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Abstract

The aim of this study was to explore the association of MMP-2 (-1306 C/T and -168 G/T) and MMP-9 (-1562 C/T)
promoter polymorphisms in oral submucous fibrosis (OSMF) and head and neck squamous cell carcinoma (HNSCC)
cases. These SNP were genotyped by PCR-RFLP. Total of 1260 individuals were recruited, of which 412 OSMF, 422
HNSCC and 426 were controls. In HNSCC, MMP-2 (-1306 C/T) and MMP-9 (-1562C/T) polymorphism, T allele showed
strong association (p < 0.00 and p < 0.01) as compared to healthy control respectively, but not in case of OSMF and
showed significant association with increasing progression of clinico-pathological grading. We concluded that SNPs
in the MMP-2 and -9 promoter region may be associated with susceptibility to HNSCC not in OSMF.
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Introduction

Matrix metalloproteinases (MMPs) are a family of zinc-
dependent proteases (Mignatti et al. 1993) that are capa-
ble of degrading various components of extracellular
matrix (ECM) (Nagase et al. 2002). In humans, 24 types of
MMP genes are known and these are classified into five
different groups based on their substrate specificity and
domain structure. These include collagenases (MMP-1,
MMP-8 and MMP-13), gelatinases (MMP-2 and MMP-9),
stromelysins (MMP-3, MMP-10 and MMP-11), matri-
lysins (MMP-7 and MMP-26) and membrane-type MMPs
(MT-MMPs). In the normal steady-state, activity of the
most MMPs is very low. Under the normal physiological
conditions; degradation of ECM plays an important role
for the development, morphogenesis, tissue repair and

remodeling, but when disturbance occurs in the ECM,
it becomes a cause of many diseases such as arthritis,
nephritis, encephalomyelitis, chronic ulcers, fibrosis,
apoptosis, tumors invasion and metastasis etc (Egeblad
et al. 2002, Wagenaar-Miller et al. 2004, Deryugina et al.
2006).

Overexpression of MMPs genes are transcriptionally
induced by oncogenic transformation, cytokines as well
as growth factors- including interleukins, interferons,
EGE KGF NGF, VEGF, PDGE TNF-a and TGF-f3 (Nagase
et al. 2002, Westermarck et al. 1999). The expression of
MMPs is primarily regulated at the level of transcription.
Many stimuli increase the expression of c-fos and c-jun
proto oncogene products and it activates the activator
protein-1 (AP-1) at proximal promoter regions of several
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Abbreviations

ECM, extra cellular matrix

HNSCC, head and neck squamous cell carcinoma
MMP, matrix metalloproteinase

OSME, oral submucous fibrosis

OR, odds ratio

PCR, polymerase chain reaction

RFLP, restriction fragment length polymorphism
ROC, receiver operating characteristic curve
SNP, single nucleotide polymorphism

95% CI, 95% confidence interval

MMPs such as MMP-1, -3, -7, - 9, -10, -12 and -13 types
(Westermarck et al. 1999). The author’s group reviewed
the molecular functions and polymorphic association of
different MMPs such as MMP-1 (-1607 1G/2G), MMP-2
(-1306 C/T), MMP-3 (-1171 5A/6A), MMP-9 (-1562 C/T)
and TIMP-2 (-418 G/C or C/C), and also discuss the pos-
sible therapeutic aspects of these MMPs in potentially
malignant lesions (PML) and malignant lesions (ML) of
the head and neck (Chaudhary et al. 2009).

The MMP-2 and MMP-9 gene are located on chro-
mosome 16ql3 and 20ql1.2-ql3.1 respectively. The
activity of MMP-2 (gelatinase-A) gene regulated by post
transcriptional mechanisms, including the activation of
proenzyme and inhibition of enzyme activity (Nagase
et al. 2002, Egeblad et al. 2002). Transcriptional regula-
tion of MMP-2 gene is important, because the human
MMP-2 promoters contains a number of cis-acting
regulatory elements and several transcription factors,
including Sp1, Sp3, p53 and AP-2 and participate in the
control of its constitutive expression (Bian et al. 1997, Qin
etal. 1999). SNP in the promoter (-1306C/T) region of the
MMP-2 gene reported by Price et al. The -1306 C/T tran-
sition is located in a core recognition sequence of Spl
(CCACC box), which eliminate the Sp1-binding site and
consequently reduced the promoter activity of MMP-2
gene (Price et al. 2001). Many studies suggested that indi-
viduals carrying CC genotype may be associated with the
higher transcriptional activity (Ye et al. 2000, Miao et al.
2003, Lin et al. 2004).

MMP-9is an important member of this family. Itis also
known as gelatinase-B or type IV collagenases, which is
a most important member of the basement membrane.
MMP-9 has three repetitive fibronectin domains, which
allow it to bind to ECM component such as gelatin, col-
lagen and laminin. MMP-9 SNP is located at the posi-
tion 1562bp upstream of the transcriptional start site
and contains either cytidine (C) or thymidine (T), and
according to Zhang et al. DNA-protein interaction assay
indicated that T allele-associated promoter activity was
higher than the C-allele due to the binding of transcrip-
tional repressor protein (Zang et al. 1999).

A number of studies have demonstrated the polymor-
phism of MMP-9 (-1562 C/T) in lung cancer (Zhou et al.
2005, Bayramoglu et al. 2009), breast cancer (Lei et al.
2007, Roehe et al. 2007), colorectal carcinoma (Elander
et al. 2006, Xu et al. 2007, Woo et al. 2007, Xu et al. 2006,
Xing et al. 2007) and oral squamous cell carcinoma
(OSCC) (Tu et al. 2007, Vairaktaris et al. 2008). Several
studies suggested that individuals carrying T allele were
more susceptible such as gastric carcinoma (Matsumura
et al. 2005), myocardial ischemia (Medley et al. 2004) &

pulmonary disease (Ito et al. 2005). On the other hand
in hepatitis C cases, the frequency of C alleles was higher
in cirrhosis patients as compared to chronic hepatitis
(Okamoto et al. 2005, Lichtinghagen et al. 2003).

It has been reported that oral submucous fibrosis
(OSMF) and head and neck squamous cell carcinoma
(HNSCC) is most prevalent in Asian countries, because
of the habit of tobacco, smoking and areca nut chew-
ing (Mehrotra et al. 2008, Ko et al. 2003, Lin et. 2004,
Pandya et al. 2009) and viral infections such as high
risk and low risk human papilloma virus (HPV) are also
responsible for causing these lesions in North Indian
population (Chaudhary et al. 2009; Mehrotra et al. 2010,
Chaudhary et al. 2010). Chang et al. reported that areca
nut ingredient such as arecoline inhibits the gelati-
nolytic activity of the many matrix metalloproteinases
in the mucosal layer (Chang et al. 2010). Thereby, many
MMPs genotypes may be associated with the suscepti-
bility to these lesions.

The purpose of this study was to investigate the asso-
ciation of the MMP-2 (-1306 C/T & -168 G/T) and MMP-9
(-1562 C/T) promoter polymorphisms in potentially
malignant lesions (PML) such as OSMF and malignant
lesions (ML) such as head and neck squamous cell
carcinoma (HNSCC) respectively, as well as to find out
whether these polymorphisms influence prognosis to
risk factor and its susceptibility in histopathological
grading criteria.

Materials and methods

Sample collection procedure
Atotalof1260individualswereincorporatedinthisstudy,
of which 412 with OSMF and 422 HNSCC patients were
recruited from the Department of Otorhinolaryngology,
Moti Lal Nehru Medical College, Allahabad, India,
after obtaining clearance from the institutional ethical
committee. Detailed information of each patient was
noted in a pretested proforma. Information regard-
ing the patient’s name, age, sex and addiction habits
was gathered. Emphasis was given to addictions like
areca nut chewers (i.e. areca nut chewing with tobacco
and slaked lime), never areca nut chewers, smokers
(i.e. cigarette and bidi smokers), never-smokers, alco-
hol drinkers, and never taken alcohol drinks, of the
patients. Briefly, individuals who formerly or currently
chewed 4 pouches tobacco with areca nut and pan/day
or 4 pouches gutkha pan masala, 4 cigarettes or bidi/
day and alcohol (=300 ml) three times/week for at least
2 years were defined as chewers, smokers and drinkers
respectively.
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Detailed clinical examination of each OSMF patient
was done to assess the site, size and type of lesion.
Trismus was classified as stage I (> 3cm), stage II (2-3cm)
and stage I1I (<2cm). For confirmation of the clinical diag-
nosis, histopathological examination was carried out in
the biopsy tissues, and the grading for OSMF cases were
done according to the classification given by Pindborg
and Sirsat (Pindborg et al. 1966). Likewise, for the HNSCC
patients after the clinical diagnosis, the hisopathological
examination was done. The HNSCC cases were grouped
on the basis of tumour site, lymph node position and
metastasis (TNM) (Patel et al. 2005). All specimens were
examined independently by two different histopatholo-
gists in a double blind fashion. If there was any dis-
crepancy, a third opinion was obtained to reach a final
diagnosis. As the histpathogical slides were evaluated by
histopathologists and the patients were examined by the
otorhinolaryngology surgeons, there was no chance of
bias. None of the HNSCC patients gave a history of hav-
ing OSMF prior to developing malignancy.

The 426 healthy control subjects, having no history of
any type of pre-malignancy and malignancy or genetic
disorder, were recruited from individuals, who came
for routine physical checkup in the same hospital and
compared for age, sex and addiction habits. After that the
blood samples were taken after obtaining the patients
informed consent to participate in the study. Blood sam-
ples of 5ml was drawn from each subject into vacutainer
tubes containing ethylene-di-amine-tetra-acetic acid
(EDTA) and stored at 4°C till they were processed.

Isolation of genomic DNA

Genomic DNA was extracted from the blood samples by
using the Qiagen QIAamp DNA Blood Mini Kit (Qiagen
Inc. USA). The extracted genomic DNA was quantified
and checked for purity spectrophotometrically (Spectro
UV-Vis Double Beam PC, UVD Model 2950 LABOMED,
Inc. CA, USA) Ethedium bromide (EtBr) stained 0.8%
agrose gel electrophoresis was used to confirm the pres-
ence of genomic DNA in patient samples and controls.

Genotyping of the MMP-2 (-1306 C/T and -168
G/T) promoter polymorphism

A PCR-based restriction fragment length polymorphism
(PCR-RFLP) was performed for MMP-2 genotyping. The
PCR primers used for amplifying the MMP-2 (-1306 C/T)
polymorphism were: FP 5 CTG ACC CCC AGT CCT ATC

Role of polymorphism of matrix metalloproteinase-2 and -9 579

TGC C-3" and RP 5"-TGT TGG GAA CGC CTG ACT TCA
G-3’ (Yu et al. 2002) and for -168 G/T polymorphism the
primer sequences were FP: 5'-CTG ACC ATT CCT TCC
CGT TC-3’and RP: 5"-CGC CTG AGG AAG TCT GGA T-3".
In MMP-2 (-1306 C/T and -168 G/T) polymorphism, 25ul
PCR mixture containing 10X PCR Buffer, 2.5mM MgCI,,
1U of Tag DNA polymerase (Fermentas Inc. Glen Burine
MD), 200 nmol of ANTPs and 200nmol of forward and
reverse primer and 50ng of genomic DNA. The PCR
condition were 95°C for 5min then 35 cycles for 30 sec at
95°C, 30sec at 58.6°C for -1306 C/T polymorphism and
61.5°C for -168 G/T polymorphism, 30 sec for 72°C with a
final extension at 72°C for 5min. After amplification, the
PCR products were digested with restriction enzyme Bse
DI for MMP-2 (-1306C/T and -168 G/T) polymorphism
and analysed by 3.0% agarose gel electrophoresis.

Genotyping of the MMP-9 (-1562 C/T) promoter
polymorphism

A PCR based restriction fragment length polymorphism
was performed for MMP-9 genotyping. The PCR primers
used for amplifying and FP 5-GCC TGG CAC ATA GTA
GGC CC-3" and RP 5-CTT CCT AGC CAG CCG GCA
TC-3’ (Morgan et al. 2003) (Table 1). PCR was performed
in a 25 pl volume containing 50 ng of genomic DNA tem-
plate, 2.5 pl of 10X PCR bulffer, 2.5 mmol of MgCl,, 1U of
Taq DNA polymerase (Fermentas Inc. Glen Burnie MD),
200pumol of dNTPs and 200 nmol of forward and reverse
primer. The PCR cycling conditions were 5min at 95°C
followed by 34 cycles of 30 s at 95°C, 30 s at 59°C and 30 s
at 72°C and with a final step at 72°C for 10 min to allow for
the complete extension of all PCR fragments. For a nega-
tive control, instead of DNA sample, distilled water was
used in a PCR reaction mixture. A 10 pl aliquot of PCR
product was digested at 37°C overnight, in a 20 pl reac-
tion containing 5U of Pae I/Sph I and 1X reaction buffer.
After digestion, the products were separated on a 3.5%
agarose gel stained with EtBr.

Statistical analysis

The Chi-square test (y? test) was used to find out the
difference in genotype distribution of MMP-1 pro-
moters between the OSMF HNSCC and control sub-
jects. A p value of < 0.05 was considered as statistically
significant. Hardy-Weinberg equilibrium was tested in
the control subjects to rule out sampling bias. For each
parameter, the OSMF histopathological grade I, II, IIL,IV

Table 1. Single nucleotide polymorphic (SNP) sites, forward and reverse primer (FP and RP) sequences, annealing temperature (Ta),
detection method, restriction enzyme (RE), PCR product size (bp) and references.

Annealing Detection Restriction
Gene SNPs Primer sequences (forward and reverse primers) temp (°C) method enzyme
MMP-2 -168 G/T 5’-CTG ACC ATT CCT TCC CGT TC-3/, 52.5°C PCR-RFLP Bse GI
5’-CGC CTG AGG AAG TCT GGA T-3’
-1306 C/T 5’-CTTCCTAGGCTGGTCCTTACTGA-3’, 61.5°C PCR-RFLP Bse DI
5’-CTGAGACCTGAAGAGCTAAAGAGCT-3’
MMP-9 -1562 C/T 5-GCCTGGCACATAGTAGGCCC-3/, 69.2°C PCR-RFLP Pae I/Sphl

5’-CTTCCTAGCCAGCCGGCATC-3’
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and HNSCC cases risk was analyzed by odds ratios (OR)
and 95% Confidence Intervals (95% CI). The statistical
analysis was performed using the SPSS 15.0 software
package (SPSS Japan Inc. Tokyo, Japan).

Results

A total 834 cases (average age 48.0+17.6 years) were
included in this study, of which 412 patients suffered
from OSMF (252 males and 160 females) and 422 patients
from HNSCC (292 males and 130 females). Four hundred
and twenty six cases (average age 47.01+15.2 years, 297
males, 129 females) were healthy controls. MMP-2 and
MMP-9 promoter polymorphism in patients with OSME
HNSCC and healthy controls were analyzed with respect
to gender, age and habits like areca nut chewing, smok-
ing and alcohol intake etc. Histopathological grades of
OSMF and HNSCC are shown in Table 2.

Genotypic distributions of MMP-2 (-168 G/T &-1306
C/T) and MMP-9 (-1562C/T) promoter polymorphism in
OSMF and HNSCC cases:

In the case of MMP-2 (-168 G/T &-1306 C/T) and
MMP-9 (-1562 C/T) genotypic distribution in OSME
HNSCC and controls were analyzed through polymerase
chainreactionrestriction fragmentlength polymorphism
(PCR-RFLP). The frequency of “T” allele did not show sig-
nificant MMP-2 (-168 G/T) polymorphic association in
case of OSMF (T allele frequency=0.19, OR=1.19, 95%

Table 2. Demographic distribution and clinical parameters
among the OSMF and HNSCC cases.

OSMF HNSCC

Clinico-pathogical parameter cases (412) cases (422)
Gender

Male 252 (61.2%) 292 (69.2%)

Female 160 (38.8%) 130 (30.8%)
Age (Years +SD) (Range) 42+12.6 56+15.6
Location

Lip (lower & upper) 77 (18.7%) 52 (12.3%)

Tongue 108 (26.3%) 47 (11.1%)

Hard pallet 43 (10.4%) 30 (07.1%)

Soft palate 82(19.9%) 52 (12.3%)

Buccal mucosa 102 (24.7%) 47 (11.2%)

Larynx - 70 (16.6%)

Pharynx - 54 (12.8%)

Hypo pharynx - 23 (05.5%)

Tonsil - 47 (11.1%)
OSMF Grade -

I 126 (30.6%) -

I 117 (28.4%) -

I 92 (22.3%) -

v 77 (18.7%)
T category

T1-2 - 273 (64.7%)

T3-4 - 149 (35.3%)
N category

NO - 268 (63.5%)

N1-3 - 154 (36.5%)

CI=0.94-1.53 and p=0.17), and as well as in cases of
HNSCC(Tallelefrequency=0.16,0R=1.12,95%CI=0.86—
1.45 and p=0.42), while in the case of MMP-2 (-1306 C/T)
genotypic distribution the frequency of T allele did not
showsignificant polymorphicassociationin case of OSMF
(T allele frequency=0.14, OR=0.796, 95% CI=0.61-1.03
and p=0.10). In case of MMP-2 (-1306 C/T) polymor-
phism, T allele showed a strong association (T allele fre-
quency=0.25, OR=1.86, 95% CI=1.15-1.85 and p < 0.00)
in HNSCC cases as compared to healthy control. In case of
MMP-9 (-1562C/T) polymorphism, T allele showed a sig-
nificant association (T allele frequency=0.18, OR=1.17,
95% CI=1.06-1.79 and p < 0.01) in HNSCC, while in case
of OSME T allele did not show significant association
(p =0.14) as compared to healthy control (Table 3).

Association between MMP-2 (-168 G/T &-1306 C/T)
and MMP-9 (-1562 C/T) promoter polymorphisms and
various clinico-pathological parameters

In the case of OSMF grading (Grade I, II, III & IV) poly-
morphism of MMP-2 (-168 G/T) promoter polymorphism
did not show significant association promoter polymor-
phism, while in the case of MMP-2 (-1306 C/T) and MMP-9
(-1562 C/T) promoter polymorphism T allele showed a
significant association (p < 0.02 and p < 0.04 respectively)
with the increasing progression of OSMF (Table 4). In the
case of HNSCC grading, polymorphism of MMP-2 (-168
G/T)) promoter polymorphism did not show significant
association promoter polymorphism, while in the case
of MMP-2 (-1306 C/T) and MMP-9 (-1562 C/T) promoter
polymorphism T allele showed a significant association
(p < 0.003 and p < 0.00 respectively) with the increasing
progression of HNSCC, mentioned in Table 5.

Genotypic distribution of MMP-2 (-168 G/T & -1306
C/T) and MMP-9 (-1562 C/T) promoter polymorphisms
and age group in OSMF, HNSCC and control groups
The distribution of MMP-2 (-168 G/T & -1306 C/T)
promoter polymorphisms did not show significant
association in case of age (<45 & 245) group, while in
MMP-9 (-1562 C/T) promoter polymorphism T and C
allele, both showed significant association (p < 0.00 and
p < 0.01respectively) in case of age (<45 & >45) group
distribution between the OSMF and healthy controls
(Table 6). In case of HNSCC, the distribution of MMP-2
(-168 G/T) promoter polymorphisms did not show sig-
nificant association in case of age (<45 & >45) group dis-
tribution between the OSCC and healthy control, while
in case of MMP-2 (-1306 C/T) and MMP-9 (-1562 C/T)
promoter polymorphisms T allele showed significant
association (p < 0.01 and p < 0.03 respectively) between
the HNSCC and healthy control (Table 7).

Genotypic distribution of MMP-2 (-168 G/T -1306
C/T) and MMP-9 (-1562 C/T) gene in OSMF and
HNSCC with relation to various addiction habits
The association between MMP-2(-168 G/T-1306 C/T) and
MMP-9 (-1562 C/T) genotypes in the OSMF, HNSCC and
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control groups and various addiction habits are shown in
Tables 8, 89, and 10. In the OSMF and HNSCC group, the
genotypic association of MMP-2 (-168 G/T) genotype do
not show any association in relation to various addiction
habits. In the case of MMP-2 (-1306 C/T) polymorphism,
the C/T, T/T genotype showed a significant 2.4 fold (p

Role of polymorphism of matrix metalloproteinase-2 and -9 581

<0.01) riskin case of areca nut chewers, 2.1 fold (p < 0.01)
risk in case of chewers & smokers and 3.2 fold (p < 0.04)
risk in combination of chewer, drinker & smokers for the
development of OSME While in case of HNSCC, the C/T,
T/T genotype showed significantly 3.2 fold (p < 0.00) risk
in case of areca nut chewers, 3.9 fold (p < 0.001) risk in

Table 3. Genotypic distribution of MMP-2 (-168 G/T and -1306 C/T) and MMP-9 (-1562 C/T) polymorphism in control, OSMF and
HNSCC cases.

MMP-2  om G/G G/T T/T T allele frequency pvalue OR 95% CI
Control (422) 290 (68.7%) 121 (28.7%) 11(2.6%) 0.17 - 1 Referent
OSMF (412) 275 (66.7%) 112 (27.1%) 25 (6.1%) 0.19 0.17 1.19 0.94-1.53
HNSCC (426) 222 (52.1%) 168 (39.4%) 36 (8.5%) 0.16 0.42 1.12 0.86-1.45
MMP-2  ..oon C/C C/T T/T T allele frequency p value OR 95% CI
Control (422) 298 (70.6%) 104 (24.7%) 20 (4.7%) 0.14 - 1 Referent
OSMF (412) 314 (76.2%) 80 (19.4%) 18 (4.4%) 0.17 0.10 0.796 0.61-1.03
HNSCC (426) 299 (70.2%) 87(20.4%) 40 (9.3%) 0.25 <0.00 1.86 1.15-1.85
MMP-9 o om C/C C/T T/T T allele frequency p value OR 95% CI
Control (422) 315 (74.6%) 96 (22.7%) 11 (2.6%) 0.14 - 1 Referent
OSMTF (412) 307 (74.5%) 78 (18.9%) 27 (6.5%) 0.16 0.14 1.17 0.89-1.53
HNSCC (426) 311 (73.0%) 80 (18.7%) 35 (8.2%) 0.18 <0.01 1.39 1.06-1.79

Table 4. Genotypic distribution of MMP-2 (-168 G/T and -1306 C/T) and MMP-9 (-1562 C/T) polymorphism in OSMF cases according to
the clinico-pathological grading. [Pearson’s Chi squared test]

OSMF grade (422)
OSMF Cases OSMF Grade I OSMF Grade I OSMF Grade III OSMF Grade IV
SNP Genotypes N=412 N=126(30.6%) N=117(28.4%) N=92(22.3%) N=77(18.7%) p value
MMP-2 [-168 G/T]
G/G 275 (66.7%) 87 (69.04%) 82 (70.1%) 60 (65.2%) 46 (59.7%) 0.45
G/T 112 (27.2%) 35 (27.8%) 28 (23.9%) 24 (26.08%) 25 (32.4%) 0.57
T/T 25 (6.1%) 04 (3.17%) 07 (6.0%) 08 (8.69%) 06 (7.79%) 0.43
MMP-2 [-1306 C/T]
Cc/C 314 (76.2%) 113 (89.7%) 81(69.2%) 76 (82.6%) 44 (57.1%) 0.37
C/T 80(19.4%) 8(30.8%) 34(29.1%) 14 (15.2%) 24 (31.2%) 0.07
T/T 18 (4.4%) 5(3.9%) 2(1.7%) 2(2.2%) 9(11.7%) <0.02
MMP-9 [-1562 C/T)
C/C 307 (74.5%) 86 (68.2%) 88(75.2%) 67 (72.8%) 66 (85.7%) 0.86
C/T 78(18.9%) 38(30.2%) 20(17.1%) 16 (17.4%) 4(5.2%) 0.22
T/T 27 (6.5%) 02 (1.6%) 09 (7.7%) 09 (9.78%) 07 (9.09%) <0.04

Table 5. Genotypic distribution of MMP-2 (-168 G/T and -1306 C/T) and MMP-9 (-1562 C/T) polymorphism in HNSCC cases according
to the clinico-pathological grading. [Pearson’s Chi squared test]

HNSCC Cases T category N category
SNP Genotypes N=426 T1-2,N=277(64.7%) T3-4,N=149(35.3%) NO, N=268(63.5%) N1-3, N=158(36.5%) p value
MMP-2 [-168 G/T]
G/G 222 (52.1%) 154 (69.4%) 68 (30.6%) 157 (70.7%) 65 (29.3%) 0.84
G/T 168 (39.4%) 107 (63.7%) 61 (36.3%) 90 (53.6%) 78 (46.4%) 0.07
T/T 36 (8.4%) 16 (5.8%) 20 (13.4%) 21(7.8%) 15(9.5%) 0.24
MMP-2 [-1306 C/T]
C/C 299 (70.2%) 203 (67.9%) 96 (32.1%) 215(71.9%) 84 (28.1%) 0.33
C/T 87(20.4%) 48 (17.3%) 39 (76.1%) 41 (15.2%) 46 (29.1%) 0.28
T/T 40 (9.3%) 26 (65.0%) 14 (35.0%) 12 (30.0%) 28 (70.0%) <0.003
MMP-9 [-1562 C/T]
C/C 311 (73%) 224 (80.8%) 87(58.3%) 205 (76.4%) 106 (67%) 0.09
C/T 80 (18.7%) 38 (13.7%) 42 (28.1%) 36 (13.4%) 44 (27.8%) 0.75
T/T 35(8.2%) 15 (5.4%) 20 (13.4%) 27 (10%) 08 (5.1%) <0.00
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case of chewers & smokers, and 3.3 fold (p < 0.03) risk in
combination of chewer, drinker & smokers for the devel-

opment of HNSCC (Tables 8 and 9).

In the case of MMP-9 (-1306 C/T) polymorphism, the
C/T, T/T genotype showed a significant 2.5 fold (p < 0.04)

risk in case of areca nut chewers, 3.2 fold (p < 0.04) risk in
case of chewers & smokers, and 3.8 fold (p < 0.03) risk in

combination of chewer, drinker & smokers for the devel-

opment of OSMFE While in the case of HNSCC, the C/T,
T/T genotype showed a significant 3.3 fold (p < 0.00) risk

Table 6. Association between MMP-2 (-168 G/T and -1306 C/T) and MMP-9 (-1562 C/T) polymorphism and OSMF cases in various age

groups.
SNP Genotype Control (422) OSMF (412)
Age (year old) <45yrs N=212 >45yrs N=210 <45 yrs N=268 >45 yrs N=144 *pvalue
MMP-2 [-168 G/T)
G/G 120 (56.6%) 170 (80.9%) 180 (67.2%) 95 (65.9%) 0.19
G/T 86 (40.6%) 35 (16.6%) 76 (28.4%) 36 (25.0%) 0.59
T/T 06 (2.8%) 05 (2.4%) 12 (4.5%) 13(9.1%) 0.71
MMP-2 [-1306 C/T]
c/C 153 (72.2%) 145 (69.1%) 212 (79.1%) 102 (70.8%) 0.50
C/T 51 (24.1%) 53 (25.2%) 45 (16.8%) 35 (24.3%) 0.33
T/T 08 (3.7%) 12 (5.7%) 11 (4.1%) 07 (4.8%) 0.19
MMP-9 [-1562 C/T)
c/C 144 (67.9%) 171 (81.4%) 230 (85.8%) 77 (53.5%) <0.00
C/T 64 (30.2%) 32 (15.2%) 26 (9.7%) 52 (36.1%) <0.01
T/T 4(1.9%) 7(3.3%) 12 (4.5%) 15 (10.4%) 0.64

*X*Chi-square analysis, OSMF=0ral Sub mucous fibrosis.

Table 7. Association between MMP-2 (-168 G/T and -1306 C/T) and MMP-9 (-1562 C/T) polymorphism and HNSCC cases in various age

groups.
SNP Genotype Control [422] HNSCC [426] '
Age (year old) <45 yrs N=196 245 yrs N=226 <45 yrs N=185 245 yrs N=241 *p value
MMP-2 [-168 G/T]
G/G 130 (66.3%) 160 (70.8%) 97 (52.4%) 125 (51.8%) 0.79
G/T 62 (31.6%) 59 (26.1%) 91 (49.2%) 77 (31.9%) 0.62
T/T 4(2.1%) 7(3.1%) 19 (10.3%) 17 (7.1%) 0.34
MMP-2 [-1306 C/T)
Cc/C 141 (71.9%) 157 (69.5%) 128 (69.2%) 171 (70.9%) 0.25
C/T 41 (20.9%) 63 (27.8%) 42 (22.7%) 45 (18.6%) 0.22
T/T 14 (7.1%) 6 (2.6%) 15 (8.1%) 25 (10.4%) <0.01
MMP-9 [-1562 C/T]
c/C 140 (71.4%) 175 (77.4%) 118 (63.8%) 193 (80.1%) 0.09
C/T 52 (26.5%) 44 (19.5%) 42 (22.7%) 38 (15.7%) 0.82
T/T 4(2.4%) 7(3.1%) 25 (13.5%) 10 (4.1%) <0.03
*X?=Chi-square analysis, HNSCC=Head and neck squamous cell carcinoma.
Table 8. Addiction habit distribution in relation to MMP-2 [-168 G/T] alleles in OSMF, HNSCC cases and healthy controls.

Trend test HNSCC (n=412) Trend test
MMP-2 Genotype [-168 G/T] Control (n=426) OSMF (n=412) (pvalue) OR (p value) OR  (pvalue)
Non areca nut chewer but smokers 20/39 (51.2%) 21/45 (46.6%) 0.67 0.65 25/37 (67.5%) 0.89 0.053
and drinkers G/G, G/T, T/T 19/39 (48.8%) 24/45 (53.3%) 12/37 (27.1%)
Only areca nut chewer, 49/121 (40.4%)  64/108 (59.2%) 0.26 1.10  91/119(76.4%) 0.82  0.98
G/G, G/T, T/T 72/121(59.5%)  44/108 (40.7%) 28/119 (22.6%)
Non smoker but chewer and drinker,  13/36 (36.1%) 12/24 (50%) 0.28 0.34 23/39 (58.9%) 0.23 0.11
G/G, G/T, T/T 23/36 (63.8%) 12/24 (50%) 16/39 (38.4%)
Only smoker, 47/102 (46.1%) 53/78 (76.8%) 0.58 0.61  72/95(75.7%) 0.98  0.07
G/G, G/T, T/T 53/102 (51.9%) 25/78 (32.0%) 23/95 (23.2%)
Non Drinker but chewer and smoker, 16/31 (51.6%) 33/54 (61.1%) 0.08 1.10 22/33 (66.6%) 0.71 0.07
G/G,G/T, T/T 15/31 (48.3%) 21/54 (38.8%) 11/33(30.3%)
Only Alcohol Drinker, 9/40 (22.5%) 17/49 (34.6%) 0.20 0.56  36/59 (61.1%) 071 097
G/G,G/T, T/T 31/40 (77.5%) 32/49 (65.2%) 23/59 (33.8%)
Chewer, drinker and smoker, 17/57 (29.8%) 13/54 (24.1%) 0.64 0.23 25/40 (62.5%) 0.43 0.06
G/G, G/T, T/T 44/57 (72.1%) 41/54 (75.9%) 15/40 (22.5%)
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in the case of areca nut chewers, 3.1 fold (p < 0.01) risk in
case of chewers & smokers, and 4.1 fold (p < 0.002) risk in
combination of chewer, drinker & smokers for the devel-
opment of HNSCC (Table 10).

Discussion

OSMF is a chronic disorder and a potentially malignant
condition of the oral cavity (Rajalalitha et al. 2005). It
is most prevalent in Asian countries, because of the
fashionable habit of areca nut chewing (Ko et al. 2003,
Lin et al. 2004). OSMF is prominent in India, occurring
exclusively in areca nut chewers with tobacco and gut-
kha pan masala (Pandya et al. 2009). It is characterized
by deposition of collagen in the oral submucosa. The
betel nut has an alkaloid called arecoline and plays a
major role in the pathogenesis of OSMF by causing an
abnormal increase in the collagen production (Canniff
et al. 1981).The decreased degradation of collagen due
to increased cross-linking of the fibers and reduced
collagenase activity are found in OSMF (Shieh et al.
1992). This evidence implies that OSMF may be consid-
ered a collagen-metabolic disorder resulting due to the
use of areca nuts (Rajalalitha et al. 2005).

Role of polymorphism of matrix metalloproteinase-2 and -9 583

MMPsare characterized by disturbancesin the homeo-
static balance occurring between synthesis and degrada-
tion of ECM including collagen. Chang et al. reported that
arecoline, inhibits the gelatinolytic activity of MMP-2.
Thereby, MMP-2 genotype may be associated with the
susceptibility of OSMF (Chang et al. 2002). In this study,
in the case of MMP-2 (-1306 C/T) polymorphism, the
C/T, T/T genotype showed significantly 2.4 fold (p < 0.01)
risk in case of areca nut chewers, 2.1 fold (p < 0.01) risk in
case of chewers & smokers, and 3.2 fold (p < 0.04) risk in
combination of chewer, drinker & smokers for the devel-
opment of OSMFE While in the case of HNSCC, the C/T,
T/T genotype showed significantly 3.2 fold (p < 0.00) risk
in case of areca nut chewers, 3.9 fold (p < 0.001) risk in
case of chewers & smokers, and 3.3 fold (p < 0.03) risk in
combination of chewer, drinker &smokers for the devel-
opment of HNSCC. Therefore, this study concluded that
addiction habits such as areca nut chewers and tobacco
smokers may be associated with MMP-2 -1306 C/T poly-
morphism in OSMF and HNSCC cases. Similar results
were reported by Chang et al. (36) in the case of OSME,
and Lin et al in the case of oral squamous cell carcinoma
(OSCC) (Lin et al. 2004). In case of lung carcinoma Yu
et al. reported that the frequency of the CC genotype was

Table 9. Addiction habit distribution in relation to MMP-2 (-1306 C/T) alleles in OSMF and HNSCC cases and healthy controls.

Trend test HNSCC (n=422) Trend test

MMP-2 Genotype -1306 C/T Controls (n=426) OSMF (n=412) (pvalue) OR (p value) OR (p value)
Non areca nut chewer but smokers 23/41(56.1%) 33/58 (56.8%) 0.98 0.56 34/47 (72.3%)  0.34 0.918
and drinkers, C/C, C/T, T/T 18/41 (43.9%) 25/58 (37.9%) 13/47 (27.6%)
Only areca nut chewer, 45/118 (38.1%) 56/104 (53.8%) <0.01 2.4 81/109 (74.3%) 3.2 <0.00
C/CC/T,T/T 73/118 (58.4%)  48/104 (38.4%) 28/109 (25.9%)
Non smoker but chewer and drinker, 23/38 (60.5%) 10/31(32.2%) 0.98 0.36 33/50 (66%) 0.76 0.98
C/CC/T,T/T 15/38 (36.8%) 21/31 (61.2%) 27/50 (54.0%)
Only smoker, 55/97 (56.7%) 40/65 (61.5%) 0.54 0.65  60/84(71.4%)  0.76 0.836
C/CC/T, T/T 42/97 (41.2%) 25/65 (33.8%) 24/84 (28.5%)
Non drinker but chewer and smoker, 20/34(58.8%) 33/53 (62.2%) <0.01 2.1 31/43(72.1%) 3.9 <0.001
C/CC/T, T/T 16/34 (41.2%) 20/53 (37.7%) 12/43 (27.9%)
Only alcohol Drinker, 31/43 (72.1%) 33/55 (60%) 0.21 0.45 26/40 (65%) 0.32 0.457
C/CC/T,T/T 12/43 (23.2%) 22/55 (40%) 14/40 (35%)
Chewer, drinker and smoker, 44/55 (73.3%) 22/46 (47.8%) <0.04 3.2 36/49 (71.4%) 3.3 <0.03
C/C, C/T, T/T 16/55 (21.6%) 24/46 (47.8%) 13/49 (22.4%)
Table 10. Association of promoter polymorphism of MMP-9 (-1562 C/T) gene in OSMF and HNSCC with addiction
habits.

Trend test Trend test
MMP-9 (-1562 C/T) Controls (n=426) OSMF (n=412) (p value) OR  OSCC (n=422) OR (p value)
Non areca nut chewer but smokers 38/51 (76.5%) 55/68 (80.8%) 0.57 0.67 35/47 (74.4%) 0.07 0.65
and drinkers, C/C, C/TT/T 13/51(23.4%)  13/68 (19.1%) 12/47 (25.5%)
Only areca nut chewer, 86/108 (81.4%)  74/94 (78.7%) <0.04 2.5 90/109 (82.5%) <0.00 3.3
C/C, C/T, T/T 22/108 (18.5%)  20/94 (21.2%) 19/109 (17.4%)
Non smoker but chewer and drinker, 37/48 (70.1%) 16/21 (28.5%) 0.93 0.76 33/49 (67.3%) 0.16 0.45
C/C, C/TT/T 11/48 (21.8%) 5/21 (23.8%) 16/49 (32.6%)
Only smoker, 65/87 (74.7%) 64/80 (80%) 0.41 0.53 62/85 (72.9%) 0.08 0.44
C/C, C/T, T/T 22/87(25.2%)  16/80 (20%) 23/85 (27.1%)
Non drinker but chewer and smoker, 29/44 (68.1%) 30/43 (69.7%) <0.04 3.2 17/28 (60.7%) <0.01 3.1
C/C, C/T, T/T 15/44 (31.8%)  13/43 (30.2%) 11/28 (39.2%)
Only alcohol Drinker 16/30 (53.3%) 38/70 (54.2%) 0.93 0.56 47/69 (68.1%) 0.96 0.74
C/C, C/T, T/T 14/30 (46.6%)  32/70 (45.7%) 22/69 (31.8%)
Chewer, drinker and smoker, 43/58 (74.1%) 24/36 (66.6%) <0.03 3.8 21/35(57.1%) <0.002 4.1

C/C,C/T,T/T

15/58 (25.8%)

12/36 (33.3%)

14/35 (42.9%)

© 2011 Informa UK, Ltd.
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significantly higher in lung carcinoma, when compared
with controls (Yu et al. 2002). Earlier Chaudhary et al.
have reported that addiction habits such as areca nut
chewing and alcohol abuse may enhance the expression
of the 2G allele of MMP-1 genes in OSMF and HNSCC
cases (Chaudhary et al. 2010).

The MMP-2 plays an important role in multiple stage
carcinogenesis. Over expression of MMP-2 has been
reported in oral squamous cell carcinoma (OSCC)
(Franchi et al. 2002). Many researchers reported that
MMP-2 plays critical roles in invasion and metastasis
of these malignancies (Kusukawa et al. 1993, Kawamata
et al. 1997, Kawamata et al. 1998, Kurahara et al. 1999).
Expression of MMP-2 predicts poor prognosis in OSCC
including tongue carcinoma (Yorioka et al. 2002,
Yoshizaki et al. 2001). A number of studies have shown
that MMP-2 is overexpressed in various cancer tissues
and its involvement in tumor initiation, invasion, angio-
genesis and metastasis (Yu et al. 2002, Price et al. 2001).
In the case of MMP-2 (-168 G/T) polymorphism is not
associated with a risk for development of OSMF (p=0.17),
as well as HNSCC (p=0.42). While in the case of MMP-2
(-1306 C/T) polymorphism, it was found that TT allele
may be associated as a risk factor for the development of
HNSCC (p < 0.00), but not with OSME. Therefore, it was
concluded that MMP-2 (-1306 C/T) promoter may play
as arisk factor for head and neck carcinogenesis.

MMP-9 has three repetitive type II fibronectin
domains, which allow it to bind to ECM components,
such as gelatin, collagen, and laminin (Visse et al. 2003).
A functional cytosine (C) to thymidine (T) single nucle-
otide polymorphism at position -1562 in the MMP-9
promoter was reported. Transient transfection and DNA-
protein interaction assays indicated that T allele-associ-
ated promoter activity (due to the preferential binding of
a putative transcriptional repressor protein) was higher
than the C allele-associated promoter activity (Zang et al.
1999). Many researchers have shown that this functional
polymorphism was correlated to increased susceptibility
to certain diseases. MMP-9 degrades type IV collagen,
a major component of the basement membrane. The T
allele in the MMP-9 promoter was associated with the
invasive phenotype or susceptibility to gastric cancers
(Matsumura et al. 2005). Conversely, breast cancer
patients carrying the T allele had better prognosis com-
pared to homozygous C/C carriers (Grieu et al. 2004)
and Franchi et al. reported MMP-9 overexpression in
head and neck cancers (Franchi et al. 2002). In our study,
MMP-9 (-1562C/T) promoter polymorphism for T allele
showed a significant association (p < 0.01) in HNSCC
cases as compared to healthy controls. Therefore, it was
concluded that MMP-9 (-1562C/T) promoter may also
play as a risk factor for the development of head and neck
squamous cell carcinoma (HNSCC) in Indian popula-
tion. Similarly, Vairaktaris et al. concluded that MMP-9
polymorphism has an association with increased risk
in oral cancer and observed that T allele carriers having
an increased risk factor for the development this cancer

(Vairaktaris et al. 2008). Recently author groups reported
that SNPs in the MMP-1 promoter region may be associ-
ated with susceptibility to OSMEF, as well as HNSCC cases
in an Indian population (Chaudhary et al. 2010).

Tu et al. concluded that no strong correlation of the
functional MMP-9 (-1562 C/T polymorphism was found
in case of OSCC and OSMF in male areca chewers (Tu
et al. 2007). While in our study MMP-9 (-1306 C/T)
polymorphism, the C/T genotype showed a significant
2.5 fold (p < 0.04) risk in case of areca nut chewers, 3.2
fold (p < 0.04) risk in case of chewers & smokers and 3.8
fold (p < 0.03) risk in combination of chewer, drinker
&smokers for the development of OSMEFE. While in the
case of HNSCC, the C/T genotype showed significantly
3.3 fold (p < 0.00) risk in case of areca nut chewers, 3.1
fold (p < 0.01) risk in case of chewers & smokers, and 4.1
fold (p < 0.002) risk in combination of chewer, drinker
&smokers for the development of HNSCC. In this study
we concluded that MMP-9 (-1306 C/T) polymorphism
may be associated with the various addiction habits in
Indian population.

In this case control study, it was observed that geno-
typic distribution of MMP-9 (-1562 C/T) promoter poly-
morphism and age group less or more that 45 years of
age, results showed significant association in genotypic
distribution C/C, as well as C/T genotype (p < 0.00 &
<0.01) distribution between the age group (<45 & >45)
of potentially malignant lesions (OSMF) and healthy
control, while in the HNSCC cases, only T allele showed
a significant association between age groups (<45 &
>45). Interestingly, in the older carcinoma subset, the T
allelic frequency was significantly higher in case of both
OSMF and HNSCC in Indian population. Similarly, Tu
et al. reported that in older OSCC subset, the T allelic fre-
quency was significantly higher in patients with buccal
mucosa (BM) OSCC, than in patients with non-buccal
mucosa OSCC (Tu et al. 2007). Recently we reported
that receiver operating characteristics (ROC) analysis
between the MMP-3 genotype (5A/6A) and age was to be
significant in patients both over and less than 45 years of
age in case of OSMF and HNSCC and also concluded that
the expression of MMP-3 genotype may be associated
with the 5A alleles in these lesions in Indian population
(Chaudhary et al. 2010).

In the case of OSMF grading (Grade I, II, III & IV) with
polymorphism of MMP-2 (-168 G/T), T allele did not
show a significant association, while in the case of MMP-2
(-1306 C/T) and MMP-9 (-1562 C/T) promoter polymor-
phism T allele showed a significant association (p < 0.02
and p < 0.04 respectively) with the increasing progression
of OSMF grading. In case of HNSCC grading, polymor-
phism of MMP-2 (-168 G/T)) T allele did not show signifi-
cant association, while in the case of MMP-2 (-1306 C/T)
and MMP-9 (-1562 C/T) promoter polymorphism T allele
showed a significant association (p < 0.003 and p < 0.00
respectively) with the increasing progression of HNSCC
grading. The non-keratinizing squamous epithelium on
the buccal mucosa surface is the most susceptible target
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for the damaging effects of areca nut. The disproportion-
ate prevalence of OSCC among areca chewers might
be explained by the fact that areca can induce MMP-9
expression and activity in saliva (Lin et al. 2006) and
the induction might involve the enzyme encoded by the
T allele (Lin et al. 2002). On the other hand, Vairaktaris
et al. reported that T allele carriers have an increased risk
for developing oral cancer only in initial stages, but not in
advanced ones, and it may be due to the role of MMP-9 in
the inhibition of angiogenesis by generating angiostatin
from plasminogen (Vairaktaris et al. 2008).

Conclusions

In this study, results concluded that SNPs in MMP-2
(-1306 C/T) and MMP-9 (-1562 C/T) promoter region
may be associated with susceptibility to HNSCC, and
addiction habits such as areca nut chewing and tobacco
smoking may enhance the polymorphic association of
C/Tallele of the MMP-2 and MMP-9 gene polymorphisms
in an Indian population. This polymorphism could be a
prognostic maker in head and neck cancer.

Acknowledgement

The authors are grateful to an enthusiastic group of SRN
hospital and MLN Medical College staff for their persis-
tent efforts, without which this research work would not
have been possible.

Declaration of interest

The authors thank the Department of Science and
Technology (DST), New Delhi, for providing financial
support (SR/SO/SH-67/2006) for this study. The authors
declare that they have no competing interests.

References

Barlas IO, Sezgin M, Erdal ME, Sahin G, Ankarali HC, Altintas ZM,
Tiirkmen E. (2009). Association of (-1,607) 1G/2G polymorphism
of matrix metalloproteinase-1 gene with knee osteoarthritis in
the Turkish population (knee osteoarthritis and MMPs gene
polymorphisms). Rheumatol Int 29:383-388.

Bayramoglu A, Gunes HV, Metintas M, Degirmenci I, Mutlu E
Alatas F. (2009). The association of MMP-9 enzyme activity, MMP-9
C1562T polymorphism, and MMP-2 and -9 and TIMP-1, -2, -3,
and -4 gene expression in lung cancer. Genet Test Mol Biomarkers
13:671-678.

Bian J, Sun Y. (1997). Transcriptional activation by p53 of the human
type IV collagenase (gelatinase A or matrix metalloproteinase 2)
promoter. Mol Cell Biol 17:6330-6338.

Canniff JP, Harvey W. (1981). The aetiology of oral submucous fibrosis:
the stimulation of collagen synthesis by extracts of areca nut. Int J
Oral Surg 10:163-167.

Chang YC, Yang SF, Tai KW, Chou MY, Hsieh YS. (2002). Increased
tissue inhibitor of metalloproteinase-1 expression and inhibition
of gelatinase: A activity in buccal mucosal fibroblasts by arecoline
as possible mechanisms for oral submucous fibrosis. Oral Oncol
38:195-200.

Chaudhary AK, Pandya S, Mehrotra R, Bharti AC, Jain S, Singh M.
(2010). Functional polymorphism of the MMP-1 promoter (-1607

© 2011 Informa UK, Ltd.

Role of polymorphism of matrix metalloproteinase-2 and -9 585

1G/2G) in potentially malignant and malignant head and neck
lesions in an Indian population. Biomarkers 15:684-692.

Chaudhary AK, Pandya S, Mehrotra R, Bharti AC, Singh M, Singh M.
(2010). Comparative study between the Hybrid Capture II test and
PCR based assay for the detection of human papillomavirus DNA
in oral submucous fibrosis and oral squamous cell carcinoma.
Virol J 7:253.

Chaudhary AK, Singh M, Bharti AC, Asotra K, Sundaram S, Mehrotra
R. (2010). Genetic polymorphisms of matrix metalloproteinases
and their inhibitors in potentially malignant and malignantlesions
of the head and neck. J Biomed Sci 17:10.

Chaudhary AK, Singh M, Bharti AC, Singh M, Shukla S, Singh AK,
Mehrotra R. (2010). Synergistic effect of stromelysin-1 (matrix
metalloproteinase-3) promoter (-1171 5A->6A) polymorphism in
oral submucous fibrosis and head and neck lesions. BMC Cancer
10:369.

Chaudhary AK, Singh M, Sundaram S, Mehrotra R. (2009). Role of
human papillomavirus and its detection in potentially malignant
and malignant head and neck lesions: updated review. Head Neck
Oncol 1:22.

Deryugina EI, Quigley JP. (2006). Matrix metalloproteinases and tumor
metastasis. Cancer Metastasis Rev 25:9-34.

Egeblad M, Werb Z. (2002). New functions for the matrix
metalloproteinases in cancer progression. Nat Rev Cancer
2:161-174.

Elander N, S6derkvist P, Fransén K. (2006). Matrix metalloproteinase
(MMP) -1, -2, -3 and -9 promoter polymorphisms in colorectal
cancer. Anticancer Res 26:791-795.

Franchi A, Santucci M, Masini E, Sardi I, Paglierani M, Gallo O. (2002).
Expression of matrixmetalloproteinase 1, matrixmetalloproteinase
2, and matrix metalloproteinase 9 in carcinoma of the head and
neck. Cancer 95:1902-1910.

Grieu F, Li WQ, Iacopetta B. (2004). Genetic polymorphisms in the
MMP-2 and MMP-9 genes and breast cancer phenotype. Breast
Cancer Res Treat 88:197-204.

Ito I, Nagai S, Handa T, Muro S, Hirai T, Tsukino M, Mishima M. (2005).
Matrix metalloproteinase-9 promoter polymorphism associated
with upper lung dominant emphysema. Am J Respir Crit Care Med
172:1378-1382.

Kawamata H, Nakashiro K, Uchida D, Harada K, Yoshida H, Sato
M. (1997). Possible contribution of active MMP2 to lymph-node
metastasis and secreted cathepsin L to bone invasion of newly
established human oral-squamous-cancer cell lines. Int J Cancer
70:120-127.

Kawamata H, Uchida D, Hamano H, Kimura-Yanagawa T, Nakashiro
KI, Hino S, Omotehara F, Yoshida H, Sato M. (1998). Active-MMP2
in cancer cell nests of oral cancer patients: correlation with lymph
node metastasis. Int J Oncol 13:699-704.

Ko SY, Lin SC, Chang KW, Liu CJ, Chang SS, Lu SY, Liu TY. (2003).
Modulation of KGF-1 gene expression in oral fibroblasts by ripe
areca nut extract. J Oral Pathol Med 32:399-407.

Kurahara S, Shinohara M, Ikebe T, Nakamura S, Beppu M, Hiraki A,
Takeuchi H, Shirasuna K. (1999). Expression of MMPS, MT-MMP,
and TIMPs in squamous cell carcinoma of the oral cavity:
correlations with tumor invasion and metastasis. Head Neck
21:627-638.

Kusukawa J, Sasaguri Y, Shima I, Kameyama T, Morimatsu M. (1993).
Expression of matrix metalloproteinase-2 related to lymph node
metastasis of oral squamous cell carcinoma. A clinicopathologic
study. Am J Clin Pathol 99:18-23.

Lei H, Hemminki K, Altieri A, Johansson R, Enquist K, Hallmans G,
Lenner P, Forsti A. (2007). Promoter polymorphisms in matrix
metalloproteinases and their inhibitors: few associations with
breast cancer susceptibility and progression. Breast Cancer Res
Treat 103:61-69.

Lichtinghagen R, Bahr MJ, Wehmeier M, Michels D, Haberkorn CI,
Arndt B, Flemming P, Manns MP, Boeker KH. (2003). Expression
and coordinated regulation of matrix metalloproteinases in
chronic hepatitis C and hepatitis C virus-induced liver cirrhosis.
Clin Sci 105:373-382.

RIGHTS LI MN Kiy



Biomarkers Downloaded from informahealthcare.com by Peking University on 11/14/12
For personal use only.

586 A.K.Chaudhary etal.

Lin SC, Chen Y], Kao SY, Hsu MT, Lin CH, Yang SC, Liu TY, Chang KW.
(2002). Chromosomal changes in betel-associated oral squamous
cell carcinomas and their relationship to clinical parameters. Oral
Oncol 38:266-273.

Lin SC, Chung MY, Huang JW, Shieh TM, Liu CJ], Chang KW.
(2004). Correlation between functional genotypes in the matrix
metalloproteinases-1 promoter and risk of oral squamous cell
carcinomas. J Oral Pathol Med 33:323-326.

Lin SC, Liu CJ, Yeh WI, Lui MT, Chang KW, Chang CS. (2006). Functional
polymorphism in NFKB1 promoter is related to the risks of oral
squamous cell carcinoma occurring on older male areca (betel)
chewers. Cancer Lett 243:47-54.

Lin SC, Lo SS, Liu CJ, Chung MY, Huang JW, Chang KW. (2004).
Functional genotype in matrix metalloproteinases-2 promoter is a
risk factor for oral carcinogenesis. J Oral Pathol Med 33:405-409.

Matsumura S, Oue N, Nakayama H, Kitadai Y, Yoshida K, Yamaguchi
Y, Imai K, Nakachi K, Matsusaki K, Chayama K, Yasui W.
(2005). A single nucleotide polymorphism in the MMP-9 promoter
affects tumor progression and invasive phenotype of gastric
cancer. J Cancer Res Clin Oncol 131:19-25.

Medley TL, Cole TJ, Dart AM, Gatzka CD, Kingwell BA. (2004). Matrix
metalloproteinase-9 genotype influences large artery stiffness
through effects on aortic gene and protein expression. Arterioscler
Thromb Vasc Biol 24:1479-1484.

Mehrotra R, Chaudhary AK, Pandya S, Debnath S, Singh M, Singh M.
(2010). Correlation of addictive factors, human papilloma virus
infection and histopathology of oral submucous fibrosis. J Oral
Pathol Med 39:460-464.

Mehrotra R, Pandya S, Chaudhary AK, Kumar M, Singh M. (2008).
Prevalence of oral pre-malignant and malignant lesions at a
tertiary level hospital in Allahabad, India. Asian Pac J Cancer Prev
9:263-265.

Miao X, Yu C, Tan W, Xiong P, Liang G, Lu W, Lin D. (2003). A
functional polymorphism in the matrix metalloproteinase-2
gene promoter (-1306C/T) is associated with risk of development
but not metastasis of gastric cardia adenocarcinoma. Cancer Res
63:3987-3990.

Mignatti P, Rifkin DB. (1993). Biology and biochemistry of proteinases
in tumor invasion. Physiol Rev 73:161-195.

Morgan AR, Zhang B, Tapper W, Collins A, Ye S. (2003). Haplotypic
analysis of the MMP-9 gene in relation to coronary artery disease.

J Mol Med 81:321-326.

Nagase H, Woessner JF Jr. (1999). Matrix metalloproteinases. J Biol
Chem 274:21491-21494.

Okamoto K, Mimura K, Murawaki Y, Yuasa 1. (2005). Association
of functional gene polymorphisms of matrix metalloproteinase
(MMP)-1, MMP-3 and MMP-9 with the progression of chronic liver
disease. J Gastroenterol Hepatol 20:1102-1108.

Pandya S, Chaudhary AK, Singh M, Singh M, Mehrotra R. (2009).
Correlation of histopathological diagnosis with habits and clinical
findings in oral submucous fibrosis. Head Neck Oncol 1:10.

Patel SG, Shah JP. (2005). TNM staging of cancers of the head and
neck: striving for uniformity among diversity. CA Cancer J Clin
55:242-58; quiz 261.

PindborgJJ, Sirsat SM. (1966). Oral submucous fibrosis. Oral Surg Oral
Med Oral Pathol 22:764-779.

Price SJ, Greaves DR, Watkins H. (2001). Identification of
novel, functional genetic variants in the human matrix
metalloproteinase-2 gene: role of Spl in allele-specific
transcriptional regulation. J Biol Chem 276:7549-7558.

Qin H, Sun Y, Benveniste EN. (1999). The transcription factors
Spl, Sp3, and AP-2 are required for constitutive matrix
metalloproteinase-2 gene expression in astroglioma cells. J Biol
Chem 274:29130-29137.

Rajalalitha P, Vali S. (2005). Molecular pathogenesis of oral
submucous fibrosis-a collagen metabolic disorder. J Oral Pathol
Med 34:321-328.

Roehe AV, Frazzon AP, Agnes G, Damin AP, Hartman AA, Graudenz
MS. (2007). Detection of polymorphisms in the promoters of matrix
metalloproteinases 2 and 9 genes in breast cancer in South Brazil:
preliminary results. Breast Cancer Res Treat 102:123-124.

Shieh TY, Yang JF. (1992). Collagenase activity in oral submucous
fibrosis. Proc Natl Sci Counc Repub China B 16:106-110.

Tu HE, Wu CH, Kao SY, Liu CJ, Liu TY, Lui MT. (2007). Functional
-1562 C-to-T polymorphism in matrix metalloproteinase-9
(MMP-9) promoter is associated with the risk for oral squamous
cell carcinoma in younger male areca users. J Oral Pathol Med
36:409-414.

Vairaktaris E, Vassiliou S, Nkenke E, Serefoglou Z, Derka S, Tsigris
C, Vylliotis A, Yapijakis C, Neukam FW, Patsouris E. (2008). A
metalloproteinase-9 polymorphism which affects its expression is
associated with increased risk for oral squamous cell carcinoma.
Eur J Surg Oncol 34:450-455.

Visse R, Nagase H. (2003). Matrix metalloproteinases and tissue
inhibitors of metalloproteinases: structure, function, and bio-
chemistry. Circ Res 92:827-839.

Wagenaar-Miller RA, Gorden L, Matrisian LM. (2004). Matrix
metalloproteinases in colorectal cancer: is it worth talking about?
Cancer Metastasis Rev 23:119-135.

Westermarck J, Kdhdri VM. (1999). Regulation of matrix metallo-
proteinase expression in tumor invasion. FASEB ] 13:781-792.

Woo M, Park K, Nam J, Kim JC. (2007). Clinical implications of
matrix metalloproteinase-1, -3, -7, -9, -12, and plasminogen
activator inhibitor-1 gene polymorphisms in colorectal cancer. J
Gastroenterol Hepatol 22:1064-1070.

Xing LL, Wang ZN, Jiang L, Zhang Y, Xu YY, LiJ, Luo Y, Zhang X. (2007).
Matrix metalloproteinase-9-1562C>T polymorphism may increase
the risk of lymphatic metastasis of colorectal cancer. World J
Gastroenterol 13:4626-4629.

Xu E, Xia X, Lii B, Xing X, Huang Q, Ma Y, Wang W, Lai M. (2007). Asso-
ciation of matrix metalloproteinase-2 and -9 promoter polymor-
phisms with colorectal cancer in Chinese. Mol Carcinog 46:924-929.

Xu EP, Huang Q, Lu BJ, Xing XM, Lai MD. (2006). The correlation
between polymorphisms of matrix metalloproteinase-2 and -9
genes and colorectal cancer of Chinese patients. Zhonghua Yi Xue
Yi Chuan Xue Za Zhi 23:78-81.

Ye S. (2000). Polymorphism in matrix metalloproteinase gene
promoters: implication in regulation of gene expression and
susceptibility of various diseases. Matrix Biol 19:623-629.

Yorioka CW, Coletta RD, Alves F, Nishimoto IN, Kowalski LP, Graner E.
(2002). Matrix metalloproteinase-2 and -9 activities correlate with
the disease-free survival of oral squamous cell carcinoma patients.
Int ] Oncol 20:189-194.

Yoshizaki T, Maruyama Y, Sato H, Furukawa M. (2001). Expression
of tissue inhibitor of matrix metalloproteinase-2 correlates with
activation of matrix metalloproteinase-2 and predicts poor prog-
nosis in tongue squamous cell carcinoma. Int J Cancer 95:44-50.

Yu C, Pan K, Xing D, Liang G, Tan W, Zhang L, Lin D. (2002).
Correlation between a single nucleotide polymorphism in the
matrix metalloproteinase-2 promoter and risk of lung cancer.
Cancer Res 62:6430-6433.

Zhang B, Henney A, Eriksson P, Hamsten A, Watkins H, Ye S. (1999).
Genetic variation at the matrix metalloproteinase-9 locus on
chromosome 20q12.2-13.1. Hum Genet 105:418-423.

Zhou Y, Yu C, Miao X, Wang Y, Tan W, Sun T, Zhang X, Xiong P, Lin
D. (2005). Functional haplotypes in the promoter of matrix
metalloproteinase- 2 and lung cancer susceptibility. Carcinogenesis
26:1117-1121.

Biomarkers

RIGHTS LI MN Kiy



	Role of functional polymorphism of matrix metalloproteinase-2 (-1306 C/T and -168 G/T) and MMP-9 (-1562 C/T) promoter in oral submucous fibrosis and head and neck squamous cell carcinoma in an Indian population
	Abstract
	Introduction
	Materials and methods
	Sample collection procedure
	Isolation of genomic DNA
	Genotyping of the MMP-2 (-1306 C/T and -168 G/T) promoter polymorphism




	Results
	Association between MMP-2 (-168 G/T &-1306 C/T) and MMP-9 (-1562 C/T) promoter polymorphisms and various clinico-pathological parameters
	Genotypic distribution of MMP-2 (–168 G/T & -1306 C/T) and MMP-9 (-1562 C/T) promoter polymorphisms and age group in OSMF, HNSCC and control groups
	Genotypic distribution of MMP-2 (-168 G/T -1306 C/T) and MMP-9 (-1562 C/T) gene in OSMF and HNSCC with relation to various addiction habits




	Discussion
	Conclusions
	Acknowledgement
	References


