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ABSTRACT

Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and mortality in developed countries. Although
cigarette smoking is the major risk factor, only 10-20% of smokers develop COPD. The extent of cigarette smoking (pack-years
and smoking duration) accounts for only 15% of the variation in lung function, indicating that differences in susceptibility to
COPD must exist. We provide an overview of the complexity of nicotine addiction and COPD, with special attention to the in-
volvement of genetic factors. The following aspects are discussed in the present article: (1) epidemiology in Mexico and (2) a
review of the published literature on genetic association studies using the National Center for Biotechnology Information data-
base of the United States as a search tool. COPD is unique among complex genetic diseases where an environmental risk factor
is known and the level of exposure can be documented with some precision. The high morbidity and mortality associated with
COPD and its chronic and progressive nature has prompted the use of molecular genetic studies to identify susceptibility factors
for the disease. Biomedical research has a remarkable set of tools to aid in the discovery of genes and polymorphisms. We
present a review of the most relevant genetic associations in nicotine addiction and COPD. (REV INVEST CLIN. 2019;71:36-54)
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INTRODUCTION

Smoking is the leading cause of preventable death
worldwide and is considered a public health problem.
The World Health Organization reports that smoking
kills more than 5 million people each year. Moreover,
11% of deaths caused by ischemic cardiomyopathy
and > 70% caused by lung cancer and chronic ob-
structive pulmonary disease (COPD) have smoking in
common?.

COPD is one of the ten main causes of morbidity and
mortality in adult populations worldwide, with a prev-
alence of 9% in Europe, > 11% in Latin America, 8.6%
in Japan, and 6% in the United States?. In Mexico, it
is also one of the top ten causes of morbidity and
mortality>¢. A review study found that 54-77% of
patients with COPD of moderate severity were smok-
ers, while 38-51% of those with very severe stages
of the disease also smoked’. Nicotine is among the
substances found in cigarettes and produces addic-
tion by first affecting the central nervous system.
However, after chronic smoking, the smoker can pres-
ent an inflammatory syndrome, which slowly pro-
gresses, causing multisystem damage®. It has been
reported that there are different addiction levels.
Some smokers smoke less throughout their lifetime
and hardly show symptoms of addiction; they are
known as chippers. On the other hand, there are
heavy smokers who show high nicotine addiction. In
general, the latter are less successful in quitting
smoking?®.

Globally, one billion people will die from tobacco-
related illnesses this century if trends in tobacco use
remain unchecked. In low—middle-income countries
such as Mexico, the prevalence of tobacco smoking
has not changed!®. The classic model of addiction
suggests that cigarette consumption increases to a
level where regular nicotine administration helps
smokers avoid withdrawal symptoms?!!l. Mexican
smokers are more likely to be non-daily smokers and
to consume a lower number of cigarettes per day
(CPD) compared to smokers from the majority of
ethnic groups in other countries. Little is known
about their quit behaviors!2. Mexico was an early
signer of the framework convention on tobacco con-
trol and is a world leader in public health approach-
es to tobacco control!3. At the national level, the
National Tobacco Control Agency (Oficina Nacional
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para el Control del Tabaco) has instituted health
warnings on cigarette packages, pursued a vigorous
prevention and cessation media campaign, and pro-
duced detailed economic evaluations of the costs of
the tobacco epidemic!4. However, despite all these
efforts, the smoking prevalence in Mexico has re-
mained unchanged?!>. According to the Global Burden
of Disease 2015, while the smoking prevalence de-
clined between 1990 and 2005, these gains were
not maintained. In 2010, we began to see an in-
crease in the prevalence of daily smokers, particu-
larly among those between 25 and 34 years of age
and who are female!3. Consequently, over 14.3 mil-
lion Mexican adults (16.4%) currently smoke, and it
is expected that 4 million will die from tobacco-re-
lated diseases in the next decade if the smoking
prevalence remains stable. As described in the most-
recent Global Adult Tobacco Survey in Mexico, the
static smoking prevalence is in part attributable to
the fact that fewer than 10% of Mexican smokers
take advantage of evidence-based approaches to
smoking cessation!>. The potential for reducing the
projected morbidity and mortality associated with
smoking depends greatly on reaching and treating
current smokers.

The combination of counseling and pharmacotherapy
has been shown to be one of the most effective and
feasible interventions for smoking cessation!é. Pri-
mary care systems in Mexico follow established
guidelines for the identification and treatment of
smokers. Although health-care providers are usually
encouraged to address smoking with their patients at
every visit, most providers fail to initiate cessation
treatment, even when cessation resources are avail-
able, as they are in Mexico. The lack of time during
routine patient care, inadequate training of personnel,
and competing patient demands are other factors
related to the limited implementation of these cessa-
tion guidelines!’.

In Mexico, tobacco use is causally related to up to 5%
of the annual reported mortality*®. For the Mexican
Social Security Institute (Instituto Mexicano del Se-
guro Social), smoking generates an annual cost of up
to 7082 million pesos (376 million US dollars) simply
to address three of the related diseases (lung cancer,
chronic obstructive lung disease, and brain-cardiovas-
cular diseases), which represents 4.3% of the total
health-care cost of this institution®. To continue in
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Figure 1. Main genes associated with chronic obstructive pulmonary disease and nicotine addiction, as well as those that have

been associated in both pathologies.

COPD
SERPINA1

HTR4

the path to decrease the smoking prevalence in Mex-
ico, it is essential to expand scientific efforts to un-
derstand nicotine dependence beyond what we cur-
rently know.

NICOTINE ADDICTION AND COPD
ARE COMPLEX AND MULTIFACTORIAL
DISEASES

The reinforcement effect of nicotine is the main rea-
son for its consumption. However, between 10% and
20% of smokers never show addiction. In addition to
the environmental and sociocultural context, genetic
variants associated with a higher risk of cigarette
smoking have been described mainly in Caucasian and
African American populations. Studies in twins have
demonstrated that the genetic component for ciga-
rette smoking accounts for up to 35%*°.

In some cases, nicotine addiction causes an increase
in cigarette smoking. Damage to lung function occurs
in approximately 40% of smokers, which could result
in the development and progression of COPD?2°. Stud-
ies in twins report that 60% of the individual suscep-
tibility to develop COPD depends on genetic factors?!.
On the other hand, 18.6% of COPD patients have at
least one family member with the same pathology
and have a higher number of exacerbations and a
poorer quality of life22.

Nicotine addiction and COPD are complex and multi-
factorial diseases, where the genetic component con-
tributes to their development (Fig. 1). To identify
genetic variants associated with these types of dis-
eases, there are different genetic strategies, including

HHIP TNF CHRNA5 DRD4

IL6R TGFB1 SLC6A3 NRXN1
GSTO2 MMP2 CHRNA3 SLC6A4 CHRNB4

SOD MMP9 CYP2A6 HTR2A
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cohort analysis, twin or family studies, and case/con-
trol group analysis.

Candidate gene studies are one of the older strategies
used in genetic association studies. This method eval-
uates genes that encode proteins involved in biologi-
cal pathways known in a particular illness. In the case
of nicotine addiction, genes encoding for brain neu-
rotransmitter receptors and involved in nicotine me-
tabolism have been evaluated.

With new technological advances in genomics, other
methods have been developed to accelerate the iden-
tification of genes associated with complex diseases,
such as genome-wide association studies (GWASSs).
GWAS analyze hundreds of thousands to millions of
single-nucleotide polymorphisms (SNPs), a strategy
that provides a unique opportunity for exploring the
genome without any hypothesis?3.

POLYMORPHISMS ASSOCIATED

WITH NICOTINE ADDICTION IDENTIFIED
BY THE CANDIDATE FUNCTIONAL

GENE STRATEGY

In the studies of candidate genes, polymorphisms as-
sociated with nicotine addiction have been identified
in gene encoding proteins involved in the reward and
pleasure mechanisms in the central nervous system.
The dopaminergic pathway was the first one found
among the pathways explored.

The dopamine D4 receptor, specifically a variable
number tandem repeats (VNTR) polymorphism, is
found among the genes with higher evidence of
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association with the nicotine addiction process. The
biological importance translates to alterations in the
length of the receptor. The 48-base pair (bp) VNTR
in exon 3 encodes for the third intracellular domain
of the protein. Short alleles, known as S (4 repeats),
have less signaling efficiency compared to long al-
leles, known as L (7 repeats). A study of African-
American smokers and non-smokers found a signifi-
cant association between elevated risk of smoking
and those individuals encoding the long allele (L).
However, the same study analyzed a Caucasian pop-
ulation and did not find such an association?4. The
Caucasian population analysis revealed the associa-
tion of the presence of the long allele (9 repeats) in
the gene SLC6A3 (dopamine transporter) with an
increase in the number of cigarettes smoked and the
anxiety level?>. In contrast, in Polish populations,
those individuals who did not harbor the long allele
in SLC6A3 had a higher risk of smoking before the
age of 20, smoked a greater number of cigarettes
daily, and had less abstinence compared to those
carrying the short allele?6.

The serotonergic system is involved in nicotine con-
sumption. The serotonin transporter maintains sero-
tonin concentrations in the nerve synapse, and the
gene encoding for the pertinent protein (solute car-
rier family 6 member 4, SLC6A4) is a study candidate
for addiction, given that it is related to addiction and
depression. The promoter region of the gene is re-
lated to transcriptional efficiency and two common
alleles - a 44-bp insertion (allele L) or deletion (allele
S). Allele S has been associated with a decrease in
transcriptional activity compared to allele L. In male
Chinese smokers, genotypes L/L and S/L were found
with a higher frequency compared to non-smokers.
Moreover, such genotypes were associated with ciga-
rette smoking and nicotine dependence?”.

POLYMORPHISMS IN GENES RELATED
TO NICOTINE ADDICTION IDENTIFIED
BY GWAS

Using the GWAS strategy, genes involved in the ad-
diction process not previously considered as func-
tional candidates have been identified. Such is the
case for neurexin-1 (NRXN1) and neurexin-3. The
neurexin gene family encodes a group of cell-surface
proteins that are mainly expressed in neurons; they
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are necessary for neurotransmitter release and are a
key factor in synapse genesis. Three SNPs in the in-
tronic region associated with nicotine addiction were
identified in African-American and Caucasian popula-
tions. Due to their location, these SNPs will likely af-
fect the alternative splicing of the mRNA, which gen-
erates isoforms that affect the formation of neural
circuits?®. Subsequently, rs1882296 in NRXNI was
associated with smoking risk in a Mexican population
when comparing smokers to non-smokers. Using an
in silico analysis, the presence of the risk allele (C)
was observed to generate a miRNA capable of silenc-
ing genes that encode different receptors of the GA-
BAergic and glutamatergic pathways compared to the
presence of the common allele (T)2°.

Vacuolar protein sorting 13 homolog A (VPS13A),
homolog of VPS13A in Saccharomyces cerevisiae and
brain-derived neurotrophic factor (BDNF) are exam-
ples of genes identified using the GWAS strategy. In
VPS13A, SNP variants associated with a higher nico-
tine addiction risk have been found. In addition, vari-
ants of this gene have been observed to cause pro-
gressive neurodegeneration3®. In a meta-analysis,
genetic markers located in a region close to the BDNF
gene were identified to be associated with tobacco
consumption. This gene encodes proteins of the neu-
rotrophin family which regulate the plasticity and sur-
vival of dopaminergic and cholinergic neurons. It is
likely that variations in BDNF can alter the rewarding
effects of nicotine through the modulation of dopa-
mine reward circuits. On the other hand, an associa-
tion between rs3025343 of the gene dopamine beta-
hydroxylase and the cessation of tobacco use was
observed; the protein that encodes this gene is in-
volved in dopamine metabolism3?.

One of the genomic regions with a higher replication
in nicotine addiction is the group of genes formed by
CHRNAS5, CHRNA3, and CHRNB4. In 2009, Stevens
et al. compared casual smokers (< 5 CPD) with heavy
smokers (= 30 CPD) and identified 13 SNPs associ-
ated with the group of heavy smokers32. In the same
year, a study on nicotine dependence in Caucasian
and African-American populations included individuals
with a low score (0-1) in the Fagerstrom test as the
control group and individuals with a high score (= 4)
as the nicotine-dependent group33. They found five
SNPs with significant associations in CHRNAS, 11 in
CHRNA3, and one in CHRNB4. In 2010, two SNPs
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associated with the number of cigarettes consumed
in Korean populations were reported in the same ge-
netic region34,

Variant rs16969968 in the gene CHRNAS5 is the most
replicated in association with nicotine dependence.
This polymorphism causes a change in the amino acid
sequence of aspartic acid (allele G) by asparagine
(allele A) in position 398 of the protein (D398N),
causing a change in the charge of the second intracel-
lular domain of subunit a:53°.

Stimulation with acetylcholine, nicotine, or varenicline
under the presence of asparagine in subunit a5 in
cellular assays causes the nicotine-cholinergic recep-
tors (nNAChR) to respond more slowly compared to
the subunit containing aspartic acid in position 398
(398N)3¢. The presence of allele A correlates with
high expression levels in sputum and an increase in
the risk of airway obstruction, even in non-smokers37.
In vitro assays in lung epithelial cells show silencing of
the expression of CHRNAS5 with a decrease in the
expression of adhesion molecules and an increase in
cell migration capacity, contributing to airway dam-
age3?.

The decrease in the function of subunit a5 is associ-
ated with a significant risk of nicotine dependence;
those subjects with allele A (398N) require a higher
amount of nicotine to activate the dopaminergic
pathway3°. An example is a report in a European pop-
ulation, where individuals carrying the homozygous
AA genotype are smokers consuming = 20 CPD4°.
This change affects brain signaling in subjects who
consume tobacco, causing significant changes in the
ventral striatum, amygdala, and hippocampus re-
gions“!. Other reports indicate that smokers carrying
variant A of rs16969968 are more likely to have
strong memories associated with cigarette smoking,
suggesting that allele A has an important role in the
memory process#2.In 2010, the tobacco and genetics
consortium performed a meta-analysis of 16 original
studies on nicotine dependence with some pheno-
types associated with tobacco consumption; among
their results, CHRNAS5 polymorphisms were highlight-
ed to be associated with cigarettes consumed per
day, in particular, rs169699683L. Another important
finding was allele A of rs1051730, which corresponds
to an increase of 1 in the number of cigarettes
smoked.
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PHYSIOPATHOLOGY OF COPD

COPD is a broad term used to describe a group of lung
disorders that share damage of the lung parenchyma
(emphysema) and bronchial damage, which lead to
the progressive obstruction of airflow. It is a multifac-
torial condition associated with exposure to inhaled
toxic substances*3. COPD has a progressive nature,
with an increased presence of signs and symptoms
over time, although it is known that the individual
impact is quite variable. Likewise, only a fraction of
smokers develops COPD, which highlights its multi-
genic nature*4,

COPD is characterized by an abnormal chronic inflam-
matory response in the lung that causes irreversible
structural changes. All smokers develop some level of
lung inflammation, but in those developing COPD, the
inflammation is more intense and harmful. Under nor-
mal conditions, humans can recover from the damage,
and the healing process starts with an inflammatory
response, important for the repair, and tissue remod-
eling processes. Inflammatory cells, mostly neutro-
phils, macrophages, and T CD8 lymphocytes, attract
different mediators which remove the inhaled irri-
tants. At the end of the process, the inflammation
recedes. In contrast, in COPD, the airways remain con-
tinuously exposed to a great variety of toxic sub-
stances from the tobacco smoke, resulting in a con-
tinuous and amplified inflammatory reaction“s.
Cellular infiltrates are observed in the walls of large
and small airways from the trachea to the alveolar
ducts, including alveolar walls and blood vessels4S.

Tobacco smoke exposes cells and tissues to high
concentrations of oxidants and free radicals*’, such
as oxygen and nitrogen reactive species, which result
in oxidative stress due to an imbalance with the
natural antioxidant processes*’#8 This oxidative
stress directly contributes to the inflammatory pro-
cess in the lung*¢, causing damage and cell death*°.
There is also an imbalance with proteases®°, where
cells such as neutrophils and macrophages release
important mediators called proteases that are sig-
nificant in mediating protection mechanisms. The
natural balance to avoid the exaggerated action of
these proteases is altered with the oxidative poten-
tial of cigarette smoke. Thus, endogenous antiprote-
ases such as o1 antitrypsin (AAT), antichymotrypsin,
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and elafin oxidize and are inactivated, causing a pro-
tease-antiprotease imbalance. The excess of elastase
not only causes emphysema but also promotes a
higher production of mucins. Furthermore, tobacco
smoke directly induces the death of lung cells (apop-
tosis)®l. COPD damage starts in the respiratory epi-
thelium, the portion most directly exposed to tobacco
smoke and its cocktail of toxic chemicals>2. Bronchial
damage leads to chronic bronchitis, characterized by
the presence of cough and chronic production of spu-
tum. At the cellular level, there is a steep decrease in
the ciliary apparatus in bronchial epithelial cells that
predispose the individual to bacterial colonization, in-
fections, and acute damage episodes called exacerba-
tions®3. There is also hyperplasia of mucus cells at the
epithelial and submucosal gland levels. Other changes
contributing to the chronic airway obstructions and
air trapping include the development of peribronchial
fibrosis and bronchospasm. Moreover, there is a grad-
ual decrease in lung elasticity due to the progressive
destruction of elastic proteins due to excessive pro-
tease. This destruction of the alveolar walls (emphy-
sema) causes a marked reduction in the surface area
necessary for gas exchange to occur.

COPD AND GENETIC SUSCEPTIBILITY
FACTORS

Among the environmental risk factors, the most
clearly associated is cigarette smoke exposure. Al-
though the dose-response relationship between ciga-
rette smoke and lung function is well established,
there is an important variability in the level of airflow
obstruction that occurs as a response to cigarette
smoke>455>. The low percentage of the variation in
lung function explained by cigarette smoke (approxi-
mately 15%), and the existence of early-onset cases
with severely reduced lung function suggests vari-
ability in the individual genetic susceptibility to the
effects of cigarette smoke>>°6. In addition, it must be
considered that only between 10% and 20% of pa-
tients with COPD are or were smokers®’, indicating
that there are other factors, including genetic, which
confer susceptibility to develop the disease.

The deficiency of AAT (AATd) is considered a ge-
netic risk factor, but it explains only < 1% of the
cases®’. On the other hand, a large variety of genes
have been proposed as possibly involved in the
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development of COPD. These include o1 antichymo-
trypsin (SERPINA3)38-¢0, certain extracellular matrix
metalloproteinases (MMPs) such as MMP16! and
MMP942 and their inhibitor (tissue inhibitor of metal-
loproteinases 2)¢3, heme-oxygenase (HMOX1)%4, mi-
crosomal epoxide hydrolase (EPHX1)%>, glutathione
S-transferase pl (GSTP1)¢%, and glutathione S-trans-
ferase m1¢7, lung surfactant proteins b and d (SFT-
PB)¢8 and SFTPD®®, Vitamin D-binding protein (GC)7°,
interleukin  (IL) 137!, tumor necrosis factor o
(TNF-a)72-74, C-C motif chemokine ligand 174, deco-
rin, transforming growth factor 1 (TGFB1)74, and the
adrenergic receptor 32 (ADRB2)7> as some examples.
The previously established associations of individual
genes include biological pathways with diverse func-
tions, including immune response, inflammation, xe-
nobiotic metabolism, antioxidants, and protease/an-
tiprotease systems’®.

Studies based on families have demonstrated an in-
crease in the risk of lung function damage in the first-
degree relatives of smoking or ex-smoking patients>>.
Lung function studies in twins provide additional evi-
dence on the role of genetic factors in determining
lung function in the general population’’. Moreover,
since the 1970s, several authors have reported an
increase in the prevalence of airway obstruction
among family members (first-degree relatives) of pa-
tients with COPD compared with the family members
of control subjects’®. In addition, the existence of
variability in lung function measurements has been
described, with a high heritability rate’® as well as
severe and early-onset forms®>.

Recently, six new loci (in or close to EFEMP1, BMP6,
MIR129-2-HSD17B12, PRDM11, WWOX, and KCNJ2)
have been associated with forced vital capacity (FVC)
in a population of Caucasian descent, and two loci pre-
viously associated with spirometry measurements
(GSTCD and PTCH1) related to FVC were identified
using a GWAS meta-analysis, achieving the detection
in human lung tissue of transcripts of all six genes re-
cently involved®®. Such loci could be implicated in lung
development mechanisms and in the pathogenesis of
restrictive lung disease. Two new loci (IL16/STARDS5/
TMC3 on chromosome 15 and ME3 on chromosome
11) were previously identified and associated with the
forced expiratory volume in the first second (FEV1)
change rate that contains candidate genes with a bio-
logically feasible involvement in lung function®!.
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POLYMORPHISMS IN GENES ASSOCIATED
WITH COPD SECONDARY TO TOBACCO
SMOKING

Polymorphisms found within the SERPINA1 gene, en-
coding AAT, are among the genetic factors that are
clearly associated with the development of COPD. It
is a highly polymorphic gene, with > 100 variants of
the protein described, of which 30 could have a path-
ological consequence?2. Protein variants are classified
according to their electrophoresis migration velocity
in a magnetic field with different pH gradients. Pio-
neering researchers in this area designated these
proteins as M (medium) for those with medium ve-
locity, F (fast) for those with fast migration, and S
(slow) for those with slow migration®3. When new
variants were discovered, the anodic proteins were
assigned the first letters of the alphabet, while the
cathodic ones were assigned the last letters82. The
normal genotype, present in > 90% of healthy indi-
viduals (94-96% in Caucasian populations), is called
PIMM and is characterized by serum levels of ap-
proximately 150-350 mg/100 mL. Variants S (Glu-
264Val) and Z (Glu342Lys) constitute 95% of the
mutations in patients with severe AAT deficiency;
both are nonsense mutations in the SERPINA1 gene
(rs17580 and rs28929474, respectively). Individuals
with genotypes SS, SZ, and ZZ express serum con-
centrations of the protein of 85%, 25%, and 15%,
respectively, compared to the normal levels (geno-
type MM)84,

Most studies conclude that genotype SZ is less im-
portant than ZZ because patients with genotype SZ
develop emphysema at an older age compared with
those carrying ZZ82. Alleles S and Z encode abnormal
proteins that polymerize in the liver, and therefore,
80-90% of PiZ and 40-50% of PiS molecules are re-
tained inside the hepatocyte-forming polymers, usu-
ally degraded by the proteasome. In clinical practice,
the risk of having diseases related to AAT deficiency
is limited to the phenotypes of ZZ (96%)%2. The pro-
gressive decline of lung function in homozygous ZZ
individuals is well known; regarding the medium defi-
ciency genotypes (MZ and MS), it was determined
that, compared to genotype MM, MZ is associated to
a reduction in lung function in individuals with COPD.
Genotypes SZ and ZZ are associated with airway ob-
structions and lung function reduction, particularly in
smokers®>.86,
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The prevalence of these polymorphisms is < 5.0%
(0.2% for PiZ and 3.42% for PiS) in Mexican Mestizo
population. However, the presence of the heterozy-
gous variant PiS (AT) is associated with lower FEV1/
FVC ratio compared with those individuals who do not
have this polymorphism?®’.

Other genes associated with COPD that contributes
in small proportions to this pathology include those
encoding the IL 6 receptor (IL6R) and glutathione S-
transferase omega 2, associated with decreases in
lung function and/or COPD7°.

Then, based on the known fact that lung function
measurements are hereditary traits predicting mor-
bidity and mortality related to COPD development?é,
the cohort of the SpiroMeta consortium (European
descent individuals) evaluated the association with
lung function measurements (FEV1 and FEV1/FVC).
The authors confirmed the formerly reported asso-
ciation between locus 4q318°, previously associated
with lung function, and COPD7°.

Interestingly, “protective” alleles have also been de-
scribed in Hispanic populations in the USA®?, a finding
that has been replicated in Mexican populations in the
genes IL6R and ADAM19°L.

GWAS IN THE STUDY OF COPD

Multiple studies have evaluated the individual in-
volvement of genetic markers, mainly SNPs, in COPD
susceptibility, while few include whole genome
searches for new variants to find alternative or novel
hypotheses for the underlying mechanisms of the
pathology.

In the Framingham Heart Study, a GWAS was per-
formed to identify genetic markers related to lung
function measurements, identifying SNPs in two
genes not previously described using “traditional”
methods associated with lung function measure-
ments. In this study, participants were grouped by
phenotype according to the spirometry results. The
authors suggested that, for SNPs with significant
results, especially those located in genes with un-
known biological function, a replica in another group
of individuals is required’®. Pillai et al. reported, in
2009, a GWAS in COPD where they used the
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multiple stage replication technique. Initially, in the
study, 538,030 SNPs were analyzed in a group of
cases and controls, obtaining a list of associations,
from which the 100 SNPs (“top 100”) most strong-
ly associated (p = 1.6E-04)) were selected. These
SNPs were characterized in an additional cohort of
families, which they labeled replication Stage |. Based
on the results from replicate |, the seven SNPs with
the best association evidence in the joint analysis of
both stages (p < 1.0E-07) were selected and ana-
lyzed in an additional case and control population,
labeled replication Stage Il. Finally, they performed a
study for the validation of results in a cohort of in-
dividuals with COPD, resulting in six validated SNPs
with a significant association to the disease. It is
important to note that they found genes that had
not been previously associated with COPD but that
play a key role in other pathologies such as lung
cancer. Such is the case of the CHRNA3/5 cluster.
Another gene highly associated with COPD is HHIP,
about which little is known, but the authors suggest
that, based on their results, it should be exten-
sively studied®?. Likewise, 70,978 SNPs were ana-
lyzed in 2 GWAS related to lung function measure-
ments in the Framingham study cohort. Their results
propose the HHIP gene as one of the possible regu-
lators in COPD and suggest the importance of the
gene encoding glycophorin A (GYPA) in the disease
due to its position in relation to HHIP and earlier
findings of this protein in patients with COPD. Re-
garding the gene CHRNA3/5, they did not obtain
significant results®3.

Recently, five loci associated with different lung func-
tion measurements were identified using GWAS as-
sociated with lung function measurements (FEV1 and
FEV1/FVC)®. In addition, the authors performed a
meta-analysis with the strongest association signals
from direct genotyping, a summary association of in
silico data of the CHARGE consortium, and ultimate-
ly included data from the Health 2000 study, con-
firming the previously reported association of locus
4931 as well as the associations with FEV1 and/or
the FEV1/FVC ratio and common variants in five loci.
The analysis of mMRNA showed expression of TNSI,
GSTCD, AGER, HTR4, and THSD4 in human lung tis-
sue. Finally, they suggest that these associations of-
fer signals of the mechanisms that regulate lung
function and indicate potential targets for therapeu-
tic interventions in respiratory pathologies®®. In
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general, 17 regions were observed to be associated
independently with FEV1, and 23 were associated to
the value of the FEV1/FVC ratio, including three re-
gions (4924 in GSTCD, 4q31 near HHIP, and 15923
in THSD4). The SNP rs12504628 was found to be
associated with both FEV1/FVC and FEV1 traits; it is
located in an intergenic region close to HHIP, covering
~300 kb of the 4931 region that was previously as-
sociated with lung function and COPD?3. The hedge-
hog gene family, of which HHIP is a member, encodes
molecules involved in the regulation of lung morpho-
genesis, suggesting other overlying mechanisms for
such associations®4.

In parallel, a study analyzing lung function measure-
ments was published using a meta-analysis-like de-
sign and GWAS. This study included 20,890 partici-
pants of European descent (the same used in a study
by Repapi et al.??, defining eight loci associated with
the FEV1/FVC ratio (HHIP, GPR126, ADAM19, AGER-
PPT2, FAM13A, PTCH1, PID1, and HTR4) and one
locus associated with FEV1 value (INSTS12-GSTCD-
NPNT)?425, Several SNPs near the HHIP coding region
were associated with the FEV1/FVC ratio in both the
CHARGE and SpiroMeta consortia, confirming previ-
ous findings performed in the Framingham Heart
Study”®.

THE CANDIDATE GENE STRATEGY
IN COPD

On the other hand, association studies using the
candidate gene strategy in cases and controls are
frequently criticized due to the lack of population
replicates®®®’, even finding contradictory results in
some cases or the absence of association with previ-
ously identified genetic markers®®. In this regard,
Hersh et al. performed a replication study in 2005
based on families and in parallel on cases and con-
trols using the candidate gene strategy and individu-
al genetic associations related to COPD development,
where 29 polymorphisms were evaluated (24 SNPs,
1 insertion/deletion [indel], 3 STR, and 1 nonsense
deletion) in 12 candidate genes previously reported
on the literature. They found significant associations
related to distinct qualitative and/or quantitative
phenotypes with different SNPs, including TNFo
(-308G > A), SFTPB (thr131ile), HMOX1 (gt31), and
EPHX1 (his139arg)’e.
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GENES RELATED TO INFLAMMATION
AND THEIR ROLE IN COPD

Different mediators and cells have been involved in
the pathology of COPD, including TNFo, IL-8, and
TGF-B. Cigarette smoke activates macrophages that
release TNFo, leukotriene B4, IL-8, and other neutro-
phil chemotactic factors, as well as antiproteases.
This reaction increases the local inflammation, with a
predominance of neutrophils and protease release®®.
IL-8 is a chemokine that mediates the activation and
migration of neutrophils from peripheral blood into
the tissue. It plays a significant role at the onset of
the amplification of the inflammatory response. A
transversion (A—T) in position =351 and another in
—-251 of the IL-8 promoter have been associated with
COPD in different populations'°%101 but are inversely
associated with bronchial asthma02.103,

An SNP was previously described in the promoter re-
gion within the TNF gene that was identified because
it directly affects the transcriptional regulation of the
genel% Several studies show certain relevance for
the SNP -308G/A of TNF in Asian populations but
not in Caucasian ones. For example, in Japanese and
Taiwanese populations, an increase in the prevalence
of COPD has been observed compared to their re-
spective control groups’?. However, these results
have not been confirmed in other populations10>106,
and given the location of the TNF gene within the HLA
region, it would be important to establish the exis-
tence of extended haplotypes that include the classic
HLA genes. Recently, our group identified certain ge-
netic variants associated with both the susceptibility
and severity of COPD related to smoking!®’ and
smoke exposure due to the burning of biomass©8.

The expression of HLA-DR and CD8O0 in the cell sur-
face of alveolar macrophages (AM) in patients with
COPD is decreased compared to smokers with normal
lung function and to non-smokers. In addition, these
patients show an increased percentage of AM with
low levels of expression of CD44 on the surfacel©®.
Genes encoding HLA antigens, especially class Il, are
particularly interesting to us.

ASSOCIATION BETWEEN HLA ALLELES
AND COPD

Despite the contribution of allelic variation of the HLA
system to several diseases, mainly autoimmune and
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inflammatory, the role of HLA alleles in COPD has not
been extensively studied; only a limited number of
studies have described this association!®. Among the
few reports on the association of this disorder with
the HLA system, the 1990 study by Sugiyama et al.
typified antigens HLA-A, HLA-B, and HLA-C using se-
rological methods in patients with diffuse panbronchi-
olitis. This is a form of COPD with unknown etiology,
which is clinically characterized by chronic cough, spu-
tum, and dyspnea, physiologically by the limitations
of airflow, and histologically by inflammatory lesions
around the bronchioles, with an increase in the fre-
quency of HLA-B54 antigen!!!. Although the number
of patients in this study was relatively small, it is
important to mention that HLA-B54 is a serotype
mainly found in East Asians. Subsequently, Keicho et
al. discovered, in 1998, a positive association between
PBD and alleles HLA-A11, HLA-B54, and HLA-Cw1,
while HLA-A33 and HLA-B44 increased their frequen-
cies in the control groups, suggesting a protective
association for these alleles in Japanese popula-
tions!12. In addition, the findings for A11 were repli-
cated in Korean populations, but those for B54 and
Cw1 were not; in contrast, HLA-B55 is increased, and
HLA-B62 and HLA-Cw4 are weakly associated!!3. Re-
garding Caucasian populations, the oldest record in
the literature is the one from Kauffmann et al., who
in 1983 demonstrated that HLA-B7 is a genetic risk
factor for developing COPD; the finding is worthy of
mentioning given that HLA-B7 is predominant in Cau-
casian populationst4. Kasuga et al., in 2005, per-
formed a replication study where the tentative as-
sociation between HLA-B7 and COPD described by
Kauffmann was analyzed using a case—control design
in smokers. They studied the contribution of HLA-B7
to the decay of lung function, which was measured by
FEV1, but they did not find significant differences in
HLA-B7 frequencies between COPD patients and pa-
tients without airway obstruction nor an association
between HLA-B7 and lung function decline. These
findings allow us to conclude that HLA-B7 does not
contribute to COPD development and is not involved
in lung function variations!10.

GENES OF EXTRACELLULAR MMPS
AND COPD

MMPs are a family of at least 20 proteolytic enzymes
that have an essential role in tissue remodeling. Most



GLORIA PEREZ-RUBIO, ET AL.: GENETICS OF NICOTINE ADDICTION AND COPD

MMP genes contain hundreds of polymorphismst>,
some of which are associated with COPD. At least 20
polymorphisms in MMP1 gene have been associated
with COPD11¢, mainly in regulatory regions (promoter,
3’'UTR, 5’'UTR, and introns)!!’. Some genetic studies
associating MMPs with COPD include genes such as
MMP1, MMP2, MMP3, MMP9, and MMP12.

The insertion/deletion polymorphism 1G-1607/2G in
the promoter region of MMP1, which increases tran-
scription due to the introduction of a new binding site
for the ETS-1 transcription factor!!8, has been evalu-
ated in relation to lung function decline, with contro-
versial results1?120 |n Russian population, the homo-
zygous genotype 2G was associated with risk in
COPD patients!??, a finding that was not replicated
elsewhere!21123 |n addition, rs1799750 in MMP1 was
identified as associated with the mainly apical densi-
tometric distribution of emphysemat?4, while the car-
riers of allele T of rs470358 are associated with the
transference of gases in patients with COPD second-
ary to AATd!?3. Finally, polymorphisms in MMP1 have
also been associated with the predisposition to oc-
cupational chronic bronchitis??6.

In MMP2, the homozygous genotype T of the poly-
morphism rs243865 (C-1306T), located in the in-
tron, shows a significant association with the FEV1
decrease in Caucasian populations!?’, while in Tuni-
sian populations, it was correlated with disease sever-
ity!28. In Mexican populations, rs243864 and
rs11646643 were associated with the risk of COPD,
and in addition, MMP-2 serum levels were lower!2°.

The identification of MMP-3 in COPD is recent. At the
genetic level, it has been described that, in patients
with AATd, those carrying allele rs678815/G in
MMP3 shows a lower transference of gases!?>. Geno-
type 6A6A of polymorphism -1171 5A > 6A
(rs35068180) was associated with a significantly
high risk of COPD in Russian population!?3® and with
COPD lung cancer in Polish populationt3°. Polymor-
phisms rs3025058 and rs678815 have been pro-
posed as susceptibility markers for the development
of lung cancer in individuals with COPD131,

Another well-explored gene in this metalloproteinase
family is MMP9. Polymorphism rs13925 (C-1562T),
located in the gene’s promoter, is associated with
COPD development in Japanese®? and Chinese
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populations!32133 and was recently confirmed in a
meta-analysis including Caucasian and Asian popula-
tions134. In Russian populations, allele T and the ho-
mozygous genotype TT are associated with increased
severity and younger age of disease onset!?2. In
Northern European populations, rs3918242 was as-
sociated with centrilobular emphysemat34. In Tuni-
sian populations, a significant correlation was identi-
fied between polymorphism 279 R/Q (836G > A)
and disease severity. Likewise, Q homozygotes (gen-
otype AA) were associated with a drop in FEV1 and
FVC in patients with COPD compared to individuals
with genotypes AG and GG. In contrast, the activity
of MMP-9 improved in individuals carrying allele R (G)
compared to those homozygous for variant Q (A)135.
Our group used SNP tagging and determined that the
rs3918253 of MMP9 associated with COPD risk in-
creased in serum levels in a group of patients with
stable COPD!?°.

Polymorphismrs2276109 (-82A/G) of gene MMP12
was associated with an increase in the promoter ac-
tivity and has an effect in the cis element of transcrip-
tion factor AP-113¢ 1t is also associated with a posi-
tive effect on lung function in children with asthma
and adult smokers. This allele is further associated
with a reduced risk of COPD in adult smokers!37. Al-
though only one tendency was identified in Polish
populations!3©, in Bulgaria, patients carrying geno-
types with at least one copy of allele G could have a
lower risk of COPD*38,

Recently, it has been proposed that COPD has its
origin in early childhood, by demonstrating associa-
tions between several important genes related to
COPD and early transient symptoms (wheezing and
decrease in lung function). The associated genetic
variants include rs2276109 in MMP12137, In Indian
populations, this polymorphism showed an associa-
tion in additive and dominant models, while the infre-
quent allele (G) showed a significant positive associa-
tion with lung function in different genetic models. In
contrast, haplotypes carrying allele A showed a nega-
tive correlation with lung function!3°. Genetic asso-
ciations have also been described for SNPs in or near
MMP12 with different lung emphysema patterns
quantified by automated tomography!4°. This poly-
morphism has been demonstrated to be associated
with the severity of lung disease!4!. Recently, with the
advent of exome analysis, the associations of SNPs
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rs17368582 and rs2276109 could be replicated!42.
Polymorphism Asp357Ser (rs652438) was associat-
ed with the decline rate in lung function in Caucasian
smokers®! and with COPD in Chinese populations43,
The common variant (Ser) in codon 357 is associated
with clinical manifestations that are consistent with a
more aggressive matrix degradation in other tissues;
it is associated with an increased severity of the dis-
ease in patients with COPD137,

GENETIC CONSIDERATIONS
IN COPD EXACERBATIONS

Hospitalizations are an important part of patient care
and are directly related to the deterioration of the
health status44, mortality increase!#>, and a substan-
tial rise in health-care costs!46. Hospital readmissions
are common and occur in an alarming 60% of patients
in the 1%t year after the last exacerbation!47.148,

At the molecular level, a reduction in the expression
of HLA-DR on the surface of peripheral-blood mono-
nuclear cells has been described, as well as a higher
frequency of allele QBP 5.12 in the promoter of the
gene HLA-DQB1 in patients under exacerbation!4®.

Infectious exacerbations are common in patients with
COPD, where cells and molecules of the immune re-
sponse are involved at different levels. The protein
mannose-binding lectin (MBL) is a key component in
the defense of the host against an infection!>°. It is a
pattern recognition receptor that binds to carbohy-
drates on the microorganism’s surface, which, in turn,
activates the complement system?51.152, The protein
MBL is encoded by the gene MBL2; patients carrying
allele D in codon 54 of exon 1 of MBL2 (rs1800450
G/A), which at the protein level consists of a substitu-
tion of glycine (G) by aspartate (D), have more risk
of hospitalization due to infectious exacerbation®>3.
In recurrent exacerbations, the mortality and frequen-
cy of infectious exacerbations were significantly high-
er in patients with deficient MBL genotypes than in
those with non-deficient MBL genotypes!>4.

Lung surfactant is a multimolecule complex formed
by phospholipids and cholesterol (90% in total) and
surfactant proteins (SPs) (10%); multiple proteins of
its composition have been associated with respiratory
pathology. Among them, those known as lung SPs can
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be found. They are composed of the high molecular
weight hydrophilic proteins SP-A and SP-D; the ex-
traordinarily lipophilic, low-molecular weight SP-B; and
the SP-C, which are vital for the biophysical properties
of surfactant phospholipidst®>>. SP-D has immuno-
modulatory functions!>%; by keeping a potentially ag-
gressive inflammatory reaction under control, SP-D
decreases the production of proteases and oxi-
dants!>’. The association between rs3024791 in
SFTPB (SP-B) and COPD exacerbation was confirmed
using logistic regression models. Negative binomial
regression models demonstrated the association of
multiple SNPs (rs2118177, rs2304566, rs1130866,
and rs3024791) with exacerbation rates!s8.

Sialic acid-binding immunoglobulin-like lectins (Si-
glecs) are a group of cell-surface transmembrane
receptors expressed on immune cells that regulate
the immune equilibrium in inflammatory diseas-
es'>?. Homozygotes for the null allele in SIGLEC14
are associated with a reduced risk of exacerbation
in a population of Japanese patients¢9, while allele
G of rs2075803 and haplotype GA (rs2075803
G/rs2258983 A) in SIGLECY were associated with
a higher frequency of exacerbations and with the
emphysema levelt6l,

Using site-directed mutagenesis and recombinant ex-
pression studies, it was found that several polymor-
phisms of the gene ADRB2 alter the function of
ADRB2. Of these, polymorphisms in positions 16 (Ar-
g16Gly) and 27 (GIn27Glu) are prevalent, are func-
tionally relevant, and have been widely studied from
the clinical and pharmacogenetic perspective.

The homozygous genotype Argl6Arg predisposes
patients to a clinically more severe episode!¢?, great-
er dyspnea, more symptoms, and frequent exacerba-
tions163. Patients with genotype Argl6Arg in ADRB2
showed better results during exacerbation in response
to salmeterol than genotypes Gly1l6Gly and Arg-
16Gly, which suggests a potential differential effect
of genotype Arglé6Gly in the response to the treat-
ment with long-acting B-agonists!é4.

Haplotype Gly16/Glu27 can affect the severity of
the obstructive ventilatory alteration but not the
immediate response to salbutamol during the acute
exacerbation®>. On the other hand, two indepen-
dent pharmacogenetic studies in patients with
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moderate-to-severe COPD showed that the thera-
peutic response and the tolerance to long-term treat-
ment with formoterol (alone or in combination with
budesonide) were not modified by the genotype of
Argl6Gly¢6. Another receptor involved in the phar-
macological response is the muscarinic cholinergic
receptor 2 (CHRM2). Recently, a significant associa-
tion of polymorphism rs1824024 in CHRM2 with
disease severity was identified, with lower values in
lung function tests, frequent exacerbations, and a
poor response to anticholinergic drugs!¢’.

Other agents associated with COPD exacerbations
include biological pathways such as the metabolism
of xenobiotics, glucocorticoids, and inflammation.
GSTP1 (rs1695), superoxide dismutase 2 (SOD2)
(rs4880), and NFE2L2 (rs1806649) were associated
with a tendency toward a higher risk of hospital ad-
missions during the periods with high PM10 levelst>4.

Individuals with allele C for rs4588 in the GC gene
showed a higher exacerbation frequency, higher sus-
ceptibility to COPD, emphysema, and a tendency to-
ward a rapid decrease of airflow obstruction®®. The
minor allele of SNP rs2227744G > A in the protease-
activated receptor 1 (F2R) was associated with pro-
tection against frequent exacerbations!¢®, while gen-
otype DD of the gene ACE was associated with a
lower risk in malest7°.

GENETIC POLYMORPHISMS RELATED
TO NICOTINE ADDICTION AND COPD

Polymorphisms associated with nicotine addiction and
COPD have been identified. Among genes with such
pleiotropic effects are those encoding nAChR, specifi-
cally subunits o5 and a3 (CHRNAS5-CHRNA3)171.172,
These genes not only encode subunits that can be
part of the neuronal nAChR but also form part of the
muscle receptors.

The nicotine that enters the body of the smoker
activates these receptors in the brain, unleashing
the signaling for the release of neurotransmitters,
with dopamine being the most important in the ad-
diction process. This increase in dopamine in the
brain acts as a positive reinforcer, causing the con-
stant need to smoke cigarettes!’3174 It has been
observed in vitro that nicotine reversibly induces the
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expression of CHRNAS5, which could be contributing
to the nicotine addiction mechanism!’>. The non-
neuronal nAChR that contain subunits formed by
proteins encoded by CHRNA3 and CHRNAS5 are ex-
pressed in airway cells (bronchial epithelial cells,
neutrophil macrophages, monocytes, and lympho-
cytes) and are also activated when nicotine enters
the lungs, causing the release of proteases, pro-in-
flammatory cytokines, and oxidants that are re-
sponsible for lung remodeling, which leads to lung
damage after chronic exposure!’¢ (Fig. 2).

SNP rs16969968 in CHRNAS is among the SNPs |o-
calized in genes encoding nAChR with the highest
evidence of association with nicotine addiction, CPD,
and COPD. A meta-analysis including 34 studies
(case-control studies, families, and cohorts) reported
that allele A of this SNP was associated (p = 5.96E-
31) with a higher risk of cigarette smoking in Euro-
pean populations when comparing heavy (CPD > 20)
versus casual smokers (CPD < 10)'77. This polymor-
phism was also associated with airway obstruction
independent of cigarette smoking in seven European
population cohorts37, and when Asian populations are
analyzed, the association with COPD remains when
the risk allele (A) is present.

Other interesting polymorphisms in the cluster of
genes in CHRNA3 are rs6495309 (T/C) and
rs1051730 (C/T). The latter was evaluated in smok-
ers and non-smokers in Denmark; in smokers, the
presence of genotype TT was associated with the risk
of suffering from COPD in more severe stages (GOLD
NI-IV)178. In a Dutch cohort of smoking individuals, it
was reported that carriers of allele T (rs1051730)
showed an increased risk of presenting bronchial ob-
struction and emphysematl’®. It has been reported
that carrying a copy of allele T increases smoking by
1.2 CPD, suggesting that this region of chromosome
15 has an important function in nicotine levels in
smokers!8%. On the other hand, for rs6495309 in
populations from Southeast China, the presence of
allele C was reported to be a risk factor for developing
COPD and leads to a higher annual decrease in FEV1.
Later, cellular assays suggested that the presence of
this allele increases the transcriptional activity of
CHRNA3181,

In a Russian population that included patients with
COPD and clinically healthy individuals (26%
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Figure 2. Proposal of the dual participation of nicotinic cholinergic receptors in nicotine addiction and chronic obstructive

pulmonary disease.
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non-smokers), it was found that the haplotype
formed by alleles AAG in CHRNA3/A5 (rs16969968-
rs1051730-r6495309) was present at a higher fre-
quency in patients with COPD than in the control
group!82. In Mestizo Mexican populations, we have
identified, using multi-stage association studies,
polymorphisms in CHRNAS5 (rs16969968 and
rs17408276) that are associated with cigarette
smoking?®. A later analysis, including smokers with
and without COPD, showed that patients with COPD
and of Caucasian descent had a haplotype formed by
12 SNPs in CHRNA5/A3 (AGGAAGAGGGCA) that
includes rs16969968 and rs17408276. This group
of genetic variants was strongly associated with the
risk of suffering from COPD; the same behavior is not
reported in those individuals of mostly Amerindian
ancestral descent?!83,

AGING AND COPD

With increasing age, even in healthy individuals, lung
function declines and the respiratory system also ex-
periences structural changes that include pulmonary
remodeling, limited tissue regeneration, and an en-
hanced susceptibility to pulmonary diseases!®4. Age-
related alterations in the respiratory tract originate
from cumulative damage or oxidative stress occurring
throughout life. The impaired DNA repair capacity

NA: Nucleus accumbens
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leads to accumulation of oxidative damaged DNA and
cell senescence!®>. There is increasing clinical and cel-
lular evidence for the concept that accelerated aging
can serve as an underlying mechanism of COPD18¢,
An accelerated cell senescence in alveolar Type I
epithelial cells has been observed in COPD patientst8’.
Moreover, telomere length dysfunction, decreased
expression of anti-aging molecules such as sirtuins,
increased expression of senescence-associated mol-
ecules including pl16 and p21, and B-galactosidase
activity have been observed in lungs of patients with
COPD187»190.

Telomere shortening, one of the proposed nine hall-
marks of aging!°!, has been implicated in a variety of
lung diseases such as idiopathic pulmonary fibrosis,
COPD, emphysema, and lung cancer!®2-1%4 Telomeres
are the protective structures at the end of chromo-
somes that consist of stretches of repetitive hexa-
nucleotides (5’-TTAGGG-3"). They protect the end of
chromosomes from erosion or fusion by DNA repair
processes. Telomeres become progressively shorter
as cells divide, due to an event that is known as the
end-replication process!®>. The enzyme telomerase is
capable of maintaining telomere regeneration, but its
activity is limited mainly to embryonic and adult stem
cells. Telomeres in regular somatic cells are therefore
reduced with each replication until critical telomere
length is reached leading to cell cycle arrest!8>,
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Many studies have tried to shed some light on the
interaction between telomere length and COPD.
Shortened telomeres have been described in current
and former smokers in comparison with non-smok-
ers'®¢, Several studies have documented shorter telo-
meres in circulating leukocytes in patients with COPD
than age-matched controls!®7-1%° Interestingly, short-
ened telomeres measured in peripheral leukocytes of
patients with COPD have been related to all-cause
and cancer mortality2°° supporting the concept that
telomere length could serve as a biomarker of disease
progression. Recently, the first longitudinal study on
telomere dynamics and COPD has shown an acceler-
ated telomere shortening in patients compared to
age-matched smoker controls over a 3-year period of
follow-up2°01,

However, what do we know about telomere attrition
and its relationship with lung function in COPD? The
results from different studies are controversial. A
study performed over a large cohort of patients with
COPD has reported a weak correlation between telo-
mere length and the lung function expressed by the
FEV,292. Others have shown that leukocyte telomere
length was the only marker between a panel of aging
markers that were associated with lung function
(FEV,)?%3. However, the absence of a relationship be-
tween telomere shortening and lung function has also
been described!®71°°. A meta-analysis performed
over seven studies has found just a modest associa-
tion between telomere length and FEV, decline2%4. In
the same line, a recent study that analyzed other
parameters (inspiratory capacity/ total lung capacity,
Kco and Pa0,) besides FEV, could not find any as-
sociation between them or the change in lung func-
tion over time and telomere length?%l. Of note, if
present, the association of telomere attrition with
lung function would not be so strong. Comparisons
between different studies are difficult because of
many factors that may influence the results, for ex-
ample, the cohort sample size, diverse stages of dis-
ease severity, the proper correction for confounders,
or the technique used to measure telomere length.

To expand our knowledge over the role of telomere
biology in COPD and to explore about causality, stud-
ies on large cohorts of patients with telomere length
measurements at multiple time-points are needed.
Unraveling the molecular mechanisms that link pre-
mature aging with COPD would allow the
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development of promising antiaging therapies with
impact on disease progression and outcomes in COPD.

SOCIAL IMPACT OF COPD AND ITS
RELATIONSHIP WITH GENETICS

Signs and symptoms such as dyspnea, persistent
cough, wheezing, sputum, poor tolerance to exercise,
weight loss, and fatigue are typical indicators of
COPD?%, in addition to anxiety and depres-
sion148:206.207 Depression as a response to hypoxia in
patients with COPD can be influenced by genetic fac-
tors, with an autosomal dominant inheritance mod-
€el2%8. On the other hand, the severity of depression is
higher in patients with COPD than in smokers without
COPD. Genotype Val/Val at position 9 of the signal
peptide of the SOD2 enzyme is associated with more
severe depression, trait anxiety, and state anxiety
compared to patients with genotypes Val/Ala and
Ala/Ala%%®. In Japanese populations, rs3794808 in
SLC6A4 was correlated with the Hospital Anxiety and
Depression Scale score?10,

CONCLUSION

There are numerous studies that provide evidence of
the involvement of a genetic component that contrib-
utes to the risk of developing nicotine addiction and
COPD. In addition to genetic variability as a compo-
nent in the susceptibility in its simplistic way, this
contribution could be associated to clinical parame-
ters. These include severity, age of onset, increased
tobacco intake (as CPD, heavy consumption, high ad-
diction, etc.), the decline of lung function, frequency
of exacerbations, alterations in protein levels driving
to chronic inflammatory, and/or oxidant processes,
often accompanied by histopathological changes me-
diated by cellular mechanisms easily altered by to-
bacco smoke and consequent epigenetic changes.
This multifactorial nature of nicotine addiction and
COPD requires coordinated research from multiple
disciplines, moving forward to precision medicine.
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