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Abstract

Asthma is a common chronic inflammatory condition with a highly complex genetic predisposition
and environmental factors which play an important role in its development. Polymorphism in
FOXO03a transcription factor has been linked to a number of inflammatory and respiratory diseases
such as bronchiolitis and idiopathic pulmonary fibrosis suggesting that it may be implicated in the
pathogenesis of asthma. This study aimed to investigate FOXO3a SNP (rs13217795) association with
bronchial asthma and its degree of severity in adult Egyptian population. This case control study
included 60 asthmatic patients and 40 apparently healthy controls. Peripheral blood samples were
collected from all participants. Genotyping was performed using polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP). The study revealed high frequency of the
mutant TT genotype of FOXO3a gene in asthma patients (51.7%) than controls (12.5%) with OR=7.48
& 95% Cl (2.58-21.71) (P<0.05) and in severe cases (41.9%) compared to mild and moderate cases
(25.8% and12.5%, respectively). T allele frequency showed significant statistical association with
asthma, OR= 12.40, 95% Cl (5.65-27.19) (P<0.05). However, there was no association between T
allele and disease severity. The high frequency of the mutant TT genotype among patients and sever
cases may indicates that FOX03a rs13217795 C>T single nucleotide polymorphism can be considered
as a risk factor in development and severity of asthma.
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Introduction Asthma is characterized by bronchial hyper-
reactivity, which causes airways narrowing in
response to various stimuli and a variable
degree of recurrent and reversible airway
obstruction. Asthmatic patients suffer from
episodes of coughing, wheezing, chest tightness

Bronchial asthma is a complex clinical syndrome
of chronic respiratory tract inflammation
involving many cells and mediators. It is a type |
hypersensitivity —reaction, that leads to
immediate exaggerated immune reaction.'
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and shortness of breath which vary in frequency
and severity between patients.

According to the Center for Disease Control
and Prevention (CDC), bronchial asthma is a low
fatality major non-communicable disease,
affects 1 in each 13 people.? In Egypt, asthma is
estimated to be 8.2% and 6.7% between
children and adults respectively. Asthma
predominantly begins in childhood but involves
all age groups, its prevalence is higher in
children than in adults. It is the leading chronic
illness in childhood, higher in boys than girls and
higher in adult females than adult males.?

No significant cause has been identified for
asthma, a combination of genetic predisposition
and environmental factors seem to play
significant roles in its development. Asthma is
caused by multiple interacting genes, some
having a protective effect and others
contributing to the disease pathogenesis, with
each gene having its own tendency to be
influenced by the environment via epigenetic
and transcriptional factors.

The Forkhead proteins act as transcription
factors, characterized by the presence of a
conserved winged helix DNA-binding domain
(the ‘Forkhead box’, or FOX) and hence the
name FOX proteins. They are more than 100 in
human classified from FOXA to FOXR based on
their sequence similarity. They participate in
very diverse functions by regulating the
expression of genes involved in cell growth,
proliferation and differentiation.’

FOXO subgroup members regulate gene
expression that co-ordinate cellular metabolism,
proliferation, oxidative-stress resistance,
regulatory T cell development and apoptosis.

Their activity is controlled by post-
translational modifications, including
phosphorylation, methylation, acetylation,
ubiquitination and  microRNA  (miRNA)

binding.’

FOX03a regulates gene transcription in the
nucleus in a non-phosphorylated form, its
phosphorylation via the phosphatidylinositol 3-
kinase (P13K)/Akt signaling pathway rendering it
inactive, stops the transcriptional activation of
its target genes and excludes it from the
nucleus.?

FOX03a had a key role in immune regulation
through suppression of inflammatory cytokine
production by dendritic cells and initiation of
TGFS-1 dependent pathway in monocytes
reducing the production of pro-inflammatory
cytokines including TNF-a, IL-4, and IL-13 and
increasing the production of anti-inflammatory
cytokine I1L-10. °

FOX03 inhibits T cell proliferation and
induces T cell apoptosis. FOX03 induces T cells
apoptosis through up regulation of pro-
apoptotic genes such as Puma and Bim. FOX0O3
also restrains the magnitude of T cell in immune
responses by inhibiting the capacity of dendritic
cells to produce IL-6."°

FOXO03 also regulates FOXp3 expression that
is needed to generate regulatory T cells.!
Regulatory T cells play an important role in
maintaining immunological unresponsiveness to
self-antigens and in suppressing excessive
immune responses harmful to the host. FOXO3
deficiency results in defective TGF-B-driven
FOXp3 induction and so deficiency in regulatory
T cells formation. *> FOXO3a deficiency has been
also associated with spontaneous lymphoid
proliferation, inflammation in different organs
and increased hyper-activated T helper cells.®

FOX03a inhibits NF-kB activation, whose
over-activity was responsible for T cell
hyperactivity in Foxo3a deficient mice. Thus,
Foxo3a regulates helper T cell activation and
tolerance by inhibiting NF-kB activity."

There is a reported association between
polymorphisms in FOXO3a and a number of
inflammatory and autoimmune diseases such as
chronic  obstructive  pulmonary diseases,
inflammatory bowel’s diseases, rheumatoid
arthritis and Hashimoto thyroiditis."**® The aim
of the study was to determine the correlation
between FOX03a rs13217795 C>T single
nucleotide polymorphism, and bronchial asthma
and its severity in adult Egyptian population.

Materials and Methods

The study protocol was reviewed and approved
by the Research Ethics Committee, Faculty of
Medicine, Benha University (dated August
2021). A written informed consent was
obtained from all study subjects.
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Study design and subjects

This case-control study was carried out at
Microbiology and Immunology Department,
Faculty of Medicine, Benha University. The
study included 60 adult asthmatic patients
attending the Chest Department and chest
outpatient clinic during the period from August
2021 to December 2021. Their ages ranged from
18 to 65 years. Cases were diagnosed by chest
physician according to GINA guidelines 2018 *
after history taking of variable respiratory
symptoms; wheezes, cough, shortness of breath
and chest tightness that resolves spontaneously
or in response to medications. Patients with
other obstructive or restrictive lung disease e.g.,
chronic obstructive pulmonary disease (COPD)
or interstitial lung disease (ILD) and those with
other causes of wheezy chest (e.g., cardiac
asthma) were excluded. The study also included
40 subjects matched in age and sex as controls.
The control subjects were non-smokers, had no
history or symptoms of asthma, pulmonary
diseases, or allergy.

Sample collection and DNA extraction

Two mls of venous blood were collected in
tubes containing EDTA from each asthmatic
patient and control subjects. Genomic DNA was
extracted using a commercial kit (G-spin™ Total
DNA Extraction Mini Kit, iNtRON, Biotechnology,
Korea) according to the manufacturer’s
instructions. The extracted DNA was stored at
-20°C until used.

DNA amplification and detection of the FOX0O3a
gene

The extracted DNA was used for amplification of
the FOXO3a gene. The amplification was
performed using FOX03a sequence specific
primers; forward primer [5'-
CTCCTTGGTCAGTTTGGTG-3'] and reverse
primer [5'-ATGAGTGAAGATGGAAGTAAGC-3]."
The total polymerase chain reaction (PCR)

volume was 50ul, consisted of 5ul extracted
DNA template, 25ul 2xEasyTaq® PCR SuperMix
(TransGen Biotech Co, China), 1ul forward
primer, 1ul reverse primer and 18pl nuclease
free water. Thermal cycling conditions were an
initial denaturation step at 95°C for 5 min,
followed by 35 cycles each of a denaturation at
95°C for 30s, annealing at 62°C for 30s and
extension at 72°C for 1 min, and final extension
step at 72°C for 10 min.

The amplified products were separated on
1.5% agarose gel, and bands were stained by
ethidium bromide staining, and visualized under
UV light on the UV transilluminator. A 100bp
DNA marker (Thermo Scientific, USA) was used
as a molecular weight size standard on each gel
and the FOXO03a gene observed at 667pb.
(Figure 1).

Restriction Fragment Length Polymorphism
(RFLP) for detection of different genotypes

The amplified PCR products of FOX0O3a gene
were treated with Pagl restriction enzyme
(Catalog number: ER1281, Thermo Scientific,
USA). RFLP reaction comprised of 10ul PCR
product, 18ul nuclease-free water, 2ul 10X
Buffer O and 1ul restriction enzyme Pagl, the
mixture was incubated at 37°C for 4 hours. The
restricted fragments were separated on 2%
agarose gel and analyzed for determination of
genotype frequencies. The homozygous wild
genotype (CC) was indicated by uncut band at
667pb, the heterozygous wild genotype (CT)
was indicated by bands at 667bp, 392bp and
275bp while the homozygous mutant genotype
was indicated by bands at 392 and 275bp.
(Figure 2).

Statistical analysis

Data were analyzed by SPSS statistical software
(IBM SPSS: version 21). Comparing data was
calculated using Chi-square (x°) test, P-value of
less than 0.05 was considered significant. Odds
ratio (OR) with 95% confidence interval (Cl)
were calculated to determine the association
between genotypic and allelic frequencies in
asthmatics and controls for evaluating the risk.
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Figure 1. Ethidium bromide stained 1.5% agarose gel of the amplified DNA products shows FOX03a
gene at 667pb using a 100pb DNA marker (L) as a size standard for gel lanes.

Figure 2. PCR-RFLP analysis of FOX03a polymorphism shows, (rs13217795) genotypes after digestion
with Pagl. Lanes 1,2,5,6,7 and 8 show the homozygous mutant (TT) genotype, lane 3 shows the
homozygous wild (CC) genotype and lane 4 shows the heterozygous wild (CT) genotype.

Results

In the present study FOX03a rs13217795 C>T
single nucleotide polymorphism was genotyped
using PCR-RFLP technique in a total of 100
subjects, including 60 asthma patients and 40
controls.

Comparing genotypes frequencies between
cases and controls showed that the mutant type
(TT) had a higher frequency (51.7%) in patients
than in controls (12.5%), OR = 7.48, 95% ClI
(2.58-21.71) (P<0.0001). The homozygous wild
type (CC) had significantly lower frequency
(10.0%) in patients than its frequency (52.5%) in
controls, OR = 0.10, 95% Cl (0.04- 0.29)
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(P<0.0001). The heterozygous wild type (CT) had
a frequency of 38.3% in patients which was not
different than the frequency in controls (35.0%),
OR =0.87, 95% CI (0.38- 1.99) (Table 1).

Calculation of the allelic frequencies using
genotype frequencies indicated that in study
patients the frequency of the mutant T allele

was higher (70.8%) than that of the wild C allele
(29.2%), OR=12.40, 95% Cl (5.65-27.19)
(P<0.0001). In control group the frequency of C
allele was higher (70.0%) than that of T allele
(30.0%), OR = 0.100, 95% CI (0.05-0.22)
(P<0.0001) (Table 1).

Table 1. Distribution of FOXO3a genotypes and alleles frequencies among the studied cases and

control groups

Patients Control OR
P-value
No (%) No (%) (95% Cl)
CC genotype 6 (10.0%) 21 (52.5%) 0-10 0.000
genotyp e 07 (0.04-0.29) '
CT genotype 23 (38.3%) 14 (35.0%) 0.87 NS
. 0 . (o]
(0.38-1.99)
TT genotype 31 (51.7%) 5(12.5%) 748 0.000
genotyp e =7 (2.58-21.71) '
0.100
Allele- type C 35 (29.2%) 56 (70.0%) 0.000
(0.05-0.22)
12.40
Allele- type T 85 (70.8%) 24 (30.0%) 0.000
(5.65-27.19)

-Odds ratio (OR) estimates the associations between genotypes, allele-types and risk of asthma.
-95% confidence interval (95% Cl), - P > 0.05 is not significant (NS).

Asthmatic patients were classified according to
disease severity into three categories (mild,
moderate, and severe). Genotype frequencies
showed significant difference between the
three categories (P<0.0001). The mutant TT
genotype had a higher frequency among

moderate and severe cases (12.5% and 41.9%
respectively). Allelic frequencies showed no
association of T allele with asthma severity
(P=0.080). Its frequency was 36.5% and 34.1% in
moderate and severe cases, respectively (Table
2).

Table 2. Frequency distribution of FOXO3a SNP (rs13217795) genotypes and allele-types among the

studied cases according to severity.

Mild Moderate Severe
P-value

20 (33.3%) 23 (38.3%) 17 (28.3%)
CC genotype 3 (50.0%) 2 (33.3%) 1(1.70%)
CT genotype 9(39.1%) 11 (47.8%) 3(13.1%) 0.000
TT genotype 8 (25.8%) 10 (12.5%) 13 (41.9%)
Allele- type C 15 (42.8%) 15 (42.8%) 5(14.3%)

NS

Allele- type T 25 (29.4%) 31 (36.5%) 29 (34.1%)

P > 0.05 is not significant (NS)
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Discussion

In this study we tried to explore the association
between FOX03a rs13217795 C>T single
nucleotide polymorphism and bronchial asthma
and its severity in adult Egyptian population.

The study findings showed that the mutant
type (TT) had a higher frequency in patients
than in controls (P<0.0001). While the
homozygous wild type (CC) had lower frequency
in patients than in controls (P<0.0001). The
heterozygous wild type (CT) showed no
association between patients and controls.
Allele frequencies showed that in patients the
frequency of the mutant T allele was
significantly higher than that of the wild C allele
(P<0.0001) indicating that T allele may be risk
factor for development of asthma.

Our findings are in parallel with those of a
study by Barkund et al., 2015,'® who determined
that in their asthmatic patients, the TT mutant
genotype had the highest frequency 51.75%
(P<0.0001), and the T mutant allele showed the
highest prevalence 71% (P<0.0001). Similar
results were shown by Amarin et al., 2017 *°
where the frequency of mutant TT genotype
was the highest 49% (P<0.005) and the mutant
T allele was present in 64% of asthmatics
(P<0.006).

A study by Goodi and ALSaadi (2018)% in
Iraqg, reported that (TT) genotype frequency in
the patients group showed significant difference
between the patient and control groups
(P<0.0002). On the other hand, CC genotype
showed no difference between patient and
control groups (22% versus 20% respectively).
The mutant T allele was present in 53% of
patients while the wild type allele C was present
in 60% of the controls.

On the other hand, the study by El Rifai et
al., 2019”! in Egypt, reported that the highest
frequency genotype was for the heterozygous
CT genotype in both cases and control groups.
The genotype frequencies of mutant type TT for
cases and controls were 12 % and 16%
respectively, and the T allele frequencies were
37.2% in cases and 46.7% in the control group.
While the CC genotype was present in 37.3% of
asthmatic patients and 22.6% in the controls
and the C allele was detected in 62.8% and

53.3% for cases and controls, respectively.
However, there was no difference observed
between asthmatic patients and controls
regarding the different genotypes of the
FOXO03a gene polymorphism.

The difference in results between our study
and the study by El Rifai et al., 2019°* may be
attributed to the difference in age of the
studied groups as they performed their study on
asthmatic children. The possible explanation is
that patients may acquire mutations in older
age.

In the present study asthmatic patients were
classified according to disease severity. The
mutant TT genotype had the higher frequency
among moderate and severe cases (P>0.0001).
However, the study by El Rifai et al., 2019*
reported different findings than our study, as
they observed no association between the
different genotypes of the FOX0O3a gene
polymorphism and the different grades of
asthma severity. It could be suggested that age
is an important factor in developing mutation
that leads to occurrence of asthma and its
severity in the predisposed subjects.
Heretofore, based on our information, no other
studies were done to explore the association
between FOX03a gene polymorphism and the
different grades of asthma severity.

In conclusion, the present study shed light
on the association between FOXO3a
rs13217795 C>T single nucleotide
polymorphism and asthma and its severity. High
frequency of the mutant TT genotype among
patients and sever cases may indicate that this
genotype could be considered as a risk factor in
development and severity of asthma.
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