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Abstract: Tobacco smoking is the leading risk factor for many respiratory diseases. Several genes are
associated with nicotine addiction, such as CHRNA5 and ADAM33. This research aims to evaluate
the association of the polymorphisms rs16969968 (CHRNA5) and rs3918396 (ADAM33) in patients
who developed severe COVID-19. We included 917 COVID-19 patients hospitalized with critical
disease and oxygenation impairment. They were divided into two groups, tobacco-smoking (n = 257)
and non-smoker (n = 660) patients. The genotype and allele frequencies of two single nucleotide
variants, the rs16969968 (CHRNA5) and rs3918396 (ADAM33), were evaluated. The rs3918396 in
ADAM33 does not show a significative association. We analyzed the study population according
to the rs16969968 genotype (GA + AA, n = 180, and GG, n = 737). The erythrocyte sedimentation
rate (ESR) shows statistical differences; the GA + AA group had higher values than the GG group
(p = 0.038, 32 vs. 26 mm/h, respectively). The smoking patients and GA or AA genotype carriers
had a high positive correlation (p < 0.001, rho = 0.753) between fibrinogen and C-reactive protein.
COVID-19 patients and smokers carriers of one or two copies of the risk allele (rs16969968/A) have
high ESR and a positive correlation between fibrinogen and C-reactive protein.

Keywords: COVID-19; CHRNA5; tobacco smoking; ADAM33; single nucleotide variant

1. Introduction

The symptomatology caused by SARS-CoV-2 infection is diverse, ranging from some
individuals being asymptomatic to others developing acute respiratory distress syndrome
(ARDS) and even requiring invasive mechanical ventilation (IMV). Several risk factors are
associated with COVID-19 severity, like being older than 60 years old, male sex, having
previous coexisting diseases, mainly systemic arterial hypertension, obesity, and being a
smoker [1].

Tobacco smoking is one of the principal worldwide causes of morbidity and mor-
tality [2,3]; it has been associated with the development of cardiovascular diseases [2,4],
cancer [3,5], infection susceptibility [6,7], ARDS [3], and chronic lung diseases [3,5–7]. In
the pandemic context of COVID-19, current smokers have an increased risk of presenting
the worst outcomes [8]; in the airway, a higher expression of angiotensin-converting en-
zyme 2 (ACE2) [3] in smokers has been found, which is the receptor through the virus is
internalized to the cells [9].

The susceptibility to the infection or disease severity in complex and multifactorial
pathologies such as COVID-19, many factors are implicated, like environment, genet-
ics, comorbidities, or addiction to certain drugs like nicotine [10]. Several genes are
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associated with nicotine addiction, such as CHRNA5, which codifies a subunit of the
nicotine receptor of acetylcholine (nAchR) [4,11,12]. These proteins produce channels
in the neurons, bronchial epithelial cells, and neuroendocrine lung cells [4,11]. A single
nucleotide variant (SNV) rs16969968 (A allele) has been associated with nicotine addic-
tion, lung cancer [4,7,11], schizophrenia [11], and chronic obstructive pulmonary disease
(COPD) [4,11,13]. In bronchial cells, the neuronal acetylcholine receptor subunit alpha-5
protein modulates its adhesion and motility and regulates the expression of p63, a potential
oncogene [14].

Another gene of interest but less studied is ADAM33 which encodes a disintegrin and
metalloproteinase domain-containing protein 33; this protein family is related to cellular
adhesion, signaling, and proteolysis; variants in this gene have been principally associated
with a higher risk for developing asthma, bronchial hyperreactivity, and COPD [15,16].

This research evaluated the association of the polymorphisms rs16969968 (CHRNA5)
and rs3918396 (ADAM33) in patients who developed severe COVID-19. Both SNVs have
been associated with COPD, asthma, and lung cancer.

2. Results

Genotype and allele analysis was made comparing smokers vs. non-smokers pa-
tients; the codominant model shows that does not exist an association between rs16969968
(CHRNA5) and rs3918396 (ADAM33) and COVID-19 (Table 1).

Table 1. Genotype and allele analysis of rs16969968 (CHRNA5) and rs3918396 (ADAM33).

rs16969968/
CHRNA5

Smokers
(n = 257)

Non-Smokers
(n = 660) p-Value *

GG 200 (77.8) 537 (81.4)
0.089GA 49 (19.0) 116 (17.6)

AA 8 (3.2) 7 (1.0)

G 449 (87.4) 1190 (90.2)
0.096A 65 (12.6) 130 (9.8)

rs3918396/
ADAM33

Smokers
(n = 257)

Non-Smokers
(n = 654) p-Value *

CC 243 (94.6) 612 (93.6)
0.416CT 14 (5.4) 38 (5.8)

TT 0 (0) 4 (0.6)

C 500 (97.3) 1262 (96.5)
0.479T 14 (2.7) 46 (3.5)

* p-value obtained using χ2 test. The numbers in parentheses are percentages.

Next, we analyzed the study population according to the genotype of the rs16969968
(GA + AA n = 180, and GG n = 737); in both groups, there were men predominance (>65%),
and age did not show statistical differences. In the comparison of body mass index (BMI),
days since symptom onset, days of hospitalization, IMV requirement, and the number of
deaths were not statistically different between groups; there was a tendency (p = 0.055)
in PaO2/FiO2 ratio to be lower in the group of GA + AA. The groups also had a similar
frequency of the most common comorbidities (Table 2). Obesity was the comorbidity more
frequent (>40%) in the population, independently of the genotype. We made this analysis
with rs3918396 (ADAM33); however, it did not show a significant association.

More frequent symptomatology (>40%) were fever, cough, dyspnea, myalgia, arthral-
gia, and headache. Thoracic pain was lower in the GA + AA group compared to GG
(p = 0.047) (Table 3).
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Table 2. Demographic and clinical characteristics by genotype in rs16969968.

Variable GA + AA (n = 180) GG (n = 737) p

Men (n, %) * 119 (66.1) 522 (70.8) 0.251
Age (years) ** 61 (52–68) 58 (50–68) 0.267
Days of hospitalization ** 19 (13–33) 20 (12–30) 0.807
BMI (kg/m2) ** 29.4 (26.1–33.3) 29.5 (26.1–33.4) 0.924
Days since symptoms onset ** 9 (7–13) 10 (7–14) 0.522
IMV requirement (n, %) * 132 (73.3) 578 (78.4) 0.172
IMV (days) ** 13 (0–29) 15 (5–25) 0.880
PaO2/FiO2 (mmHg) ** 105 (73–173) 120 (77–189) 0.055
Deaths (n, %) * 66 (36.7) 295 (40.0) 0.458
Treated with corticosteroids (%) 84.9 78.5 0.620

Comorbidities (n, %) *

DM type 2 44 (24.4) 215 (29.2) 0.241
Smoking 57 (31.7) 200 (27.1) 0.262
Hypertension 71 (39.4) 244 (33.1) 0.129
Obesity 78 (43.3) 340 (46.1) 0.553
Chronic Lung Disease 19 (10.6) 61 (8.3) 0.410
Ischemic Heart Disease 11 (6.1) 25 (3.4) 0.141

* χ2 with Yates’ correction ** U-Mann–Whitney test. Mean ± SD for age, other variables medium (P25–P75). BMI:
Body Mass Index. IMV: Invasive Mechanical Ventilation.

Table 3. Symptoms according to the rs16969968 (CHRNA5).

Variable, n (%) GA + AA (n = 180) GG (n = 737) p-Value *

Fever 125 (69.4) 526 (71.4) 0.675
Headache 83 (46.1) 316 (42.9) 0.483

Arthralgias 111 (61.7) 433 (58.8) 0.529
Myalgias 120 (66.7) 449 (60.9) 0.180
Dyspnea 152 (84.4) 624 (84.7) 0.967
Cough 112 (62.2) 510 (69.2) 0.087

Sore throat 39 (21.7) 188 (25.5) 0.329
Rhinorrhea 29 (16.1) 98 (13.3) 0.390

Ageusia 20 (11.1) 112 (15.2) 0.200
Anosmia 5 (2.8) 52 (7.1) 0.050

Thoracic pain 8 (4.4) 69 (9.4) 0.047
Vomit 5 (2.8) 18 (2.4) 0.993

Diarrhea 22 (12.2) 70 (9.5) 0.341
* p-value was calculated with Yates correction. The numbers in parentheses are percentages.

At admission time, the erythrocyte sedimentation rate (ESR) shows statistical differ-
ences; the GA + AA group had higher values than the GG group (p = 0.038, 32 vs. 26 mm/h,
respectively) (Table 4).

Table 4. Clinical laboratory tests at admission to the hospital.

Variable GA + AA GG p

WBC (×103/µL) 9.8 (8.3–13.2) 10.4 (8.0–13.5) 0.505
Lymphocytes (×103/µL) 2 (0.7–6.3) 2.1 (0.7–6.9) 0.818
Platelets (×103/µL) 261 (213–327) 258 (189–334) 0.643
LDH (UI/L) 393 (290–490) 387 (301–508) 0.810
D-Dimer (µg/mL) 1.41 (0.77–3.26) 1.67 (0.60–3.77) 0.814
ESR (mm/h) 32 (23–40) 26 (10–35) 0.038
CRP (mg/dL) 12.0 (5.8–19.5) 12.3 (6.6–20.9) 0.726
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Table 4. Cont.

Variable GA + AA GG p

Fibrinogen (mg/dL) 707 (575–781) 666 (569–778) 0.493
Procalcitonin (ng/mL) 0.24 (0.08–0.72) 0.21 (0.09–0.65) 0.941
Ferritin (ng/mL) 990 (669–2368) 1064 (637–1892) 0.518

Showing medians and interquartile ranges (p25–p75). The p-value was obtained using the Mann–Whitney
U test. WBC: white blood cells. LDH: lactic dehydrogenase. ESR: erythrocyte sedimentation rate.
CRP: C-reactive protein.

We collected results of laboratory tests from the clinical record, including complete
blood count, blood chemistry, and coagulation tests between the 7th–10th day of
hospitalization; no showed statistical differences in the comparison GA + AA vs. GG
(Supplementary Table S1).

We made the comparison intragroup of the clinical laboratory parameters at admis-
sion to the hospital and in the follow-up (7–10 days of hospitalization). Patients with
genotypes GA or AA had a statically significant reduction (p < 0.05) in the lymphocyte
count (2.0 vs. 0.8 × 103/µL), LDH (393 vs. 315 UI/L), CRP (12.0 vs. 7.6 mg/dL), fibrinogen
(707 vs. 593 mg/dL), and ferritin (990 vs. 897 ng/mL).

The GG group presented statically significant changes (p < 0.05) in lymphocytes
(2.1 vs. 0.8 × 103/µL), platelets (258 vs. 282 × 103/µL), LDH (387.5 vs. 325 UI/L), CRP
(12.3 vs. 6.9 mg/dL), fibrinogen (666 vs. 609 mg/dL), and procalcitonin (0.21 vs. 0.13 ng/mL)
(Supplementary Table S2).

The survival curve does not show differences in patients with GG or GA + AA (p = 0.5)
(Figure 1).
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Figure 1. Kaplan–Meier curve analysis for patients with severe COVID-19 and stratification by GG
and GA + AA genotype in rs16969968 (CHRNA5).

For variables not correlated with each other at admission in the hospital, we made
principal components analysis (PCA), patients included in the study were similar indepen-
dently of genotype in rs16969968 (Figure 2).
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Figure 2. PCA for patients with severe COVID-19 identified by genotype in rs16969968 (CHRNA5).

Smokers’ patients were divided according to tobacco index (TI) in light smokers
(TI < 20 packages-year, LS-COV, n = 178) and heavy smokers IT ≥ 20 packages-year (HS-
COV, n = 56). Allele A (rs16969968) in CHRNA5 was associated (p = 0.046) to risk (OR = 1.87;
CI 95%, 1.05–3.34) in the HS-COV group. The genotype AA had an association significative
to risk in the same group of patients (p = 0.034, OR = 7.23; CI 95%, 1.27–40.95), and the
recessive model confirmed the significative association with the genotype of risk (AA)
(p = 0.030, OR = 6.05, CI 95%, 1.40–25.88) in smokers patients with severe COVID-19
(Table 5). Variant rs3918396 (ADAM33) does not show a significative association.

Table 5. Genotype and allele analysis of rs16969968 (CHRNA5) in smokers patients with severe
COVID-19.

rs16969968 HS-COV (n = 56) LS-COV (n = 178) p * OR (CI, 95%)

GG 39 (69.6) 141 (79.2)
0.034

reference
GA 13 (23.2) 35 (19.6) 1.34 (0. 64–2.78)
AA 4 (7.1) 2 (1.1) 7.23 (1.27–40.95)

G 91 (81.2) 317 (89.0)
0.046A 21 (18.7) 39 (10.9) 1.87 (1.05–3.34)

GG + GA 42 (92.8) 176 (98.8)
0.030AA 4 (7.1) 2 (1.1) 6.05 (1.40–25.88)

* p-value obtained using χ2 test. The numbers in parentheses are percentages.

Spearman’s analysis in patients with severe COVID-19 and smokers does not show
a correlation between variables analyzed with genotype GG (rs16969968); however, the
GA + AA group had a high positive correlation (p < 0.001, rho = 0.753) between fibrinogen
and C-reactive protein. Regardless of the rs16969968 polymorphism (GG vs. GA + AA), the
requirement for IMV (81.6% vs. 79.4%, respectively) does not show statistically significant
differences (p = 0.877).
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3. Discussion

The main risk factors for COVID-19 include the male sex and older age [17]. Differences
in susceptibility and severity have been associated with genetic polymorphisms within the
genes coding cytokines and other pro-inflammatory mediators, increasing the evidence
for genetic susceptibility to infection, severity, and outcome of the subjects infected by
SARS-CoV-2 [18].

To our knowledge, this is the first study evaluating single nucleotide variants (SNVs)
in genes that encode members of the disintegrin and metalloprotease domain or are related
to cell adhesion and motility in the lung [14]. We do not find statistical differences in
the allele or genotype frequencies for ADAM33 or CHRNA5. The A allele of rs16969968
(CHRNA5) was found to be more frequent in smokers than non-smokers; however, this
difference was not statistically significant.

The rs16969968 is a non-synonymous variant (G/A) that originates an amino acid
change from aspartic acid to asparagine at the 398th residue (D398N) of the acetylcholine
receptor subunit alpha-5 protein. The lung of healthy subjects with the AA genotype has
2.5-fold lower protein than patients with the GG genotype [19]. CHRNA5 is principally
expressed in epithelial cells; pentamers (α3β2)2α5 are involved in cell migration and the
modulation of calcium influx during wound healing of the respiratory epithelium [20].
At the protein level (α5 subunits), the A allele (rs16969968) has been associated with
structural and functional alterations of airway epithelium, contributing to impairment of
the epithelial-related immune response of the airway (Figure S1 Supplementary) [11].

Through in vivo, ex vivo, and in vitro approaches, the contribution of rs16969968
in airway epithelial remodeling and the development of emphysema in murine models
has been demonstrated by inducing molecular and cellular changes and promoting the
inflammatory response. In addition, rs16969968 nasal polyps were more inflamed and
presented secretory cell hyperplasia than wild-type carriers [11,21]. Moreover, the consider-
able upregulation of detected inflammatory mediators highlights a global dysregulation of
the immune response [11,22]. Additionally, the role of the α5 subunit in migrating normal
airway epithelium cells and tumor invasion in lung cancers [23] have been described. This
subunit is expressed by basal cells in the epithelium [24], which are considered to act
as progenitor cells [25]. In addition, the expression and the localization of the α5 sub-
unit in airway epithelial cells from bronchi and bronchioles in non-smokers have been
reported [26].

A meta-analysis of nine genetic variants with two respiratory diseases (COPD and
lung cancer) identified eight polymorphisms significantly related to changes in disease
susceptibility. Strong evidence was assigned to six variants, including CHRNA5 rs16969968
with COPD and lung cancer risk [27]. The genotype (AA) was associated with increased
risk and earlier diagnosis of lung cancer, but the beneficial effects of smoking cessation
were very similar in those with and without the risk genotype [28]. The normal lung
tissue of carriers of the AA genotype shows 2.5-fold lower mRNA levels of CHRNA5 in
comparison to carriers of the GG genotype [19]; maybe this influence directly with the cell
differentiation in respiratory epithelia [11] and is probably a risk factor for the development
of pulmonary and infectious diseases.

Data from ENCODE and other public databases showed that SNPs with strong evi-
dence might be in presumptive functional regions [27].

We classified the population into GG carriers (homozygous to the common allele) and
compared it with patients with GA or AA genotypes. Almost 20% of the participants have
one or two copies of the allele of risk (A). Subjects in the GA + AA group have reduced
PaO2/FiO2 compared to GG patients, but this difference was a tendency (p = 0.055).

At hospital admission, patients with GA or AA genotype showed high ESR compared
to GG carriers; in COVID-19, high ESR values have been associated with severe pneumonia,
oxygen requirements, and intensive care needs. In a Brazilian COVID-19 cohort, the levels
of ESR were higher in the no-survival, requiring intensive unit care; ESR correlates with
WBC, lymphocytes, and CRP [29]. The ESR is an acute-phase reactant increased in severe
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or critical COVID-19 [30]. According to our data, survival was independent of genotype in
rs16969968. In the present study, variables related to coagulation or acute phase reactants
were similar in COVID-19 patients.

Patients with COVID-19 and smokers showed a significant association between HS-
COV and LS-COV. The presence of allele A and genotype AA (OR = 1.87, CI 1.05–3.34 and
OR = 6.05, CI 1.40–25.88, respectively) were associated with a risk of high TI; probably,
this association corresponds to nicotine addiction. A systematic review reported that in
COVID-19 patients, those ever-smokers had 30–50% more risk of a severe form of the
disease than never-smokers [31].

Spearman’s analysis showed exclusively in smokers patients GA + AA a high and
positive correlation between fibrinogen and C-reactive protein at hospital admission. Our
data are similar to those reported in the Caucasian population with COVID-19. These
patients have high fibrinogen levels, which correlate with excessive inflammation and
disease severity [32]. The fibrinogen-to-albumin ratio level has been proposed as a marker
in coagulopathy and a good indicator of COVID-19 progression [33].

Our study is not exempt from limitations; maybe the main was the inclusion of only
severe and critical cases since our center is a third-level hospital. In addition, we did not
have albumin data to evaluate the disease prognosis o severity; however, this is the first
study that assessed the variant rs16969968 (CHRNA5) in severe COVID-19. We did not
include a control group; however, previously to the COVID-19 pandemic, we reported in
606 healthy volunteers the genotypic frequency of rs16969968; the AA genotype had 4.1%,
surprisingly in smokers (≥20 cigarettes per day) of the same ancestral contribution, the
frequency was 6.1%, similar to the frequency of this genotype in the patients with severe
COVID-19 [34].

This manuscript contains relevant information that may lead to new research on lung
involvement in patients who smoke and have severe COVID-19; at the genetic level, it is
pertinent to investigate whether carriers of the risk genotype (AA), exist affectation in cell
differentiation in the respiratory epithelia that contributed to severe COVID-19.

4. Materials and Methods

We included 917 COVID-19 patients hospitalized at the Instituto Nacional de En-
fermedades Respiratorias Ismael Cosío Villegas (INER) in Mexico from August 2020 to
December 2021. The SARS-CoV-2 infection was tested through the nasopharyngeal swab
PCR test. All patients were adults with critical disease and oxygenation impairment. The
participants were invited to participate and signed an informed consent corresponding to
this research protocol previously approved for the Ethics Committee in Investigation of
INER (approbation code: C53-20). They were divided into two groups, tobacco-smoking
patients (n = 257) and non-smokers (n = 660). The genotype and allele frequencies of
two single nucleotide variants, the rs16969968 (CHRNA5) and rs3918396 (ADAM33), were
evaluated in both groups. Subsequently, the variant rs16969968, which has been associated
in several populations with respiratory diseases, was assessed depending on their genotype.
We collected several laboratory tests from the clinical record, including complete blood
count, blood chemistry, and coagulation tests at admission and 7–10 days in the hospital.
Finally, we recollected data for smokers’ patients to obtain the tobacco index.

Following informed consent from each patient, 4 mL of peripheral blood in EDTA
tubes as an anticoagulant was obtained; subsequently, the DNA was extracted using the
kit BDtractTM (Maxim Biotech Inc., San Francisco, CA, USA). The genetic material was
quantified in a Nanodrop 2000 device (Thermo Scientific, Wilmington, DE, USA). A sample
of optimum purity was considered when the 260/280 ratio was 1.8–2.0. The alleles of each
polymorphism were identified for real-time PCR (qPCR) using the StepOnePlus equip-
ment (Applied Biosystems, Foster City, CA, USA) in the modality of allelic discrimination
through TaqMan probes, predesigned for the rs16969968 (C__26000428_20) and rs3918396
(C___1276547_20) (Applied Biosystems, Foster City, CA, USA). We used one cycle of pre-
PCR at 60 ◦C, 30 s, and 95 ◦C, 10 min; the PCR stage had 40 cycles for 15 s at 95 ◦C and
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one minute at 60 ◦C; finally, the post-PCR stage was to 60 ◦C for 30 s. Five non-template
controls were included for each plate.

We applied Mann–Whitney U tests for demographic and clinical numeric variables,
and categorical variables were analyzed with χ2 with Yates’ correction. All calculations
were done with SPSS version 21.0 software (IBM, New York, NY, USA) and EPIDAT
version 3.1 (Junta de Galicia and Pan American Health Organization, 2006, Santiago de
Compostela, España).

The association analysis of genotypes and alleles was made using 2 × 2 or 2 × 3
contingency tables. We used a genetic model in the comparison by genotype.

Spearman’s correlation was used to assess a possible linear association between two
continuous variables; we only considered high or very high correlations (correlation co-
efficient ≥ ±0.7). The Kaplan–Meier method evaluated the patients’ survival in GG and
GA + AA genetic models. We considered it statically significant if p < 0.05. We make
PCA in variables not correlated at admission at the hospital—Data Availability in ClinVar
accession numbers SCV002819136–SCV002819137.

5. Conclusions

COVID-19 patients and smokers’ carriers of one or two copies of the risk allele
(rs16969968/A) in CHRNA5 have high ESR and a positive correlation between fibrinogen
and C-reactive protein. The variant in ADAM33 (rs3918396) does not show a significative
association.

Supplementary Materials: The supporting information can be downloaded at: https://www.mdpi.
com/article/10.3390/ijms24129811/s1. References [35–39] are cited in the supplementary materials.

Author Contributions: Data curation, D.V.-P.R., R.F.-V. and G.P.-R.; formal analysis, D.V.-P.R., I.F.-G.
and G.P.-R.; investigation, I.B.-R., L.C.-G. and G.P.-R.; methodology, D.V.-P.R., K.J.N.-Q. and J.A.-P.;
project administration, G.P.-R. and R.F.-V.; software, D.V.-P.R. and G.P.-R.; supervision, K.J.N.-Q.
and J.A.-P.; validation, R.F.-V. and G.P.-R.; visualization, I.B.-R. and L.C.-G.; writing—original draft
preparation, D.V.-P.R. and G.P.-R.; writing—review and editing, R.F.-V. and I.F.-G. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was supported by the allocated budget to research (HLA Laboratory) from the
Instituto Nacional de Enfermedades Respiratorias Ismael Cosío Villegas (INER).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee in Investigation of INER (approbation code: C53-20).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data Availability in ClinVar accession numbers
SCV002819136–SCV002819137.

Acknowledgments: D.V.-P.R. is “Becaria de la Dirección General de Calidad y Educación en Salud,
Secretaría de Salud México”.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Horby, P.; Lim, W.S.; Emberson, J.R.; Mafham, M.; Bell, J.L.; Linsell, L.; Staplin, N.; Brightling, C.; Ustianowski, A.; Elmahi, E.; et al.

Dexamethasone in Hospitalized Patients with COVID-19. N. Engl. J. Med. 2021, 384, 693–704. [PubMed]
2. Münzel, T.; Hahad, O.; Kuntic, M.; Keaney, J.F.; Deanfield, J.E.; Daiber, A. Effects of tobacco cigarettes, e-cigarettes, and waterpipe

smoking on endothelial function and clinical outcomes. Eur. Heart J. 2020, 41, 4057–4070. [CrossRef] [PubMed]
3. Luiz, C.; Almeida-Da-Silva, C.; Dakafay, H.M.; Liu, K.; Ojcius, D.M. Cigarette Smoke Stimulates SARS-CoV-2 Internalization by

Activating AhR and Increasing ACE2 Expression in Human Gingival Epithelial Cells. Int. J. Mol. Sci. 2021, 22, 7669.
4. Pérez-Morales, R.; González-Zamora, A.; González-Delgado, M.F.; Calleros Rincon, E.Y.; Olivas Calderon, E.H.; Martínez-Ramírez, O.C.;

Rubio, J. CHRNA3 rs1051730 and CHRNA5 rs16969968 polymorphisms are associated with heavy smoking, lung cancer, and
chronic obstructive pulmonary disease in a mexican population. Ann. Hum. Genet. 2018, 82, 415–424. [CrossRef] [PubMed]

5. Caliri, A.W.; Tommasi, S.; Besaratinia, A. Relationships among smoking, oxidative stress, inflammation, macromolecular damage,
and cancer. Mutat. Res./Rev. Mutat. Res. 2021, 787, 108365. [CrossRef]

https://www.mdpi.com/article/10.3390/ijms24129811/s1
https://www.mdpi.com/article/10.3390/ijms24129811/s1
https://www.ncbi.nlm.nih.gov/pubmed/32678530
https://doi.org/10.1093/eurheartj/ehaa460
https://www.ncbi.nlm.nih.gov/pubmed/32585699
https://doi.org/10.1111/ahg.12264
https://www.ncbi.nlm.nih.gov/pubmed/29993116
https://doi.org/10.1016/j.mrrev.2021.108365


Int. J. Mol. Sci. 2023, 24, 9811 9 of 10

6. Arcavi, L.; Benowitz, N.L. Cigarette Smoking and Infection. Arch. Intern. Med. 2004, 164, 2206–2216. [CrossRef]
7. Lugg, S.T.; Scott, A.; Parekh, D.; Naidu, B.; Thickett, D.R. Cigarette smoke exposure and alveolar macrophages: Mechanisms for

lung disease. Thorax 2022, 77, 94–101. [CrossRef]
8. Gaiha, S.M.; Cheng, J.; Halpern-Felsher, B. Association between Youth Smoking, Electronic Cigarette Use, and COVID-19.

J. Adolesc. Health 2020, 67, 519–523. [CrossRef]
9. Fernández-Trujillo, L.; Sanchez, S.; Sangiovanni-Gonzalez, S.; Morales, E.; Velásquez, M.; Sua, L. Endobronchial ultrasound-

guided Transbronchial needle aspiration (EBUS-TBNA) in simulator lesions of pulmonary pathology: A case report of pulmonary
Myospherulosis. BMC Pulm. Med. 2020, 20, 246. [CrossRef]

10. Pérez-Rubio, G.; Falfán-Valencia, R.; Fernández-López, J.C.; Ramírez-Venegas, A.; Hernández-Zenteno, R.D.J.; Flores-Trujillo, F.;
Silva-Zolezzi, I. Diagnostics Genetic Factors Associated with COPD Depend on the Ancestral Caucasian/Amerindian Component
in the Mexican Population. Diagnostics 2021, 11, 599. [CrossRef]

11. Diabasana, Z.; Perotin, J.-M.; Belgacemi, R.; Ancel, J.; Mulette, P.; Launois, C.; Delepine, G.; Dubernard, X.; Mérol, J.C.;
Ruaux, C.; et al. Chr15q25 Genetic Variant rs16969968 Alters Cell Differentiation in Respiratory Epithelia. Int. J. Mol. Sci. 2021,
22, 6657. [CrossRef] [PubMed]

12. Improgo, M.R.D.; Scofield, M.D.; Tapper, A.R.; Gardner, P.D. The nicotinic acetylcholine receptor CHRNA5/A3/B4 gene cluster:
Dual role in nicotine addiction and lung cancer. Prog. Neurobiol. 2010, 92, 212–226. [CrossRef] [PubMed]

13. Busch, R.; Hobbs, B.D.; Zhou, J.; Castaldi, P.J.; McGeachie, M.J.; Hardin, M.E.; Hawrylkiewicz, I.; Sliwinski, P.; Yim, J.J.;
Kim, W.J.; et al. Genetic association and risk scores in a chronic obstructive pulmonary disease meta-analysis of 16,707 subjects.
Am. J. Respir. Cell Mol. Biol. 2017, 57, 35–46. [CrossRef] [PubMed]

14. Krais, A.M.; Hautefeuille, A.H.; Cros, M.P.; Krutovskikh, V.; Tournier, J.M.; Birembaut, P.; Thépot, A.; Paliwal, A.; Herceg, Z.;
Boffetta, P.; et al. CHRNA5 as negative regulator of nicotine signaling in normal and cancer bronchial cells: Effects on motility,
migration and p63 expression. Carcinogenesis 2011, 32, 1388–1395. [CrossRef] [PubMed]

15. Zhou, D.-C.; Zhou, C.-F.; Toloo, S.; Shen, T.; Tong, S.-L.; Zhu, Q.-X. Association of a disintegrin and metalloprotease 33 (ADAM33)
gene polymorphisms with the risk of COPD: An updated meta-analysis of 2,644 cases and 4,804 controls. Mol. Biol. Rep. 2015,
42, 409–422. [CrossRef] [PubMed]

16. Liang, S.; Wei, X.; Gong, C.; Wei, J.; Chen, Z.; Deng, J. A disintegrin and metalloprotease 33 (ADAM33) gene polymorphisms and
the risk of asthma: A meta-analysis. Hum. Immunol. 2013, 74, 648–657. [CrossRef] [PubMed]

17. Anastassopoulou, C.; Gkizarioti, Z.; Patrinos, G.P.; Tsakris, A. Human genetic factors associated with susceptibility to SARS-CoV-2
infection and COVID-19 disease severity. Hum. Genom. 2020, 14, 40. [CrossRef]

18. SeyedAlinaghi, S.A.; Mehrtak, M.; MohsseniPour, M.; Mirzapour, P.; Barzegary, A.; Habibi, P.; Moradmand-Badie, B.; Afsahi, A.M.;
Karimi, A.; Heydari, M.; et al. Genetic susceptibility of COVID-19: A systematic review of current evidence. Eur. J. Med. Res.
2021, 26, 46. [CrossRef]

19. Falvella, F.S.; Galvan, A.; Frullanti, E.; Spinola, M.; Calabrò, E.; Carbone, A.; Incarbone, M.; Santambrogio, L.; Pastorino, U.;
Dragani, T.A. Transcription deregulation at the 15q25 locus in association with lung adenocarcinoma risk. Clin. Cancer Res. 2009,
15, 1837–1842. [CrossRef]

20. Tournier, J.M.; Maouche, K.; Coraux, C.; Zahm, J.M.; Cloëz-Tayarani, I.; Nawrocki-Raby, B.; Bonnomet, A.; Burlet, H.; Lebargy, F.;
Polette, M.; et al. α3α5β2-Nicotinic acetylcholine receptor contributes to the wound repair of the respiratory epithelium by
modulating intracellular calcium in migrating cells. Am. J. Pathol. 2006, 168, 55–68. [CrossRef]

21. Routhier, J.; Pons, S.; Freidja, M.L.; Dalstein, V.; Cutrona, J.; Jonquet, A.; Lalun, N.; Mérol, J.C.; Lathrop, M.; Stitzel, J.A.; et al. An
innate contribution of human nicotinic receptor polymorphisms to COPD-like lesions. Nat. Commun. 2021, 12, 6384. [CrossRef]
[PubMed]

22. Burgoyne, R.A.; Fisher, A.J.; Borthwick, L.A. The Role of Epithelial Damage in the Pulmonary Immune Response. Cells 2021,
10, 2763. [CrossRef] [PubMed]

23. Medjber, K.; Freidja, M.L.; Grelet, S.; Lorenzato, M.; Maouche, K.; Nawrocki-Raby, B.; Birembaut, P.; Polette, M.; Tournier, J.M.
Role of nicotinic acetylcholine receptors in cell proliferation and tumour invasion in broncho-pulmonary carcinomas. Lung Cancer
2015, 87, 258–264. [CrossRef] [PubMed]

24. Porter, J.L.; Bukey, B.R.; Geyer, A.J.; Willnauer, C.P.; Reynolds, P.R. Immunohistochemical detection and regulation of a 5 nicotinic
acetylcholine receptor (nAChR) subunits by FoxA2 during mouse lung organogenesis. Respir. Res. 2011, 12, 82–93. [CrossRef]
[PubMed]

25. Rock, J.R.; Onaitis, M.W.; Rawlins, E.L.; Lu, Y.; Clark, C.P.; Xue, Y.; Randell, S.H.; Hogan, B.L. Basal cells as stem cells of the mouse
trachea and human airway epithelium. Proc. Natl. Acad. Sci. USA 2009, 106, 12771–12775. [CrossRef] [PubMed]

26. Diabasana, Z.; Perotin, J.M.; Belgacemi, R.; Ancel, J.; Mulette, P.; Delepine, G.; Gosset, P.; Maskos, U.; Polette, M.; Deslée, G.; et al.
Nicotinic receptor subunits atlas in the adult human lung. Int. J. Mol. Sci. 2020, 21, 7446. [CrossRef]

27. Yang, L.; Yang, Z.; Zuo, C.; Lv, X.; Liu, T.; Jia, C.; Chen, H. Epidemiological evidence for associations between variants in CHRNA
genes and risk of lung cancer and chronic obstructive pulmonary disease. Front. Oncol. 2022, 12, 1001864. [CrossRef]

28. Chen, L.S.; Baker, T.; Hung, R.J.; Horton, A.; Culverhouse, R.; Hartz, S.; Saccone, N.; Cheng, I.; Deng, B.; Han, Y.; et al. Genetic
Risk Can Be Decreased: Quitting Smoking Decreases and Delays Lung Cancer for Smokers with High and Low CHRNA5 Risk
Genotypes—A Meta-Analysis. EBioMedicine 2016, 11, 219–226. [CrossRef]

https://doi.org/10.1001/archinte.164.20.2206
https://doi.org/10.1136/thoraxjnl-2020-216296
https://doi.org/10.1016/j.jadohealth.2020.07.002
https://doi.org/10.1186/s12890-020-01284-7
https://doi.org/10.3390/diagnostics11040599
https://doi.org/10.3390/ijms22136657
https://www.ncbi.nlm.nih.gov/pubmed/34206324
https://doi.org/10.1016/j.pneurobio.2010.05.003
https://www.ncbi.nlm.nih.gov/pubmed/20685379
https://doi.org/10.1165/rcmb.2016-0331OC
https://www.ncbi.nlm.nih.gov/pubmed/28170284
https://doi.org/10.1093/carcin/bgr090
https://www.ncbi.nlm.nih.gov/pubmed/21586512
https://doi.org/10.1007/s11033-014-3782-5
https://www.ncbi.nlm.nih.gov/pubmed/25280544
https://doi.org/10.1016/j.humimm.2013.01.025
https://www.ncbi.nlm.nih.gov/pubmed/23380143
https://doi.org/10.1186/s40246-020-00290-4
https://doi.org/10.1186/s40001-021-00516-8
https://doi.org/10.1158/1078-0432.CCR-08-2107
https://doi.org/10.2353/ajpath.2006.050333
https://doi.org/10.1038/s41467-021-26637-6
https://www.ncbi.nlm.nih.gov/pubmed/34737286
https://doi.org/10.3390/cells10102763
https://www.ncbi.nlm.nih.gov/pubmed/34685744
https://doi.org/10.1016/j.lungcan.2015.01.001
https://www.ncbi.nlm.nih.gov/pubmed/25601486
https://doi.org/10.1186/1465-9921-12-82
https://www.ncbi.nlm.nih.gov/pubmed/21682884
https://doi.org/10.1073/pnas.0906850106
https://www.ncbi.nlm.nih.gov/pubmed/19625615
https://doi.org/10.3390/ijms21207446
https://doi.org/10.3389/fonc.2022.1001864
https://doi.org/10.1016/j.ebiom.2016.08.012


Int. J. Mol. Sci. 2023, 24, 9811 10 of 10

29. Kaya, T.; Nalbant, A.; Kılıçcıoğlu, G.K.; Çayır, K.T.; Yaylacı, S.; Varım, C. The prognostic significance of erythrocyte sedimentation
rate in COVID-19. Rev. Assoc. Med. Bras. 2021, 67, 1305–1310. [CrossRef]

30. Kurt, C.; Altunçekiç Yildirim, A. Contribution of Erythrocyte Sedimentation Rate to Predict Disease Severity and Outcome in
COVID-19 Patients. Can. J. Infect. Dis. Med. Microbiol. 2022, 2022, 6510952. [CrossRef]

31. Gallus, S.; Scala, M.; Possenti, I.; Jarach, C.M.; Clancy, L.; Fernandez, E.; Gorini, G.; Carreras, G.; Malevolti, M.C.; Commar, A.; et al.
The role of smoking in COVID-19 progression: A comprehensive meta-analysis. Eur. Respir. Rev. 2023, 32, 220191. [CrossRef]
[PubMed]

32. Sui, J.; Noubouossie, D.F.; Gandotra, S.; Cao, L. Elevated Plasma Fibrinogen Is Associated with Excessive Inflammation and
Disease Severity in COVID-19 Patients. Front. Cell. Infect. Microbiol. 2021, 11, 734005. [CrossRef] [PubMed]

33. Çekiç, D.; Emir Arman, M.; Cihad Genç, A.; İşsever, K.; Yıldırım, İ.; Bilal Genç, A.; Dheir, H.; Yaylacı, S. Predictive role of FAR
ratio in COVID-19 patients. Int. J. Clin. Pract. 2021, 75, e14931. [CrossRef] [PubMed]

34. Perez-Rubio, G.; Perez-Rodriguez, M.E.; Fernández-López, J.C.; Ramirez-Venegas, A.; Garcia-Colunga, J.; Avila-Moreno, F.;
Camarena, A.; Sansores, R.H.; Falfan-Valencia, R. SNPs in NRXN1 and CHRNA5 are associated to smoking and regulation of
GABAergic and glutamatergic pathways. Pharmacogenomics 2016, 17, 1145–1158. [CrossRef]

35. Available online: https://www.ncbi.nlm.nih.gov/snp/rs16969968#variant_details (accessed on 20 May 2023).
36. Wen, L.; Jiang, K.; Yuan, W.; Cui, W.; Li, M.D. Contribution of Variants in CHRNA5/A3/B4 Gene Cluster on Chromosome 15 to

Tobacco Smoking: From Genetic Association to Mechanism. Mol. Neurobiol. 2016, 53, 472–484. [CrossRef]
37. Wang, J.C.; Cruchaga, C.; Saccone, N.L.; Bertelsen, S.; Liu, P.; Budde, J.P.; Duan, W.; Fox, L.; Grucza, R.A.; Kern, J.; et al. Risk for

nicotine dependence and lung cancer is conferred by mRNA expression levels and amino acid change in CHRNA5. Hum Mol
Genet. 2009, 18, 3125–3135. [CrossRef]

38. Wang, J.C.; Spiegel, N.; Bertelsen, S.; Le, N.; McKenna, N.; Budde, J.P.; Harari, O.; Kapoor, M.; Brooks, A.; Hancock, D.; et al.
Cis-regulatory variants affect CHRNA5 mRNA expression in populations of African and European ancestry. PLoS ONE 2013, 8,
e80204. [CrossRef]

39. Saber Cherif, L.; Diabasana, Z.; Perotin, J.M.; Ancel, J.; Petit, L.M.G.; Devilliers, M.A.; Bonnomet, A.; Lalun, N.; Delepine, G.;
Maskos, U.; et al. The Nicotinic Receptor Polymorphism rs16969968 Is Associated with Airway Remodeling and Inflammatory
Dysregulation in COPD Patients. Cells 2022, 11, 2937. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1590/1806-9282.20210618
https://doi.org/10.1155/2022/6510952
https://doi.org/10.1183/16000617.0191-2022
https://www.ncbi.nlm.nih.gov/pubmed/36889786
https://doi.org/10.3389/fcimb.2021.734005
https://www.ncbi.nlm.nih.gov/pubmed/34414135
https://doi.org/10.1111/ijcp.14931
https://www.ncbi.nlm.nih.gov/pubmed/34606668
https://doi.org/10.2217/pgs-2016-0020
https://www.ncbi.nlm.nih.gov/snp/rs16969968#variant_details
https://doi.org/10.1007/s12035-014-8997-x
https://doi.org/10.1093/hmg/ddp231
https://doi.org/10.1371/journal.pone.0080204
https://doi.org/10.3390/cells11192937

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Conclusions 
	References

