Received Date : 29-Jul-2015
Revised Date :14-Nov-2015
Accepted Date : 30-Nov-2015

Article type : Letter to Editor

GPXI1*Prol98Leu and GPX3 rs2070593 as genetic risk markers for Italian asthmatic

patients.

.1 . .1 . . 1 . ..l
Andrea Iorio, Marianna Velocci, Maria Eleonora Graziano, Sara Piacentini, Renato

Polimantiz, Dario Manfellotto® , Maria Fuciarelli'

! Department of Biology, University of Rome “Tor Vergata”, Rome, Italy
2 Department of Psychiatry, Yale University School of Medicine, West Haven, CT, USA

? Clinical Pathophysiology Center, AFaR Division, Fatebenefratelli Foundation, “San

Giovanni Calibita” Fatebenefratelli Hospital, Isola Tiberina, Rome, Italy

Running title: GPX/ and GPX3 in asthma onset

Corresponding author: Maria Fuciarelli, Department of Biology, University of Rome “Tor
Vergata”, Via della Ricerca Scientifica, 1 00133 Rome, Italy. Phone: +390672594346, Fax:
+39062023500, E-mail: fuciarelli@uniroma?2.it

This article has been accepted for publication and undergone full peer review but has not
been through the copyediting, typesetting, pagination and proofreading process, which may
lead to differences between this version and the Version of Record. Please cite this article as
doi: 10.1111/1440-1681.12522

This article is protected by copyright. All rights reserved.



Abstract

Asthma is a chronic disease and several studies indicated that oxidative stress impairs
pulmonary function. However, cellular antioxidant mechanisms prevent tissue damage and
Glutathione peroxidases (GPXs) are the main enzymes in the antioxidant defense systems.
The aim of this case-control study was to verify the putative correlation between two
polymorphisms of GPX genes and the onset of asthma.

The case-control sample was recruited from the “San Giovanni Calibita” Fatebenefratelli
Hospital, Rome. The GPX1*Prol98Leu (rs1050450) polymorphism and a GPX3 non-coding
variant (rs2070593) were screened.

Significant results were found for the GPX/ and GPX3 polymorphisms. This study provided
some interesting and novel insight into the interactions between genetic predisposition,

exposure to environmental risk factor, and oxidative stress during the onset of asthma.
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Dear Editor,

our previous studies underlined a significant association between several detoxifying
enzymes and asthma onset (1-4). Accordingly, the novel findings reported in this letter may
be useful to understand the role of other antioxidant enzymes, Glutathione peroxidases
(GPXs), in the pathways related to the development of asthma.

The onset of asthma is characterized by significant environmental and genetic factors.
However there is no clear definition of the clinical phenotype of this complex disease. This
allergic respiratory disorder is unquestionably a global concern, considering that about 300
million individuals are affected by it, with a prevalence ranging from 1-18% across
populations (5, 6).

Asthma is an illness defined by its pathological, physiological, clinical and etiological
features. The primary clinical feature of asthma is a sporadic airway obstruction that causes a
decrease in respiratory flow, while the main pathological feature is an inflammation of the
airways, sometimes associated with structural changes of the bronchoalveolar epithelium (7).

In recent years, a variety of genetic association studies have identified genes associated with

the onset of asthma, mainly genes involved with the immune system and the regulation of the
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serum IgE levels (8-11). In addition to the functions of immune system factors, some studies
have shown that alterations in cellular detoxification and antioxidant systems may increase
susceptibility to the onset of asthma (12, 13). For this reason, the study of genes involved in
antioxidant defense could contribute to the body of knowledge concerning the onset and
development of asthma and open new scenarios on the complex clinical spectrum of this
disease.

GPXs are the main enzymes involved in cellular antioxidant defense systems (14). According
to their tissue localization, six classes of GPXs have been identified (15) and some studies
have shown that a decrease of GPX enzyme activity may increase the risk of developing
pathological conditions (14, 16-18). Among GPX genes, GPX/ and GPX3 are the most
frequently investigated and different genetic variants were identified in their coding and non-
coding regions (18).

To date, in the literature few genetic association studies have focused on the involvement of
GPXs at the onset of asthma. However, a biochemical study suggested that in asthmatic
patients the GPX plasma levels are significantly lower than those of healthy subjects (19).
Moreover, a different study confirmed a significant decrease of the GPX activity in
asthmatics, and highlighted that these cases exhibited a high lipid peroxidation levels (20).
The case-control sample analyzed in this study was recruited from ‘San Giovanni Calibita’
Fatebenefratelli Hospital in Rome, Italy. It consists of 345 subjects (151 asthmatic patients
and 194 healthy controls). The diagnosis of asthma was assessed according to the “Global
Initiative on Asthma criteria” (4) and this study was approved by the Fatebenefratelli
Hospital’s Ethics Committee.

The GPXI1*Prol98Leu (rs1050450) polymorphism was analyzed via the RFLP-PCR
technique, as reported previously in literature (21). Conversely, the GPX3 rs2070593 variant
was detected by direct Sanger sequencing.

The power analysis was carried out using the Power for Genetic Association ver. 2.0 software
(22), while the minimum detectable effect with odds ratios (ORs) was calculated with a co-
dominant genetic model, based on an alpha of 0.05 and an asthma prevalence of 18% in the
general population. With this sample size, we had an 90% power to detect an OR of 1.49 for
asthma, even if the risk allele frequency was higher than 40%. ORs and confidence intervals
(95%Cls) were calculated to estimate the association between GPX gene polymorphisms and
asthma. Moreover, to ensure that the confounding factors did not alter the results, we applied
a logistic regression to estimate an adjusted OR. We considered different genetic models to

estimate the ORs, including: “dominant” (one copy of the allele is sufficient to increase the
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disease risk), “recessive” (two copies of the allele are necessary to increase the disease risk),
“codominant” (each genotype has a different disease risk), “overdominant” (the
heterozygosity state may confer risk or protection) and “log-additive” (there is an r-fold
increased risk for one copy of the allele; there is an 12 increased risk for two copies of the
allele). We used the Akaike information criterion (AIC) and the Bayesian information
criterion (BIC) to evaluate the best genetic model.

Both GPX] and GPX3 genotype frequencies were in H-W equilibrium for the case and
control groups (p > 0.05). Only for the “active smoking” variable we did observe significant
differences in frequency between asthmatic patients and controls (p = 0.016) (Table 1).

Both the studied polymorphisms showed a significant association with disease risk. In
particular, regarding GPXI*Prol98Leu, the codominant model achieved the best scores for
AIC and BIC [CT genotype: OR (CI95%) = 1.54 (1.12 — 2.44), p = 0.008] (Table 2). Our
results shows that the presence of a Leul98 mutant allele in the heterozygous condition
seems to increase individual susceptibility to the onset of asthma.

Several studies that focused on GPX/] have shown that this gene is featured by different
polymorphisms, including GPX1*Prol98Leu, which seems to modulate enzymatic activity
(23).

In a study focusing on the GPXI*Prol98Leu polymorphism in a group of women with breast
cancer, the authors showed that the GPX1 activity was significantly lower in women with the
Leu198 allele than in those with the Pro198 allele (24).

In addition to the GPX1 antioxidant deficiency caused by the Leul98 allele, a recent study
proposed a novel mechanism that involves GPX1 in the onset of asthma (25). The authors
demonstrated that GPX1 prevents airway inflammation and alveolar destruction by increasing
the activity of the PTP1B protein and, subsequently, of the PP2A protein in the lung. GPX1
activates PTP1B, which interacts with PP2A, a key modulator of the inflammatory response
of asthma, because it contrasts with the release of pro-inflammatory agents. Since the activity
of PTP1B is subject to oxidative inactivation, and PTP1B strongly affects PP2A activity, the
authors hypothesized that GPX1 protects against inflammation induced by tobacco smoking
(25).

Regarding GPX3 rs2070593, the recessive model achieved the best scores for AIC and BIC
[AA genotype: OR (CI95%) = 0.42 (0.22 - 0.81), p = 0.0089] (Table 2). Our results
suggested that two mutated alleles are necessary to confer protection against the onset of

asthma.
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In literature no case-control studies have focused on the correlation between this GPX3
polymorphism and asthma. However, some investigations show a significant association
between GPX3 rs2070593 and other complex diseases (26-28). A recent study suggested that
the presence of at least one mutated allele in the 3’-UTR of the GPX3 gene confers protection
to the gastric cancer (29). Therefore, given the localization of this variant in the 3'-UTR and
the lack of data in the literature, we hypothesize that the mutated allele of this SNP could be
associated with an increased expression of the gene, that could determine an increase in
GPX3 antioxidant activity.

In conclusion, our investigation confirms the pivotal role GPXI plays in asthma risk,
permitting us to hypothesize that GPX3 rs2070593 is a protection locus for this allergic
respiratory disease. The results of this genetic association study have allowed us to open new
lines of inquiry into the implication of antioxidant enzymes during the onset of asthma.
Moreover, the investigated SNPs possibly act contrariwise and further studies focusing on the
gene expression could contribute to support our hypothesis about the onset of this respiratory

disease.
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Table 1: Description of the case-control group.

ASTHMATICS | CONTROLS Test P value
SEX
Mn, (%) 62 (41) 89 (46) 2
X°=0.80 | 0.371
Fn, (%) 89 (39) 105 (54)

AGE mean + SD

| 54.06+16.53 [57.07+14.18 | t=1.81 | 0.069

BMI mean + SD | 25.09+448 | 2498x341 | t=025 | 0.796
ACTIVE SMOKING
smokers n, (%) 31 (20) 41 (21)
non-smokers n, (%) 85 (57) 92 (47) X2=10.25 | 0.016*
ex-smokers n, (%) 31 (20) 61 (32) S ’
NA n, (%) 4(3) 0(0)
PASSIVE SMOKING
passive smokers n, (%) 54 (36) 54 (28)
non-passive smokers n, (%) 81 (54) 128 (66) X?=5.87 | 0.053
NA n, (%) 16 (10) 12 (6)
OCCUPATIONAL RISK
(+)n, /%) 50 (33) 47 (24) )
X" =3.32 | 0.068
(-)n, /%) 101 (67) 147 (76)
TOTAL 151 194

*p<0.05
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Table 2: Allele and genotype distribution for GPXI and GPX3 and OR values with 95%Cls, after
adjustment for various confounders in overall individuals. Akaike information criterion (AIC) and
Bayesian information criterion (BIC) are reported.

GPX1*Pro198Leu | ASTHMATICS n, (%) | CONTROLS n, (%) OR (95%CI) P value | AIC | BIC
C (Prol198) 202 (67) 261 (67) Dominant: CT-TT = 1.26 (0.81-1.94)| 03 | 468 | 483.4
T (Leul198) 100 (33) 127 (33) Recessive: TT = 0.39 (0.18 - 0.83) | 0.012* | 462.8 | 4782
C/C (Pro198/Pro198) 72 (48) 79 (41) Codominant: CT =1.54 (1.12 - 2.44) 0008* | 4614 | 478
CIT (Prol198/Leul98) 58 (38) 103 (53) TT =0.49 (022 - 1.00)
T/T (Leul98/Leul98) 21 (14) 12 (6) Overdominant: CT =175 (113-2.72) | 0.012* | 4627 | 478.1
TOTAL 151 194 Log-additive: 0.94 (0.67-131)| 072 | 469 | 4843
GPX3 rs2070593
G 186 (62) 283 (73) Dominant: GA-AA = 0.62 (0.40-0.96) | 0.032 | 464.5 | 479.8
A 116 (38) 105 (27) Recessive: AA =042 (0.22 - 0.81) | 0.0089% | 4623 | 477.6
GIG 28 (19) 16 (8) Codominant: GA =074 (046 - 1.18) | (o | 4o | e
G/A 60 (40) 73 (38) AA =037 (0.18 - 0.74)
AJA 63 (41) 105 (54) Overdominant: GA = 091 (059 - 1.42) | 0.69 | 468.9 | 484.3
TOTAL 151 194 Log-additive: 0.64 (0.47-0.98) | 0.045 | 464.6 | 479.9

* p <0.025, according to Bonferroni adjustment
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