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Purpose: Asthma is the most prevalent disease in India according to the national survey conducted by NFHS 2 in 1998-1999. Matrix metalloprotein-
ase-2 (MMP-2), a collagenase encoded by the MIMIP-2 gene, degrades the type IV collagen and is responsible for inflammatory responses. This is a pi-
lot study evaluating the role of MMP-2 -1306C/T promoter single nucleotide polymorphism (SNP) in asthma pathogenesis. Methods: A case-control
study was performed with a total of 824 adult subjects, including 410 adult asthmatics and 414 healthy controls from regions of North India. The
MMP-2 -1306C/T polymorphism was genotyped by the Tetra-Primer Amplification Refractory Mutation System Polymerase Chain Reaction (Tetra-
Primer ARMS PCR). Results: Statistical analysis of the results for the MIMP-2 -1306C/T polymorphism revealed an extremely protective role of the
mutant T allele in asthma pathogenesis with OR=0.45, 95% Cl (0.35-0.58) and P=0.000. The heterozygous CT genotype also conferred protection
from asthma with OR=0.37, 95% Cl (0.27-0.51) and P=0.000. The homozygous TT genotype was also significantly associated with asthma with
OR=0.35, 95% CI (0.16-0.72) and P=0.002. Moreover, the polymorphism was significantly associated with all the phenotypic traits of the disease.

Conclusions: The MMP-2 -1306C/T promoter polymorphism confers significant protection from asthma in the studied North Indian population.
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INTRODUCTON

Asthma is a polygenic disease of the lungs involving a complex
interplay of the genetic makeup of an individual and the envi-
ronmental stimuli, characterized by wheeze, shortness of breath
(SOB), cough, dyspnea and bronchial hyperresponsiveness (BHR)
caused due to the bronchial inflammation."

Over the last decade, the prevalence of atopic diseases such as
asthma, dermatitis and allergic rhinitis has been on a rise glob-
ally, and understanding the mechanisms of onset and severity
of allergy, has offered a great challenge to researchers and sci-
entists worldwide, due to the complex interplay of genetic as
well as environmental factors.® According to the second Nation-
al Family Health Survey (NFHS 2), conducted in the year 1998-
1999, asthma is the most common disease in India, both in ur-
ban as well as rural areas, as compared to tuberculosis (TB), di-
abetes, malaria, thyroid and other diseases.

Alarge number of case-control studies with respect to various
genes have been conducted in the recent past, all around the
world, so as to investigate the role of the various cytokine gene
polymorphisms associated with asthma. The results have been
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found to vary profoundly with differences in the asthmatic pop-
ulations studied across the world, mostly not revealing similar
significances, but leading to a definite conclusion that asthma
is a complex polygenic disease, which certainly does not follow
classical Mendelian pattern of inheritance.* As a result, it makes
it all the more crucial to identify the genetic makeup associated
with the complexity of asthma.

Lung airways of asthma patients undergo structural changes
termed as “remodeling’, characterized by infiltration of Airway
Smooth Muscle (ASM) cells by mast cells®” which results in BHR
and exacerbation of asthma.*® ASM cells increase in size and
number in asthma patients® and play a major role in inflamma-
tion and influx of inflammatory cells.'”"" Bronchial epithelial
cells as well as the ASM cells produce MMP-2, which control
their proliferation in an autocrine fashion. The ASM cells are
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known to modulate inflammation, inflammatory cells influx
and angiogenesis in asthma patients.'

Matrix metalloproteinases (MMPs) are zinc-dependent pro-
teases that are involved in the breakdown of extracellular ma-
trix (ECM) in the normal physiological processes™ of the body
such as cell proliferation, tissue remodeling, reproduction, em-
bryonic development, differentiation, angiogenesis, apoptosis
and host defenses, while the dysregulation of these matrixins
has been associated with the disease processes such as arthri-
tis, encephalomyelitis, chronic ulcers, tumor invasion, cancer
as well as inflammation."*

Matrix metalloproteinase-2 (MMP-2) is a 72 kDa gelatinase
and collagenase encoded by the MMP-2 gene in humans, which
degrades the type IV collagen of the basement membranes.
MMP-2 also plays a key role in the regulation of vascularization,
endometrial menstrual breakdown as well as inflammatory re-
sponses.” The ECM provides mechanical support to the cells
and is a complex network of various proteins such as collagens,
fibronectins, laminins, cytokines and growth factors. MMPs
proteolytic activity can degrade the ECM as well as provide sig-
nals to the embedded cells to react to the stimuli.'®* Moreover,
patients with asthma have been found to have enhanced MMP-
2 and MMP-9 linked gelatinolytic activity in their sputum.'”

A lot of research has been conducted worldwide to analyze
the role of MMP-2 gene in various types of cancers in humans
as well as murine models, from tumor invasion and metastasis
point of view. However, no such study has been conducted till
date, to determine the role of MMP-2 -1306C/T gene polymor-
phism in inflammatory processes such as asthma.

Thus, this is the first study detecting the role of MMP-2 -1306C/
T gene polymorphism in asthma pathogenesis with the hy-
pothesis that MMP-2 -1306C/T gene promoter polymorphism
has a protective role in asthma, as by inhibiting the MMP-2 en-
zymatic activity, the inflammatory response as well as the deg-
radation of the basement membranes in the lung airways will
be inhibited, thereby protecting the lungs from asthma like
conditions.

MATERIALS AND METHODS

Ethical Clearance

Ethical Clearance for conducting the study on human blood
samples was granted by the “Ethics Committee, PGIMER,
Chandigarh” The study was conducted strictly in accordance
with the ethical guidelines for bio-medical research on human
subjects proposed by the “Central Ethics Committee on Human
Research ICMR-2000" and of those contained in the “Declara-
tion of Helsinki” The selection of asthma patients was based on
physician’s diagnosis. However, only the patients fulfilling the
criteria of Global Initiative for Asthma guidelines'® for diagnosis
of bronchial asthma were recruited in the study.
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Inclusion Criteria

This is the first case-control study conducted in India to eval-
uate the role of MMP-2 -1306C/T polymorphism in asthma
pathogenesis by recruiting a total of 824 adult subjects. The pa-
tients were recruited from different states of North India such as
Punjab, Haryana, Chandigarh, Uttar Pradesh, Himachal Pradesh,
Uttaranchal, Jammu & Kashmir, Rajasthan and New Delhi. A
total of 410 asthma patients visiting the Out Patient Depart-
ment, Pulmonary Medicine, Post Graduate Institute of Medical
Education and Research (PGIMER), Chandigarh, were enrolled
in the study, out of which, 323 subjects were asthma patients
with allergic rhinitis. Informed Consent was duly obtained from
the asthma patients participating in the study, and a detailed
proforma of the asthma patients with a complete questionnaire
regarding the clinical symptoms of the disease, i.e. wheeze/
whistling, cough, SOB, allergy, early morning or night symp-
toms, along with spirometry tests was assessed. Complete in-
formation of the patient regarding name, age, sex, history of the
disease, occupation was taken into account (Table 1).

A total of 414 age-matched, normal and completely healthy
controls were inducted in the study. Some of the healthy volun-
teers were blood donors at various blood donation camps, edu-
cational institutes, employee groups. Completely healthy con-
trol subjects with no history of asthma, rhinitis, eczema, allergic
skin diseases or any other co-morbid illness were recruited in
the study. Care was taken that both the asthma patients as well
as the control subjects were free from any other systemic im-
mune or inflammatory conditions.

Exclusion Criteria

Asthma patients with history of any other pulmonary ailment
such as TB, Chronic Obstructive Pulmonary Disease, bronchi-
tis and emphysema were excluded from the study. No Allergic
Bronchopulmonary Aspergillosis patients were taken in the
study. Any subject having a first degree relative with asthma or
allergy has not been recruited as a control in the present study.
Not only the respiratory or allergic skin disorders, any subject
with other diseases such as diabetes, high blood pressure or
with drinking and smoking habits have also not been included
as controls in the study. Each control was first enquired for all
of the above conditions at the time of taking their written in-
formed consent and before the collection of blood samples.

Lung Function Test

Spirometer device Spiro 232 (PK Morgan, Rainham, Kent, UK)
was used for plethysmography which was performed strictly in
accordance with the British Thoracic Society/Association of Re-
spiratory Technicians and Physiologists guidelines.” The sub-
jects were asked to relax, avoid any kind of exercise at least 30
minutes prior to the test and avoid smoking or using broncho-
dilator at least 4 hours prior to the test. After placing the mouth-
piece in the subject’s mouth, the procedure involved a maximal
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Table 1. Characteristics of the study population

Asthma Patients Controls
410(%) 414 (%)

Sex

Males 183 (44.6) 271(65.5)

Females 227 (55.4) 143 (34.5)
Age 38.1+16.2 419+16.6
Allergic Rhinitis 323(78.8) 0
No Rhinitis 87(21.2) 414
Allergic to atleast 2 366(89.3) 0

provoking factors
Non-allergic 44(10.7) 414
Ever-Smoker 65(15.9) 0
Non-Smoker 345 (84.1) 414
Spirometry* (n=190) n.d.

FVC Observed 256+0.96

FVC Predicted 3194073

FEV1 Observed 1.94 £0.82

FEV1 Predicted 2.68+0.77

FEV1/FVC Observed % 7500£13.71

FEV1/FVC Predicted % 83.12+5.84
Weight* (kg) 57.6 n.d.
Height™ (cm) 158.7 n.d.
BSA* (m?) 1.58 n.d.
BMI* (kg/m?) 22.7 n.d.

Underweight (<18.5) 171

Normal weight (18.5-24.9) 222

Over weight (25.0-29.9) 26.8

Obesity (=30.0) 327
IgE" (IU/mL) 4,066.55+5742.24  2,354.40+ 1486.61

*Spirometry test, Weight, Height, BSA and BMI have been recorded for 190
asthma patients and mean values in each category have been calculated; 'Igk
levels were confirmed for 219 asthma patients and 150 controls and given as
average in IU/mL.

FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; n.d. not
determined.

forced expiratory and then a forced inspiratory manoeuvre.
Three acceptable manoeuvres, all within 5% of each other were
recorded as flow-volume curve.

The frequency of asthma patients with (60%-80%) FEV1/FVC
observed % as well as the (40%-59%) FEV1/FVC observed % was
the highest for the MMP-2 -1306 homozygous wild CC genotype
with 61.6% and 13.2% respectively, and the lowest for the ho-
mozygous mutant TT genotype with 2.6% and 0% respectively.
However, a limitation of the study is that since the spirometry of
the control subjects was not conducted, statistical analysis could
not be performed.

Immunological Investigation
Total serum IgE concentration (IU/mL) was assessed for 219
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asthma patients and 150 control subjects with an ELISA reader
(Table 1). The bronchoalveolar lavage fluid (BALF) of subjects
was examined for acid fast bacillus, aspergillosis and malignan-
cy so as to distinguish the asthma patients from patients suffer-
ing from TB, allergic bronchopulmonary aspergillosis and lung
cancer, respectively. However, the Th1/Th2 cytokine profiling of
BALF was not performed. No significant difference for IgE level
among cases and controls was observed for the polymorphism.

Body Mass Index (BMI)

Body Mass Index (BMI), a measure of body fat based on height
(cm) and weight (kg) that applies to adult men and women was
calculated using the measures set by the U.S. National Heart
Lung and Blood Institute (NHLBI).” BMI of 190 asthma patients
has been recorded in Table 1. The mean values have been cal-
culated for 4 different categories: underweight (<18.5 kg/m?),
normal weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?)
and obesity (=30.0 kg/m?). Apart from BMI (kg/m?), Height
(cm), Weight (kg) and Body Surface Area (BSA) (m?) have also
been recorded for the patients and have been given as mean
values in Table 1.

The underweight, normal weight, overweight and obesity BMI
categories had the highest prevalence of the homozygous wild
CC genotype with 74%, 70.9%, 84.1%, and 70% respectively, and
the lowest prevalence of the homozygous mutant TT genotype
with 6%, 0%, 4.5%, and 0% respectively, in each category.

Sample Collection

Blood samples were collected in EDTA coated vials and stored
at -80°C until genomic DNA extraction was done. Genomic DNA
was isolated from the thawed blood samples by the Sodium Sa-
line Citrate Buffer Method* and checked for DNA on 0.8% aga-
rose gel by electrophoresis.

Genotyping of MMP-2 -1306C/T polymorphism
Genotyping of the MMP-2 -1306C/T SNP was carried out by
the Tetra-Primer ARMS PCR method as described previously.”
It is a rapid and sensitive high- throughput assay for the simul-
taneous detection of both the alleles in a single PCR using a set
of four primers to amplify a larger fragment of DNA with the SNP
and the amplicon representing each of the 2 alleles of the gene,”
Outer forward 5'-ACCAGACAAGCCTGAACTTGTCTGA-3,
Outer reverse 5'- TGTGACAACCGTCTCTGAGGAATG-3',
Inner forward 5'- ATATTCCCCACCCAGCACGCT-3', and
Inner reverse 5'- GCTGAGACCTGAAGAGCTAAAGAGTTG-3'.
PCR was carried out in a thermal cycler (MyCycler, Bio-Rad
Laboratories, Hercules, CA, USA) in a total volume of 25 pL
containing: 10X PCR Buffer, 3 mM MgCl,, 1 mg/mL nuclease
free BSA, 50 pmol of each set of primers, 10 mM of each dNTP,
0.125 U Taq polymerase and 2 pL genomic DNA. The PCR con-
ditions were: initial denaturation at 94°C for 5 minutes, fol-
lowed by 35 cycles at 94°C for 30 seconds, 60°C for 30 seconds,

Allergy Asthma Immunol Res. 2014 May;6(3):234-241. http://dx.doi.org/10.4168/aair.2014.6.3.234



AAIR

Figure. Tetra- Primer ARMS PCR products of MMP-2 -1306C/T polymorphism
on 2% agarose gel. Lanes 2, 3,4, 7, 9, 13, 15: homozygous wild CC (542 bp and
379 bp), lanes 1, 5, 10, 11, 12, 16: heterozygous CT (542, 379, and 211 bp),
lanes 6, 8, 14: homozygous mutant TT (542 and 211 bp), lane 17: 100 bp ladder.

72°C for 1 minute, and final extension step at 72°C for 10 min-
utes. The results were observed by electrophoresis on 2% aga-
rose gels stained with ethidium bromide and visualized by UV
transillumination. The 542 bp and 379 bp products in a lane in-
dicated the presence of the wild (C) allele, while 542 bp and 211
bp products in a lane marked the presence of the mutant (T) al-
lele. Heterozygotes were observed as 542, 379, and 211 bp prod-
ucts in a lane (Figure).

The European Molecular Genetics Quality Network good
practice guidelines have been followed. A few PCR vials with all
the PCR contents except the DNA, were also included per PCR
batch as “negative controls” No contamination was observed
and there were no “false positives” To minimize the risk of con-
tamination, sterilized and autoclaved solutions and equipment
were used during DNA isolation. The ingredients for PCR were
well stored at -20°C and were thawed just before use.” Retyping
of samples was done at random to check for the homology of
results.

Statistical analysis

The allelic distribution of the MMP-2 -1306C/T polymorphism
between the asthma patients and healthy control subjects were
analyzed statistically using Chi-square ()*) test. The data was
analyzed using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA)
and Epi Info version 3.4.3 (CDCP, Atlanta, GA, USA). Fisher’s
exact test was used wherever applicable. Statistical significance
was assumed for P< 0.05.

RESULTS

In the present study, a total of 824 subjects, including 410 adult
asthma patients and 414 adult healthy controls were genotyped
for the MMP-2 -1306C/T polymorphism. Very interesting results
were observed for the MMP-2 -1306C/T gene polymorphism in
the current study. Statistical analysis of the allelic frequencies
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Table 2. Distribution of MMP-2 -1306C/T genotypic and allelic frequencies in
asthma patients and controls

Asthma

patients i(;z't(r;:)s v OR  (95%Cl) Pvalue
410 (%)
Genotype frequencies
CC 302(737)  210(50.7) Ref. (1.0)
CT 95(232) 178(430) 4167 037 (0.27-051) 0.000*
T 13(3.2) 26(6.3) 974 035 (0.16-0.72) 0.002¢
CT+TT  108(26.4) 204(49.3) 46.05 037 (0.27-050) 0.000*
Allele frequencies
© 699(85.2) 598(72.2) Ref. (1.0)
T 121(148) 230(278) 4168 045 (0.35-0.58) 0.000*
*P<0.05.

CC, homozygous wild; CT, heterozygous; TT, homozygous mutant.

clearly indicated the protective effect of the polymorphism with
an increased presence of the mutant (T) allele among the healthy
control subjects (27.8%) than in the asthma patients (14.8%) with
OR=0.45, 95% CI (0.35-0.58) and P=0.000, conferring signifi-
cant protection from asthma (Table 2).

The genotypic frequencies revealed that the homozygous wild
genotype (CC) was more prevalent in asthma patients (73.7%)
than in the controls (50.7%), while the heterozygous genotype
(CT) was more prevalent among the controls (43.0%) as com-
pared to the asthma patients (23.2%) with OR=0.37, 95% CI
(0.27-0.51) and P=0.000, conferring significant protection from
asthma. The homozygous mutant genotype (TT) was also more
prevalent in the controls (6.3%) as compared to the asthma pa-
tients (3.2%) with OR=0.35, 95% CI (0.16-0.72) and P=0.002,
again conferring significant protection from the disease. More-
over, it was observed that the CT+TT genotypic combination
also conferred significant protection from the disease with
OR=0.37,95% CI (0.27-0.50) and P=0.000.

Further categorizing the asthma patients on the basis of the
phenotypic characteristics of the disease (Table 3), as obtained
from their detailed proforma, such as sex (male/female), occur-
rence (seasonal/throughout), severity (wheeze on exertion/
wheeze at rest), family history (positive/nil), rhinitis (positive/
nil), allergy to at least 2 provoking factors (positive/nil), smok-
ing status (non-smoker/ever-smoker), longstanding cough
(positive/nil), sputum production (positive/nil) and pattern of
daily symptoms (morning/night SOB/anytime SOB), highly
significant protective association was observed between the
MMP-2 -1306C/T gene polymorphism and all of the asthma
phenotypic traits (all Pvalues <0.05).

Taking into account, the genotypic distribution for each phe-
notypic trait, it was observed that for the trait of sex, the homo-
zygous wild CC (56.6%) and the heterozygous CT genotypes
(53.7%) were more prevalent among the females, while the ho-
mozygous mutant TT genotype was more prevalent among the
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Table 3. Phenotypic characteristics and MIMP-2 -1306C/T polymorphism

Volume 6, Number 3, May 2014

n cC CT 1T C T o OR(95% Cl) Pvalue

Controls 414 210 178 26 598 230

Males (%) 271 124[590]  124169.7] 23[88.5] 372 170 Ref (1.00)

Females (%) 143 86[41.0] 54[30.3] 3[11.5] 226 60
Asthmatics 410 302 95 13 699 121 41.68 0.45(0.35-0.58) 0.000%
Sex

Males 183 131[43.4] 44146.3] 8[61.5] 306 60 25.89 0.43(0.30-0.60) 0.000%

Females 227 171[56.6] 51[53.7] 5[38.5] 393 61 730 0.58(0.39-0.88) 0.000*
QOccurrence

Seasonal 128 95[31.5] 26(27.4] 7[53.8] 216 40 15.44 0.48(0.33-0.71) 0.000%

Throughout 282 207 [68.5] 69[72.6] 6[41.2] 482 81 34.80 0.44(0.33-0.58) 0.000%
Severity

Wheeze on exertion 216 160[53.0] 48[50.5] 8161.5] 368 64 26.67 0.45(0.33-0.62) 0.000%

Wheeze at rest 194 142 [47.0] 47[49.5] 5(38.5] 331 57 25.09 0.45(0.32-0.62) 0.000%
Family history

Nil 285 201 [66.6] 73[76.8] 11[84.6] 475 95 23.36 0.52(0.39-0.69) 0.000%

+ve 125 101[33.4] 22[23.2] 2[154] 224 26 3202 0.30(0.19-0.47) 0.000%
Rhinitis

Nil 87 67[22.2] 18[18.9] 2[154] 152 22 17.49 0.38(0.23-0.62) 0.000*

+ve 323 235(77.8] 77[81.1] 111[84.6] 547 9 3246 0.47(0.36-0.62) 0.000*
Allergy

Nil a4 33[10.9] 11[11.6] 01[0] 77 " 9.58 0.37(0.18-0.74) 0.002*

+ve 366 269(89.1] 84[88.4] 13[100] 622 110 37.06 0.46 (0.35-0.60) 0.000*
Smoking status

Non smoker 345 25785.1] 80[84.2] 8[61.5] 594 96 42.90 0.42(0.32-0.55) 0.000*

Ever smoker 65 45014.9] 15[15.8] 5[(38.5] 105 25 420 0.62(0.38-1.00) 0.040%
Cough

Nil 74 54[17.9] 20[21.1] 0[0) 128 20 13.41 0.41(0.24-0.68) 0.000*

Longstanding cough 336 24882.1] 75[78.9] 13[100] 571 101 35.05 0.46 (0.35-0.60) 0.000*
Sputum production

Nil 95 71[23.5] 21[22.1] 3[23.1] 163 27 15.07 0.43(0.27-0.68) 0.000*

+ve 315 231[76.5] 74[77.9] 10[76.9] 536 9 3422 0.46 (0.35-0.60) 0.000*
Pattern of daily symptoms

Morning/Night SOB 312 233[77.2] 71[74.7] 8(61.5] 537 87 39.01 0.42 (0.32-0.56) 0.000%

Anytime SOB 98 69[22.8] 24[25.3] 5[38.5] 162 34 9.01 0.55(0.36-0.83) 0.003*

[ I % (individual trait genotype/genotype of total asthma patients).
*P<0.05.

males (61.5%). For the phenotypic trait of occurrence, the CC
wild genotype (68.5%) as well as the CT heterozygous genotype
(72.6%) was more prevalent among the throughout asthmatics
while the mutant TT homozygotes (53.8%) were more prevalent
among the seasonal asthmatics. For severity, it was observed
that the prevalence of all the three genotypes, wild CC (53.0%),
heterozygous CT (50.5%) as well as the TT (61.5%) mutant gen-
otypes was higher in asthma patients with wheeze on exertion
as compared to their frequencies in patients with wheeze at rest.
It was further observed that patients with nil family history
showed an increased presence of wild CC (66.6%), heterozy-
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gous CT (76.8%) and mutant TT (84.6%) genotypes as com-
pared to their distribution among the patients with positive
family history. Also the non-smoker asthmatics had a higher
prevalence of wild CC (85.1%), heterozygous CT (84.2%) and
mutant TT (61.5%) genotypes than the ever-smokers. On the
contrary, asthmatics with positive rhinitis status had a higher
prevalence of wild CC (77.8%), heterozygous CT (81.8%) and
mutant TT (84.6%) genotypes as compared to the asthma pa-
tients with nil rhinitis. Similarly the allergic asthmatics had a
higher prevalence of wild CC (89.1%), heterozygous CT (88.4%)
and mutant TT (100%) genotypes than the asthmatics with no
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allergy. Moreover the patients with longstanding cough had
higher frequencies of wild CC (82.1%), CT (78.9%) and mutant
TT (100%) genotypes than the asthmatics with no cough. Fur-
thermore, the sputum positive patients also showed greater
prevalence of wild CC (76.5%), CT (77.9%) and mutant TT (76.9%)
genotypes as compared to the sputum nil patients. Asthma pa-
tients with morning/night SOB pattern had a higher distribution
of wild CC (77.2%), CT (74.7%) and mutant TT (61.5%) geno-
types as compared to the anytime SOB pattern (Table 3).

DISCUSSION

Worldwide, research has been carried out to investigate the
role of MMP-2 gene in various carcinomas. However, no study
till date was conducted to evaluate the role of this gene in in-
flammatory processes such as asthma. Therefore, this novel
study aimed to evaluate the association of MMP-2 -1306C/T
SNP with asthma in a North Indian population, and striking re-
sults were obtained thereof.

The MMP-2 -1306C/T promoter region polymorphism had an
extremely protective role in asthma which can be attributed to
the fact that the basic function of the MMP-2 is to breakdown
the basal laminas, degrade the ECM as well as to cause inflam-
mation. MMPs can be post-transcriptionally controlled by Tis-
sue Inhibitors of Metalloproteinases (TIMPs) which are tightly
regulated so as to maintain the stable ratio of proteolysis and
anti-proteolysis, as any deviation of this ratio from equilibrium
results in remodeling,* which is as such a key feature of lung
airways of asthma patients.””

The present research is the first study of its kind that aimed to
investigate the role of MMP-2 -1306C/T gene polymorphism in
asthma pathogenesis with the hypothesis that any polymorphism
in the MMP-2 gene will result in the production of a non-func-
tional or less efficient MMP-2 protein entity that will lack the
collagenase and gelatinase enzyme activity, which will further
not be able to cause basement membrane degradation and in-
flammation, thereby reducing asthma symptoms.

The results obtained from the current study supported the
above hypothesis with the observations that both the allelic as
well as the genotypic frequencies revealed a highly protective
role of the polymorphism in asthma. In the overall scenario, the
wild C allele was more prevalent in the asthma patients (85.2%)
than in the controls (72.2%) in contrast to the mutant T allele
which was more prevalent among the control subjects (27.8%)
than in the asthma patents (14.8%), indicating a highly protec-
tive role of the MMP-2 -1306C/T polymorphism in asthma pro-
pensity. It was also observed that the control individuals with at
least one copy of the mutant allele (CT+TT), had a significantly
decreased risk of asthma and were highly protected from the
disease (Table 2).

Moreover, the MMP-2 -1306C/T polymorphism was also sig-
nificantly associated with all the phenotypic traits of asthma
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demonstrating the protective effect of the SNP.

Not much of literature is present to be compared with the
studied polymorphism in association with asthma, however,
the results of the present study are strengthened by the results
from the research conducted on a murine model of asthma,
wherein it has been suggested that inhibition of MMP-2 and
MMP-9 prevents allergen induced asthma as both of these
MMPs play a key role in airway hyperresponsiveness by caus-
ing infiltration of inflammatory cells.”® Lung airways of asthma
patients undergo structural changes termed as “remodeling”
which is characterized by ASM hypertrophy and infiltration of
ASM by mast cells>” which results in BHR and exacerbation of
asthma.*® ASM cells increase in size and number in asthma pa-
tients’ and play a major role in inflammation and influx of in-
flammatory cells."'® MMP-2 is a major ASM-derived MMP and
it has been shown that treatment of ASM cells with collagen I
and thrombin, synergistically activates pro-MMP-2 protein and
enhances MMP-2 expression. It has been observed that throm-
bin is abundantly present in the BALF and sputum of asthma
patients, and its level rises on exposure to allergen and conse-
quent antigen challenge.”**

The MT1-MMP-/MMP-2 cascade was studied in induced
sputum and BALF of asthmatics, bronchiectasis patients and
controls by means of Western immunoblotting, immunohisto-
chemistry and in situ hybridization, wherein increased levels of
soluble, activated and autocatalyzed MTI-MMP and MMP-2
were observed, which shows the active process of destruction
in diseased lungs.”

MMP-2 gene has been extensively studied in cancer, which
have also yielded similar findings. The results of the present
study are in accordance and conformity to the other studies
conducted on various types of cancer and MMP-2 gene, where
either lack of the MMP-2 enzyme activity due to polymorphism
or inhibition by MMP-2 inhibitors such as TIMPs, decreases the
risk of cancer. In research conducted in America on murine
models with pancreatic cancer, tumors from mice treated with
BB-94, an inhibitor of MMP-2 were significantly smaller in size
than from the non-treated mice.”® Another American research
suggested that the upregulation of MMP-2 enhances pancreat-
ic tumor cell invasion in humans.* A German based study on
pancreatic cancer progression suggested an important role of
MMP-2 in tumor invasion and its inhibition by inhibitor Bati-
mastat resulted in a reduction in cancer cells.** Another Ger-
man study also demonstrated the presence of elevated MMP-2
levels in pancreatic cancer tissue samples.® Elevated levels of
activated form of MMP-2 were also detected in pancreatic can-
cer tissues in a Japanese study.* These inferences were sup-
ported by the results from a study conducted in the UK, where it
was observed that MMP-2 was implicated in the invasive phe-
notype of pancreatic cancer.® A research conducted in China
on laryngeal squamous cell carcinoma strongly suggested that
MMP-2 gene silencing by siRNA significantly lowered the tu-
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mor invasion.*

A previous study conducted on MMP-2 structure and function
has reported that a C>T transition at nucleotide -1306 in the
promoter region of MMP-2 gene, abolishes the Sp-1 binding site
and ultimately leads to down-regulation of the MMP-2 gene ex-
pression.*” Thus lesser MMP-2 in circulation, fails to induce in-
flammation, thereby unable to exacerbate asthmatic conditions.

The present pilot study clearly identifies the functional MMP-
2 gene as an increased risk factor for asthma and that the pres-
ence of MMP-2 -1306C/T gene polymorphism deviates the im-
munity of an individual towards protection and decreased risk
of asthma.

Therefore the current genetic findings expect to throw some
light on the role of MMP-2 gene in asthma and this study con-
cludes that the MMP-2 -1306C/T promoter region polymorphism
of the gene confers a significant protection from asthma in the
studied North Indian population.
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