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Purpose: The protease inhibitor S (PiS) and Z (PiZ) variants have been stated as the only
genetic cause of chronic obstructive pulmonary disease (COPD) in Caucasians. However, its
frequency in admixed populations is low. We aimed to identify genetic susceptibility between
PiS (rs17580) and PiZ (rs28929474) polymorphisms with COPD related to tobacco smoking
and biomass-burning smoke as well as to determine its frequencies in Mestizo and
Amerindian populations from Mexico.

Patients and Methods: One thousand and eight hundred seventy-eight subjects were
included in two comparisons of cases and controls, (1) smokers with and without COPD
(COPD-S, n=399; SWOC, n=1106); (2) Biomass-burning smoke-exposed subjects with and
without COPD (COPD-BS, n=98; BBES, n=275). In addition, 2354 Mexican subjects
identified as Mestizos (n=1952) and Amerindian (n=402) were included. The population
structure was evaluated using 59 informative ancestry markers.

Results: The AT genotype of rs17580 is associated with COPD in both comparisons
(COPD-S vs SWOC p<0.001, OR=2.16; COPD-BS vs BBES p<0.0001, OR=11.50). The
population of the Mexico-North has a greater Caucasian contribution (54.7%) compared to
the center (46.9%) and southeast (42.7%).

Conclusion: The rs17580, AT genotype, is associated with COPD in Mexican-Mestizo
smokers and exposed to biomass-burning smoke. The rs17580 AT is more frequent in the
Mexican-Mestizo population of the North of the country, which has a high Caucasian
component.

Keywords: PiS, PiZ, COPD, SERPINAI1, AAT, A1AT, biomass-burning smoke, tobacco
smoking

Introduction

Alpha-1 antitrypsin (A1AT) is a protein produced mainly by hepatocytes and
secreted to the systemic circulation, acts as a neutrophil elastase inhibitor." At the
pulmonary level, it is one of the main enzymes responsible for maintaining the
protease-antiprotease balance.” Variants in the protein are assigned according to
their electrophoresis migration velocity in a magnetic field with varying pH gradi-
ents. Leading researchers in this area designated these proteins as M (medium) for
those with medium velocity, F (fast) for those with fast migration, and S (slow) for

those with slow migration. Once new variants were discovered, the anodic ones
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were assigned the first letters of the alphabet, while the
cathodic ones were assigned the last letters. The normal
genotype, present in >90% of healthy individuals (94-96%
in Caucasians), is called PIMM and is characterized by
serum levels of approximately 150-350 mg/100 MI1.> The
A1AT protein is encoded by the SERPINAI gene, located
on the long arm of chromosome 14, it harbors hundreds of
genetic polymorphisms.” The most widely studied, since
they are associated with liver and lung diseases, are PiS
(Glu264Val, rs17580), and PiZ (Glu342Lys, rs28929474),
both are single nucleotide polymorphisms (SNPs), the first
is found in exon 3 of the gene, where adenine (A) is
replaced by thymine (T), at the protein level, instead of
glutamic acid (Glu = E) Valine is found (Val = V); The PiZ
polymorphism is located in exon 5, it is a change of
guanine (G) for adenine (A), in the protein, glutamic acid
(Glu = E) is replaced by lysine (Lys = K).° This latter
polymorphism causes the accumulation of A1AT polymers

8 In

in the endoplasmic reticulum of hepatocytes.”
European populations, the deficiency of A1AT (PiZ allele)
increases the risk of chronic obstructive pulmonary disease
(COPD).’

Epidemiological studies have estimated the frequency of
this polymorphism, indicating that A1AT deficiency alleles
are not exclusive to European Caucasians, as it exists in
some populations in North Africa (Egypt = 28.6%), Latin
America (Venezuela = 7.8%), populations in Australia and
New Zealand (12.2% and 26.0%, respectively), North
America (Canada = 12.9%) and Asia (Tajikistan = 15.3%).
On the other hand, the PiS allele is found in higher frequency
and more distributed in Caucasian, European, African,
Asian, and American populations compared to PiZ.'
Regarding genetic association studies in lung diseases, com-
pared with PiZ, the PiS allele is not strongly associated as
a risk factor for COPD."" We aimed to establish whether
there is a genetic association between the PiS and PiZ poly-
morphisms of the SERPINAI gene in COPD related to
tobacco smoking and related to exposure to biomass-
burning smoke, as well as the frequencies of both variants
in Mestizo and the indigenous populations of Mexico.

Patients and Methods

Participants

Case and Controls Groups

One thousand and eight hundred seventy-eight Mexican-
Mestizo individuals with at least two previous generations
of those born in Mexico, over 40 years old, with a diagnosis

of COPD related to tobacco smoking (COPD-S, n = 399;
tobacco index >5 packages/year, as we have previously
shown'>'?) or related to exposure to biomass-burning
smoke (COPD-BS, n =

burning smoke >10 years) were included. The diagnosis

98; exposure years to biomass-

was based on clinical history, physical examination, spiro-
metry data, as well as the criteria established by the
American Thoracic Society (ATS).

In the smokers without COPD group (SWOC, n=1106)
individuals without evidence of lung disease and with nor-
mal spirometry values were included.

Participants included in the COPD-S, SWOC, and
COPD-BS groups were recruited from the Department of
Smoking Research and COPD of the Instituto Nacional de
Enfermedades Respiratorias Ismael Cosio Villegas (INER)
at Mexico City.

Finally, a group of biomass-burning smoke-exposed
subjects (BBES, n = 275), clinically healthy, with no
history of active or passive smoking, was included. The
participants of this group are part of the national program
for equality between women and men with the COPD
Early Diagnosis campaign in women residents of rural
populations, mainly in the northern highlands of the state
of Oaxaca, and suburban areas of the Tlalpan mayoralty of
Mexico City.'*

Functional maneuvers were taken using identical portable,
battery-operated, ultrasound transit-time-based EasyOne™
spirometers (Medical Technologies, Chelmsford, MA, USA).
The calibration was checked daily using a 3 L syringe at 588
mmHg of pressure (corresponding to the altitude of Mexico
City). The reference values established by Pérez-Padilla for
the Mexican population were used.'’> Post-bronchodilator
spirometry was performed by administering 400 mg of neb-
ulized salbutamol with the use of a spacer. Those individuals
diagnosed with bronchial asthma, bronchiectasis, active tuber-
culosis, lung cancer, cystic fibrosis, allergic alveolitis, or idio-
pathic pulmonary fibrosis were excluded. Subjects with
different ancestry to the Mexican were not included.

Populational Study

The individuals included in this analysis were 2354, clini-
cally healthy, not biologically related to each other, or with
the participants in the case—control comparisons, older than
40 years. Individuals of Mexican-Mestizo origin were char-
acterized and classified according to their ancestry (with at
least two previous generations born in the same state of the
country) in three regions of the Mexican Republic: (1)
North, includes the states of Baja California Norte, Baja
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California, Coahuila, Sonora, Nuevo Leoén, Tamaulipas,
Durango, San Luis Potosi, Sinaloa, Jalisco, Nayarit,
Aguascalientes, and Zacatecas), (2) Central, states of
Colima, Guanajuato, Michoacan, Mexico City, State of
Mexico, Hidalgo, Morelos, Puebla, Querétaro, Tlaxcala)
and (3) Southeast, states of Guerrero, Campeche, Chiapas,
Oaxaca, Quintana Roo, Veracruz, Tabasco, and Yucatan.
A depicting map of Mexican states and their location regard-
ing grouping is included in Supplementary Figure 1.

Individuals having Amerindian ancestral component
were recruited through campaigns carried out by the
INER in rural locations, with the prior authorization of
the corresponding authorities. Historical and linguistic
studies were employed to characterize participants and
they had to have at least two generations with the same
Amerindian ancestry, the groups included in the study
were: the Otomi (from the Mezquital Valley, State of
Hidalgo),'® the Mazahua (northwest of the State of
Mexico) and the Maya group (State of Yucatan).

Ethics Approval and Informed Consent
This study was approved by the Institutional Committees
for Research, Ethics in Research, and Biosecurity of the
Instituto Nacional de Enfermedades Respiratorias Ismael
Cosio Villegas (INER). This study was conducted in
accordance with the Declaration of Helsinki.

Each individual conducted a questionnaire on anthropo-
metric data and hereditary pathology background; They
voluntarily agreed to participate in the study and signed the
written informed consent letter, which was previously
approved by the INER Institutional Committees (approbation
protocol codes: B20-08, B35-09, B09-10, B10-12 and
C13-13).

Genomic DNA Extraction and

Concentration Adjustment

A sample of 6 mL of peripheral blood in EDTA tubes was
drawn from each participant. From the blood sample,
leukocytes were separated, then genomic DNA was
obtained using the commercial BD tract DNA isolation
kit (Maxim Biotech, San Francisco CA, USA). The DNA
was quantified by ultraviolet light absorption microspec-
trophotometry at 260 nm using a NanoDrop 2000 spectro-
photometer device (Thermo Scientific, Wilmington, DE,
USA), protein contamination was determined at 280 nm,

and a contaminant-free sample was considered when the

ratio 260/280 was between 1.7 and 2.0. Each sample was
adjusted to 25 ng/uL for subsequent genotyping.

Genotyping of PiS and PiZ Alleles
Samples were genotyped by allelic discrimination using pre-
designed Tagman probes, in a real-time PCR thermal cycler
(7300 Real-Time PCR Systems, Applied Biosystems, CA,
USA), the probes used were C__ 594695 20 for rs17580
(PiS), and C_ 34508510 10 for the rs28929474 (PiZ)
(Applied Biosystems, CA, USA).

The PCR assay conditions were: Pre-reading 50°C,
50°C, 2 minutes,
1 cycle; 95°C, 10 minutes, 1 cycle; 95°C, 15 seconds,

1 minute; absolute quantification:

60°C 1 minute, 40 cycles; post-reading 50°C, 1 minute.
Genotypes assignment was carried out, taking into account
allelic discrimination and confirmed by absolute quantifi-
cation; Also, three controls without template (contamina-
tion controls) were included for each genotyping plate, and
1% of the samples included in the study were genotyped in
duplicate as an allele allocation control. Data interpretation
was performed through Sequence Detection Software
(SDS v 1.4, Applied Biosystems, CA, USA). The fluoro-
phores employed for both SNPs were VIC for allele A and
FAM for allele B.

All experiments were performed following the relevant
guidelines and regulations. The STREGA (STrengthening
the REporting of Genetic Association) guidelines were
considered in the design of this genetic association study.

Population Structure Analysis

To evaluate the population structure of the participants
included, 711 subjects (~30%) Mexican-Mestizos (central
= 604, North 39, and Southeast = 68) were analyzed with
59 ancestry-informative markers (AIMs) that previously in
our workgroup were selected and evaluated for different
studies,'” allele frequencies of these SNPs among
Caucasian population vs Mexican-Mestizo, as well as
Amerindian vs Mexican-Mestizos, presented a difference
>40%. Caucasians (CEU, n = 120) of the International
HapMap Project version 3, release R2 were taken as
reference population,'® and the Amerindian population of
the Mexican-Mestizo genomic diversity project made up
of people from the state of Oaxaca in Mexico (AME,
n=30)."" The population structure was generated using
STRUCTURE v2.3.4*° under unsupervised conditions.

Statistical Analysis
The statistical program SPSS v 15.0 (IBM, NY, USA) was
used to describe the study population, showing the median
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and minimum and maximum values of each quantitative
variable; for sex and regional distribution percentages
were presented. Observance to Hardy—Weinberg equili-
brium (HWE) was v.3.0.8
software.”! Genotype analysis was carried out with

confirmed with Finetti

Pearson’s chi-squared and Fisher’s exact tests using Epi
Info v. 7.1 software,”® 2x2 contingency tables were made
to estimate the genetic association to COPD for PiS and
PiZ. While the codominant model for the association ana-
lysis of genotypes in case comparisons using Epidat 3.1%
was performed. The Bonferroni correction was employed
to adjust the p-value using Plink v. 1.07.%* To evaluate the
effect of SNPs on pulmonary function variables, binary
logistic regression was performed considering several
comparison groups. First, the lung function values (%)
were compared in a dominant model; then, they were
stratified in cases and controls. On the other hand, the
levels of the variables of lung function and age at diag-
nosis were stratified by genotypes through the Kruskal—-
Wallis test. The graphics were prepared using R studio.”
The comparisons were made considering exposure to two
different Ambiental risk factors. Then, we compare
COPD-S vs SWOC and COPD-BS vs BBES.

The frequencies’ report of the PiS and PiZ variants in
the Mexican-Mestizo and Amerindian populations was
carried out after the evaluation of population ancestry,
using Structure v2.3.4 under unsupervised conditions,
with 10,000 Burn, 50,000 repetitions and the 2 reference
populations previously described.”® Subsequently, allele
and genotype frequencies, expressed as a percentage,
were calculated for PiS and PiZ in each of the 6 popula-
tions included in the study.

Results

The demographic characteristics of cases and control
groups are described in Table 1; there is a statistically
significant difference when comparing the age of both
groups as for sex, there are no significant differences.
For cigarette consumption, the COPD-S group has more
years of consuming cigarettes, as well as a higher number
of cigarettes per day regarding the SWOC group; since the
pulmonary function measures were used in the study
groups classification, we found a statistically significant
difference in their values, when comparing between both
groups. Regarding biomass-burning exposed subjects,
patients having COPD are older than exposed without
the disease; in both groups, female sex is the most fre-
quent, all subjects in the BBES group are women in

comparison to ~92% in the COPD-BS group. Besides,
we found differences in the biomass-burning smoke expo-
sure variables.

Hardy—Weinberg Equilibrium (HWVE)

We found an HWE deviation (p<0.01) in the rs28929474
in the SWOC group. For this reason, we only considered
relevant the results observed in rs17580 in both case—
control comparisons. Supplementary Table 1 includes

HWE in case and control groups and Supplementary
Table 2 shows HWE in population included groups,
while Supplementary Figure 2 shows the De Finetti plot

of the alleles in case and control groups of comparisons.

Genetic Association with COPD and

Lung Function

For both polymorphisms, the homozygous genotype for
the common allele is the most frequent (>87%); at the
level of alleles, variant G of rs28929474 and A of
rs17580 are the most frequent (>93%).

The analysis of the differences in genotype frequencies
for both comparisons (smokers with and without COPD
and subjects exposed to biomass-burning smoke with and
without COPD) was performed using the dominant model.

For the rs28929474 variant, there is no statistically signifi-
cant association in any of the comparisons; however, for
rs17580 the frequency of AT + TT is higher in the COPD-S
group (12.28%) compared to the SWOC group (6.24%), this
difference was statistically significant (p <0.001, OR = 2.10,
CI 95% = 1.43-3.09). Regarding the allele frequencies analy-
sis, the minor allele (T) is found in a smaller proportion in
smokers without COPD (3.16%), concerning the frequency
found in the COPD-S group (6.14%), this difference is statis-
tically significant (p <0.001, OR = 2.0, 95% CI = 1.37-2.91).

In the comparison of subjects exposed to biomass-
burning smoke, for rs17580 the frequency of AT + TT is
higher in the COPD-BS group (11.22%) in comparison to
the BBES group (1.09%), this difference was statistically
significant (p <0.0001, OR = 11.46, 95% CI = 3.12-42.03).
Concerning the analysis of allele frequencies, the minor
allele (T) is found in a smaller proportion in subjects
exposed to biomass-burning COPD
(0.55%), with respect to the frequency found in the COPD-
BS group (5.61%), this difference is statistically significant
(p <0.0001, OR = 10.84, 95% CI = 2.99-39.28). The allele
and dominant model frequencies of rs28929474 (PiZ) and
rs17580 (PiS) for the case and control groups are shown in

smoke without
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Table | Description of Demographic Variables of the COPD Patients and Expositional Comparison Groups

Variable COPD-S SWOC p-value COPD-BS BBES p-value
n=399 n=1106 n=98 n=275
Age, years 66 (42-87) 56 (40-90) <0.001* 70 (54-97) 64 (42-90) <0.001%*
Sex, (%)
Male 284 (71.0) 793 (71.69) 0.418" 8 (8.1) 0 <0.01™
Female 116 (29.0) 313 (28.31) 90 (91.9) 98 (100)
Smoking status
Years of smoking 40 (1-68) 30 (3-65) <0.001* NA NA
Cigarettes per day 20 (1-80) 18 (1-80) <0.001* NA NA
Packs-year history 39 (6.3-200) 26 (5.2-168) <0.001* NA NA
Exposure to biomass-burning smoke
Exposure years NA NA 30 (12-80) 15 (14-76) <0.001%*
Hours/day NA NA 8 (I-16) 6 (1-14) <0.001*
Exposure index NA NA 180 (16-800) 86 (8-536) <0.001*
Lung function post-bronchodilator
FVC % predicted 85 (10-185) 96 (29-156) <0.001%* 87 (41-178) 92 (41-128) <0.001*
FEV,% predicted 58 (14-160) 99 (37-160) <0.001* 59 (14-130) 93 (31-129) <0.001*
FEV,/FVC (%) 54 (18-89) 83 (70-111) <0.001* 54 (29-69) 94 (70-119) <0.001*
GOLD, %
I 19.5 NA 36.7 NA
Il 41.0 NA 35.7 NA
I 29.5 NA 25.5 NA
v 9.8 NA 2.1 NA
Regional distribution, %
North 2.5 1.5 0.165™ 2.04 1.02 1.0°
Central 84.0 87.4 0.105™ 67.35 75.51 0.268™
South 135 1.1 0.205™ 30.61 23.46 0.334”

Notes: The p-value determined by the Mann—Whitney U-test. *The p-value determined by the y squared test. WShowing median, minimum, and maximum values.
Abbreviations: COPD-S, COPD patients secondary to tobacco smoking; SWOC, smokers without COPD; COPD-BS, COPD patients secondary to biomass-burning

smoke exposure; BBES, biomass-burning exposed subjects without COPD.

Table 2. Supplementary Table 3 shows full-length frequen-

cies of data for both comparisons.

There was no relationship between the presence of
heterozygous genotypes with the lung function variables;
no significant differences were found when comparing the
percentages of lung function variables stratified by geno-
types. In the same way, there is no significant difference
between genotypes and the age at diagnosis.

Frequencies of the rs28929474 and
rs17580 polymorphisms in Mestizo and

Amerindian populations in Mexico

A 59 AIMs panel was used to evaluate the population
structure analysis in ~ 30% (n = 711) of the Mexican
mestizo individuals included in the study. The results of

the Caucasian and Amerindian ancestral contributions are
described in Table 3; Interestingly, subjects in the North
region have the highest Caucasian contribution among the
three regions studied (~ 55%), while individuals from the
Southeast carry the most considerable Amerindian contri-
bution (> 57%).

On the other hand, our results show that the subjects of
the Central region present 46.9% Caucasian and 53.1%
Amerindian contribution (Figure 1). The graph shows the
central (n = 604), North (n = 39), and the southeast region
(n = 68), all of them were selected randomly. On average,
the Mexican-mestizo contribution presents CEU 0.480 and
0.519 AME contribution.

Allele and genotype frequencies of PiS and PiZ in
Mexican Mestizo and Amerindian population are pre-
sented in Table 4. In the North region, the T allele of

International Journal of Chronic Obstructive Puimonary Disease 2020:15
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Table 2 Genotype and Allele Frequency Comparisons in COPD Patient Groups and Smokers/Biomass-Burning Smoke-Exposed

Subjects
SNP COPD-S SWOC p-value* COPD-BS BBES p-value®
n=399 % n=1106 % n=98 % n=275 %

rs28929474 (PiZ)

Dominant model
GG 391 97.99 1095 99.01 0.09885 97 98.98 275 100.0 0.13135
GA+AA 8 2.0l Il 0.99 | 1.02 0 0

Allele
G 790 99.00 2200 99.46 0.13195 195 99.43 550 100.0 0.12120
A 8 1.00 12 0.54 | 0.57 0 0

rs17580 (PiS)

Dominant model
AA 350 87.72 1037 93.76 0.00009 87 88.78 272 9891 0.00002
AT+TT 49 12.28 69 6.24 Il 11.22 3 1.09

Allele
A 749 93.86 2142 96.84 0.00006 185 94.39 547 99.45 0.00002
T 49 6.14 70 3.16 Il 5.61 3 0.55

Note: *p-value after Bonferroni correction.

Abbreviations: COPD-S, COPD patients secondary to tobacco smoking; SWOC, smokers without COPD; COPD-BS, COPD patients secondary to biomass-burning

smoke exposure; BBES, biomass-burning exposed subjects without COPD.

Table 3 Ancestral Contribution of the Mexican-Mestizo Regions
Under the Study

Region Contribution (%)

Caucasian Amerindian
North 54.7 453
Central 46.9 53.1
Southeast 42.5 57.5
Mexican Mestizo (average) 48.1 51.9

rs17580 (PiS) is found in higher frequency (5.7%) con-
cerning the central and Southeast (2.2% and 1.6% respec-
tively) regions, with statistically significant difference
(North vs. central, p = 0.0003 and North vs. Southeast,
p = 0.0016). The same behavior is observed in the Otomi,
Maya, and Mazahua populations (2.4%, 2.6, and 0.5%
respectively), we only found a statistically significant dif-
ference when comparing North vs. Mazahua (p = 2.0E-
06). The homozygous genotype with the risk variant (TT)
is almost non-existent in the 6 populations analyzed,
except for the central area where it is located in 0.07%
of the population.

The heterozygous genotype (AT) is below 5.5% in 5
of 6 populations, except in the North where it is found in

11.4%; this correlates with the ancestral population

analysis, that revealed that this population has a more
significant Caucasian contribution (54.7%) compared to
the rest of the Mexican mestizos. Supplementary Table 4

shown statistically significant differences in genotype fre-
quencies for the heterozygous genotype were found in the
comparisons: North vs. central, North vs. Southeast and
North vs. Mazahua (p = 0.0002, p = 0.0013 and p = 3.0E-
06, respectively) as well as in the comparison central vs.
Mazahua (p = 0.0125).

Regard to the rs28929474 (PiZ) variant, the risk allele
(A) is found in 2.7% of the Northern population and 2.6%
of the Maya population, while in the central and southeast
of the country it is below 2%, whereas in the Otomi and
Mazahua groups the A allele does not exist.

For this allele, a statistically significant difference
was found in the comparison between North vs. central
and vs. Southeast (p = 0.0238 and p = 0.0381, respec-
tively) (Supplementary Table 4). The low frequency of

the A allele is reflected in genotypes where the homo-
zygous with the risk allele (AA) is absent in the six
populations while the heterozygous (GA) is 5.4% in the
North population and 5.3 in Maya, for the rest of the
populations it is below 2.5%, while in the Otomi and the
Mazahua it was not detected. Like with the PiS variant,
the mestizo population of the North (with the highest
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Table 4 Genotype and Allele Frequencies (%) in Mestizo and Amerindian Populations of Mexico

SNP Mestizo Amerindian
North Central Southeast | Otomi Maya Mazahua
n=166 n=1512 n=274 n=84 n=38 n=280
rs28929474 (PiZ)
Genotype
GG 94.6 97.8 98.5 100 94.7 100
GA 5.4 22 1.5 0 5.3 0
AA 0 0 0 0 0 0
Allele
G 97.3 98.9 99.3 100 97.4 100
A 2.7 1.1 0.7 0 2.6 0
rs17580 (PiS)
Genotype
AA 88.6 95.5 96.7 95.2 94.7 98.9
AT 1.4 44 33 4.7 5.3 1.1
TT 0 0.07 0 0 0 0
Allele
A 94.3 97.8 98.4 97.6 97.4 99.5
T 5.7 22 1.6 24 2.6 0.5

Note: All values are expressed in percentages.

Caucasian contribution) has the higher frequencies.
However, statistical differences were found in compar-
isons of the populations of the North vs. central and
Southeast (p = 0.0229 and p = 0.0367, respectively).
Subsequently, the population structure of eight
Mexican mestizo individuals, with at least one risk
allele for PiS or PiZ, randomly selected from the
North and central regions were analyzed. An average
of 0.590 of Caucasian contribution and 0.410 of
Amerindian contribution was obtained that, when com-

pared with the average for the Mexican mestizo of the

1.00
0.80
0.60
0.40
0.20

0.00
North

Central

Southeast

three regions of the country, these subjects have a higher
Caucasian contribution regarding the Mexican mestizo
(CEU = 0.480 and AME = 0.519). Of these 8 indivi-
duals, one of them presented both risk genotypes, (AT in
PiS and GA in PiZ), finding that this subject has 0.935
Caucasian and 0.065 Amerindian contributions (indi-
cated with an arrow in Figure 1).

Taking these data into account, we can propose that the
frequency of risk alleles for Mexican mestizos has a latitudinal
distribution. But for the indigenous populations analyzed, this
does not apply, especially for the Otomi and Mazahua groups,

CEU AME

Figure | Population structures of the Mexican Mestizo groups and the reference populations (CEU and AME) The arrow indicates an individual with both risk genotypes
(AT and GA for PiS and PiZ, respectively) whose Caucasian contribution reaches 0.935 and only 0.065 for Native American ancestry.
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where there is no risk allele (A) for PiZ, obtaining 100%
homozygous individuals for the common variant (GG).

Discussion

In the current study, we have assessed the genetic suscept-
ibility associated with PiS and PiZ variants evaluated by
molecular techniques that let us know the state of geno-
types for each protein variant. Previously, among smokers,
we found the rs17580 AT genotype associated with
a decreased FEV|/FVC ratio compared to subjects with
the homozygous AA genotype,27 and recently, two SNPs
(rs709932 and rs1303) in the SERPINAI gene too, forming
a haplotype shaped by both common alleles (CT haplo-
type) associated with reduced risk for COPD.*®

However, investigations have focused on the PiS and PiZ
variants; individuals SS, SZ, and ZZ express serum concen-
trations of 85%, 25%, and 15% of the protein, respectively,
compared to the normal levels (MM phenotype).>’ This
characterization based on the protein (phenotype) assumes
that both variants are in the homozygous state at gene-level.

Since each variant corresponds to different locations into
the gene, it should be taken into consideration the possibility
of heterozygous state for each locus, eg an individual which
harbor two-copies (one of each parent) of the A allele of the
rs17580, at protein level expresses the “normal” protein. In
contrast, a person with two copies of the T allele produces an
altered protein (deficient, PiS). A third possibility is to carry
one allele T and other A (TA, heterozygous), in this case,
one copy/gene/chromosome encodes for a normal protein
while the other for a deficient; the same happens with alleles
and genotypes for 1s28929474. In consequence, genotypes
more than phenotypes should be conducted in the COPD
pathogenesis mechanisms elucidation, where PiS and PiZ
variants are supposed to be involved.

Also, multiple studies have evaluated the participation
of genetics factors in the COPD pathogenesis,* including
PiS and PiZ variants, mostly applying this phenotype-
based concept and leaving out the variability for each
polymorphism and the potential contribution to COPD
and/or its clinical features.

Some reports about COPD secondary to wood smoke
(primary source employed to heat meals, which we are group-
ing as biomass); describe that biomass smoke exposure is
associated with an airway-predominant COPD phenotype;
while COPD tobacco-smoking related is associated with an
emphysema-predominant phenotype.*'* Also, lung morphol-
ogy in necropsies from women with COPD exposed to

biomass smoke shown more lung fibrosis and pigment deposi-
tion and thicker pulmonary arterial intima than smokers.*

In the present study, we observe that the minor allele (T) of
rs17580 (PiS) is associated with COPD in both comparisons,
tobacco smoking, and exposure to biomass-burning smoke.
This polymorphism was reported by our workgroup associated
with lower values in lung function among smokers,?” but not
with the genetic susceptibility to the disease, probably due to
small sample size; current analysis in addition to two-
comparisons with two different risk exposure factors includes
a better case—control ratio, almost 1:3 in each comparison.
These results lead us to the question about the frequency of
risk alleles among Mexican people, in which ancestral con-
tribution has been marked by an admixture between Caucasian
and indigenous (Amerindian) populations.**

Some populations have national registries for subjects
carrying PiZ (homozygous) who, without being smokers
develop COPD, such is the case of the Swedish registry
where 28% of its non-smoking population undergoes from
the disease.” Those who carry the PiZ allele commonly have
a more significant decrease in lung function, and if they are
smokers, a high probability of mortality compared to those
who are not PiZ carriers.**’

In our population-level study, the PiS and PiZ variants
are distributed latitudinally, being the northern region of
the country (with the highest Caucasian contribution)
where both variants are most frequents compared to the
central and Southeast regions. On the other hand, the 2011
National (Mexican) Addiction Survey reports that northern
Mexico has a prevalence of active tobacco smoking of
around 26%, higher when compared to the south (nearly
18% prevalence).>® Our findings are significant since, by
the first time, we identified the rs17580 GA genotype
associated with COPD in smokers and biomass-burning
smoke-exposed subjects. Though T allele and TA genotype
frequencies are low in the Mexican population, those from
the North region (which high Caucasian component and
have higher tobacco consumption) have an increased risk
of developing COPD. Unfortunately, in the southern
region even though Amerindian contribution predomi-
nates, this exposed group was women in charge of house-
hold chores, among which is cooking, an activity in which
they use wood (primarily) to start and maintain the com-
bustion of biomass to heat food, as we have previously
reported.®* For that reason, the biomass burning-smoke
group had a predominance of females.

The current study is not exempt from limitations; maybe
the most important are the differences found in the packs-years
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history and exposure index to biomass-burning smoke in con-
trols’ groups; a matched comparison should resolve this poten-
tial confounding, but, the sample size would be reduced
considerably.

The distribution of the risk alleles in Amerindian groups
cannot be generalized since the complexity around these
populations, such as lifestyle and ways of relating.

In general, are composed by individuals who mostly retain
customs and ideals of the culture; sometimes it is difficult for
a person not born within the community to join them; as
a result, they can only have offspring among subjects of the
same ethnic origin, possibly for this reason there is a decrease
in genetic variability in these population groups. This is best
noted with the PiZ allele (rs28929474 A allele), which in the
Otomi and Mazahua population is absent. However, in the
Maya group, it is very similar to the frequency found in
Mexican Mestizos in the north of the country. For indigenous
populations, it is recommended to continue studying other
groups present in Mexico since data from the Mexican
Institute of Statistics, Geography, and Informatics of 2010
reports that there are about 15.7 million indigenous people in
Mexico (14.9% of the total national population).*’

Conclusion

The T allele of PiS (rs17580) is associated with the risk of
developing COPD in Mexican Mestizos who are smokers
and exposed to biomass-burning smoke; this association is
maintained in the heterozygous state (AT). The AT genotype
is a genetic risk marker most frequent in the Mexican
Mestizo population of the North of the country, which has
a high Caucasian component, compared with the population
of the central and Southeast regions so that it would be
considered a high-risk population of COPD, especially in
the presence of environmental risk factors.
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