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Association of —-1171 Promoter Polymorphism of Matrix
Metalloproteinase-3 with Increased Risk for Oral Cancer
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Abstract. Background: Matrix metalloproteinase-3 (MMP-3)
plays a pivotal role in inflammation and thrombosis. Increased
levels of MMP-3 have been correlated with progression of
oncogenesis and metastasis. Inflammation-related factors have
recently been found to contribute to the development of
malignancies. The present study investigated the possible
association of —1171 54/6A polymorphism, which influences
expression of MMP-3, with risk for oral cancer. Materials and
Methods: This polymorphism was examined by restriction enzyme
analysis in 160 patients with oral squamous cell carcinoma
(OSCC) and 156 healthy controls of equivalent gender, age and
ethnicity (Greeks and Germans). Results: A significant increase
of 5A/6A heterozygotes was observed in the whole group and
several subgroups of patients compared to controls (p<0.05).
Nevertheless, in these subgroups and the whole patient group, the
5A allele and carrier frequencies did not differ significantly from
those of the control group. The only significant increase of 5A
allele-related frequencies (p<0.05) in comparison with controls
was observed in subgroups of patients with a positive family
history of cancer (5A allele carrier frequency only), with
advanced stages of cancer (5A allele frequency only) and without
positive history of thrombophilia (both 5A allele and carrier
frequencies). In addition, the genotypes containing the 5A allele
(5A/5A and 5A/6A) had a double risk of OSSC development in
smokers (odds ratio (OR) 2.16, 95% confidence interval (CI)
1.04-4.48 and OR 1.78, 95% CI 1.01-3.13, respectively).
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Conclusion: The results of this study suggest that the high
expression 5A allele of the MMP-3 gene is associated with an
increased risk for oral cancer in certain individuals.

Carcinogenesis in the oral region is a multistage process which
involves various genetic alterations, such as mutations in
oncogenes and tumour suppressor genes, and other factors,
such as tobacco and alcohol (1-4). Recent studies incriminate
common polymorphisms in genes related to angiogenesis,
inflammation and thrombosis with increased risk for oral
cancer (5-9). One such factor associated with inflammation,
thrombosis and oncogenic signal transduction pathways is
matrix metalloproteinase-3 (MMP-3), otherwise known as
stromelysin-1, or progelatinase (10, 11).

MMP-3 is a member of a family of structurally related
zinc-dependent extracellular proteinases (12). It is
synthesized primarily by fibroblasts and to a lesser extent by
activated macrophages and keratinocytes adjacent to sites
of injury (13). MMP-3 has wide substrate specificity for
various extracellular matrix components and therefore it is
involved in many biological functions, including extracellular
matrix degradation and remodelling, cell proliferation,
angiogenesis, as well as induction of synthesis of other
metalloproteinases, such as MMP-1 and MMP-9 (14, 15).
Normally, MMP-3 expression is low in tissues but it is
altered during tumour formation, where remodelling of the
extracellular matrix is required (16).

The variety of potential substrates coupled with its
widespread distribution suggests that MMP-3 could have
extensive effects on tumour progression (16). The
expression of MMP-3 in carcinogenesis is regulated
primarily at the transcriptional level, but there is also
evidence of modulation of mRNA stability in response to
growth factors and cytokines secreted by tumour-infiltrating
inflammatory cells, as well as by tumour and stromal cells
(12, 14, 16). MMP-3 transcription is higher in oral squamous
cell carcinoma and several other types of cancer such as
lung and breast carcinomas (17-20).
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Table 1. Prevalence of MMP-3 (—1171 5A4/6A) polymorphism in healthy controls and patients with oral cancer (total group of patients and subgroups with
regard to cancer stage).

Genotype Controls Patients Patients with cancer stages 1&II Patients with cancer stages [II&IV
(%) P-value P-value P-value
No. OR No. OR No. OR
(%) (S (%) (€D (%) (€D
SA/SA 30 36 N.S. 1.99 20 N.S. 1.86 16 N.S. 2.46
(19.2%) (22.5%) (0.98-4.05) (22.7%) (0.81-4.26) (22.2%) (0.99-6.84)
6A/6A 51 40 1 (referent) 26 1 (referent) 14 1 (referent)
(32.7%) (25%) (29.5%) (19.4%)
6A/5A 75 84 <0.05 1.65 42 N.S. 1.35 42 <0.05 2.13
(48.1%) (53.5%) (0.95-2.85) (47.7%) (0.71-2.58) (58.3%) (1.02-4.45)
Total 156 160 88 72
(100%) (100%) (100%) (100%)
Prevalence of 5A allele
SA allele
frequency 43.3% 48.8% N.S. 46.6% N.S. 51.4% N.S.
Carrier
frequency 67.3% 75% N.S. 70.5% N.S. 80.6% <0.05
of 5A allele

Fischer’s p-value; N.S.: p-value not significant; OR: odds ratio; CI: confidence interval (95%).

At position —1171 of the promoter region of the MMP-3
gene, a polymorphism of 5 or 6 adenosines (SA/6A) affects
its transcription (20). The 5A allele results in higher gene
expression in fibroblasts and vascular smooth muscle cells
compared to the 6A allele, which possibly is recognized
better by trans acting elements such as transcription
repressors (20). The SA allele is more abundant in
Europeans (frequency range 40-50%) than East Asians
(frequency range 7-20%) (17, 20-27).

The presence of the SA allele has been associated with
susceptibility for coronary heart disease and abdominal
aneurysm, inflammatory disorders such as areca-related oral
submucous fibrosis, celiac disease as well as ovarian and
breast carcinomas (24, 26, 28, 29). On the other hand, the
lower expression-associated 6A allele has been associated
with increased risk for colorectal and lung cancer (25, 27, 30).

In this study the 5A/6A polymorphism in the MMP-3
gene in patients with oral cancer and healthy controls was
examined in order to determine whether it is associated with
increased risk for this type of cancer.

Materials and Methods

The individuals under study were 316 unrelated Greeks and
Germans; 160 patients with oral squamous cell carcinoma and
156 healthy blood donors of similar age, gender and ethnicity.
The patients were mostly men (N=128) and their age ranged
between 40-84 years (58.6%=10.1 years, mean 58.6 years). The
gender ratio of the controls (N=114 men) and their age (ranged

4096

31-83 years; 54.4+11.7 years, mean 54.4 years) were comparable
to those of the patients.

The patients who were included in this study had developed oral
cancer and were operated recently or up to a decade ago. In
addition to clinical presentation, a biopsy with pathological
diagnosis of tumour stages I-IV and a family history regarding
cancer and thrombophilia were available. Sixty of them (37.5%)
had one or two first degree relatives with cancer and their age
range (median=>58.7 years) did not differ significantly from the
whole group of patients. Furthermore, 32 patients (20%) had one
or two first-degree relatives with idiopathic thrombosis and an
earlier age range (median=>58 years) but again with no statistical
difference compared to the whole group. Sixteen patients (10%)
had a positive family history for both cancer and thrombophilia
(median age=56.3 years).

Most of the participants in the two groups generally worked in a
low-risk environment (with the exception of one patient and three
controls who worked in chemical factories). No data were available
on controls regarding their family history or smoking and alcohol
consumption habits.

Blood samples were collected from patients and controls under
study after informed consent has been obtained. DNA was isolated
from blood with the use of NucleoSpin™ kit (Macherey-Nagel GmbH
& Co, Déren, Germany). Molecular detection of the (1171 SA/6A)
polymorphism in the MMP-3 gene was performed by restriction
fragment length polymorphism typing. This involved a combination of
PCR amplification and digestion with restriction endonuclease
Thr1111 followed by gel electrophoretic analysis. The PCR conditions
consisted of an initial denaturation step at 95°C, followed by 30 cycles
of 94°C for 55 s, 65°C for 1 min, and 72°C for 55 s, as well as a final
elongation step at 72°C for 5 min. The primers used were forward: 5’-
GGTTCTCCATTCCTTTGATGGGGGGAAAGA-3’ and reverse:
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Table II. Prevalence of MMP-3 (-1171 5A4/6A) polymorphism in healthy controls and patients with oral cancer with regard to family history of either

cancer or trombophilia.

Genotype Controls Family history of cancer

Family history of thrombophilia

(%)
Patients with Patients without Patients with Patients without
(%) P-value OR (%) P-value  OR (%) P-value OR (%)  P-value OR
SA/SA 30 22 <0.05 2.86 14 N.S. 151 6 N.S 0.78 30 <0.05 3.27
(192%) (36.7%) (1.23-6.7) (14%) (0.61-3.75) (18.8%) (0.26-2.31)  (23.4%) (1.44-7.43)
6A/6A 51 14 1 (referent) 26 1 (referent) 14 1 (referent) 26 1 (referent)
(32.7%) (23.3%) (26%) (43.8%) (20.3%)
6A/5A 75 24 NS, 113 60 <0.05 1.99 12 N.S. 0.59 72 <0.05 2.32
(48.1%) (40%) (0.53-2.43)  (56%) (1.05-3.8) (37.5%) (0.25-1.39)  (56.3%) (1.22-4.39)
Total 156 60 100 32 128
(100%) (100%) (100%) (100%) (100%)
Prevalence of 5A allele
SA allele
frequency 43.3%  56.7% <0.05 44%  N.S. 37.5% N.S. 51.6% <0.05
Carrier  67.3%  76.7% N.S. 74%  N.S. 56.3%  N.S. 79.7% <0.05
frequency
of 5A allele

Fischer’s p-value; N.S.: p-value not significant; OR: Odds ratio; CI: confidence interval (95%).

5’-CTTCCTGGAATTCACATCACTGCCACCACT-3".  After
digestion, the products were separated on a 3% agarose gel and stained
with ethidium bromide. As a result, the SA alleles were represented by
DNA bands of 97 and 32 bp and the 6A alleles by a DNA band of 129
bp, whereas the heterozygotes displayed a combination of both alleles
(129, 97 and 32 bp).

The frequencies of alleles and genotypes of the whole group
or subgroups of patients were compared to the respective
frequencies of the control group using the Chi-square or Fisher’s
exact test and odds ratios. The significance level was set at p<0.05
and the results are presented as hazard ratios with 95%
confidence intervals (CI). For the purpose of statistical analysis
all unknown variables of controls were assumed to be nil, thus,
odds ratios obtained for some subgroups of patients may
overestimate the true likehood of MMP-3 genotypes and those
variables. Statistical analyses were carried out using SAS®
software (version 9.0; SAS Worldwide Headquarters SAS
Institute Inc., Cary, NC, USA).

Results

The prevalence of detected MMP-3 genotypes in healthy
controls and patients with oral cancer are shown in Tables I-
ITII. The data for the two tested populations (Greeks and
Germans) were analyzed together since there were no
significant differences of allele frequencies among the two
subgroups of healthy controls. The observed frequency of the
SA allele in the control group was 43.3%, similar to other
European populations. All SA/6A genotype distributions
were as expected according to Hardy-Weinberg equilibrium
in the control group, as well in the group of patients.

The comparison between controls and patients showed
that although the number/frequency of 5A/6A
heterozygotes were increased in patients, their SA allele
and carrier frequencies did not differ significantly from
those of the control group (Table I). The same pattern
was also observed in subgroups of patients in regard to
their smoking, drinking habits (Table III) and with no
family history of cancer (Table II). Interestingly, in
patients with a positive family history of cancer, an
increased percentage of 5A/5A homozygotes was
observed, therefore the 5A allele frequency was also
significantly elevated in comparison with that in the
controls (p<0.05, Table II).

In patients without a positive family history of
thrombophilia, all genotypes as well as the SA allele and
carrier frequencies were significantly different from
controls. In this subgroup, compared to individuals with the
6A/6A genotype, the relative risk for oral squamous cell
carcinoma for 6A/5A heterozygotes was double (OR 2.32,
95% CI 1.22-4.39), while for SA/5A homozygotes was triple
(OR 3.27,95% CI 1.44-7.43). Patients with a positive family
history of thrombophilia had no statistical difference with
controls, but the sample was rather small to evaluate these
findings (Table II).

No significant difference from controls was observed in
patients with early stages of cancer. On the contrary,
patients with advanced cancer stages had a significant
increase in SA allele carrier frequency compared to controls
(p<0.05, Table I).
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Table IIL. Prevalence of MMP-3 (-1171 54/6A) polymorphism in healthy controls and patients with oral cancer with regard to either alcohol consumption

or smoking habits.

Genotypes Controls Tobacco abuse Alcohol abuse
(%)
Patients with Patients without Patients with Patients without
(%)  P-value  OR (%) P-value OR (%)  P-value OR (%)  P-value OR
SA/5A 30 34 p<0.05 2.16 2 N.S. 1.18 12 N.S. 2.08 24 N.S. 1.99
(19.2%) (22.7%) (1.04-4.48)  (20%) (0.2-7.09) (23.1%) (0.75-5.79)  (22%) (0.91-4.38)
6A/6A 51 36 1 (referent) 4 1 (referent) 14 1 (referent) 26 1 (referent)
(32.7%) (24%) (40%) (26.9%) (24.1%)
6A/5A 75 80 p<0.05 1.78 4 N.S. 0.67 26 N.S. 148 58 p<0.05 1.71
(48.1%) (53.3%) (1.01-3.13)  (40%) (0.14-3.08)  (50%) (0.66-3.33)  (53.7%) (0.93-3.16)
Total 156 150 10 52 108
(100%)  (100%) (100%) (100%) (100%)
Prevalence of SA allele
SA allele
Frequency 433%  49.3% N.S. 40%  N.S. 48.1% N.S. 49.1%  N.S.
Carrier
Frequency 67.3%  76% N.S. 60%  N.S. 73.1% N.S. 75.9%  N.S.
of 5A allele

Fischer’s p-value; N.S.: p-value not significant; OR: odds ratio; CI: confidence interval (95%).

Discussion

MMP-3 exhibits several activities that could render it a
particularly good tumour promoter. In addition to
degrading numerous extracellular-matrix components,
MMP-3 may activate gelatinase B and other collagenases,
as well as release several cell surface molecules, including
E-cadherin, a known contributor to cancer development
(31).

Compared to normal tissues, MMP-3 levels are
significantly higher in several tumours, including 42.6-88.5%
of oral squamous cell carcinoma (OSCC) (16, 18, 30, 32). A
recent study of cDNA microarray analysis showed that
MMP-3 mRNA levels are up to 15 times higher in OSCC
samples compared to normal oral mucosa (33).
Furthermore, some studies report an association of the high
expression SA allele of MMP-3 with breast, pulmonary,
ovarian and colorectal cancer (25, 29).

In this study the genotypes and allele frequencies of the -
1171 5A/6A polymorphism were investigated in a cohort of
160 patients with oral cancer in comparison to 156 healthy
controls of equivalent age, gender and ethnicity. Despite the
relatively small sample of studied individuals, the overall
data obtained revealed a minor association of the —1171
S5A/6A polymorphism with an increased risk for OSCC in a
subset of studied patients. Compared to the controls, a
significant increase of SA/6A heterozygotes was observed in
the whole group and several subgroups of patients.
Nevertheless, in these subgroups and the whole patient
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group the 5A allele and carrier frequencies did not differ
significantly from those of the control group. The only
significant increase of 5SA allele-related frequencies, in
comparison to controls, was observed in subgroups of
patients with a positive family history of cancer (SA allele
carrier frequency only), with advanced stages of cancer (5A
allele frequency only) and without a positive family history
of thrombophilia (both 5A allele and carrier frequencies).

Despite the relatively small sample size, several interesting
conclusions may be drawn based on the results of this study.
The fact that significantly increased prevalence of the SA
allele was observed only in patients without a positive family
history of thrombophilia and not in those with a positive one,
suggests that the 5A allele is probably not related to
thrombosis. To our knowledge, there is no study investigating
the possible involvement of MMP-3 with thrombophilia.

Another interesting observation is that the high
expression SA allele frequency is increased in the subgroup
of patients with a positive family history of cancer and not in
the subgroup without it. These results probably reflect the
important association of the —1171 5A/6A polymorphism
with other types of cancer, such as ovarian and breast
carcinomas (25, 29).

Interestingly, the statistical analysis showed that SA/6A
heterozygotes have a greater relative risk for developing
oral cancer of advanced stages than of early ones. This
result could be explained by the fact that tumour
aggressiveness is related to the increase of invasiveness and
metastases (30, 32). High MMP-3 expression levels have
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been correlated with progression of oncogenesis and
especially with invasive OSCC (30-34). It is also known that
MMP-3 levels increase in OSCC tissues with lymph node
metastasis compared to OSCCs without metastasis (33).
Therefore, it can be assumed that the high expression 5A
allele of the —1171 promoter polymorphism is associated
with a more aggressive type of oral cancer.

In addition, this study revealed that the genotypes
containing the 5A allele (SA/5A and 5SA/6A) may double the
risk of OSSC development in smokers (Table III). A similar
observation has been reported regarding the combined
effect of the 5A allele and smoking on the elevated risk of
non-small cell lung carcinoma (17). One possible
explanation is that smoking induces alteration of the
extracellular matrix by increasing mRNA levels of MMPs
and tissue inhibitors of metalloproteinases (35). Therefore,
the effect of polymorphisms affecting expression of MMP
genes in smokers may depend upon the balance between
MMPs and tissue inhibitors of metalloproteases (27).
Certainly, the role of MMP-3 in smokers needs to be
verified by further studies with a larger sample size.

In conclusion, this study did reveal a minor association
of increased MMP-3 expression with OSSC in certain
individuals. The fact that MMP-3 is but one of MMPs
present in the oral region might explain its limited
contribution to cancer risk. Indeed, a similar minor
association of the MMP-1 1G/2G polymorphism with oral
oncogenesis has been found in previous studies by our
group and another (36, 37). The relative order of the
MMP gene cluster on 11q22 is centromere-MMP-10-
MMP-1-MMP-3-MMP-13-telomere  (38). Therefore,
haplotype analysis for MMP-3 and the adjacent MMP-1
locus was performed in order to investigate whether, in
our sample, these two polymorphisms are in linkage
disequilibrium. The haplotype analysis revealed no linkage
disequilibrium  between =~ MMP-1 and  MMP-3
polymorphisms in either controls or patients.
Interestingly, the results obtained from two other studies
performed with French and Japanese populations,
revealed moderate (p=0.41 and p=0.46) and significant
(p=0.88 and p=0.75) linkage disequilibrium in cases and
controls, respectively (37, 38). Additional haplotype
analysis in functional polymorphisms of the two remaining
MMPs in this gene cluster will probably bring more
insight into the complex relation between the
polymorphisms in MMP genes and cancer risk (18, 19).

It is of great importance to perform further genetic
association studies regarding the contribution of additional
MMPs or other inflammation and thrombosis related
factors to oncogenesis in the oral region. Any positive
findings could ultimately result in the undertaking of
preventive measures safeguarding the health status and lives
of certain at risk individuals in the general population.
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