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Abstract

There is no evidence evaluating the IL10 epigenetic upregulation among mestizo
children in a high-altitude Andean city in Latin America.

Objective: To identify polymorphisms and methylation profiles in the IL10 gene
associated with asthma in children aged 5 to 11.

Methods: A case-control study was conducted with asthmatic and non-
asthmatic children aged 5 to 1lyears in Cuenca-Ecuador. Data on allergic
diseases and risk factors were collected through a questionnaire for parents.
Atopy was measured by skin prick test (SPT) to relevant aeroallergens. Three
IL10 single nucleotide polymorphisms were evaluated in all participants, and
methylation analysis was performed in 54 participants. Association between
risk factors, allergic diseases and genetic factors were estimated using multi-
variate logistic regression.

Results: The results of polymorphisms showed no differences between cases and
controls when comparing the SNPs rs3024495, 153024496, rs1800896 allelic and
genotypic frequencies. In the methylation analysis, no differences in the IL10
methylation profile were found between cases and controls; however, the multi-
variate analysis showed an association between the mother's smoking habits and
the IL10 methylation profile.

Conclusion: Smoking habit could be essential as an environmental exposure fac-
tor in regulating gene expression in children with asthma.
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1 | INTRODUCTION

Asthma is a chronic respiratory disease that causes vari-
able airflow obstruction, airway hyperresponsiveness and
inflammation (Marques et al., 2017; Teixeira et al., 2017).
Asthma affects more than 334.000 children worldwide
(Forno et al., 2015; Nutten, 2015; Weinmayr et al., 2008)
and is the result of complex interactions between ge-
netic susceptibility and environmental exposures (Fiuza
et al., 2017; Langie et al., 2016; Miller & Ortega, 2013;
Perry et al., 2018).

Most asthma cases begin in childhood with local air-
way sensitization caused by seasonal viruses and common
allergens, such as cockroaches, animal dander, dust mites
and pollen (Obando-Pacheco & Justicia-Grande, 2018;
Teixeira et al., 2017). Nicotine, carcinogens and other
tobacco substances are well-known allergens reported
in several epidemiological studies and exposure to these
toxicants through fetal and early life could increase the
risk of childhood wheezing and asthma (Chilmonczyk
et al., 1993; Neuman et al., 2012; Strachan & Cook, 1998).
According to the National Health and Nutrition Survey,
smoking prevalence in childbearing-aged Ecuadorian
women is around 15.0% (Freire et al., 2015). A lower
prevalence was seen in African (2.3%), American
(12.9%), eastern Mediterranean (2.3%) and Asian women
(2.3%); however, a higher prevalence was observed in
European women (21%) (World Health Organization and
Others, 2018).

Sensitization occurs through the expansion of Th2
lymphocytes that secrete Th2-type interleukins (IL-4, IL-
5, IL-9, and IL-13), which are significant in allergic sensi-
tization (Holgate, 2012; Teixeira et al., 2017). In asthma,
sensitization of the lower airway causes an incomplete
formation of tight junction proteins, which affects the
physical barrier function, facilitating the entry of inhaled
allergens into the tissue (Holgate, 2012).

The interleukin-10 (IL10, OMIM accession number:
124092) gene is located on chromosome 1gq31-q32 and en-
codes for the IL-10 protein, which significantly modulates
allergic pathways (Holgate, 2012; Lyon et al., 2004). Treg
cells secreting IL-10 inhibit Th1, Th2 and Th17 cells, sup-
press allergen-specific immunoglobulin E (IgE) and in-
hibit mast cells, basophils and eosinophils (Holgate, 2012).
IL-10 regulatory effects have been associated with im-
munological tolerance and protection against asthma
through balancing Th1 and Th2 immunity and reducing
tissue damage in chronic diseases (Grant et al., 2011;
Holgate, 2012; Lyon et al., 2004).

Genetic polymorphisms in IL10 have been associated
with increased risk of asthma/wheezing, IgE levels and
SPT responses to cockroaches (Figueiredo et al., 2012,

2013; Hunninghake et al., 2008; Lyon et al., 2004). In that
sense, the coding variant rs3024496 has been associated
with decreased production of IL-10 in Brazilian children
(Figueiredo et al., 2013) and with an increased risk of
asthma exacerbations in children previously exposed to
mite allergen in Costa Rica (Hunninghake et al., 2008).
Additionally, the SNP rs1800896 (or —-1082A/G) has been
associated with high total serum (IgE) levels, a higher
risk for atopic conditions in different populations, and a
lower risk of asthma in European and African populations
(Ober & Hoffjan, 2006).

Although genetic predisposition is a significant risk
factor for developing respiratory diseases, epigenetic
modulation, such as DNA methylation, in regulatory
sequences of a gene, is one of the mechanisms related
to airway diseases (Langie et al., 2016). There has been
a growing interest in DNA methylation markers con-
cerning asthma (Ho et al., 2012; Langie et al., 2016,
2018). Evidence from Europe has shown an associa-
tion between GLI2 promoter region hypermethylation
and asthma (Langie et al., 2016, 2018; Xu et al., 2018).
However, there is no evidence regarding the methyla-
tion status of the IL10 promoter region and its relation-
ship with asthma.

We aim to (i) describe the frequencies of IL10 poly-
morphisms (rs3024495, rs3024496, rs1800896) among
asthmatic and non-asthmatic children in an Andean
city of Ecuador, (ii) compare the IL10 polymorphisms
frequencies with other populations, (iii) compare DNA
methylation in IL10 promoter region between asthmatic
and non-asthmatic children, and (iv) identify associa-
tions between methylation in IL10 promoter with history
and family background of allergic diseases and environ-
mental risk factors. The results could provide evidence
regarding the role of genetic susceptibility and envi-
ronmental exposure on the IL10 upregulation in asth-
matic and non-asthmatic children in Latin American
populations.

2 | METHODS

2.1 | Ethical compliance

The Universidad San Francisco de Quito, Ecuador Ethics
Committee approved the study protocol (2018-235E). In
an informative meeting, all the procedures were explained
to the parents/guardians. Informed consent from the par-
ents and assent from the children older than 10 years were
signed. The measurements were taken at the Department
of Bioscience, Universidad de Cuenca, in a venue dedi-
cated exclusively to the research.
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2.2 | Participants’identification and
recruitment

We conducted a case-control study among asthmatic
(cases) and non-asthmatic (controls) children aged 5-11
living in Cuenca, Ecuador, from July 2019 until January
2020. Cuenca is located in the Ecuadorian highlands at
2.550 meters above sea level. Around 90% of the city's pop-
ulation are mestizos (i.e., mixed Spanish-Indigenous eth-
nicity) ( Delgado, 2013; Nacional de Estadisticas y Censos
INEC, 2010).

Cases were identified from a previous cross-sectional
study undertaken in 2018 (Ochoa-Avilés, Morillo,
Ochoa, et al., 2020) and the medical records of two
Pediatric Pulmonologists. At first, 100 potential asth-
matic cases were identified; cases were confirmed by a
parental report of wheezing in the last 12months, plus
at least one of the following: (i) asthma diagnosis ever,
(ii) wheezing during/after physical exercise in the last
12 months, and (iii) sleep interruption due to wheeze in
the last 12 months (Pires et al., 2018). Later, 100 poten-
tial controls with no parental report of asthma or wheez-
ing were identified in the cross-sectional study dataset
and the medical records; controls were matched (1:1) by
age and sex with each case.

2.3 | History of allergic diseases, family
background of allergic diseases, and
environmental risk factors

The ISAAC phase II questionnaire adapted to local
conditions (Cooper et al., 2009; Ochoa-Avilés, Morillo,
Rodriguez, et al., 2020; Rodriguez et al., 2017) was ap-
plied to collect data on the family background of allergic
diseases, risk factors and clinical history data (Ochoa-
Avilés, Morillo, Ochoa, et al., 2020). Data were collected
using the KoBoToolBox tool (https://www.kobotoolbox.
org/) software. History of allergic diseases comprised of
rhinitis and eczema. Rhinitis was defined with a report
of sneezing not associated with cold or nasal congestion
in the last 12 months. Reports of itchy rash in the previ-
ous months, involving folds of the elbows, behind the
knees, in front of the ankles, buttocks, or around the
neck, ears or eyes, were considered to define eczema
(Ochoa-Avilés, Morillo, Rodriguez, et al., 2020). In ad-
dition, data on the following environmental risk factors
were collected: mother smoking habits (ever), family
smoking exposure (ever), presence of dog(s) in(out)side
the house, presence of cat(s) in(out)side the house, con-
tact with farm animals. Parental history of allergic dis-
eases comprises the maternal and/or parental history of
asthma, rhinitis and eczema.

Mol | . ic Medici 30f12
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2.4 | SKin prick testing (SPT)

SPT was performed using the following: saline solution as
a negative control, histamine as a positive control, grass
mix (Dactylis glomerata, Festuca pratensis, Phoa praten-
sis, Phelum pratense, and Lolium perenne), tree mix (ash
and salix), weed mix (Plantago, Chenopodium, Artermisa,
Ambrosia, and Parietaria), fungi (Alternaria, Penicillium,
and Cladosporum), dust mites (Dermatophagoides ptero-
nyssinus and Dermatophagoides farinae), tropical mite
(Blomia tropicalis), dog and cat dander, feather mix
(chicken, duck, and goose), cockroach (Periplaneta ameri-
cana) and latex. Allergens were pricked on the forearm,
and reaction sizes were evaluated after 15 min. Atopy was
defined if the mean wheal size was at least 3mm greater
than the negative saline control for any allergen tested
(Bousquet et al., 2012).

2.5 | Pulmonary function

Trained doctors performed a spirometric evaluation of
cases and controls using a previously calibrated Easy One
Connect (Medical Technologies, Zurich, Switzerland)
portable spirometer. Loeb et al.'s criteria were applied
to define the procedure's validity (Loeb et al., 2008). The
Forced Expiratory Volume in 1s (FEV1) was estimated.

2.6 | DNA extraction and quantification
Approximately 2mL of saliva sample was collected from
each patient using a kit (OG-575 Oragene, Assisted
Collection kit) designed explicitly for this purpose
(Mullegama et al., 2019). According to the manufacturer's
instructions, the gDNA was extracted from each sample
using the Oragene prepIT-L2P kit (Genotek Inc., Canada).
The concentration of gDNA was quantified with the
Quant-iT dsDNA Broad-Range Assay kit (Thermo Fisher
Scientific, Waltham, Massachusetts, USA) on a Qubit 2.0
fluorometer.

2.7 | Genotyping

Genotyping was carried out using TagMan probe-based
5’-nuclease assays technology (Applied Biosystems, Foster
City, CA, USA) on Applied Biosystem's QuantStudio 12K
equipment. After applying the tests, only single nucleo-
tide polymorphisms (SNPs) with a genotyping rate “call
rates” of at least 93% and Hardy-Weinberg equilibrium
(HWE>0.05) and minor allele frequency (MAF > 0.05)
were considered for analysis (Table 1), using the PLINK
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TABLE 1 Characteristics of the SNPs evaluated.
SNP Al A2 MAF HWE
rs3024496 G A 0.24 0.78
rs1800896 C T 0.05 1.00
1$3024495 T C 0.25 0.09

Abbreviations: Al, polymorphic allele; A2, wild allele; HWE, Hardy-
Weinberg equilibrium; MAF, minor allele frequency; SNP, single-nucleotide
polymorphism.

(version 1.9) software. Non-template negative and
genotyping-positive controls were included in each geno-

typing plate.

2.8 | Methylation analysis

For a subset of children (n=27 cases, n=27 controls).
According to the manufacturer's protocol, methylation
in the IL10 promoter region was undertaken by real-
time PCR in a QuantStudio 12K using the OneStep
qMethyl™ Kit. About 4ng of DNA from each sample
was accommodated per duplicate in a “reference” and
“test” reaction well. DNA in the test reaction was di-
gested with Methylation Sensitive Restriction Enzymes
(MSREs), while DNA in the reference reaction was
not. Quantification was performed by the compara-
tive threshold cycle method (Hellemans et al., 2007).
The PCR for the ILI0 promoter region was carried
out in a reaction volume of 20ul using the Green-
fluorescent Nucleic Acid Stains (SYTO) technology
and 500nM of the ILI0 primer (Thermo Scientific,
Invitrogen) 5TGAAACATGTCAATC3’ (forward) and
5'CCTCAGCTGTCAT3’ (reverse). The PCR thermal
profile was 37°C for 2h for MRSEs digestion, 95°C for
10 min for initial denaturation, 40 cycles of 95°C for 30s
for denaturing, 54°C for 30s for annealing, and 72°C for
30s for extension, 42°C for 7 min for final extension, and
4°C for 5min as a hold step. At the end of each PCR run,
the system automatically analyzed the data, and ampli-
fication plots were generated for each DNA sample. All
experiments were performed in duplicate. The percent-
age of DNA methylation in the IL1I0 promoter region
was estimated for each participant.

2.9 | Statistical analysis

Statistical analyses were conducted using Stata software
(Statistical Software Release 12. Stata Corp LLC, College
Station, TX). Continuous variables were presented as
means with standard deviations; categorical variables
were presented as percentages. The commands “gladder”

and “ladder” were used in Stata to evaluate the variables'
distribution: age, the percentage of DNA methylation in
the IL10 promoter region and FEV1. All the variables that
did not follow a normal distribution were normalized
depending on the best transformation obtained from the
ladder command (sqrt, log). Two-sample t-test and Chi-
square test were applied to analyze differences in continu-
ous and categorical variables between cases and controls.

The mean percentage of DNA methylation in the IL10
promoter region with its 95% confidence intervals are dis-
played as error bars. Associations between DNA methyl-
ation in the IL10 promoter region (dependent variable)
with asthma, pulmonary function, history and family
background of allergic diseases and environmental risk
factors were analyzed using a multiple linear regression
model (predictors). Potential predictors were included
in an adjusted model when significantly associated with
the dependent variable at a significance level of 10%. The
strength of the associations was estimated using the Beta
coefficient (%), with 95% confidence intervals (95% CI). All
tests were performed with a significance level of 5%.

210 | Insilico analysis

Pairwise Linkage Disequilibrium (LD) was created using
Haploview 4.2. IL10 SNPs frequencies in European,
African, Asian and Latin American populations were
identified using the NCBI platform (https://www.ncbi.
nlm.nih.gov/gene) and contrasted with frequencies found
in our population.

3 | RESULTS

3.1 | Study population

Fifty-one cases and 49 controls agreed to participate in
the study. Table 2 summarizes the characteristics of the
study participants. Age and gender distribution were eq-
uitable between cases and controls. The FEV1 was signifi-
cantly lower among the cases than controls (88% vs. 95%,
p=0.004). More cases had atopy than the controls (67%
vs. 43%, p=0.01), mainly because of a higher sensitiza-
tion to mixed pollen (Plantago, Chenopodium, Artermisa,
Ambrosia and Parietaria) (80% vs. 20%, p=0.01).

3.2 | IL10 polymorphisms

The genotype distribution and allele frequency were
similar between cases and controls (Table 3). We found
no differences in genotype and allele frequencies for the
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TABLE 2 Sociodemographic and clinical characteristics of the

study population.
Cases N Controls N
(%) (%)
Sex
Male 23(45.1) 27(55.1)
Female 28 (55.0) 22 (45.0)
Age
3-6 36 (70.6) 32(65.3)
7-11 15 (29.4) 17 (34.7)
FEV1 (%) (n=43) 88.2(7.3)* 94.8 (6.6)
Allergic diseases
Atopy (n=48)
Yes 34(66.7) 20 (42.6)
No 17 (33.3) 27(57.5)
Rhinitis (n=49)
Yes 34 (66.7) 28 (58.3)
No 17 (33.3) 20 (41.7)
Eczema
Yes 21 (41.2) 18 (36.7)
No 30 (58.8) 31(63.3)
Environmental risk factors
Mites (n= 97)b
Yes 26 (57.8) 19 (42.2)
No 24 (46.2) 28 (57.8)
Dermatophagoides farinae (n=97)
Yes 24(57.1) 18 (42.9)
No 26 (47.3) 29 (52.7)
Dermatophagoides pteronyssius (n=97)
Yes 24 (58.5) 17 (41.5)
No 26 (46.4) 30 (53.6)
Blomia tropicalis (n=97)
Yes 10 (58.8) 7(41.2)
No 40 (50.0) 40 (50.0)
Pollen (n=97)°
Yes 12 (80.0) 3(20.0)
No 38 (46.3) 44 (53.6)
Cockroach
Yes 2(66.7) 1(33.3)
No 48 (51.1) 46 (48.9)
Parental smoking habits and history of allergic diseases
Mother smoking
Yes 3(5.8) 3(6.1)
No 48 (94.1) 46 (93.4)
Family smoking habits
Yes 7(13.7) 9 (18.4)
No 44 (86.3) 40 (81.6)

p-value

0.32

0.67

0.004

0.01

0.41

0.40

0.25

0.34

0.24

0.51

0.01

0.60

0.64

0.53
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TABLE 2 (Continued)

Cases N Controls N
(%) (%) p-value
Paternal asthma (n=2381)
Yes 8(16.3) 7(21.8) 0.57
No 41 (83.7) 25(78.1)
Parental rhinitis (n=81)
Yes 35(71.4) 20 (62.5) 0.47
No 14 (28.6) 12(37.35)
Parental eczema (n="78)
Yes 15 (30.6) 10 (34.5) 0.80
No 34 (69.4) 19 (65.5)

Note: Bold, p<0.05.
Abbreviation: FEV1, forced expiratory volume in 1s.
#Average and standard deviation (SD) are shown.

bDermatoplfzagoides pteronyssinus, Dermatophagoides farinae and Blomia
tropicalis.
‘Plantago, Chenopodium, Artermisa, Ambrosia, and Parietaria.

three SNPs evaluated in this study between cases and
controls.

Genotype distribution and allele frequency were sim-
ilar between cases and controls (Table 4). We found no
differences between cases and controls in both genotype
and allele frequencies for the three single nucleotide poly-
morphisms (SNPs) evaluated in this study.

3.3 | Linkage disequilibrium

Figure 1 shows the linkage disequilibrium (LD) analysis
among the studied IL10 gene SNPs. There is a high degree
of linkage disequilibrium between the SNPs rs3024496
and rs1800896.

The top horizontal bar illustrates the location of SNPs
on a physical scale. The colour of the squares illustrates
the strength of pairwise r* values on a scale where black
indicates perfect LD (r*=1), shades of grey indicate im-
perfect LD (0 <7*<1) and white indicates perfect equilib-
rium (#*=0). The r* LD value is also indicated within each
square.

3.4 | DNA methylation in IL10
promoter region

Figure 2 shows the mean percentage of DNA methylation
in the IL10 promoter region with 95% confidence intervals
for cases and controls. No differences were found when
comparing the percentage of IL10 methylation between
cases and controls (47.6 +23.1 vs. 41.2+19.0).



60f12
—LWI LEY—

TABLE 3 ILI10 SNPs allele frequencies for different populations.

rs3024496

rs3024495

rs1800896

Ref

Alt allele

Ref allele

Alt allele

allele

N

Alt allele

Ref allele

Population

Region
Global

0.451

G
G
G
G
G
G

0.548
0.548
0.599

A
A
A

165,868
142,092
9296
674

752

0.090

0.000, T=

A
A
A
A
A
A

0.909
0.909
0.979

C
(@
C
@
C
C

33,692
24,122
6720
128
140
600

0.453

c
C
c
@
c
c

0.546
0.527
0.668
0.937

T
T
T
T
T
T

301,062
266,178
8352

0.451

0.090

0.000, T=

0.473

European

Europe
Africa
Asia

Molecular Genetics & Genomic Medicine

OCHOA-AVILES ET AL.

Open Access,

0.401

0.020

0.000, T=

0.331

African

0.039

A=0.961

A
A

0.000

0.000, T=

1.000
0.993

0.063

3938

Asian

0.375

0.625

0.007

0.000, T=

0.356

0.643
0.716

1130
7210

Latin American 1 (afro-Caribbean)

Latin America

0.2806

0.719

=0.008 6330 =

0.000, T

0.992

0.283

Latin American 2 (European and Native

American)

0.245

G=

0.755

A=

100

0.95 A=0.000, T=0.05

C=

100

0.255

C=

0.745

T=

100

Study population

Abbreviations: Alt allele, alternative allele; N, Number of populations; Ref allele, reference allele.

TABLE 4 Genotype and allele frequencies for IL10 SNPs.

Allelic or genotyping Controln Casesn
profile (%) (%) p-value
rs3024496—posicion A>G
AA 29 (56.9) 27(55.1)  0.3565
GA 18 (35.3) 21 (42.9)
GG 4(7.8) 1(2.0)
A 0.75 0.77
G 0.25 0.23
rs1800896—posicion T > C
TT 29 (56.9) 26(53.1)  0.6001
TC 18 (35.3) 21 (42.9)
cc 4(7.8) 2(4.1)
T 0.75 0.74
C 0.25 0.26
1rs3024495—posicion C>T
cc 47 (92.2) 45(91.8)  0.9983
CT 3(5.9) 3(6.1)
TT 1(2.0) 1(2.0)
C 0.95 0.95
T 0.05 0.05
|
o w ((=)
()] (o)) ()]
<+ < o0
< < o
o o o
o o (o]
™ ™ ~
2 2 2
1 2 3

FIGURE 1 LD plot of the IL10 SNPs analyzed in asthmatic
and control patients. The top horizontal bar illustrates thelocation
of SNPs on a physical scale. The color of the squares illustrates

the strength of pairwise r* values on a scale where black indicates
perfect LD (#*=1), shades of gray indicate imperfect LD (0 <r*<1)
and white indicates perfect equilibrium (r*=0). The r* LD value is
also indicated within each square.

The associations between the mean percentage of DNA
methylation in the IL10 promoter region with asthma,
FEV1, history and family background of allergic diseases
and environmental risk factors are shown in Table 5. There
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FIGURE 2 Distribution of cases and controls with respect to
methylation percentage.

was no association between DNA methylation in the IL10
promoter region with asthma or FEV1. DNA methylation
in the IL10 promoter region was positively associated with
maternal smoking habits (ever) (f=33.06, 95% CI 10.04;
56.07, p<0.01).

4 | DISCUSSION

To our knowledge, this is the first study to determine
SNPs and epigenetic profile of the ILI0 gene among
asthmatic and non-asthmatic mestizo children from a
high-altitude setting in Latin America. According to our
data, DNA methylation in the IL10 promoter region did
not differ between asthmatics and healthy controls. Our
results align with those reported in a prospective study
with 211 children from Taiwan. Wu et al. (2019) reported
that IL10_P325 methylation was not significantly associ-
ated with a higher risk of asthma development. To the
best of these authors’ knowledge, there is little evidence
regarding epigenetic ILI0 upregulation. A recent study
performed by Sharma et al. (2022) reported differential
methylation patterns of the FOXP3 transcription factor
in asthmatic subjects compared with non-asthmatic con-
trols. This warrants special attention due to the FOXP3

Open Access,

regulatory role leading to Treg's generation, maintenance
and IL10 production (Sharma et al., 2022). The evidence
from epigenome-wide analyses focused on genes involved
in the activating of eosinophils and cytotoxic T cells has
demonstrated that reduced whole-blood DNA methyla-
tion at different CpG sites was strongly associated with
childhood asthma (Reese et al., 2018; Xu et al., 2018).
Such studies have shown that distinct DNA methylation
patterns are associated with asthma and disease severity
(Perry et al., 2018; Sharma et al., 2022; Yang et al., 2021).
Although our data show no differences between cases
and control DNA methylation in the IL10 promoter re-
gion, our results could be the basis for future epigenetic
analyses.

DNA methylation in the IL10 promoter region was
significantly higher among children whose mothers
smoked. Previous reports have indicated that parental
tobacco exposure is associated with higher methylation
levels of IL10 in children (Wu et al., 2019); additionally,
some studies suggest that prenatal exposure to tobacco-
related pollutants can program epigenetic modifications
in the IL10 gene, which, in turn, can influence the expres-
sion of cytokines, modulating the maturing immune sys-
tem in early life (Latzin et al., 2011; Sharma et al., 2022).
Different immune signalling pathways can be altered by
tobacco smoke. Evidence suggests that methylation in a
series of genes involved in lymphocyte differentiation,
immune regulation, redox reaction and regulatory path-
ways, including IL10, are influenced by parental tobacco
exposure (Hedrich et al., 2010; Natkunam et al., 2007;
Sharma et al., 2022; Wu et al., 2014, 2019). Most evi-
dence indicates that the genes involved will likely have
high DNA methylation levels (Sharma et al., 2022; Wu
et al., 2019). Additionally, an abnormal rate of methyl-
ation in the IL10 gene has been associated with several
chronic inflammatory diseases, including asthma, lupus
erythematosus, rheumatoid arthritis, vitiligo and gastric
cancer (Li-Hong et al., 2007; Lin et al., 2012; Sharma
et al., 2022; Tang et al., 2021; Wu et al., 2019; Zhao,
Gao, et al., 2010; Zhao, Tang, et al., 2010). Although the
methylation rate in the ILI10 gene is not associated with
asthma in this population, its relationship with high-
prevalence chronic diseases (mentioned earlier) must
be considered for future studies and possible strategies
to prevent cigarette use.

Tobacco contains more than 4000 substances, 250
known to be toxic (Moritsugu, 2007). Nicotine, a sub-
stance present in cigarettes, is highly addictive and pre-
vents many pregnant women who wish to quit smoking
from doing so (Zacharasiewicz, 2016). Nicotine con-
centration is significantly increased in pregnant women
(Strachan & Cook, 1998), and the baby is also exposed
since the substance can enter through mother—fetus
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Predictors IL10 methylation

TABLE 5 Associations between the
mean percentage of DNA methylation in

Bivariate f (95% CI)
p-value

Asthma and pulmonary function

Control/case 6.40 (—5.17-17.97) 0.27

FEV1 (%) —0.58 (—1.42-0.26) 0.17
History of allergic diseases (N/Y)

Asthma 2.90 (—8.78-14.58) 0.62

Rhinitis —2.22 (—14.46-10.01) 0.72

Eczema —2.63 (—14-61-9.35) 0.66

Environmental factors (N/Y)

Mother smoking 28.8 (11.98-45.61) 0.001
habits

Family smoking 12.0 (—2.14-26.14) 0.095
habits

2.10 (—10.14-14.34) 0.73
7.05 (—9.45-23.54) 0.4
—2.20 (—14.78-10.39) 0.73
10.63 (—1.61-22.88) 0.087
—5.42 (—18.40-7.55) 0.41

Dog inside house
Cat inside house
Dog outside house
Cat outside house

Contact with farm
animals

Parental history of allergic disorders (N/Y)

3.21 (—13.38-19.80) 0.69
—7.78 (—20.15-4.58) 0.21
—0.51 (—13.25-12.23) 0.94

Parental asthma
Parental rhinitis

Parental eczema

Abbreviation: FEV1, forced expiratory volume in 1s.

circulation via the placenta (Jauniaux et al., 1999). Part
of the nicotine returns to the maternal blood circulation
and is subsequently eliminated, but some nicotine accu-
mulates in the amniotic fluid (Jauniaux & Burton, 1992).
Rehan et al. (2013) documented the effects of nicotine in
a rat model. They demonstrated that an asthma-like phe-
notype could be inherited up to two generations after the
initial intrauterine exposure.

The IL10 SNPs allele frequencies analyzed did not
differ between asthmatics and healthy controls. The
SNPs frequencies found in our study are similar to
those reported in other populations. The rs1800896 and
rs3024496 SNPs frequencies are similar to those reported
in European populations, and rs3024495 SNP frequency
is comparable to that found in Latin American popu-
lations (European and Native American descent). Like
other Latin American communities, the Ecuadorian pop-
ulation is multi-ethnic, with a complex demographic his-
tory (Montinaro et al., 2015; Moreno-Estrada et al., 2013,
2014). Migration and admixture events occurred in the
country during pre- and post-Columbian times, including
Native Amerindian settlements, European colonization
and the import of African slaves (Homburger et al., 2015).

Multivariate g (95% CI)
p-value

IL10 promoter region with asthma, FEV1,
history and family background of allergic
diseases and environmental risk factors.

36.54 (13.45-59.6) <0.01

—9.50 (—27.40-8.39) 0.30

7.05 (—4.04-18.14) 0.21

The continuous admixture among individuals from dif-
ferent ethnicities has shaped the diversity in the modern
Ecuadorian population, contributing to the population’s
genetic heterogeneity.

Previous studies reported that rs3024496 and rs1800896
SNPs could be associated with decreased production of
IL-10 and increased IgE levels, respectively, triggering the
development of inflammatory diseases, including asthma
(Figueiredo et al., 2012; Ober & Hoffjan, 2006). We were
unable to find such an association in the studied popula-
tion, perhaps due to a lack of statistical power. Further
research is needed to elucidate if other reported IL10 SNPs
could be associated with the upregulation of the IL10 gene
in Ecuadorian children.

The study has certain limitations that should be con-
sidered when interpreting these results. First, the sample
size might not represent the Ecuadorian mestizo children
population. Second, even if plenty of SNPs are reported in
the IL10 gene, we only focused on three of them. Evidence
suggests these SNPs could be associated with the IL10
gene regulation in Latino children. However, future stud-
ies should focus on evaluating other SNPs and other genes
in the mestizo population.
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The present study evaluated ILI10 genetic and epige-
netic upregulation among asthmatic and non-asthmatic
Ecuadorian children. The polymorphism analysis data
showed no differences between cases and controls when
comparing the frequencies of the rs3024495, rs3024496
and rs1800896 SNPs. Regarding the ILIO methylation
profile, although no differences were found between
cases and controls, multivariate analysis demonstrated
an association of maternal smoking habits with IL10 gene
promoter region methylation, possibly indicating a gene—
environment interaction. The frequencies of rs1800896
and rs3024496 SNPs were similar to those reported in
European populations, and the frequency of rs3024495
SNP is comparable to those found in Latin America
(European descendants and Native Americans). Although
the study population's small size might not be representa-
tive of Ecuadorian mestizo children, our results can be
used as a baseline for future research.
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