.13 Moreover, an elastase

cleavage site near the S1-S2 protein was recently identified in the

A2a SARS-CoV subtype (D614G mutation), suggesting an important

role of neutrophil elastase in this infection.14 Therefore, the possible

participation of other proteases in viral entry requires further

investigation.

3 | ACE2/TMPRSS2/ADAM17 INTERPLAY
AND PATHOPHYSIOLOGY OF COVID-19

The ACE2 receptor is a type I transmembrane protein mainly

expressed in the testicles, cardiovascular system, intestine, brain, oral

mucosa, and lungs.15 Besides being the entry receptor for SARS-

CoV-2, ACE2 is a component of the renin-angiotensin system (RAS). It

is responsible for converting angiotensin (Ang) I into Ang 1-9 and Ang

II into Ang 1-7, which act on the MAS-receptor.16,17 The ACE2/

Ang1-7, Ang1-9/MAS axis counterbalances the ACE1/AngII/AT1R

axis, enabling protection against fibrosis, pulmonary injury, diabetic

cardiovascular complications, myocardial infarction, and disseminated

intravascular coagulation (DIC), all of which are associated with severe

Covid-19 outcomes.18-20 Therefore, decreased tissue ACE2 might be

a Covid-19 risk factor.21

Indeed, ACE2 plasma levels are low in healthy individuals and

increase during male ageing process.22,23 In addition, Sama et al

observed higher ACE2 plasma levels in men with heart failure than in

women with the same condition.21 Circulating levels of ACE2 were

increased in diabetes, chronic obstructive pulmonary disease (COPD)

and nasal and bronchial airways of smokers compared with non-

smokers, some Covid-19 comorbidities.24,25 These findings, along

with the observation of higher SARS-CoV-2 viral load and high soluble

ACE2 plasma levels in elderly men, support the relevance of ACE2 tis-

sue levels in Covid-19 severity.22,26

Tissue ACE2 is down-modulated by SARS-CoV-2 endocytosis

and cleavage by ADAM17 and TMPRSS2.27,28 Analysis of the differ-

ential fate of the ACE2 cleavage products and amino acids required

for shedding suggests that ADAM17 and TMPRSS2 cleave different

sites, resulting in distinct biological consequences. While a stable

ACE2 ectodomain was found in culture supernatants previously

treated with ADAM17, it was absent from TMPRSS2-treated culture

supernatants.29

The protease ADAM17 is a type I sheddase transmembrane pro-

tein expressed in muscle, lungs, the placenta, ovaries, testicles, pan-

creas, kidneys, small intestine, thymus, and heart.30 The mechanisms

by which ADAM17 is regulated remain poorly understood. However,

its membrane sheddase function was induced by apoptosis, Ca2+ ion-

ophores, fibroblast growth factor 7 (FGF7), protein kinase C (PKC)

activators, and purine 2 (P2) receptor agonists.31 The activation of

ADAM17 also involves the translocation of phosphatidylserine (PS) to

the cell membrane outer leaflet.31 Moreover, in vitro assays revealed

that IL-1β can also activate ADAM17 through threonine residue

735 (T735) phosphorylation in a cytoplasmic domain non-dependent

manner.32 In addition, the uptake of SARS-S-ACE2 also promotes

ADAM17 activation.33 Although the mechanism is unclear, ADAM17

siRNA prevented SARS-CoV infection, indicating an important role of

ADAM17 in viral infection.33

ADAM17 is involved in several physiological and pathophysiologi-

cal processes, such as the activation of TNF-α and IL6R cleavage in

pulmonary inflammation.34 The pro-inflammatory cytokine TNF-α is
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related to the “cytokine storm,” a Covid-19 phenomenon that

increases the risk of vascular hyper-permeability, multiorgan failure,

and death.35 A study described high tissue levels of ADAM17 and

TNF-α in an animal model of COPD.36 Patients with COPD present

elevated serum ACE2 levels and severe Covid-19 outcomes,

suggesting that ADAM17 might be a risk factor for this new

disease.37

Levels of soluble TNF-α were elevated in patients with type 2 dia-

betes. Patients with diabetic low-density lipoprotein (LDL) have

shown higher gene expressions of ADAM17.38 Since, ADAM17 plays

an important role in TNF-α shedding, this suggests that ADAM17

activity is increased in a high sugar environment, explaining why free

TNF-α levels are elevated in diabetic patients.

TNF-α induces IL-8 release from pulmonary type II-like epithelial

cells (A549) and IL-8 secretion in airway epithelium-like NCI-H292

cells.39,40 IL-8 is an important neutrophil chemotactic factor produced

by lung fibroblasts and type II epithelial cells, plays an essential role

in variety pulmonary acute inflammations and is highly expressed in

Covid-19 patients.41-43 The administration of ADAM17 inhibitors in

acute allergic lung inflammation models diminished neutrophil and

eosinophil migration, decreasing inflammation and damage, suggesting

a contribution of ADAM17 to inflammatory processes.44 Additionally,

a neutrophil ex vivo assay showed that the activity of ADAM17 is

upregulated under immune complex stimuli, leading to FcγRIIIb shed-

ding. FcγRIIIb can then interact with CR3, CD32a, or the fMLP recep-

tor, enabling cell migration during inflammatory processes.4

IL-6R, which is expressed in the airway epithelial cells, can be

cleaved by ADAM17. The resulting soluble IL-6R/IL-6 complex can

promote autocrine or paracrine activation by binding to gp130, acti-

vating STAT3 signaling in lung fibroblasts, myofibroblasts, as well as

smooth muscle cells and inflammation.45 In addition, ADAM17 also

sheds an airway epithelial cell EGFR ligand amphiregulin (AREG).46

AREG binding to EGFR can also lead to STAT3 signaling paracrine

activation.47 Thus, Stolarczyk and Scholte suggested that the trans-

signaling of AREG and IL-6R could be relevant in lung fibrosis and

COPD.47

TMPRSS2 is a type II transmembrane serine protease.48 It con-

tains a trypsin-like substrate domain, binding sites for calcium and

LDL.49 It is expressed in the pancreas, prostate, colon, kidneys, liver,

and lungs.50 Pulmonary expression occurs through type I and II alveo-

lar cells, macrophages, and bronchial epithelial cells.51 Despite being

androgen-induced in the prostate, TMPRSS2 lung levels show no sig-

nificant difference between men and women (below 60 years old).52

TMPRSS2 is crucial in SARS-CoV-2 infection and seems to have no

relevant known physiological function.53 Therefore, TMPRSS2 modu-

lation has become a promising therapeutic approach against

Covid-19.54

Recently, Bhattacharyya et al described a nucleotide deletion

(delC) in the lung-specific expression quantitative trait locus (eQTL)

rs35074065, that regulates the expression of TMPRSS2 and MX1

genes. The rs35074065-delC variant, common in Europeans and North

Americans, does not hold the binding site for the repressor IRF2, only

for the IRF1 transcription factor. Thus, the rs35074065-delC variant

may promote an increased expression of TMPRSS2 and MX1 genes,

increasing the cleavage of SARS-CoV-2S protein in these populations.

The expression of MX1 leads to IFN type-I activation and neutrophil

infiltration, possibly increasing the release of neutrophil elas-

tase (NE).14

In summary, the pathophysiological relevance of ACE2 down-

regulation on Covid-19 is controversial. Since ACE2 is a SARS-CoV-2

entry receptor, one might consider that ACE2, virus entry and disease

severity are directly proportional.55 Moreover, the ADAM17-mediated

release of the ACE2 ectodomain in the blood could lead to virus neu-

tralization.56 However, the loss of cell membrane active ACE2 due to

ADAM17, TMPRSS2, and virus uptake, might lead to the increased

production of Ang II and activation of AT1R, resulting in breakdown of

homeostasis of the RAS system and detrimental effects, such as

inflammation, increased vascular permeability, pulmonary injury, and

DIC in Covid-19 patients.56,57

Considering the deleterious effects of TMPRSS2, ADAM17, and

inflammatory cytokines involved in Covid-19, the identification of cel-

lular inhibitors for these molecules is crucial. In this context, the host

protein A1AT emerges as an important candidate against SARS-

CoV-2 infection and Covid-19, as discussed below.

4 | ALPHA-1-ANTITRYPSIN-A1AT

The serine protease inhibitor alpha-1-antitrypsin (A1AT) is a Mr

52 000 protein with a half life of 3 to 5 days. A1AT is synthesized in

the endoplasmic reticulum and released by the Golgi apparatus. It is

expressed in hepatocytes, neutrophils, macrophages, pulmonary alve-

olar, intestine and corneal cells. Daily, under normal conditions, the

liver synthesizes and secretes into circulation approximately 34 mg of

A1AT per kilogram of body mass, resulting in a normal plasma level of

0.9 to 2.23 mg per milliliter. During inflammatory acute-phase

response, the A1AT levels can increase more than fourfold in “normal

variants” individuals.2,6

4.1 | A1AT deficiency

Encoded by SERPINA1, A1AT presents more than 100 recognized

allelic variations associated with distinct A1AT serum levels.58 Deter-

mined by codominant expression, the “normal variants” are M1-M6,

related to serum levels ≥0.9 mg/mL2,59; meanwhile, homozygous or

heterozygous S or Z are associated with lower serum levels

(<0.9 mg/mL), resulting in different magnitudes of A1AT deficiency,

lung, and liver diseases.60 Intravenous augmentation therapy is usually

prescribed for severe A1AT deficiency.61

Null mutations are not common; while mild A1AT deficiency is

caused by the S allele, which encodes the Glu264Val substitution,

severe cases of A1AT deficiency are due to the Z allele.60 About 70%

of the altered A1AT molecules are degraded by hepatocytes.62 The

rest of them form a polymerized conformation, generating cell stress

and an inflammatory response that can lead to chronic liver injury,
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fibrosis, and cirrhosis.63 Exposure to oxidising agents can lead to poly-

merization, nitrosylation, and the oxidation of Met-358, modifying

A1AT function in individuals with “normal variants.”64

Serres and Blanco investigated the worldwide distribution of PI*S

and PI*Z. They concluded that there are approximately 190 million

deficiency genotypes in the 97 analyzed countries, with 75% being

the MS slightly deficient genotype; 24% being MZ and SS, presenting

a potential risk of A1AT deficiency; 0.7% being SZ, with an increased

risk of deficiency; and being 0.1% ZZ, which is the high risk geno-

type.65 Moreover, 1 in 25 European descendants presents the Z allele

and 1 in 2000 are homozygous. In the Iberian peninsula, 1 in 4 individ-

uals present the S allele.66

Genotyping of A1AT performed in 3751 Italians from different

regions showed a higher prevalence of the deficiency-related pheno-

types SZ, MZ, ZZ in northern Italy, the region that was most affected

by Covid-19.67,68 More recent data collected by Italian Registry for

Alpha-1-Antitrypsin Deficiency confirmed that the northern region of

Italy had a higher prevalence of A1AT deficiency in comparison to the

southern region, with 47% of the total cases registered only in

Lombardia.69

Another study analyzed A1AT serum levels of 125 individuals

aged from 20 to 76 years. It was observed that middle-aged men

showed a decrease in A1AT levels, while women did not show any

variation. Altogether, women presented higher levels than men and

no significant variation was observed in older groups.70

4.2 | A1AT: A multitask protein

The main function of A1AT is inactivating proteolytic enzymes, which

are constantly released in pulmonary tissue due to the frequent expo-

sure to pathogens and high cellular immune activity. The inhibition of

NE, which is very harmful to lung tissue, is the most evident role of

A1AT; therefore, it can be inferred that changes in A1AT expression

may be linked to pulmonary pathologies, such as fibrosis.71 The A1AT

protein is formed of three β-sheets (A-C) and a reactive loop. NE binds

to the reactive loop, which approaches β-sheet A, forming an irrevers-

ible complex and promoting NE inhibition.72 This new conformation

might be recognized by hepatic receptors and removed from the

circulation.73

Furthermore, A1AT appears to participate in several other impor-

tant biological processes and can increase four to six times during

inflammation.74 In a cohort of 51 individuals with fever stress, 76.4%

presented elevated A1AT levels, showing the adaptive capacity of

A1AT during the acute-phase response.75 Moreover, A1AT levels in

women using oral contraceptives proved to be significantly higher,

suggesting responsiveness to estrogen.76 In addition, Larsson et al

showed that women have increased levels of A1AT during pregnancy,

with a peak at 34 to 38 weeks and a decrease in the postpartum

period.77 Since low levels of A1AT were related to spontaneous abor-

tion, it was suggested that A1AT reduces embryotoxicity and contrib-

utes to successful pregnancy.78

Evidence supports the fact that A1AT molecules also play anti-

inflammatory roles. High concentrations of A1AT were able to neu-

tralize airway plasmin and thrombin in vitro in smoke-conditioned

medium. Both plasmin and thrombin activate PAR-1 receptors,

resulting in macrophage MMP-12 release, which in turn is a TNF-α

converting enzyme.79 High levels of pro-inflammatory cytokines were

observed in A1AT-deficient individuals80; this could be explained by

in vitro A1AT-mediated NF-κB inhibition.81 Also, A1AT can inhibit

caspase-3, -6, and -7 in a dose-response fashion.82 A1AT reduced

mice hepatocyte apoptosis induced by TNF-α, in vitro normal human

pulmonary epithelial cell line (BEAS-2B) apoptosis in an inflammatory

response model and alveolar cell apoptosis by directly binding to

caspase-3 in a mouse model of apoptosis emphysema.83-85

Furthermore, an in vitro assay showed that A1AT can bind to

TNFR1 and TNFR2 receptors, diminishing TNF-α-TNFR1 by 35% and

TNF-α-TNFR2 by 50%. Neutrophils pre-exposed to physiological

levels of A1AT and treated with exogenous TNF-α presented 55% less

bound TNF-α when compared to neutrophils cultivated in non-A1AT

culture.86 Also, biophysical experiments showed that A1AT can bind

to retinoic acid, which is related to inflammatory disorders.87,88

Moreover, Janciauskiene et al observed that A1AT promotes the

release of IL-10 in human monocytes by increasing cAMP and activat-

ing cAMP-dependent protein kinase A in response to LPS, contribut-

ing to an anti-inflammatory response.89 Besides, A1AT increases IL-

1Ra expression without promoting expression of the NF-κB gene.74,90

Mizrahi et al described A1AT as a B-lymphocyte modulator.91 In

cell culture under LPS stimuli, A1AT reduced B-lymphocyte activation,

Ki-67+ B-cell population size, IgM release and expression of the acti-

vation markers CD40 and CD19. Also, the authors observed a low

expression of CD80 and CD86 by CD40 stimulation, suggesting that

A1AT interferes with T-cell-dependent B-cell activation.91

Recently, Azouz et al demonstrated in vitro assays that A1AT can

reverse inflammatory conditions caused by the loss of SPINK7, that

might be related to cytokine release and eosinophil infiltration. There-

fore, the authors propose A1AT as a therapeutic approach against

eosinophilic esophagitis and Netherton syndrome.92

Finally, A1AT appears to be involved in diabetes. Despite the

increased A1AT levels in diabetic patients, its inhibitory capacity is

decreased. Hashemi et al suggested that the non-enzymatic glycosyla-

tion of A1AT lysine is responsible for the low activity.93

4.3 | A1AT and pulmonary protection

COPD emphysema is strongly related to an imbalance in A1AT activ-

ity or a deficiency of this protein. As the majority of people who

develop the disease have normal levels of A1AT, environmental

changes in A1AT, promoted by cigarette exposure and pollution,

appear to be more relevant risk factors than genetics.94-96

The protective effects of A1AT in COPD are mainly involved in

neutrophil regulation. Ordinarily, A1AT reaches the lung by passive

diffusion endocytosis irreversibly inhibiting NE and can be taken up
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by lung endothelial cells through clathrin-dependent endocytosis.97,98

Additionally, A1AT has been described as a neutrophil chemotaxis

modulator because it can bind to IL-8, preventing interaction with

CXCR1.4 A1AT can inhibit ADAM17, which is activated by soluble

immune complexes and is responsible for the release of FcyRIIIb from

neutrophils. Thus, the inhibition of ADAM17 reduces FcγRIIIb release

and diminishes the migration of cells during inflammation.4

In summary, also considering the previously described anti-

apoptotic and TNF-α modulation performed by A1AT, its protective

role in the lung during inflammation appears to have substantial physi-

ological relevance.79,84,85

4.4 | A1AT and viral infections

One of the first reports of the protective role of A1AT against viral

infection was written by Shapiro et al. in 2001.81 In this study, the

proteinase inhibitor attenuated HIV replication in peripheral blood

mononuclear cells. Afterward, a small C-terminus of 20aa residue of

A1AT called “virus-inhibitory peptide (VIRIP)” can bind to the HIV

envelope glycoprotein gp41, disabling viral entry into host cells.3,99

VIRIP also has anti-HIV activity in in vivo assays.3 In addition, A1AT

interacts with cytosolic IkBα of HIV infected CD4+ T cells, modifying

its ubiquitinylation pattern, resulting in the inhibition of NF-kB

activation.100

It was observed that low levels of A1AT in serum might be a risk

factor for HIV infection and disease progression.101 In addition, the

presence of emphysema in HIV positive patients was related to

increased levels of oxidized A1AT in bronchoalveolar lavage fluid (but

not in serum) and NPS imbalance.102

A protective role for A1AT has been described for several other

viral infections. A1AT affects human rhinovirus (HRV) infection in air-

way epithelial cells.103 Cells exposed to cigarette smoke exhibited an

increased viral load. However, the addition of A1AT after exposure

resulted in a 29-fold decrease in viral replication. Plus, bronchial epi-

thelial cells treated with A1AT and infected with HRV showed

reduced ICAM-1 expression, which normally acts on vascular perme-

ability and immune responses, and is used by HRV as an entry

receptor.103

Finally, A1AT deficiency genotypes in Iranian, Egyptian, and Bra-

zilian individuals were linked to HIV, hepatitis B, and hepatitis C infec-

tion and complications, such as emphysema, liver, and hepatic disease.

Therefore, A1AT levels may be relevant to the development of these

viral diseases.104-106

5 | A1AT AND COVID-19

Covid-19 is associated with comorbidities, such as cardiovascular dis-

eases, pulmonary diseases, hypertension, diabetes, and liver and kid-

ney diseases.20,107 However, the patient's prognosis varies widely and

may respond to several intrinsic and environmental factors.108 A1AT

is an innate immune system regulator that plays a protective role

during viral infections, as well as in lung homeostasis, and might be

relevant in the RAS system imbalance (Figure 1).71 In this context,

determination of the role of A1AT in SARS-CoV-2 infection and how

it interferes with the progress of Covid-19 may provide a better

understanding of the pathophysiology of the disease and would open

up an avenue for new therapeutic approaches.

As mentioned before, TMPRSS2-mediated SARS-CoV-2-S protein

binding is very important for virus entry into host cells.9,29 A1AT effi-

ciently inhibits TMPRSS2 in an in vitro assay, making this a strong can-

didate as an anti-Covid-19 therapy because it could prevent viral

entry (Figure 1).5 More recently, Wettstein et al confirmed the

hypothesis that A1AT could inhibit SARS-CoV-2 entry. The in vitro

assays were performed using Caco2 and Vero cells treated with differ-

ent concentrations of A1AT, infected with spike-containing

pseudoparticles and wild-type SARS-CoV-2 from France and the

Netherlands. A1AT promoted almost complete inhibition of infection

in the concentrations of 2 to 4 mg/mL, compatible with “normal vari-

ants” physiological levels during infection conditions. In addition, no

cytotoxic effect in concentrations up to 8.2 mg/mL, was detected,

supporting the possibility of the therapeutic use in patients infected

with SARS-CoV-2.6 However, since A1AT inhibits HIV viral infection

by binding directly to the virus, its anti-SARS-CoV-2 activity needs

further investigation.

A1AT also reduced ADAM17 activity.4,109 ADAM17 is responsi-

ble for ACE2 cleavage and an imbalance of the RAS system, leading to

inflammation, increased vascular permeability, pulmonary edema, and

DIC.19,29,57 Reducing its activity might improve the inflammatory con-

dition in Covid-19 patients. In addition, less ADAM17 shedding could

help to control the release of IL-6R, the release of TNF-α and conse-

quently, the “cytokine storm,” a phenomenon related to Covid-19 that

increases risk of vascular hyperpermeability, multiorgan failure, and

death (Figure 1).35

ADAM17 down-regulation can result in less FcyRIIIb release,

diminishing neutrophil activation.4 Importantly, ADAM17 is over-

expressed in diabetic patients110; this could be due to the inhibition

of A1AT activity by glycosylation.93 Therefore, the increased risk

among diabetic Covid-19 patients might be related to the diminished

activity of A1AT.

Since pulmonary alveolar macrophages are activated by SARS-

CoV-2, the possible protective role of A1AT against Covid-19 might

be mediated by the modulation of IL-8 activity and TNF-α binding to

TNFR1 and 2, preventing neutrophil chemotaxis, exacerbated immune

response, and tissue damage (Figure 1).4,86,111

Recent studies introduced the idea that air pollution is directly

related to Covid-19 due to the capacity of promoting longevity of

SARS-CoV-2 particles and inducing respiratory diseases; the most

affected regions of Italy and China were also the most polluted.112,113

Nevertheless, this correlation ought to be extensively investigated

and bias such as living conditions and cultural behavior of the popula-

tion of the polluted regions are extremely important and must be

taken into consideration.

However, this correlation can be relevant to the role of A1AT in

the outcome of Covid-19, since oxidant agents present in polluted air
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are able to modify normal variants of A1AT molecules, extinguishing

their pulmonary protective function.64 Interestingly, regions of north-

ern Italy, in addition to being more polluted compared to the south,

have higher amounts of defective A1AT alleles.67

Vianello and Braccioni recently suggested that A1AT deficiency

might explain the high Covid-19 mortality in Italy.114 The authors

observed that the Lombardy region, which suffered 37.8% of the

fatalities, also records 47% of all A1AT deficiency cases of Italy. Also,

they highlighted inhibition of TMPRSS2 by A1AT as a possible reason

for the high mortality rates.114

A recent clinical analysis with a cohort of 40 individuals showed

that A1AT levels are increased in Covid-19 patients.7 Usually, the

increase in A1AT is directly proportional to the increase in IL-6,

supporting an anti-inflammatory function. However, Covid-19

patients requiring intensive care unit (ICU) presented a higher IL-6:

A1AT ratio than Covid-19 stable patients. Moreover, clinical improve-

ment was observed in ICU patients where the IL-6:A1AT ratio

decreased over the course of the treatment; in contrast, in patients

where the ratio remained higher, no improvement was observed.

Therefore, the authors indicate that A1AT augmentation therapy

might be considered and investigated as a treatment for Covid-19.7

Finally, the emergence of A2a SARS-CoV-2 subtype with a poten-

tial cleavage site for NE, along with the lung-specific eQTL

rs35074065-delC variant expression that can induce neutrophil infil-

tration, stresses the possible relevance of A1AT in the pathophysiol-

ogy of Covid-19.14 Indeed, A1AT could inhibit the cleavage of the

F IGURE 1 Possible protective role of A1AT against Covid-19. Alpha-1-antitrypsin (A1AT) inhibits transmembrane serine protease 2-mediated
SARS-CoV2 infection and ADAM17 protease. A1AT-mediated ADAM17 inhibition can modulate ACE2 cleavage, protecting pulmonary, and
cardiac tissue from deleterious effects of RAS imbalance. In addition, A1AT-ADAM17 inhibition can exert anti-inflammatory effects by inhibiting
TNF-α and IL6R cleavage. Moreover, A1AT can regulate neutrophil chemotaxis, degranulation through interactions with neutrophil elastase (NE),
IL-8, and TNF-α binding to TNFR1 and TNF-R2 neutrophil receptors, and macrophage activation. Finally, A1AT could inhibit the NE—mediated
cleavage of the spike protein of the SARS-CoV-2 A2a subtype (not shown)
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spike protein of the D614G subtype by NE and diminish neutrophil

activation in rs35074065-delC variant individuals, acting against

infection and deleterious effects of neutrophil infiltration (Figure 1).

In this context, it is plausible to consider A1AT as a protective

host factor against Covid-19, not only decreasing SARS-CoV-2 entry,

but also protecting from the main clinical complications, such as acute

inflammation and acute respiratory insufficiency.

6 | OPEN QUESTIONS AND CONCLUDING
REMARKS

In order to achieve a more comprehensive understanding of A1AT in

Covid-19, is important to address the following concerns:

1. Is there a correlation between allelic variants, A1AT levels and/or

A1AT mutations and worldwide Covid-19 clinical outcome?

2. Are there differences in A1AT levels between symptomatic and

asymptomatic SARS-CoV-2 infection?

3. Is there any sex or age bias related to A1AT increase in SARS-

CoV-2 infection?

4. Can neutrophil elastase improve the SARS-CoV-2 A2a subtype

infection? If so, is A1AT able to interfere with neutrophil elastase-

mediated cleavage of the spike protein of the SARS-CoV-2 A2a

subtype?

5. Is A1AT able to interfere with ADAM17-mediated ACE2 cleavage?

6. What A1AT domains are responsible for the inhibition of SARS-

CoV-2 infection?

7. Is A1AT capable of inhibiting TMPRSS2-mediated ACE2 cleavage?

The evidence presented in this review highlights the relevance of

the A1AT as a host protective factor, which can inhibit the

TMPRSS2-mediated SARS-CoV-2 infection, modulate the deleterious

effect of ADAM17 activation and the activity of inflammatory mole-

cules, such as IL-8, TNF-α, and neutrophil elastase. In this context, a bet-

ter understanding of the physiological relevance of A1AT in Covid-19

may be relevant in the development of new anti-Covid-19 approaches.
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