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Chronic obstructive pulmonary disease (COPD) is a major health Problem worldwide. It is
currently the fourthleading cause of death with the highest morbidity and mortality throughout
the world. ADAM33 has been implicated in the etiology of asthma, another obstructive
pulmonary disease. Objective: Research shows that its genetic polymorphism may play a
pivotal role in COPD pathophysiology; however, data is still inconclusive and no research has
been done on it in Pakistan. Methods: A total of 102 subjects (51 cases + 51 controls) were
recruited. Blood samples were drawn for deoxyribonucleic acid (DNA)isolation fromindividuals.
DNA extraction and Polymerase Chain Reaction (PCR) was optimized and restriction fragment
length polymorphism (RFLP) was carried out by incubation at 37°C with digesting enzyme' Fsel'
for minor allele rs528557. Data was analyzed by using SPSS version 26.0. Data for age, pack
smoking/year, frequency of exacerbation and BMI was described by mean + SD. Alleles and
genotypes were described as proportions and percentages. Comparison of the said variables
between two groups was performed by Chi-Square as applicable. Results: G allele was found in
all cases (100%) and in 74.5% controls at p=<0.001. On the other hand, the frequency of minor
allele C was 11.8% and 29.4% in cases and controls respectively at p=0.03. Homozygous major
genotype (G/G) was 88.2%, in controls versus 70.6% in cases (p=0.09).Heterozygous genotype
(G/C)was 9.2% in controls and 25.5% in cases. Similarly homozygous minor genotype (C/C) was
0.8% in controls and 3.9% in cases respectively at p=0.56. conclusion: Thus, we show that G
allele of rs528557 may be associated withrisk of COPD in Pakistani subjects.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
devastating disease which has affected millions of people
worldwide. It is the third leading cause of death and
frequently occurs with comorbidities [1-3]. It is
characterized by inexorable small airways obstructive
deterioration and emphysema associated with structural
remodelingand cellularinflammation along with squamous
and epithelial metaplasia leading to fibrosis [4]. COPD is
thought to occur due to the slow, progressive and
cumulative inflammatory response to inhaled particles,
primarily from cigarette smoke and biomass fuel pollution.
Tillnow, the mechanism of COPD is stillunknown, however,
life style modification and advancement in medical

sciences may able to enhance life expectancy[5]. Smoking
is the most significant cause of COPD. Smoking causes
unusual inflammatory lungs changes that lead to airflow
obstruction[6] Other causer includes various genetic and
environmental factors [7]. The symptoms of the disease
include permanent airflow obstructions and invasion of
certainneutrophils, macrophages, and CD8 lymphocytesin
the airways of lungs. Many of the individuals suffering from
COPD have airway hyper-responsiveness (AHR). COPDis a
multifactorial process comprising of cell profiles such as
neutrophils, lymphocytes eosinophils and monocytes, in
addition to higher levels of cytokines such as interleukin 6
(IL-6)and interleukin 8(IL-8).[8]. TNF-a and VEGF also play
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an important role in COPD individuals [3]. The variation in
an individual's life expectancy is due to a family of protein
called ADAM33 (a Disintegrin and Metalloproteinase), a
membrane bounded protein family. One of the members of
ADAM family, A single nucleotide polymorphism in this
‘disintegrin and metalloprotease, ADAM33, discovered in
2002, is related to the development and progression of
COPD [10,11]. A research has proved that SNPs located in
the ADAM33 locus, influenced lung function [12] and were
found to be linked with COPD [13]. The ADAM33 gene
contains 179 single nucleotide polymorphisms loci (SNP).
However, S2 is the most studied SNP [14]. SNP's have also
beenresearched to be connected with BHR and have been
seento decrease FEVIin patients who have COPD[15]. The
polymorphism of the S2 locus present in the ADAM33 has
been linked to the development of COPD. To the best of our
knowledge S2 SNP has never been studied in the Pakistani
population in any disease including COPD. We therefore
designed a case control study to investigate the
association of this SNP with risk of COPD in local
population.

METHODS

Data collection and sampling method: The study was
endorsed by The Ethical committee of IMBB, University of
Lahore. Indoor/outdoor patients satisfying the
inclusion/exclusion criteria were asked for their written
informed consent for interest for participation in research
project. Inclusion criteria included all diagnosed smokers
of COPD with evidence from spirometry who has more than
25 pack years of smoking history. Our determined sample
size was calculated to be 10 with 95% confidence level and
99% power of study using the study of Laxmie.al(2016)[16].
However, for better power of study we took 110 subjects
with 51 for each group. Non-probability, convenient
sampling was used.Smokers, both men and women, with
age of 40 years or more, were selected.Controls and cases
were matched for age, gender and years of smoking.
Controls were asymptomatic for chronic respiratory
illness. Detailed history and physical examination were
performed and patient pro forma were filled. Height and
weight were measured and BMI was determined as follows:
BMI=(weightinkg)/m2.5mlblood sampleswere drawnfrom
antecubital vein by aseptic technique in EDTA vacutainers.
Fresh spirometry was not done due torestrictions of COVID
pandemic and previous records of pulmonary lung function
were used to confirm diagnosis of COPD as per
international criteria[171].

PCR_RFLP: DNA was extracted using commercial kit by
following manufacturer's instructions. 0.8% gel was used
for DNA isolation along with 1Tkb DNA ladder. The gel from
electrophoresis was stained in a solution containing
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ethidium bromide and visualized in a gel documentation
system under UV illumination. The S2 region was amplified
forcloningwiththe help of polymerase chainreaction(PCR)
kit Thermoscientific PCR master. The
primersweredesignedtopartiallyamplifytheS2sequence.T
he primers sequences were as follows: R, 5'-
AGAGCTCTGAGGAGGGGAAC3':F,5'TGTGCAGGCTGAA
AGTATGC -3' (Laxmi et al., 2016). The final product of 304
base pairs was confirmed through Gel electrophoresis.
After PCRallPCR products were digested overnight at 370C
with restriction enzyme “Fsel” according to the
manufacturer'sprotocol.2%gelwaspreparedfor
thisstepasmentionedabove.Thentheproductwasanalyzed
by agarose gel electrophoresis and visualized under UV
illumination.

StatisticalAnalysis: All data were analyzed using SPSS for
windows version 26. Significance was set at p<0.05.
Continuous variables were expressed as mean+SD while
Qualitative variables were expressed as proportions and
percentages. Difference in distribution of genotypes and
alleles of the SNP rs528557 between controls and COPD
was tested with Chi-square. An online calculator
www.had2know.com/academics/hardy-weinberg-
equilibrium-calculator-alleles.html was used to detect any
significant deviations from Hardy Weinberg equilibrium.
Genotype distributions were compared between casesand
controls by Chi square. P<0.5 was considered statistically

RESULTS

Characteristics of Subjects: The demographicand clinical
dataisshownintable1

CHARACTERISTIC COPD n=51 Controls n=51 P value
Age years (mean+SD) 57.71+12.87 52.08+9.03 0.01*
Gendern (%) Males= 41 Males=24 <0.001**
Females=10 Females=27
Pack years of smoking 22.15+1.68 4.50+8.77 <0.001**
BMIKG/M2 (mean+SD) 31.26+9.08.01 35.35+8.19 0.02*
Patient with  chronic 51(100) 47(92) 0.04*
cough n (%)
Smoker/non-smokern(%) 51/0 11/40 <0.001**
(100/0) (21.6/78.4)
Breathlessnessn(%) 49(986) 41(80) 0.01*
Any cardiac diseasen(%) 4(8) 2(4) 0.40
Diabetes mellitusn(%) 12(24) 18(35) 0.19
Hypertensionn(%) 1n(22) 3(6) 0.02*
Osteoporosisn(%) 0(0) 6(12) 0.01*
Clinical anxiety or depressionn(%) 2(4) 3(6) 0.64
Regularsputumproductionn(%) 46(90) 29(57) <0.001**
Frequency of G allelen(%) 51(100) 38(74.5) <0.0071**
Frequency of C allelen(%) 6(11.8) 15(29.4) 0.03*
Frequency of G/G genotype n(%) 45(88.2) 36(70.6) 0.08*
Frequency of G/C genotype n(%) 5(9.2) 13(25.5)
Frequency of C/C genotype n(%) 1(0.8) 2(3.9)

Table 1: Comparison of study variables between COPD cases and
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controls Significant p<0.05, ** highly significant p<0.001**, ap
value by Chisquare test

Detection of SNPS in Cases and COPD Patients: For the
SNP under study, rs528557, the 304 base pair product was
restricted into three bands of54, 42 and 19 base pairs for
genotype G/G genotype, 96bp and 19bp forC/Cgenotype,
and all four bands (96, 54, 42, and 19 base pairs) for the
heterozygous genotype G/C. Purified PCR products of the
S2 primer pair (350bp) were digested by the enzyme Fsel.
The genotype distributionamong cases wasinaccordance
with Hardy Weinberg equilibrium(p=0.56) but the controls
nearto deviate significantly from HWE at p=0.09. Asshown
in table 1, the genotype G/G of SNP rs528557 is over-
represented in cases (88.2% versus 70.6%) while C/G and
C/C are overrepresented amongst controls(3.9% vs 0.8%).
However, Chi square test showed that this distribution
failed to reach statistical significance (p=0.08). Allele
frequency distribution showed significant results with G
allele dominant in COPD (p<0.001) and C dominant in
controls(p=0.03).

DISCUSSION

There are two significant findings of our study. First is the
association of 'G' allele with risk of COPD. Second is the
identification of comorbidities of COPD as shownin table 1.
The current study investigated the association of human
ADAM33 gene Polymorphism with COPD in the Pakistani
population. ADAM33 is a zinc-dependent metall
oproteinase that regulates its own activity as well as the
activity of a wide variety of other proteins through
proteolytic cleavage. A total of seven domains are present
in ADAM33, including a pro-domain, a catalytic domain, a
metalloprotease domain, a disintegrin domain (which
interacts with integrins), a cysteine-rich/epidermal growth
factor domain (which promotes cell-cell interaction), a
transmembrane domain, and a cytoplasmic domain. There
are also several splice variants containing different
combinations of these domains [18]. ADAM 33 is
prominently expressedin smooth muscle cells, fibroblasts
and myofibroblasts, hence by, is an important protein for
the proper functionality of different human organs
including lungs. Various previous studies have associated
the polymorphism in ADAM33 with risk of COPD.[19-22]
Diemen et al. (2005) showed this association in a Dutch
general population study in which more than a
thousandparticipantsweregenotypedforeight ADAM33SNP
s. The present study has demonstrated a higher frequency
of SNP S2 major allele 'G'in patients of COPD as compared
to healthy controls. This is similar with the findings of
Sadeghnejad et al. (2009) and Wang et al. (2009). Figarska
et al. (2013) also studied ADAM33 gene polymorphisms
including S2 and showed that COPD patients with ADMA33

DOI: https://doi.org/10.54393/pbmj.v5i1.289

polymorphism (including SNPs 0-1, S1, S2, and T2) had a
higher mortality than others. This could be explained by the
physiology of ADAM33 protein. Excessive expression of
ADAM33 mayleadtotherelease of inflammatory mediators
and growth factors which in turn may induce pathological
changes like the proliferation of smooth muscle cells and
fibroblasts. Dysfunction of fibroblasts and smooth
muscles is part of the pathophysiology of COPD[23]. Thus,
ADAM33 polymorphism can put a smoker at risk to develop
COPD and make a COPD patient susceptible to
complications, leading to increased morbidity and
mortality [24,25]. As to the mechanism, howrs528557 is
linked to pathophysiology of COPD, it maybe explained as
follows. S2 along with Slis located in exon 190f ADAM33
which encodes the transmembrane region of the protein.
S2 is a silent SNP, not associated with any amino acid
substitutions. Thus, it might not directly cause structural
change in ADAM33.However, this non-coding SNP may
disturb the splicing process, indirectly affecting protein
structure. Alternatively, S2 may beinlinkage disequilibrium
(LD)with another closely situated SNPs, possibly S1, which
might actually be responsible for the functional change in
ADAM33[26]. The present study also described the COPD
association with lower body weight, undernutrition due to
chronic inflammatory processes, dyspnea, diabetes
mellitus, hypertension, cardiac illness and osteoporosis
and found that except DM and cardiac disease,
hypertension, lower body weight, dyspnea and
osteoporosis are significantly associated risk factors of
COPD.The presence of comorbidities by gender and GOLD
stage were also presented by Van Eerdewegh et al. (2002).
Other reported risk factor associated with COPD include
smoking, aging, lack of physical inactivity downregulates
the anabolic states that result in diminished testosterone
levels, reduced bone density and mass of muscle[27]. The
osteoporosis in COPD is contributed potentially due to
inflammation, corticosteroid usage, anemia, smoking and
hypogonadism [28, 29]. The hypertension and COPD is
linked to the aging factor that leads to loss in connective
tissuesandincreases the stiffness of arteries that may pre
dispose the systematic hypertension in COPD patients
[30].

CONCLUSION

There are several limitations to this study. While we
uncovered a statistically significant association of the 'G'
allele with risk of COPD, the genotype frequency
association was not statistically significant. This might be
attributed to a modest sample size. Second, due to COVID
precautions we could not record bronchial hyper reactivity
in COPD patients as we would have liked, since BHR is
strongly correlated with COPD in previous studies. Finally,
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inclusion of other SNPs especially S1 could have further
enhanced the findings of our study and future studies
should proceed in that direction. Despite the above
limitations we believe this study provides useful
information about another candidate SNP to the
accumulating data of genetic polymorphism that make
smokers susceptible to COPD. Thus, patients at risk of
COPDmaybeidentifiedinfuture.

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

PBMJ VOL. 5, Issue. 1January 2022

Aburto JM, Villavicencio F, Basellini U, Kjeergaard S,
Vaupel JW. Dynamics of life expectancy and life span
equality. Proceedings of the National Academy of
Sciences of the United States of America, 2020,
117(10): 5250-5259. doi.org/10.1073/pnas.1915884117
Cielen N, Maes K, Gayan-Ramirez G. Musculoskeletal
disorders in chronic obstructive pulmonary disease.
BioMed research international, 2014: 965764.
doi.org/10.1155/2014/965764

Chacon Cortes DF & Griffiths L. Methods for
extracting genomic DNA from whole blood samples:
current perspectives. Journal of Biorepository
Science for Applied Medicine, 2014(2): 1-9.
doi.org/10.2147/BSAM.S46573

Dal Negro RW, Bonadiman L, Turco P. Prevalence of
different comorbidities in COPD patients by gender
and GOLD stage. Multidisciplinary respiratory
medicine, 2015,10(1): 24. doi.org/10.1186/s40248-015-
0023-2

DijkstraAE, Smolonska J, vanden Berge M, Wijmenga
C, Zanen P, Luinge MA, Platteel M, Lammers JW,
Dahlback M, Tosh K, Hiemstra PS, Sterk PJ, Spira A,
Vestbo J, Nordestgaard BG, Benn M, Nielsen SF, Dahl
M, Verschuren WM, Picavet HS, ... LifeLines Cohort
study. Susceptibility to chronic mucus
hypersecretion, a genome wide association study.
PloS one, 2014,9(4): e91621.
doi.org/10.1371/journal.pone.0091621

Doeing DC, Solway J. Airway smooth muscle in the
pathophysiology and treatment of asthma. Journal of
applied physiology (Bethesda, Md.: 1985),2013, 114(7):
834-843.doi.org/10.1152/japplphysiol.00950.2012
Durheim MT, Smith PJ, Babyak MA, Mabe SK, Martinu
T, Welty-Wolf KE, Emery CF, Palmer SM & Blumenthal
JA. Six-minute-walk distance and accelerometry
predict outcomes in chronic obstructive pulmonary
disease independent of Global Initiative for Chronic
Obstructive Lung Disease 2011 Group. Annals of the
American Thoracic Society, 2015,12(3): 349-356.
doi.org/10.1513/AnnalsATS.201408-3650C

Figarska SM, Vonk JM, van Diemen CC, Postma DS,
Boezen HM. ADAM33 gene polymorphisms and

Copyright (c)2022. PBMJ, Published by Crosslinks International Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: https://doi.org/10.54393/pbmj.v5i1.289

mortality. A prospective cohort study. PloS one,
2013.,8(7): eb67768.
doi.org/10.1371/journal.pone.0067768'
GarlisiCG, Zou J, DevitoKE, TianF, Zhu FX, LiuJ, Shah
H, Wan Y, MotasimBillah M, Egan RW, Umland SP.
Human ADAM33: protein maturation and
localizationl.Biochemical and Biophysical research
communication,2003,301(1): 35-43.
doi.org/10.1016/s0006-291x(02)02976-5

Gosman MM, Boezen HM, van Diemen CC, Snoeck-
Stroband JB, Lapperre TS, Hiemstra PS, Ten Hacken
NH, Stolk J, Postma DS. A disintegrin and
metalloprotease 33 and chronic obstructive
pulmonary disease pathophysiology. Thorax,
2007,62(3):242-247.doi.org/10.1136/thx.20086.
060988

Hikichi M, Hashimoto S & Gon Y. Asthma and COPD
overlap pathophysiology of ACO. Allergology
International, 2018,67(2): 179-186.

Hillas G, Perlikos F, Tsiligiannil, Tzanakis N. Managing
comorbidities in COPD. International journal of
chronic obstructive pulmonary disease, 2015,10:
95-109. doi.org/10.2147/COPD.S54473

Holloway JW, Laxton RC, Rose-Zerilli MJ, Holloway
JA, Andrews AL, RiazZ, ... & Ye S. ADAM33 expression
inatherosclerotic lesionsandrelationship of ADAM33
gene variation with atherosclerosis. Atherosclerosis,
2010,211(1): 224-230.

Hubeau C, Kubera JE, Masek-Hammerman K,
Williams CM. Interleukin-6 neutralization alleviates
pulmonary inflammation in mice exposed to
cigarette smoke and poly(l:C). Clinical science
(London, England : 1979), 2013,125(10): 483-493.
doi.org/10.1042/CS20130110

Jongepier H, Boezen HM, Dijkstra A, Howard TD, Vonk
JM, Koppelman GH, Zheng SL, Meyers DA, Bleecker
ER, Postma DS. Polymorphisms of the ADAM33 gene
are associated with accelerated lung function
decline in asthma. Clinical and experimental allergy :
journal of the British Society for Allergy and Clinical
Immunology,2004, 34(5): 7567-760.
doi.org/10.1111/}.1365-2222.2004.1938.x

Kabesch M, Adcock IM. Epigenetics in asthma and
COPD. Biochimie, 2012,94(11): 2231-2241.
doi.org/10.1016/j.biochi.2012.07.017

17.Kim SJ, Kim E, Rim KT. Comparative analysis of
Adam33 mutations in murine lung cancer cell lines by
droplet digital PCR, real-time PCR and Insight Onco™
NGS. Molecular & Cellular Toxicology, 2018,14(2):
221-231.

Laghi F, Adiguzel N, Tobin MJ. Endocrinological
derangements in COPD. The European respiratory

288




(19]

(20]

[21]

[22]

[23]

[24]

[25]

(26]

[27]

PBMJ VOL. 5, Issue. 1January 2022

ADAM33 SNP Gene Polymorphism with COPD

journal, 2009,34(4):975-996.
doi.org/10.1183/09031936.00103708

Laxmi KV, Subhakar K, Lakshmi BV, Venkateshwari A,
Jyothy A. Association of ADAM33 gene S1 and S2
transmembrane domain polymorphisms in COPD
from South-Indian population. Egyptian Journal of
Medical Human Genetics, 2016,17(4): 317-323.
doi.org/10.1016/j.ejmhg.2015.10.00

LiuY, Wang ZH, Zhen W, Lu SJ, Liu Z, Zou LY & Xu JJ.
Association between genetic polymorphisms in the
ADAM33 gene and asthma risk: a meta-analysis. DNA
and Cell Biology, 2014,33(11): 793-801.

Rogliani P, Calzetta L, Coppola A, Cavalli F, Ora J,
Puxeddu E, Matera MG, Cazzola M. Optimizing drug
delivery in COPD: The role of inhaler devices.
Respiratory medicine, 2017,124: 6-14.
doi.org/10.1016/j.rmed.2017.01.006

Simmons MS, Connett JE, Nides MA, Lindgren PG,
Kleerup EC, Murray RP, Bjornson WM, Tashkin DP.
Smoking reduction and the rate of decline in FEV(1):
results from the Lung Health Study. The European
respiratory journal, 2005,25(6): 1011-1017.
doi.org/10.1183/09031936.05.00086804

Steiling K, van den Berge M, Hijazi K, Florido R,
Campbell J, Liu G, Xiao J, Zhang X, Duclos G, Drizik E,
SiH, Perdomo C, Dumont C, Coxson HO, Alekseyev YO,
Sin D, Pare P, Hogg JC, McWilliams A, Hiemstra PS, ...
Lenburg ME. A dynamic bronchial airway gene
expression signature of chronic obstructive
pulmonary disease and lung function impairment.
American journal of respiratory and critical care
medicine, 2013,187(9): 933-942.
doi.org/10.1164/rccm.201208-14490C

Tan J, Liu AP, Sun C, Bai YF, Lv F. Association of
ADAM33 gene polymorphisms with COPD in the
Mongolian population of China. Annals of human
biology, 2014,41(1): 9-14.
doi.org/10.3109/03014460.2013.821165

van den Berge M, Steiling K, Timens W, Hiemstra PS,
Sterk PJ, Heijink IH, Liu G, Alekseyev YO, Lenburg ME,
Spira A, Postma DS. Airway gene expression in COPD
isdynamic with inhaled corticosteroid treatment and
reflects biological pathways associated with disease
activity. Thorax, 2014,69(1): 14-23.
doi.org/10.1136/thoraxjnl-2012-202878

van Diemen CC, Postma DS, Vonk JM, Bruinenberg M.,
Schouten, J. P., Boezen, H. M. (2005). A disintegrin
and metalloprotease 33 polymorphisms and lung
function decline in the general population. American
journal of respiratory and critical care medicine,
172(3): 329-333. doi.org/10.1164/rccm.200411-14860C
Van Eerdewegh P, Little RD, Dupuis J, Del Mastro RG,

Copyright (c)2022. PBMJ, Published by Crosslinks International Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: https://doi.org/10.54393/pbmj.v5i1.289

Falls K, Simon J, Torrey D, Pandit S, McKenny J,
Braunschweiger K, Walsh A, Liu Z, Hayward B, Folz C,
Manning SP, Bawa A, Saracino L, Thackston M,
BenchekrounY, Capparell N, ... Keith TP. Association
of the ADAM33 gene with asthma and bronchial
hyperresponsiveness. Nature, 2002,418(6896):
426-430.doi.org/10.1038/nature00878

Vestbo J, Hurd SS, Agusti AG, Jones PW, Vogelmeier
C, Anzueto A, Barnes PJ, Fabbri LM, Martinez FJ,
Nishimura M, Stockley RA, Sin DD, Rodriguez-Roisin
R. Global strategy for the diagnosis, management,
and prevention of chronic obstructive pulmonary
disease: GOLD executive summary. American journal
of respiratory and critical care medicine, 2013,187(4):
347-365.doi.org/10.1164/rccm.201204-0596PP
Wang IM, Stepaniants S, Boie Y, Mortimer JR,
Kennedy B, Elliott M, Hayashi S, Loy L, Coulter S,
Cervino S, HarrisJ, Thornton M, Raubertas R, Roberts
C, Hogg JC, Crackower M, O'Neill G, Paré PD. Gene
expression profiling in patients with chronic
obstructive pulmonary disease and lung cancer.
American journal of respiratory and critical care
medicine,2008, 177(4): 402-411.
doi.org/10.1164/rccm.200703-3900C

Wang X, Li L, Xiao J, Jin C, Huang K, Kang X, Wu X, Lv
F. Association of ADAM33 gene polymorphisms with
COPD in a northeastern Chinese population. BMC
medical genetics, 2009,10: 132. doi.org/10.1186/1471-
2350-10-132.

289




