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ARTICLE INFO ABSTRACT

Edited by: Hamed Manoochehri Background: The gene encoding a disintegrin and metalloproteinase domain 33 (ADAM33) is known to be

associated with asthma in different ethnic groups. In Iraq, among the Arab ethnic background, this association

Keywords: has not yet been highlighted.

Asthma Methods: One hundred and ninety-two asthmatics were examined; 118 males and 74 females (mean age 38.23 +
:??AN{% bi 9.13 years). The control group was 183; 110 males and the rest were females. The SNP of rs2280091 A/G (T1)
rszggo}(l)r‘;lf s was studied here to determine adam33 genotyping status using polymerase chain reaction-restriction fragment
IgE length polymorphism (PCR-RFLP). The level of total IgE was measured using enzyme-linked immunosorbent
SNPs assay (ELISA).

Results: Significant differences (p = 0.004) in the frequencies of the ADAM33 mutant allele carriers between
patients and controls were found OR = 1.62 (95% CI 1.16-2.27). This association was significant in individuals
who carried homozygous (GG) or heterozygous (AG) variant type genotypes in a reference with carriers of wild-
type (AA) genotypes. The odds ratios were 1.70 (95% CI 1.11-2.60, p = 0.013), 2.97 (95% CI 1.00-8.75, p =
0.047), 1.79 (95% CI 1.18-2.71 p = 0.005) for those who carried (wt/vt), (vt/vt), and (wt/vt + vt/vt),
respectively. Correlation based on gender shows the presence of a significant association (p = 0.01a) for female
mutant allele carriers OR = 1.96 (95% CI 1.15-3.36), but not in the case of male. Significant difference (p = 0.02)
in the frequencies of mutant G allele carrier compared to wild A allele carrier was also found correlated in
patients with severe asthma than moderate or mild asthma, OR = 1.78 (95% CI 1.10-2.89). Serum total IgE level
in patients with GG genotype (219.37 + 108.49) was significantly higher than in patients with AG and AA ge-
notypes, respectively (193.22 + 85.83), (157.11 + 92.10), (P = 0.001).

Conclusions: Carries of GG and AG alleles T1 ADAM33 polymorphism are at a high risk of developing functional
susceptibility of asthma.

1. Introduction from a combination of genetic predisposition and environmental factors.
(Bijanzadeh et al., 2011; Grotenboer et al., 2013). Genetic involvement
ranges from 48 to 79%, and parental asthma is a significant prognostic

factor in childhood asthma (Pinto et al., 2008; Ortiz and Barnes, 2015).

Asthma is a respiratory disease characterized by symptoms and
intermittent airway obstruction due to persistent inflammation and

remodeling of the airways (Berenguer et al., 2014). Bronchial hyper-
responsiveness is a hallmark of the disease. Biosynthetically active
myofibroblasts are associated with recurring symptoms, which can be
reversible with medication during an attack (Vercelli, 2008;Jie et al.,
2011). Asthma affects around 300 million individuals worldwide and is
considered a global public health problem, responsible for about
180,000 deaths each year. (Backman et al., 2017).

Several studies suggest that asthma is a genetic disorder resulting
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Over 100 candidate genes have been linked to asthma, including the
adam33 gene, which belongs to the ADAM family of proteins and is
involved in various biological activities such as adhesion, proteolysis,
signaling, and cell activation (Meyers, 2010; Huovila et al., 2005). The
adam33 gene is a member of the ADAM family of proteins, encoding for
zinc metalloproteinases, located on chromosome 20p13 (Liang et al.,
2013). It consists of 21 introns and 22 exons and produces a protein with
eight domains: catalytic, EGF, pre-, transmembrane, disintegrin,
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cytoplasmic, signal, and cysteine-rich domains. These domains are
involved in various biological activities that regulate cell adhesion,
proteolysis, signaling, activation, and fusion (Van Eerdewegh et al.,
2002). These different domains are responsible for many biological ac-
tivities that modulate adhesion, proteolysis, signaling, cell activation,
and fusion (Tripathi et al., 2014). Adam33 is highly expressed in the
smooth muscle tissue and fibroblasts of the lungs and its overexpression
is associated with airway hyperresponsiveness (Lambrecht and Ham-
mad, 2012).

>100 single nucleotide polymorphisms (SNPs) in the adam33 gene
were found, with rs2280091 (T1) located in the cytoplasmic domain.
(Serrano et al., 2005; Hirota et al., 2006; Jie et al., 2011; Shen et al.,
2017). Studies have investigated the association of rs2280091 as a risk
factor for asthma in Caucasians and other ethnic groups, but there is
inconclusive data in Asian populations (Van Eerdewegh et al., 2002;
Schedel et al., 2006; Blakey et al., 2009; Awasthi et al., 2011; Zhu and
Naren, 2017; Zeinaly et al., 2017). Some studies have shown an asso-
ciation between the adam33 T1-associated polymorphism and asthma,
while others have not found such an association (Su et al., 2008; Liu
et al., 2014; Sun et al., 2017; Farjadian et al., 2018; Ghaemi et al., 2019;
Monsalve Mera et al., 2021).

It has been found that serum total immunoglobulin E (IgE) levels are
higher in individuals with allergic disorders, including allergic asthma,
and can be used to distinguish asthmatic and non-asthmatic individuals
(Borish et al., 2005; Sharma et al., 2006; Kovac et al., 2007). Some
research indicates a correlation between the adam33 T1 polymorphism
and elevated IgE levels in asthmatic patients, but conflicting data exist
(Lind et al., 2003; Simpson et al., 2005; Miyake et al., 2012; Godava
et al., 2012). Here, we conducted a study to investigate the association
between the adam33 T1 polymorphism and asthma as well as IgE levels
among Iraqi Arab asthmatics for the first time.

2. Patients and methods
2.1. Study subjects

One hundred and ninety-two asthmatic patients (118 males and 74
females) with mean age (38.23+ 9.13) years were recruited from the
consulting clinic for tuberculosis and chest diseases in Najaf Gover-
norate during the period from February 2021 to October 2022.

The diagnosis was confirmed by physicians depended on clinical
symptoms and laboratory analyses that shown increased serum IgE
levels. According to asthma severity, patients were further classified into
three groups: mild (66), moderate (73), and severe (53). Patients with
any underlying disease except asthma were excluded from the study. All
of the enrollees were unrelated and had not taken any long-term control
medications prior to enrollment. The controls were 183 (110 males and
73 females) with a mean age (36.23+ 8.44) years, who had no apparent
health problems and were randomly selected during the sampling
period. There were no symptoms or history of asthma or other respira-
tory disorders in the controls, and IgE levels were all within the normal
range.

3. Methods
3.1. Samples collection

Whole blood samples (5 ml) were collected from each participant.
EDTA-coated collection vials were used to collect blood samples and
stored at ~20 °C until needed. For DNA extraction, 3 ml was frozen; the
rest was left at room temperature for 30-60 min to separate serum,
which then used to determine total IgE levels by ELISA assay.
3.2. T1 ADAM33 genotyping

Genomic DNA extraction was performed using DNA Extraction Mini
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Kit (Qiagen, Hilden, Germany). The T1 polymorphism locus of the
ADAM33 gene (rs2280091) was identified based on the available data of
NCBI databases, primers of 5’GTGAATATGGTCAGCAGGAGCC-3' and
5'CCTGGACTCTTATCACGTTGC-3' were assigned for RFLP-PCR. The
PCR reaction was carried out based on information of the kit supplier
(GenetBio, Korea). The reaction volume was 25 pl with a final concen-
tration of 60 ng of genomic DNA template and a final concentration of
0.05 pM for each primer. The PCR protocol was set as follows: 95 °C for
5 min, followed by 35 cycles of 95 °C for 30 s, 56 °C for 30 s, 72 °C for 30
s; the final extension was 72 °C for 10 min. The RFLP reaction was
performed with a final volume of 30 pl and contained 1 unit of Ncol
restriction enzyme (Thermo Fisher Scientific, USA) added to 10 pl of
amplified product. The reaction was incubated for 2 h at 37 °C. Results
were evaluated on 1.5% agarose gel electrophoresis.

The PCR product (264 bp) contains only one Ncol cleavage site. Thus,
among those with the normal genotype (AA), treatment of the amplified
region with Ncol results in product cleavage into two DNA fragments 77
and 187 bp; however, carriers of the homozygous (GG) mutated geno-
type lose the Ncol cleavage site, and thus no digestion occurs. Accord-
ingly, for heterozygous mutant genotype (AG) carriers, the Ncol-treated
product produces three bands on agarose with weights 264, 187, and 77
bp (Fig. 1).

3.3. IgE measurements

Serum total IgE level was measured using an enzyme-linked immu-
nosorbent assay (ELISA) kit (Sunlongbiotech Cat No.SL0913Hu, China).
The microplate reader was set to the optical density (OD) of 450 nm. The
OD values of the standards were measured to generate the linear
regression equation. The final result was calculated by averaging all of
the data measured three times.

3.4. Statistical analysis

Analysis data of genetic and biochemical factors was performed
using a statistical package of the social science (SPSS) version 20 soft-
ware, each variable's values are expressed as mean + SD. Tukey's mul-
tiple comparison test after a One-Way Analysis of Variance (ANOVA) is
performed to evaluate the data. Odds ratios (OR) with 95% confidence
intervals (CI) were used to evaluate the relative risk associated with rare
alleles, Minor allele frequency (MAF) was calculated by SNPStates
software. The “P” value was considered significant at <0.05.

4. Results

There were no significant differences based on gender and age (P =
0.51 and 0.37, respectively). However, asthmatic patients showed a
significant higher IgE level compared to the control group (241.79 +
122.81 vs. 139.46 + 63.55) (p = 0.0001) (Table 1).

The frequency of GG and AG genotypes in asthmatic patients was
statistically significantly higher than in the control group, OR = 2.97
(95CI 1.00-8.75, p = 0.047), OR = 1.70 (95CI 1.11-2.60, p = 0.013)
respectively. In addition, the distribution frequency of G allele carriers
was significantly higher in patient than control comparing with the
reference, the A allele carriers OR = 1.62 (95CI 1.16-2.27, p = 0.0047)
(Table 2). Results also shows that there was no significant association
between any of GG, AG, and AA genotypes and patients' gender; How-
ever, statistically the genotypes distribution of (wt/vt + vt/vt) is
significantly (p = 0.026) correlated with female asthmatic patients in
compare with wild type genotype of AA, OR = 2.11(95CI 1.09-4.07).
Therefore, the G allele carriers showed significantly higher distribution
in female patients than control, OR = 1.96 (95CI 1.15-3.36, p = 0.014)
(Table 3). Similarly, the association of genotyping with asthma severity
showed no association in regards with any of the three genotypes;
However, the G allele carriers showed significantly higher distribution
in patients with the severe type of asthma than control, OR = 1.78 (95CI



K.S. Zayed et al.

[A]

Ncol

1 X% 264

GG

CCTGGGGCTGGGGAGGGGCATAGG
GGACTCAAGGTGACTGGGTGCTGCCCATCTGGAAGGAGGCAGGAGG
CATGAGCCCTTCCCTTCTCCCTTCCCTCTCCACCTCCCCCTGGTGC
CTCACTCACCCAGGGGCCAGGGCTGTCCAGTGGCTGTGGGGCCCAA
CTJC TGGGGTGAACGCCGCCCAGGGGGTGGTCCCTGTGTGGGCCA

TCTTTGGGGCTGA

[B]
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Fig. 1. PCR-RFLP assay to determine the ADAM33 T1 (rs2280091 A
> G Exon 20) SNP. The amplicon of ADAM33 (264 bp) were digested
with Ncol, the cleavage site is present in the wild type (A) allele
generating two fragments (187 and 77 bp), unlike the variant (G)
allele which gives a single species due to the abolition of the Ncol
recognition sequence. [A] Schematic diagram of ADAM33 amplicon
digested with Ncoi. DNA sequencing was obtained using NCBI
accession version NC_000020.11, the gray colour of the beginning
and the end of amplicon sequence represents the primers binding
sites, bold black sequence of CCATGG represented the recognition
sequence of Ncol, the grayed colour A nucleotide (wild allele) rep-
resents the SNP position. [B] and [C] Agarose gel electrophoresis of
Ncol treated ADAM33 amplicon of AA in [B], AG, and GG genotypes
in [C].

Table 1
Clinical characteristics of asthma patients and control group.

Case (n = 192) Control (n = 183) P

n (%) n (%)
Gender
Male (61.46) 118 110 (60.10) 0.51
Female (38.54) 74 73 (39.90)
Age (mean + SD) 38.23 £9.13 36.23 + 8.44 0.37
Severity of asthma
Mild 37 (19.2) -
Moderate 51 (26.6) - -
Severe 104 (54.2) -

IgE (mean + SD) IU/mL 241.79 £ 122.81 139.46+ 63.55 0.0001*

" Chi-squared p value.

1.10-2.89, p = 0.02) (Table 4). Finally, carrier patients of GG genotype
showed a significantly increased IgE level than carriers of AG and AA
genotypes (219.37 + 108.49) vs (193.22 + 85.83 and 157.11 + 92.10),
(p = 0.001) respectively (Table 5).

5. Discussion

The significance of the ADAM33 T1 polymorphism in asthma sus-
ceptibility has not been revealed before in the Iraqi Arab population. The
G/G, A/G, and G alleles of ADAM33 have been linked to an increased
risk of asthma. Our results are consistent with those found in previous
studies involving a variety of ethnic groups for example in Asians such as
China (Jie et al., 2011; Qu et al., 2011; Liu et al., 2014; Wang et al.,

Table 2
Frequencies of T1 ADAM33 genotypes in asthmatic patients and control.
T1 Case (n = Control (n = OR (95% CI) p*
Genotype 192) 183)
n (%) n (%)
AA 92 (47.91) 114 (62.29) Reference
AG 88 (45.83) 64 (34.97) 1.70 0.0136*
(1.11-2.60)
GG 12 (6.26) 5(2.74) 2.97(1.00-8.75) 0.0477*
AG + GG 100 (52.09) 69 (37.71) 1.79 0.0053*
(1.18-2.71)
A carrier 272 (70.83) 292 (97.78) Reference
G carrier 112 (29.17) 74 (20.21) 1.62 0.0047
(1.16-2.27)

" Chi-squared p value.

2014; Deng et al., 2017; Sun et al., 2017), Mongolia (Zhu et al., 2018),
Sudia (Al-Khayyat et al., 2012), other ethnic groups; like the Caucasian
populations of White Americans (Howard et al., 2003), Germans
(Werner et al., 2004), British (Simpson et al., 2005), Colombians (Ver-
gara et al., 2010), and Peruvians (Monsalve Mera et al., 2021).

The role of T1 ADAM33 polymorphism in the development of asthma
has not been thoroughly revealed. The ADAM33 T1 polymorphism was
found to be significantly associated with decreased lung function in
children and increased cytokines, loss of lung function, and inflamma-
tory cells in individuals with chronic obstructive pulmonary disease
(COPD), which is another inflammatory disease with the same etiology
of asthma (Simpson et al., 2005). Substitution of methionine with
threonine (Met764Thr) due to the A > G ADAM33 T1 polymorphism in
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Table 3
Association between gender of asthma patients and T1 ADAM33 genotypes.
Male Female
Genotype Ca(n:118) / Co(n:110) OR (95% CI) p* Ca(n:74) / Co(n:73) OR (95% CI) p*
n (%)/n (%) n (%)/n (%)
AA 60(50.8) / 69(62.7) Reference 32(43.2) / 45(61.7) Reference
AG 51(43.3) / 36(32.7) 1.63 (0.94-2.82) 0.081 37(50.0) / 28(38.4) 1.86 (0.95-3.62) 0.069
GG 7(5.9) / 5(4.6) 1.61 (0.49-5.33) 0.43 5(6.8)/0 - -
AG + GG 58(49.2) / 41(37.3) 1.63 (0.96-2.76) 0.07 42(56.8) / 28(38.4) 2.11 (1.09-4.07) 0.026
A carrier 171(72.5) / 174(79.1) Reference 101(68.2)/118(80.8) Reference
G carrier 65(27.5) / 46(20.9) 1.44 (0.93-2.22) 0.10 47(31.8) /28(19.2) 1.96 (1.15-3.36) 0.014
* Chi-squared p value.
Table 4
The association between T1 ADAM33 genotypes and asthma severity.
Control (n = 183) Mild (n = 66) Moderate (n = 73) Severe (n = 53)
n (%) n (%) OR (95% CI) p* n (%) OR (95% CI) p* n (%) OR (95% CI) p*
AA 114 (62.29) 32 (48.49) OR (95% CI) 36 (49.32) Reference 24 (45.28) Reference
AG 64 (34.97) 31 (46.97) Reference 0.07 32 (43.83) 1.58 (0.90-2.79) 0.11 25 (47.17) 1.86(0.98-3.51) 0.06
GG 5(2.74) 3(4.54) 1.73 (0.97-3.09) 0.32 5(6.85) 3.16 (0.87-11.56) 0.08 4 (7.55) 3.80 (0.95-15.20) 0.06
AG + GG 69 (37.71) 34 (51.51) 2.14 (0.48-9.43) 0.05 37 (50.68) 1.69 (0.98-2.94) 0.06 29 (54.72) 2.00 (1.07-3.70) 0.03
A carrier 292 (79.78) 105 (73.94) 1.76 (0.99-3.10) 104 (71.23) Reference 73 (68.87) Reference
G carrier 74 (20.22) 37 (26.06) Reference 0.15 42 (28.77) 1.59 (1.03-2.47) 0.04 33(31.13) 1.78 (1.10-2.89) 0.02

" Chi-squared p value.

Table 5
IgE level in asthmatics according to T1 ADAM33 genotypes.
Clinical characteristic Genotype P
GG(n=12) AG(n = 88) AA(n = 92)
IgE level (IU/mL)(mean 219.37 + 193.22 + 157.11 + 0.001*
+ SD) 108.49 85.83 92.10

" Chi-squared p value.

exon 20 can alter intracellular signaling, which may increase fibroblast
proliferation and differentiation, which are hallmarks of asthmatic
airway remodeling (Lee and Song, 2012; Tripathi et al., 2014; Al-
Khayyat et al., 2012). Furthermore, the soluble form of ADAM33 is
found to stimulate neovascularization in vivo and endothelial cell dif-
ferentiation in vitro, indicating that ADAM33 can promote angiogenesis
and airway remodeling. In addition to its role in differentiation, cell
growth, and control of the immune system, TGF/ has been considered as
a key mediator of airway remodeling as a multifunctional cytokine
(Peng et al., 2011).

Human allergic diseases is more likely to be developed when TGFf1
signaling is disturbed. It was found that asthmatic patients and experi-
mental animals with allergic airway inflammation have increased
TGFp1 activity. Active TGFp1 likely promotes fibroblast proliferation
and differentiation leading to airway remodeling by modulating
ADAMS33 expression and by promoting shedding of the ectodomain of
ADAMS33 (Frischmeyer-Guerrerio et al., 2013). Different ADAM33 iso-
forms are found in human embryonic bronchi and their adjacent
mesenchyme, indicating of their role in smooth muscle development.
Mesenchymal tissues may also be a source of the “unusual” airway
development that leads to childhood asthma. As a consequence, a SNP
that modifies the catalytic domain of ADAM33 may influence asthma
etiology. Since higher ADAM33 levels produce persistent airflow
obstruction, genetic variation in this gene has been associated with an
accelerated decrease in pulmonary function. Thus, ADAM33 has become
not only an asthma susceptibility gene as well as a biomarker of asthma
severity (Jongepier et al., 2004).

Here, an increased incidence among G allele carriers was found in
patients with severe asthma, which is consistent with other studies
(Foley et al., 2007; Jie et al., 2009; Li et al., 2019). Ectodomain shedding

due to the ADAM33 T1 polymorphism in severe asthmatics may devel-
oped a higher expression of the ADAM33 (Foley et al., 2007; Tripathi
et al., 2014). Which may explain the significantly elevated IgE level in
patients, particularly in asthmatics carriers of GG genotype of T1
ADAMS33 in our study, which is also consistent with several studies
worldwide (Bijanzadeh et al., 2010; Chiang et al., 2012; El-Falaki et al.,
2013; Lama et al., 2013; Miyake et al., 2012; Naqvi et al., 2007; Vergara
et al.,, 2010; Zihlif et al., 2021). However, further investigations are
needed, for example studying the association of gene expression of T1
ADAM33 carriers among asthmatic patients with respect to IgE levels.
This is required to reveal the reasons behind the controversial findings
indicating no associations such as those reported in Puerto and Mexican
populations (Lind et al., 2003), Czechs (Bijanzadeh et al., 2010), Iran
(Karimi et al., 2014), and china (Yin et al., 2010).

The importance ADAM33 comes from possible association with im-
mune response, for example it enhances the risk of immunological re-
sponses mediated by T-helper 2 cells and inflammation (Vergara et al.,
2010). The G polymorphism in ADAM33 could impair the shedding of
growth factor receptors, which could contribute to a shift to an immu-
nological response mediated by type 2 helper T cells or increased
inflammation (Shapiro, 2002). It is also reported to play an important
role in intercellular adhesion. The disintegrin domain of ADAM33 sup-
ports the expression of integrin in mesenchymal cells, such as smooth
muscle cells and fibroblasts which leads to a9f1 integrin-dependent
leukocyte adhesion (Werner et al., 2004). ADAM33 disintegrin domain
SNPs may affect airway inflammation and leukocyte numbers, both of
which are usually reflected on the IgE, as well as intercellular adhesion,
(Wiester and Giachelli, 2003).

6. Conclusion

The importance of ADAM33 G allele in the T1 polymorphism is re-
ported here for the first time in Iraq among Arab ethnicity. The associ-
ation revealed here suggest the possibility of applying rs2280091 as a
risk factor of asthma. According to our findings, the ADAM33 G allele in
the T1 polymorphism is a strong predictor of asthma among Iraqi Arab
ethnicity.
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