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The process of cancer invasion and metastasis in-
volves extensive remodelling of extracellular matrix
(ECM) and basement membranes (BMS). The remo-
delling of ECM is assisted by proteolytic enzymes (pro-
teinases) synthesized by cells of different types involved
in cancer progression.  Their proteolytic activity is regu-
lated by specific inhibitors and thus both proteinases

and their inhibitors form essential tools controlling the
process of ECM remodelling. Main proteinases involved
in cancer progression are matrix metalloproteinases,
serine proteinases and cathepsins [1].

The matrix metalloproteinases (MMPs) are a family
of highly conserved zinc-binding endopeptidases, which
collectively are capable of degradation of most, if not all,
components of the ECM and BMS [2]. Overexpression
of MMPs is now known to be associated with most ma-
lignant tumors. The presence of specific MMPs may have
prognostic significance in many cancers [3]. MMP-1 (in-
terstitial collagenase) can degrade fibrillar collagens, the
most abundant class of ECM proteins in interstitial con-
nective tissue. Overexpression of MMP-1 has been
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Matrix metalloproteinase-1 (MMP-1) degrades collagens type I, II, and III, the main components of the interstitial
stroma. Overexpression of MMP-1 was observed in various cancers and was shown to be correlated with the
venous invasion, lymph node metastasis and a poor prognosis in colorectal cancer. A guanine insertion/deletion
polymorphism (the 1G/2G polymorphism) within the promoter region of MMP-1 gene influences its transcription
level — the 2G (insertion type) promoter has higher transcriptional activity than the 1G (deletion type) promoter.
In the present work the distribution of genotypes and frequency of alleles of the 1G/2G polymorphism in subjects
with colorectal cancer were investigated. Tumor tissues and distant mucosa samples were obtained from 33 pa-
tients. Blood samples from 52 sex and age matched healthy persons served as control. The 1G/2G polymorphism
was determined by PCR-based XmnI restriction fragment length polymorphism. No differences between genotypes
of the 1G/2G polymorphism in cancer tissue and distant mucosa were found. The distributions of the genotypes in
cancer patients and control did not differ significantly (p > 0.05) from those predicted by the Hardy–Weinberg
distribution. There were no differences in the frequencies of the 1G and 2G alleles between both groups. Our
results suggests that the 1G/2G polymorphism may not be associated with colorectal cancer but further research
performed on larger population is needed to clarify this point.
Key Words: matrix metalloproteinases (MMPs), MMP-1 gene, gene polymorphism, colorectal cancer.

Ìàòðèêñíûå  ìåòàëëîïðîòåèíàçû (ÌÌÐ-1) ðàçðóøàþò êîëëàãåíû I, II è III òèïîâ — îñíîâíûå êîìïîíåíòû
èíòåðñòèöèàëüíîé ñòðîìû. Ãèïåðýêñïðåññèÿ ÌÌÐ-1 íàáëþäàåòñÿ â ðàçëè÷íûõ îïóõîëÿõ è, êàê áûëî óñòàíîâëå-
íî, êîððåëèðóåò ñ íàëè÷èåì èíâàçèè â ñîñóäû, ìåòàñòàçîâ â ëèìôàòè÷åñêèõ óçëàõ è ïëîõèì ïðîãíîçîì ïðè
êîëîðåêòàëüíîì ðàêå. 1G/2G-ïîëèìîðôèçì (ïîëèìîðôèçì èíñåðöèé/äåëåöèé ãóàíèíà) â ïðîìîòîðíîì ó÷àñòêå
ãåíà ÌÌÐ-1 âëèÿåò íà óðîâåíü åãî òðàíñêðèïöèè — ïðîìîòîð ñ èíñåðöèÿìè 2G èìååò áîëåå âûñîêóþ òðàíñêðèï-
öèîííóþ àêòèâíîñòü, ÷åì ïðîìîòîð ñ èíñåðöèÿìè 1G. Â äàííîé ðàáîòå áûëî èññëåäîâàíî ðàñïðåäåëåíèå ãåíîòè-
ïîâ è ÷àñòîòà àëëåëåé ïîëèìîðôèçìà 1G/2G ó ïàöèåíòîâ ñ êîëîðåêòàëüíûì ðàêîì. Îáðàçöû îïóõîëåâîé òêàíè è
íåïîðàæåííîé ñëèçèñòîé îáîëî÷êè áûëè ïîëó÷åíû ó 33 ïàöèåíòîâ. Îáðàçöû êðîâè 52 çäîðîâûõ ëèö, îòîáðàííûõ
ïî êðèòåðèÿì ïîëà è âîçðàñòà, ñëóæèëè êîíòðîëåì. Ïîëèìîðôèçì 1G/2G îïðåäåëÿëè ïî ïîëèìîðôèçìó ôðàã-
ìåíòîâ ðåñòðèêöèè Xmn ìåòîäîì ÏÖÐ. Ìåæäó ãåíîòèïàìè ïîëèìîðôèçìà 1G/2G òêàíåé îïóõîëè è íåïîðàæåí-
íîé ñëèçèñòîé îáîëî÷êè ðàçëè÷èÿ íå îáíàðóæåíû. Ðàñïðåäåëåíèå ãåíîòèïîâ ìåæäó áîëüíûìè îíêîëîãè÷åñêîãî
ïðîôèëÿ è çäîðîâûìè ëèöàìè íå èìåëî äîñòîâåðíûõ îòëè÷èé (ð > 0,05) îò ðàñ÷åòíîãî ðàñïðåäåëåíèÿ Õàðäè–
Âàéíáåðãà. Ó ïàöèåíòîâ îáåèõ ãðóïï íå îáíàðóæåíû ðàçëè÷èÿ â ÷àñòîòå àëëåëåé 1G è 2G. Íàøè ðåçóëüòàòû
ñâèäåòåëüñòâóþò î òîì, ÷òî ïîëèìîðôèçì 1G/2G íå àññîöèèðóåòñÿ ñ êîëîðåêòàëüíûì ðàêîì, íî äëÿ îêîí÷àòåëü-
íîãî âûâîäà íåîáõîäèìû èññëåäîâàíèÿ íà áîëüøåì êîëè÷åñòâå ïàöèåíòîâ.
Êëþ÷åâûå ñëîâà: ìàòðèêñíûå ìåòàëëîïðîòåèíàçû (ÌÌÐ), ãåí ÌÌÐ-1, ãåííûé ïîëèìîðôèçì, êîëîðåêòàëüíûé ðàê.
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demonstrated in tumor tissues and tumor cell lines and
patients with high level of MMP-1 were reported to have
poor prognosis [4�6]. A single nucleotide polymorphism,
the 1G/2G polymorphism, in the human MMP-1 gene
has recently been described [7]. This polymorphism is
located at the position �1607 relative to the start of tran-
scription and has two alleles: one with one guanine (1G)
and the other with two guanines (2G) at this position.
The 1G/2G polymorphism can influence transcription
because the presence of an additional guanine residue
at �1607 in the promoter leads to the creation of an Ets
binding site, 5�-GGA-3�, adjacent to an AP-1 site at �
1602. Promoters containing 2G allele display significantly
higher transcriptional activity than 1G promoters [7]. The
prevalence of the 2G allele was reported in ovarian and
endometrial cancers [8, 9]. The levels of MMP-1 ex-
pression in cancer tissue among the patients carrying
the 2G allele were elevated significantly in comparison
with 1G homozygotes.

In the present work the distribution of genotypes and
frequency of alleles of the 1G/2G polymorphism in sub-
jects with colorectal cancer was investigated.

MATERIALS AND METHODS
Tumor tissues and distant mucosa samples were

obtained from 33 patients treated at the Department of
Surgery, Medical University of Lodz, Poland. The age
of patients ranged from 38 to 78 years (median age
57 years). All tumors were verified histopathologically.
Blood samples from sex and age matched healthy per-
sons (n = 52) served as control.

 DNA was isolated by proteinase K digestion and
phenol/chloroform extraction. Genotypes of the 1G/2G
polymorphism in the MMP-1 promoter were determined
by PCR-based XmnI restriction fragments length poly-
morphism [10]. PCR amplification of genomic DNA was
carried using the following primers: 5�-TCG TGA GAA
TGT CTT CCC ATT-3� (forward primer) and 5�-TCT
TGG ATT GAT TTG AGA TAA GTG AAA TC-3� (re-
verse primer). Two mismatches were introduced in the
reverse primer close to the polymorphism site, creat-
ing a recognition sequence (5�-GAANNNNTTC-3�) for
restriction endonuclease XmnI when the DNA template
contains 1G (but not 2 Gs). Thus, an XmnI digestion
will cleave PCR products derived from the 1G allele
but not from the 2G allele. The PCR was carried out in
a MJ Research, INC thermal cycler, model PTC-100
(Waltham, MA, USA), in a total volume of 25 µl, con-
taining 50 ng of genomic DNA, 10 pmol of each primer
(ARK Scientific GmbH Biosystem, Darmstad, Germa-

ny), 200 µM dNTPs (Boeringer, Mannheim, Germany),
20 mM Tris-HCl (pH 8.4), 50 mM KCl, 2 mM MgCl2
and 1 unit Taq polymerase together with 2.5 µl of 10 ×
Taq buffer. The thermal cycling conditions were 1 min
at 95 °C, followed by 35 cycles of 30 s at 95 °C, 30 s at
56 °C and 30 s at 72 °C. Then 15 µl aliquot of the sam-
ple was mixed with a 5 µl of solution containing 2 µl
buffer blue (50 mM NaCl, 10 mM Tris-HCl, 10 mM
MgCl2 pH 7.5), 6 U XmnI and 2.5 µl H2O. The mixture
was incubated at 37 °C for 16 h. Approximately 15 µl
aliquot of the digest was applied to electrophoressis in
10% horizontal polyacrylamide gel (PAGE) and visua-
lised by ethidium bromide staining.

The allelic frequencies were estimated by gene
counting and genotypes were scored. The observed
numbers of each MMP-1 promoter genotype were com-
pared with that expected for a population in Hardy�Wein-
berg equilibrium by using a χ2 test. The significance of
the differences of observed alleles and genotypes be-
tween groups was tested using the χ2 analysis.

RESULTS AND DISCUSSION
According to the data of RFLP analysis, all cancer

patients and control healthy individuals were divided into
three groups according to genotypes of the MMP-1 pro-
moter region: 1G/1G, 1G/2G and 2G/2G (Fig. 1). Table
1 shows genotype distribution between tumor tissues,
distant mucosa samples and blood samples. For each
cancer patient the genotypes were identical in either kind
of sample. The distribution of the genotypes in both
groups did not differ significantly (p > 0.05) from those
predicted by the Hardy�Weinberg distribution. Addition-
ally, there were no differences in the frequencies of the
1G and 2G alleles between patients and controls.

Table. Distribution of 1G/2G genotypes and frequencies of the 1G and 2G alleles in tumor tissues and distant mucosa samples of patients with colorectal 
cancer and in blood samples of controls 

Colorectal cancer patients (n = 33) Controls (n = 52) 
Tumor tissue sample Distant mucosa sample Blood sample 

 

Number Frequency Number Frequency Number Frequency 
1G/1G genotype 9 0.27 9 0.27 11 0.21 
1G/2G genotype 13 0.39 13 0.39 24 0.46 
2G/2G genotype 11 0.33 11 0.33 17 0.33 
χ2  1.44a   0.0277b  
1G allele 31 0.46 31 0.46 46 0.44 
2G allele 35 0.53 35 0.53 58 0.55 
a p > 0,05 as compared with Hardy � Weinberg distribution. 
b p > 0,05 as compared with the controls. 

Fig. 1. MMP-1 promoter region comprising the site of the 1G/2G
polymorphism. The positions of upstream and downstream prim-
ers used in PCR amplification were shown
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Colorectal cancer is one of the most common ma-
lignant tumors and often has a relatively poor progno-
sis. An immunohistochemical study performed with use
of  monoclonal antibody to MMP-1 has demonstrated
that MMP-1 is associated with a poor prognosis in col-
orectal cancer and that this association is independent
of Duke�s stage [5]. Among the cases of invasive col-
orectal carcinomas, MMP-1 immunoreactivity has sig-
nificantly correlated with the depth grading of tumor
invasion, tumor growth pattern, the presence of lym-
phatic, venous and neural invasions, lymph node, he-
patic metastases and increasing severity of disease
according to Duke�s stage, which is an established pre-
dictor of poor prognosis in patients with colorectal can-
cer [11]. Furthermore, MMP-1 expression significantly
correlated with hematogenous metastasis of colorec-
tal cancer [12]. These findings suggest that the ex-
pression of MMP-1 can be considered as one of the
most important factors related to tumor invasion and
metastasis in colorectal carcinoma. In light of substan-
tial evidence that the progression of colorectal cancer
can be associated with elevated level of MMP-1, it
seems reasonable to check whether MMP-1 gene vari-
ability could contribute to this association.

A correlation between the expression of MMP-1 gene
and single nucleotide polymorphism (the 1G/2G poly-
morphism) in its promoter region was found in ovarian
and endometrial carcinomas [8, 9]. The location of the
polymorphism in the gene promoter indicated its possi-
ble role in the regulation of the MMP-1 gene transcrip-
tion. The presence or absence of an additional guanine
nucleotide in the promoter region of the MMP-1 gene,
which determines the presence or absence of an Ets
binding site, affects the transcriptional level of MMP-1
in normal fibroblasts and in melanoma cells. The high
frequency of 2G homozygotes in tumor cell lines has
been taken to imply an increase in invasive behavior
due to high levels of MMP-1 expression [8]. To our

knowledge, the 1G/2G polymorphism has not been in-
vestigated in colorectal cancer. In the present work we
investigated the frequencies of the different insertion/
deletion alleles in tumor tissue and distant mucosa sam-
ples from patients with colorectal cancer and blood sam-
ples from healthy controls. Genotype distributions in all
groups did not differ from those predicted by the Hardy-
Weinberg distribution. There were no differences in the
frequencies of the 1G and 2G alleles between patients
and controls. Our results suggest that 1G/2G polymor-
phism may not be associated with occurrence of colo-
rectal cancer, but further studies performed on larger
population are needed to clarify this point.
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Fig. 2. A typical result of the restriction endonuclease (XmnI)
digestion of PCR products performed with genomic DNA isola-
ted from colorectal cancer tissues and analysed by 10% poly-
acrylamide gel electrophoresis, stained with ethidium bromide
and viewed under ultraviolet light.  Lanes 1 displays band for a
homozygote 1G/1G; lanes 2 and 6 display bands for heterozy-
gotes 1G/2G; lanes 3�5 � homozygotes 2G/2G. Lane W � DNA
molecular weight marker
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