
Page 1/16

Evaluation of the relationship between different
variants of Alpha 1 antitrypsin and the severity of
COVID-19 disease
Mohammad Saeed Hakhamaneshi  (  med.bio1401@gmail.com )

Kurdistan University of Medical Sciences
Parisa Khalilzadeh¹ 

Kurdistan University of Medical Sciences
Mohammad Abdi 

Kurdistan University of Medical Sciences
Bijan Nouri 

Kurdistan University of Medical Sciences
Karim Nasseri 

Kurdistan University of Medical Sciences
Sherko Nasseri 

Kurdistan University of Medical Sciences

Research Article

Keywords: Coronavirus disease 2019 (COVID-19), SERPIN 1, Single nucleotide polymorphisms (SNPs),
SARS-CoV-2, Alpha1-antitrypsin (A1AT)

Posted Date: April 13th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1541180/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1541180/v1
mailto:med.bio1401@gmail.com
https://doi.org/10.21203/rs.3.rs-1541180/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Abstract
Background and Aim: In late 2019, incidence of respiratory diseases increased due to the outbreak of
Corona virus. A1AT is a serine protease which its de�ciency causes lung disease. In this study, it was
hypothesized that different variants of SERPINA1 gene affect the severity of COVID-19 disease.

Materials and methods: 42 Swab samples containing puri�ed DNA along with RNA virus, patients with
COVID-19 from the age of 25-60 years were classi�ed into three study groups contain of 14 patients each;
outpatients, inpatients and the patients that admitted in intensive care units. The PCR method were used
to ampli�cation, of SERPINA1 gene, then the PCR product were sequenced by Sanger sequencing and the
results were analyzed.

Results: The result of this study depicted that in the 3 outpatient, inpatient, and ICU study groups, the non-
synonymous SNP, polymorphism in locus 5895 C> G (exon 2) with a frequency of 33.3% in which the
amino acid alanine was changed to glycine was observed in the ICU group ,while in outpatient, inpatient
groups two non-synonymous polymorphisms in locus 5646 and 5892 (exon 2) were reported , due to the
high frequency of polymorphisms at position 5895 in the ICU group compared to other study groups may
be related to the severity of symptoms of COVID-19 disease with this polymorphism Also, among the
synonymous polymorphisms of SNP, in locus 11295 (exon 5) with a frequency of 21.4% in the outpatient
group, probably showed the highest resistance against COVID-19.

Introduction
Coronaviruses are a large family of viruses that cause disease in humans and animals and include 39
species of the Coronaviridae family. There are at least seven known types of coronaviruses that cause
respiratory disorders in humans. The three most recent examples of mutant viruses are SARSCOV, MERS-
COV, and SARS-COV-2(Ortiz-Prado et al., 2020). In contrast to the two outbreaks of coronavirus, the acute
respiratory syndrome of coronavirus 2 (SARS-CoV-2), coronavirus 2019 agent, caused a global epidemic
that resulted in the loss of life and severe economic problems(Day, 2020). Coronavirus includes replicase,
spike protein S, envelope protein E, membrane protein M, and nucleocapsid (Zhang et al., 2020). COVID-
19 uses angiotensin-converting enzyme 2 (ACE2) as a receptor and infects cells with ACE2 through the
receptor-binding domain found in the Spike (S) protein. The ACE2 receptor is abundant in alveolar cells,
Cardiomyocytes, and vascular endothelium (Ding et al., 2017).

Real-time reverse transcription-PCR (RT-PCR) is the standard method for determining coronavirus
infection; the combined use of imaging or computed tomography (CT) clinical signs can aid in the early
diagnosis of COVID-19-induced pneumonia(Tang et al., 2020b). A1AT is a single-chain glycoprotein
containing 394 amino acids with a molecular mass of 50 kDa (Brantly et al., 1988, Crystal, 1990) and is
one of the most important serine proteases or serum serpins, produced mainly in the liver and, in addition,
by macrophages and epithelial cells of the intestinal wall. Serpins are a group of inhibitors that are
involved in inhibiting proteolytic, complement, and coagulation reactions. A1AT is the major inhibitor of
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neutrophil elastase and plays a vital role in protecting lung tissue against elastin degradation. Alpha 1
antitrypsin de�ciency (A1ATD) can be associated with a high risk of pulmonary emphysema, chronic liver
disease, and the rare form of cutaneous infections such as rheumatoid arthritis, vasculitis,
glomerulonephritis, and others(Carrell et al., 1982). The normal amount of A1AT in serum is about 150–
350 mg percent, and its distribution in tissues is not uniform. The small size of the A1AT molecule allows
this protein to penetrate into various body �uids and tissues, so that its amount in the lung parenchyma
is 3–5 micromoles. In humans, the A1AT gene is located on chromosome 14q32.1, which is composed of
5 exons and 4 introns longer than 12 kb (Potempa, 1994, Crystal et al., 1989, Crystal, 1989)

More than one hundred million known SNPs have been identi�ed and listed. Most of these SNPs are in
DNA sequences that do not directly encode amino acids. These SNPs affect gene binding, transcription
factor binding, messenger RNA degradation, and other factors affecting gene transcription and mRNA
translation into proteins(Shaw, 2013). To date, more than 100 allelic variants of the A1AT gene have been
identi�ed by DNA sequencing followed by isoelectric focusing. Approximately 11% of the nucleotide
sequence is encoded for the A1AT protein sequence. Most studies (molecular biology techniques, DNA
sequencing, IEF, etc.) show that the A1AT gene is highly polymorphic, and on the other hand, using
molecular biology techniques (such as DNA sequencing), it has been found that, there are even more
varieties than those detected at the protein level (Brantly et al., 1988, Crystal, 1990, Carrell et al., 1982,
Crystal et al., 1989, Crystal, 1989).

A1ATD is a common autosomal genetic disorder(Laurell and Eriksson, 2013). Due to the formation and
maintenance of polymers in the endoplasmic reticulum of liver cells, it causes liver disease in a
proportion of PIS and PIZ alleles transporters(Townsend et al., 2018). A recent clinical analysis with a
group of 40 showed that A1AT level increased in COVID-19 patients, which is directly proportional to the
IL-6 increase and supports an anti-in�ammatory function (Stoller and Aboussouan, 2012). In addition,
A1AT has a regulatory role in the coagulation cascade and can prevent NET-induced Immunothrombosis
by inhibiting elastase(Janciauskiene and Welte, 2016, Middleton et al., 2020). Patients with A1ATD are
prone to COVID-19. For patients with A1ATD who do not have enough functional A1AT, transmembrane
serine protease 2 (TMPRSS2) is more easily activated and causes SARS-CoV-2 to enter the cells. A1AT
has inhibitory effects on thrombin and plasmin, so A1ATD may be associated with an increased risk of
coagulation disorders. Insu�cient anti-in�ammatory, cell death, anti-protease, and anti-coagulation
effects of A1AT, can increase the risk of severe acute lung damage. Patients with A1ATD, who are
infected with SARS-CoV-2 may have more severe outcomes compared other people (Tanash et al., 2016,
Yang et al., 2021). A1AT also reduces A disintegrin and metalloprotease 17 (ADAM17) activity (Bergin et
al., 2010, Jedicke et al., 2014). ADAM17 is responsible for the ACE2 decomposing and the Renin–
angiotensin system imbalance, which leads to in�ammation, increased vascular permeability, pulmonary
edema, and diffuses intravascular coagulation (DIC) (Tang et al., 2020a, Heurich et al., 2014, Gheblawi et
al., 2020). Decreased A disintegrin and metalloprotease 17activity may improve in�ammatory conditions
in COVID-19 patients (Jose and Manuel, 2020).
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Materials And Methods
In this study, samples of oropharyngeal and nasopharyngeal swabs belong to patients with COVID-19,
containing viral particle as well as epithelium cells were provided. All swap were used for total human
DNA and RNA of SARS-COV-2. The patients that referred to Tohid Hospital in Sanandaj as COVID-19
Medical Center voluntarily coordinate to this research were randomly selected without age and sex
restrictions according to WHO Protocol. The inclusion criteria were based on the positive result of the
COVID- 19 test and clinical observations. Those who did not agree to participate in the study were
excluded from the study and then 3 samples of expired people were removed from the collected samples.
Based on the case information, patients were classi�ed into three study groups, including hospitalized
(14 patients) outpatient (14 patients), and ICU (14 patients) .The study of DNA extracted were done with
spectrophotometry method by synergy 2 Multi-Mode Reader, and then according to Table 1, primers were
designed for PCR using Gene Runner software and evaluated by NCBI, the BLAST website. The important
point that, most of the variants related to the A1AT gene are located in exons 2, 3, and 5, so the primers
related to these exons were designed (Table 1). Electrophoresis was used to evaluate the band quality of
PCR products. 42 samples with clearer bands were sent for sequencing by the Sanger method. The
quality of the sequences was checked using Chroma’s software, and low-quality areas were edited, part of
which is shown in Fig. 1. Clustal Omega web-based software was used to align the sequencing samples,
part of which is shown in Fig. 2. Then, after con�rming the sequences, in order to identify the existing
polymorphisms and determine the effect of polymorphisms from the sequenced samples on protein
changes, CLC software used to align their amino acid sequence with the SERPINA1 gene, part of which is
shown in Figs. 3 and 4, where the alanine nucleobase is converted to glycine. After identifying all the
con�icts by CLC software, the location of polymorphisms in the sequencing samples of COVID-19
patients with all RS (Reference SNP) related to the SERPINA1 gene in the following database was studied
to match and check for new polymorphisms. https://www.ncbi.nlm.nih.gov/snp/term=serpina1.

Table 1
Features of speci�c primers

A1ATgene primer 5́→3́ sequence Fragment
size

Gene location

Exon 2 Forward

Reverse

GGACAATGCCGTCTTCTG
TCTATGGGAACAGCTCAGG

687 Chromosome 14 -
NC_000014.9

Exon 3 Forward

Reverse

GGGATGTGTGTCGTCAAG

CTTCTTGGTCACCCTCAG

424

First part of
exon 5

Forward

Reverse

CGACGAGAAAGGGACTGAAGC

TGGGGAGAAGGGACCTGATTC

915

End part of
exon 5

Forward

Reverse

AATCAGGTCCCTTCTCCC

CACAGAAAGCTCATAAGTGC

988
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All stages of this study were performed under the supervision of the ethics committee and the written
consent of the patients was obtained. In order to maintain the con�dentiality of the research results, the
hospital admission number of each person was considered as her identi�cation code and the results were
analyzed using these codes. The ethics code of this research is IR.MUK.REC.1399.214.

Results
PCR optimization was performed for each of the 4 exons of the SERPINA1 gene for some samples in Fig.
5–8 to achieve a speci�c single band for each exon. Evaluation of the results of sequencing 4 exons of
SERPINA1 gene in outpatients, inpatients, and ICU patients with COVID-19 in CLC software led to the
identi�cation of 6 new variants. Among the 6 variants identi�ed in patients with COVID-19, only 3
polymorphisms located in exon 2 caused changes in the amino acid level of A1AT protein. In the
outpatient group of patients with COVID-19, polymorphism in location 5646 with heterozygous genotype
GC and frequency 35% (5 out of 14 patients in the outpatient group), which converted C to G nucleobase
and caused the change of amino acid alanine (non-polar) to glycine (neutral), was observed. In the
hospitalized group of patients with COVID-19, polymorphism in locus 5892 with heterozygous GA
genotype and frequency of 50% (7 out of 14 patients in the hospitalized group), which converted A to G
nucleobase and led to the change of amino acid glutamic acid (acidic) to glycine (neutral), was observed.
In addition, the location 5895 polymorphism with the heterozygous GC genotype observed in all 14
patients in the ICU group, converted C to G again, changed the amino acid alanine (non-polar) to glycine
(Table 2). Table 3 shows the frequency of polymorphisms resulting from SERPINA1 gene sequencing in
all 42 samples of patients with COVID-19, which were divided into three groups of 14 patients with equal
proportions of men and women. 

 
Table 2

Frequency of non-synonymous polymorphisms in three groups: outpatient, inpatient and ICU
Exon Frequency

(%)
nucleobase
change

Amino acid
change

Gene location in
SERPINA 1

Patient
groups

2 35.71 C > G A > G 5646 Hospitalized

2 50 A > G E > G 5892 Outpatient

2 100 C > G A > G 5895 ICU
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Table 3
Frequency of polymorphisms in patients with COVID-19

Exon ICU
(%)

Hospitalized
(%)

Outpatient
(%)

nucleobase
change

Gene location in SERPINA
1

2 - - 11.9 C > G 5646

2 - 16.6 - A > G 5892

2 33.3 - - C > G 5895

5 - - 21.4 A > G 11295

5 - 23.8 23.8 A > G 11375

5 - 23.8 30.95 G > A 11485

Three non-synonymous polymorphisms have been observed that these 3 polymorphisms include location
5646 polymorphism (Nc:7698, Exon: 2, Gene: SERPINA1) with heterozygous GC genotype and a
frequency of 11.9%, which includes 40% female and 60% male out of 5 patients in the outpatient group,
location 5892 (Nc: 7944, Exon:2, Gene: SERPINA1) polymorphism with heterozygous GA genotype and a
frequency of 16.6% of which 28.57% were female and 71.24% male of 7 patients in the hospitalized
group, and location 5895 polymorphism (Nc: 7947, Exon: 2, Gene: SERPINA1) with heterozygous GC
genotype and a frequency of 33. 3% of which 50% were female and 50% were male from 14 samples in
the ICU group.

Also, 3 synonymous or silent polymorphisms were observed that did not cause an amino acid change in
exon 5 of SERPINA1 gene, including polymorphism of location 11295 ( Nc: 13347, Exon: 5, Gene:
SERPINA1) homozygous GG genotype which caused A to G nucleobase conversion and a frequency of
21.4%9, which 55.5% were female and 44.5% were male out of 9 outpatient group, polymorphism of
location 11375 (Nc:13427, Exon: 5, Gene SERPINA1) with homozygous GG genotype that caused A to G
nucleobase conversion with a frequency of 23.8%, which 60% were female and 40% male out of 10
patients in the outpatient group in addition, polymorphism of locus 11375 were observed in the
hospitalized group with a frequency of 23.8%, of which 70% were female and 30% were male out of 10
patients in the hospitalized group, polymorphism location 11485 (Nc: 13537, Exon: 5, Gene: SERPINA1)
with heterozygous GA genotype that causes G to A nucleobase conversion in the outpatient group with a
frequency of 30.95%, which 53.84% were female and 46.16% male, and in the inpatient group with a
frequency of 23.8%, which 50% were female and 50% male from 10 patients in this group.

Discussion
SNPs can be synonymous or silent (i.e., do not cause a change in amino acid), and non-synonymous
(when an amino acid changes). Synchronous SNPs have been thought to be insigni�cant, because the
original protein sequence is preserved. Several studies have challenged this hypothesis over the past
decade and shown that, synonymous mutations can also be contributed to disease. A lot of evidence
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shows that, synonymous SNPs can actually disrupt cellular function and create distinct clinical
phenotypes. Synonymous SNPs, often can alter transcriptional stability by changing the ability of RNA-
bound proteins to detect transcription through changes in mRNA structure. The secondary structure of
mRNA is important in the synthesis and processing of pre-mRNA, as well as translation control. Thus,
synonymous SNP, which that alters mRNA structure, can affect numerous cellular functions. Also, some
synonymous mutations can turn off the effects of a harmful mutation (Higgs and Ran, 2008, Hunt et al.,
2009). A1AT protein contains 394 amino acids consisting of 3 β-sheets, 9 α-helices, and a reactive center
loop (Dafforn et al., 2004). Point mutations can destabilize the A β-sheet, and destroy the structure of the
protein, and �nally, by protein-protein interaction, and binding the residues of one serpin molecule to the
β-sheet of another molecule, forms a loop-sheet polymer. These polymers accumulate within the
endoplasmic reticulum of liver cells and create the inclusion bodies, which leading to several diseases
such as liver cirrhosis, liver carcinoma, emphysema, and thrombosis (Green et al., 2003, James and
Bottomley, 1998, Peltier et al., 2000). Milger et al., reported that a 44-year-old non-smoking woman of
Turkish origin, who had suffered severe dyspnea and inspiratory pulmonary pain, a chest computed
tomography scan con�rmed severe bronchiectasis, severe emphysema, and pulmonary embolism.
Pulmonary function tests showed severe obstruction and moderate swelling. In the patient's biochemical
investigations, leukocytosis, elevated C-reactive protein, thrombocytosis, eosinophilia, respiratory failure,
and low serum A1AT levels (25 mg /dl), were identi�ed. Genotypic screening did not show any S and Z
mutations in exons III and V of the SERPINA1 gene. However, after sequencing the remaining exons of the
SERPINA1 gene, the insertion of a homozygous CA dinucleotide into exon II was found, which leading to
a frameshift mutation in the stop codon at locus 219 (Milger et al., 2015).

Studies have also shown that A1AT directly inhibits the activity of caspase-3, an intracellular cysteine
protease that plays a key role in cellular apoptosis (Petrache et al., 2006). Activation of Caspase-3 at the
death time of neutrophils is well documented, recent �ndings provide evidence that, cut and activation of
procaspsase-3 are due to the release of PR3 (protease 3) from neutrophil granules into the cytosol.
Activation of caspase-3 by PR3 plays an important role in neutrophil apoptosis (Luo and Loison, 2008).

A1AT is involved in the inhibition of gelatinase B (MMP-9) in neutrophils. Neutrophils have been identi�ed
as the predominant source of MMP-9 (Gettins, 2002). MMP-9 is formed during the maturation of
neutrophils, and helps neutrophil depletion and stem cell mobilization by destroying basement membrane
collagens (Bradley et al., 2012). A1AT is an indirect physiological inhibitor of MMP-9, because elastase
inactivates the MMP-9 activator (Opdenakker et al., 1998). Previous studies have also shown that, A1AT
genetic defect can affect neutrophil elastase activity, as well as lung tissue organization, through the
enzyme lysyl oxidase, which is responsible for cross-linking between tropoelastin molecules (Crystal,
1990, Janoff, 1985).

The starting ATG sequence for the 24th amino acid’s peptide signal as well as, 2 of the 3 sites of
glycosylation of the SERPINA1 gene is located in exon II. Exon III has the third glycosylation site (Crystal
et al., 1989, Crystal, 1989). A1AT has a variety of anti-in�ammatory properties; it has been shown that,
A1AT can modulate the resulting chemotaxis by binding to IL8. At physiological pH, the A1AT protein has
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an overall negative charge that causes an electrostatic interaction between A1AT and IL-8 with a positive
charge.

A1AT oligosaccharides are critical for this anti-in�ammatory function, because it has been shown that,
A1AT cannot bind to IL8 without glycosylation. Binding between A1AT and IL-8 inhibits IL-8 binding to
CXCR1, which negatively affects downstream signaling events in cytoskeletal rearrangement, F-actin
formation, and calcium charging, and ultimately reduces neutrophil migration (Ferry et al., 1997).
Signi�cantly, disorders of in�ammatory regulation and blood coagulation have been reported to be
involved in varying intensities of COVID-19 (Bergin et al., 2010).

The SERPINA1 gene is part of a group of genes that include cortisol-binding globulin, alpha 1
antichymotrypsin, a protease-like inhibitor, and a protein C inhibitor, all of which are located near the locus
of immunoglobulin’s, the link between the locus of immunoglobulin’s, and the locus of protease inhibitors
may be the cause of SERPINA1 de�ciency diseases and several in�ammatory diseases(Crystal, 1989,
Dafforn et al., 1999). According to our results we supposed that, due to changes of synonymous and non-
synonymous polymorphisms in the structure and function of A1AT, in the entry and infection by SARS-
COV2, the coagulation pathway, protease/antiprotease balance and in�ammation, the severity of COVID-
19 can be changed in 3 outpatient, inpatient and ICU groups, as imagined among the non-synonymous
SNPs, the 5895 C > G locus polymorphism with a frequency of 33.3% (exons 2, 14 of 42 total samples)
that observed only in the ICU group, compared with the two synonymous polymorphisms at the 5646 and
5892 loci (exons 2) Causes high sensitivity to SARS-COV-2. Also, among the synonymous polymorphisms
of SNP, position 11295 with a frequency of 21.4% (exons 5, 9 of 42 total samples) in the outpatient group,
probably; has shown the highest resistance against COVID-19.

Conclusion
Possibly, changes in the structure and function of A1AT due to changes in synonymous and non-
synonymous polymorphisms mediated the severity of COVID-19 among ICU patients.
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Figure 1

Results of SERPINA1 gene sequencing analysis with Chroma’s software
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Figure 2

Results of SERPINA1 gene sequencing analysis with Clustal Omega based web software

Figure 3

Results of SERPINA1 gene sequencing analysis with CLC software
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Figure 4

Results of amino acid sequence analysis in CLC software

Figure 5

Part of the electrophoresis samples related to Primer 2
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Figure 6

Part of the electrophoresis samples related to Primer 3

Figure 7

Part of the electrophoresis samples related to primer 5 (�rst part of exon 5) 
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Figure 8

Part of the electrophoresis samples related to primer 5 (end part of exon 5)


