
Abstract. Background: Matrix metalloproteinases (MMPs)
are a group of matrix-degrading proteins implicated in several
pathological processes, e.g., invasion and metastasis in
malignant diseases such as colorectal cancer (CRC). Materials
and Methods: One hundred and twenty-seven CRC patients
and 208 controls were genotyped for MMP-1, -2, -3 and -9
promoter polymorphisms. The genotyping was performed with
PCR/primer-extension/DHPLC or PCR/RFLP. Results: The
MMP-1 2G allele was significantly associated with CRC
(p=0.037). No significant association between CRC and
MMP-2, -3 or -9 polymorphisms was evident. The analysis of
polymorphisms in the clinicopathological subgroups displayed
no significant associations. Conclusion: The MMP-1 promoter
polymorphism seems to affect the susceptibility to CRC, while
MMP-2, -3 and -9 polymorphisms appear less likely to have
any impact on CRC.

Cancer development is characterized by defects in cellular
mechanisms controlling cell growth, e.g., apoptosis, cell
cycle-regulating signals, angiogenesis, metastasis and
invasion (1). Several investigations have indicated that the
matrix metalloproteinases (MMPs), a group of matrix-
degrading proteins, are essentially involved in cancer
pathobiology (e.g., invasion and metastasis), not least in the
case of colorectal cancer (CRC) (2-6). The promoters of
many MMP genes contain binding sites and are regulated
by transcription factors, such as those of the Fos, Jun and
Ets families (7). Physical contact between a transcription
factor and its binding site may be influenced by
polymorphisms in the promoter, which may result in altered

gene expression (7). Functional polymorphisms in MMP
promoter regions have been reported to be associated with
several diseases including cancer (7). A single nucleotide
polymorphism in the MMP-1 promoter at –1607 has been
detected and gives rise to 1G or 2G alleles (8). The 2G
allele is associated with augmented transcription of MMP-1
(8) and seems to influence the risk of CRC (9,10).  

In addition, the MMP-3 promoter region contains a
polymorphism at –1171, creating a 5A or a 6A allele (11).
The 6A allele is associated with reduced gene expression
(12) and Hinoda et al. indicated that the 6A/6A genotype
was involved in CRC (9).  Furthermore, a C->T
substitution polymorphism at –1306 in the MMP-2 promoter
seems to lower the MMP-2 promoter activity (13), with
possible implications in the development of lung cancer,
gastric cardia adenocarcinoma and CRC (14-16). 

Finally, the MMP-9 promoter region also contains a 
C->T substitution at –1562, with the T allele related to a
higher promoter activity (17). Implications in cancer
invasiveness and progression have been suggested, e.g., in
the case of gastric cancer (18). 

The present investigation aimed to explore a possible
association between these 4 polymorphisms (MMP-1 –1607
1G/2G, MMP-2 –1306 C/T, MMP-3 –1171 5A/6A and
MMP-9 –1562 C/T) and CRC susceptibility in a Swedish
population. Possible associations with clinicopathological
parameters such as age, gender, Dukes’ stage, ulcerative/
polypoid phenotype and localization were also investigated.

Materials and Methods

Patients and tissue collection. Blood samples were obtained from
127 CRC patients diagnosed at the Ryhov County Hospital,
Jönköping, Sweden. The samples were snap-frozen and stored at
–70ÆC until DNA purification. 

All patients underwent surgery and the tumor tissue was saved
and examined by an experienced pathologist. The age of the
patients ranged from 26 to 93 years with a median of 74 years.
Sixty-seven of the patients were females and 60 were males. The
tumor stages were described according to the Dukes’ staging
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system; 18 tumors were in Dukes’ stage A, 59 in B, 42 in C and 8 in
D. Seventy-seven of the tumors displayed an ulcerative phenotype,
37 a polypoid phenotype and 5 a mixed phenotype. Eight of the
tumors were not classified due to a polypoid/ulcerative phenotype.
Sixty-seven tumors were colonic (cecum 11, ascending colon 23,
transverse colon 4, descending colon 1, sigmoid colon 28) and 55
rectal. No information about localization was available in 5 cases.
The control group consisted of 208 randomly-collected healthy
individuals from the same geographical area. The investigation was
approved by the Research Ethical Committee of the Faculty of
Health Sciences, Linköping, Sweden (Dnr. 98113). 

DNA isolation. Normal genomic DNA from peripheral blood was
extracted with a Wizard® Genomic DNA Purification Kit,
according to the manufacturer’s recommendations (Promega,
Madison, WI, USA).

PCR amplification. The PCR reactions were performed in a volume
of 20 Ìl with the following conditions: 75 mM Tris-HCl (pH 9.0),
20 mM (NH4)2SO4, 0.01% Tween 20, MgCl2 (for concentrations
see Table I), 0.2 mM of each dNTP, 1 ÌM forward primer (Table
I), 1 ÌM reverse primer (Table I), 10-20 ng of genomic DNA and 1
U Taq polymerase (10 U/Ìl, Invitrogen, Stockholm, Sweden). The
amplification reactions were followed by visualization with
ethidium bromide and UV-light.

Genotyping of the MMP-1, -2 and -9 polymorphisms. Purification of
the PCR products was performed according to the supplier’s
recommendations; 5 Ìl of PCR product was mixed with 2 ml of
ExoSAP-IT® (Amersham Biosciences AB, Uppsala, Sweden) and
incubated at 37ÆC for 15 min, followed by 80ÆC for 15 min.

The genotyping was performed with primer extension and
denaturating high performance liquid chromatography (DHPLC),
according to Hoogendorn et al. (19). Twenty Ìl of reaction volume
were used, containing 0.05 mM of a dideoxyNTP (ddGTP for

MMP-1, ddTTP for MMP-2, ddATP for MMP-9, respectively), 
0.05 mM of each remaining dNTP, 0.5 U Thermosequenaseì
(Amersham Biosciences), 2 Ìl of Thermosequenaseì buffer
(Amersham Biosciences), 0.6 ÌM of primer extension primer
(Table I) and 7 Ìl of template. The extension reaction was
subsequently performed; an initial denaturation step at 94ÆC for 
2 min followed by 50 cycles of 94ÆC for 5 sec, 44ÆC for 5 sec and
60ÆC for 5 sec. DHLPC was carried out using the Wave® DNA
Fragment Analysis System (Transgenomic Inc., Omaha, Nebraska,
USA). The length of the products was estimated with an UV
detector and presented as chromatograms.

Genotyping of the MMP-3 polymorphism. Restriction endonuclease
digestion was performed according to Dunleavey et al. (20).
However, instead of using the restriction endonuclease XmnI, the
isoschizomer PdmI (Fermentas, St. Leon-Rot, Germany) was
employed. The PCR reverse primer contained 3 mismatched
nucleotides close to the 5A/6A polymorphism, creating a
recognition site for the endonuclease.

Thirteen Ìl of PCR product solution were mixed with 1.5 ml of
Tangoì buffer (Fermentas) and 10 U of PdmI (10 U/Ìl, Fermentas)
and were incubated at 37ÆC for 16 h. Thereafter, 13 Ìl of the digest
solution was mixed with 2 Ìl of loading dye. The electrophoresis was
performed on a 3% NuSieve® (Cambrex Bioscience Rockland Inc.,
Rockland, ME, USA) 1% Agarose (Invitrogen) gel at 120 V for 
60 min. The gel was stained with ethidium bromide and the DNA
fragments were visualized under UV-light.

DNA sequencing. To confirm the genotyping results, random
samples for all polymorphisms investigated were sequenced with
the MegaBACE 500 DNA Analysis Systems (Amersham
Biosciences), following the manufacturer’s recommendations. 

Statistical analyses. The ¯2-test with Yates correction and Fisher’s
exact test were performed with the SPSS 12.0.1 statistical software
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Table I. Primer sequences and PCR conditions.

Polymorphism [MgCl2] Primer sequences Temp.1

MMP-1 2.5 mM GTGAGAATGTCTTCCCATTCTTCT2 58.0ÆC
–1607 1G/2G GGATTGATTTGAGATAAGTCATAGC3

GTAGTTAAATAATTAGAAAG4

MMP-2 2.0 mM CTTCCTAGGCTGGTCCTTAC2 55.0ÆC
–1306 C/T AGACCTGAAGAGCTAAAGACG3

ATATTCCCCACCCAGCACTC4

MMP-3 3.0 mM GATTACAGACATGGGTCACA2 (20) 50.0ÆC
–1171 5A/6A TTTCAATCAGGACAAGACGAAGTTT3 (20)

MMP-9 2.0 mM CAACGTAGTGAAACCCCATCTCT2 (25) 60.0ÆC
–1562 C/T TCCAGGCCCAATTATCACACTTAT3 (25)

GTAGCTGGTATTATAGGC4

1Annealing temperature for PCR primers.
2Forward PCR primer.
3Reverse PCR primer.
4Primer extension primer.



package (SPSS Inc., Chicago, IL, USA). The odds ratio and 95%
confidence interval were also analyzed when appropriate. The
Hardy-Weinberg (H-W) equilibrium was tested for all
polymorphisms in the control samples and no deviations were
found. Furthermore, the power was calculated at [http://
calculators.stat.ucla.edu/powercalc/] for all polymorphisms
investigated, using a two-sided ¯2-test with the relative risk set at
2.0 (Table II). The statistical significance level was set at p<0.05.

Results

MMP-1 –1607 1G/2G polymorphism. The 2G allele was
significantly more frequent among patients than controls

(p=0.037, OR=1.41, 95% CI 1.02-1.96) (Table III). No
significant differences were found when comparing the
genotype distributions among patients and controls (Table
III), nor was any association with the 2G allele or the
2G/2G genotype and clinicopathological parameters (age,
gender, Dukes’ stage, ulcerative/polypoid phenotype and
localization) evident (data not shown).

MMP-2 –1306 C/T, MMP-3 –1171 5A/6A and MMP–9 –1562
C/T polymorphisms. The genotype- and allele frequencies
were analyzed in the patient and control populations (Table
III). No significant associations were found regarding CRC
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Table II. Power estimations.

MMP-1 –1607 MMP-2 -1306 MMP-3 -1171 MMP-9 –1562

Allele frequency1 49.0% (2G allele) 27.5% (T allele) 48.0% (6A allele) 13.0% (T allele)
Power2 85.7% 83.2% 85.9% 64.6%

1Allele frequencies were based on previous investigations in healthy Caucasian populations (23, 26).
2Power was calculated at [http://calculators.stat.ucla.edu/powercalc/] using a two-sided ¯2 test. The relative risk was set at 2.0.

Table III. Genotye and allele frequencies of patients and controls.

Polymorphism Genotype/Allele Patients (%) Controls (%) P1 OR1 95% CI1

MMP-1 1G/1G 23 (18.1) 55 (26.4)
(1.00)–1607 1G/2G 1G/2G 61 (48.0) 101 (48.6)

2G/2G 43 (33.9) 52 (25.0) 0.105 1.54 0.92-2.56
1G allele 107 (42.1) 211 (50.7)
2G allele 147 (57.9) 205 (49.3) 0.037 1.41 1.02-1.96

MMP-2 T/T 9 (7.1) 10 (4.8)
(1.00)–1306 C/T C/T 49 (38.6) 89 (42.8)

C/C 69 (54.3) 109 (52.4) 0.818 1.08 0.68-1.72
T allele 67 (26.4) 109 (26.2)
C allele 187 (73.6) 307 (73.8) 1.000 0.99 0.69-1.44

MMP-3 5A/5A 37 (29.1) 48 (23.1)
(1.00)–1171 5A/6A 5A/6A 52 (40.9) 115 (55.3)

6A/6A 38 (29.9) 45 (21.6) 0.115 1.55 0.91-2.64
5A allele 126 (49.6) 211 (50.7)
6A allele 128 (50.4) 205 (49.3) 0.841 1.05 0.76-1.45

MMP-9 C/C 97 (76.4) 165 (79.3) (1.00)
–1562 C/T C/T 30 (23.6) 41 (19.7)

0.618 1.19 0.68-2.08T/T 0 (0.0) 2 (1.0)
C allele 224 (88.2) 371 (89.2)
T allele 30 (11.8) 45 (10.8) 0.788 1.10 0.66-1.85

1Association was analyzed with ¯2 with the Yates correction. P are values for MMP-1 2G/2G relative to 1G/2G+1G/1G, MMP-2 C/C relative to
C/T+T/T, MMP-3 6A/6A relative to 5A/6A+5A/5A and MMP-9 T/T+C/T relative to the C/C genotypes, respectively. OR=Odds ratio.
CI=Confidence interval.



and the allele distribution of MMP-2 –1306 C/T (p=1.000,
OR= 0.99, 95% CI 0.69-1.44), MMP-3 –1171 5A/6A
(p=0.841, OR=1.05, 95% CI 0.76-1.45) or MMP-9 –1562
C/T (p=0.788, OR=1.10, 95% CI 0.66-1.85). Furthermore,
a comparison of genotype distributions among patients and
controls regarding the MMP-2, -3 and -9 polymorphisms
revealed no significant differences (Table III). Finally, no
association was evident between the allele/genotype
distribution of the MMP-2, -3 and -9 polymorphisms and
clinicopathological parameters of CRC (data not shown).

Discussion

The present investigation was aimed at studying a possible
correlation between 4 functional MMP promoter
polymorphisms and CRC. The clinicopathological data of
the patients were also included in the analyses. 

Several previous studies had found overexpression of
MMP-1 and -3 in CRC, as well as their importance for
disease progression (2-4). The MMP-1 –1607 2G allele was
found to increase the MMP-1 gene transcription (8). In the
present study, a significantly higher frequency of the 2G allele
was found among CRC patients (p=0.037, OR=1.41, 95% CI
1.02-1.96), which is in agreement with the results of previous
investigations (9,10). Thus, there seems to be a connection
between the MMP-1-1607 promoter polymorphism and CRC
susceptibility. However, no significant association between
the 2G/2G genotype and CRC susceptibility, although
indicated in previous studies (9,10), was found. In addition,
no implication of the polymorphism in the clinicopathological
parameters (age, gender, Dukes’ stage, ulcerative/polypoid
phenotype and localization) of CRC was evident in the
present investigation. 

Concerning the MMP-3 –1171 5A/6A polymorphism, no
associations with CRC susceptibility or with the
clinicopathological parameters were found. The 6A allele of
the polymorphism seems to lower the MMP-3 gene expression
level (12). Considering this, the results published by Hinoda et
al., showing a higher frequency of the 6A/6A genotype among
CRC patients (9), were surprising. However, one other study
did not find this correlation, thus supporting our results (10).
Furthermore, larger sample sizes were included than in the
previous investigations and the power in our study was
approximately 86% (Table II), which indicates that the
MMP-3 –1171 6A allele probably has no impact on CRC
development. However, the MMP-3 –1171 6A allele, as well as
the MMP-1 –1607 2G allele, may have protective roles in the
development of some cancers, e.g., squamous cell carcinomas
of head and neck (21), which may indicate different effects of
MMP-1 and -3 promoter polymorphisms among cancers.

With regard to MMP-2 and -9, a role in the metastasis
cascade has been suggested due to their collagen IV
degrading capability. In addition, other possible functions

related to carcinogenesis have been indicated, e.g., an
impact on cell differentiation, apoptosis, angiogenesis,
immune surveillance and cancer cell growth (22). Previous
investigations have indicated increased expressions of
MMP-2 and -9 in CRC tumors (2, 4-6), which may be a
result of promoter polymorphisms influencing the MMP-2
and -9 expression levels in CRC development. However, no
significant associations were found with the highly activity
C allele of the MMP-2 –1306 C/T polymorphism and CRC,
or with clinicopathological parameters. These findings are
not in accordance with the results of Xu et al., who showed
a correlation between the C/C genotype and CRC
susceptibility and serosa/adventitia involvement (16).
However, our investigation included larger sample sizes and
had a higher power (83.2%, Table II).

Moreover, there are indications for an association with the
C/C genotype and lung cancer and gastric cardia
adenocarcinoma (14, 15). The T/T genotype was found to be
associated with smaller tumors and lower estrogen receptor
levels in one study on breast cancer (23). However, a dual
effect of the T/T genotype in breast cancer prognosis was
found, depending on the estrogen receptor status (23). Thus,
the role of the MMP-2 –1306 C/T polymorphism in cancer
seems to be complex and might differ among cancers.

No associations were found between susceptibility for or
clinicopathological parameters of CRC and the functional
MMP-9 –1562 C/T polymorphism, in contrast to findings of
previous studies on other cancers. The T allele was found
to be associated with positive prognostic features in breast
cancer (23), but it seems to be related to the invasiveness of
gastric cancer (18). Furthermore, no correlations between
the polymorphism and non-small cell lung carcinoma
(NSCLC) or lymphatic metastases in NSCLC were found in
a previous study (24), either indicating the different effects
of the polymorphism in different cancers or chance
associations. 

In conclusion, the MMP-1 –1607 1G/2G polymorphism
seems to influence the development of CRC, whereas the
MMP-2 –1306 C/T, MMP-3 –1171 5A/6A and MMP-9
–1562 C/T polymorphisms do not.
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    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


