
48 Ýêcïåðèìåíòàëüíàÿ îíêîëîãèÿ 22, 48-51, 2000 (Ìàðò)

Breakdown of tissue boundaries by malignant cells
represents a critical step in cancer progression facili-
tating invasion of surrounding normal tissues [1-2]. This

process is mediated by serine proteinases and metal-
loproteinases [3]. The plasminogen activation system
contains proteolytic factors that, released by cancer
cells, can degrade extracellular matrix and promote tu-
mor invasion and metastasis [4]. The system includes
the urokinase type plasminogen activator (uPA), the tis-
sue type plasminogen activator (tPA), the specific plas-
minogen activator inhibitors PAI-1 and PAI-2 and the
urokinase receptor (uPAR). PAI-1, an approximately
50 kD glycoprotein belonging to the serine proteinase
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Plasminogen activator inhibitor-1(PAI-1) content in colorectal cancer tissue extracts may be of strong prognostic
value: high levels of PAI-1 in tumors predict poor prognosis. PAI-1 gene is highly polymorphic, and an insertion
(5G)/deletion (4G) polymorphism in the PAI-1 gene promoter (the 4G/5G polymorphism), may have functional
significance in PAI-1 expression. In the present work PAI-1 level and distribution of genotypes and frequency of
alleles of the 4G/5G polymorphism in 25 subjects with colorectal cancer in samples of cancer tissue and distant
mucosa samples as well as in blood were studied. PAI-1 level was measured by ELISA, and the 4G/5G polymor-
phism was determined by PCR using allele specific primers. PAI-1 level in cancer tissue was significantly (P < 0.05)
higher than in distant mucosa. No differences between genotypes of the 4G/5G polymorphism in distant mucosa,
cancer tissue, and blood of each patient were found. The distribution of the genotypes in the population under
study did not differ significantly (P > 0.05) from those predicted by Hardy-Weinberg distribution. The results
support a hypothesis, that higher PAI-1 level is associated with colorectal cancer. Meanwhile 4G/5G polymorphism
is not directly involved in the development of colorectal cancer.
Key Words: plasminogen activator inhibitor-1 (PAI-1), PAI-1 gene, gene polymorphism, colorectal cancer, prog-
nostic marker.

Ñîäåðæàíèå èíãèáèòîðà-1 àêòèâàòîðà ïëàçìèíîãåíà (ÈÀÏ-1) â ýêñòðàêòàõ òêàíè êîëîðåêòàëüíîãî ðàêà èìååò
ñóùåñòâåííîå ïðîãíîñòè÷åñêîå çíà÷åíèå: âûñîêîå åãî ñîäåðæàíèå ñâèäåòåëüñòâóåò î íåáëàãîïðèÿòíîì ïðîãíî-
çå. Ãåí, êîäèðóþùèé ÈÀÏ-1, ÿâëÿåòñÿ â âûñîêîé ñòåïåíè ïîëèìîðôíûì. Ïîëèìîðôèçì âñòàâêà (5G)/äåëåöèÿ
(4G) â ïðîìîòîðå ãåíà ÈÀÏ-1 (ïîëèìîðôèçì 4G/5G) ìîæåò èìåòü ôóíêöèîíàëüíîå çíà÷åíèå äëÿ ýêñïðåññèè
ÈÀÏ-1. Â ðàáîòå ïðîàíàëèçèðîâàíû ñîäåðæàíèå ÈÀÏ-1, ðàñïðåäåëåíèå ãåíîòèïîâ è ÷àñòîòà àëëåëåé ïîëèìîð-
ôèçìà 4G/5G â îïóõîëåâîé òêàíè, â ñëèçèñòîé îáîëî÷êå êèøå÷íèêà è â êðîâè 25 áîëüíûõ êîëîðåêòàëüíûì
ðàêîì. Ñîäåðæàíèå ÈÀÏ-1 îïðåäåëÿëè ìåòîäîì ÅLISA, ïîëèìîðôèçì 4G/5G � ìåòîäîì ÏÖÐ ñ ïðàéìåðàìè,
ñïåöèôè÷íûìè äëÿ êàæäîãî èç àíàëèçèðóåìûõ àëëåëåé. Ñîäåðæàíèå ÈÀÏ-1 â òêàíè îïóõîëè áûëî çíà÷èòåëü-
íî âûøå (ð < 0,05), ÷åì â ñëèçèñòîé îáîëî÷êå ó÷àñòêà êèøêè, âçÿòîãî îò îïóõîëè. Íå îáíàðóæåíî ðàçëè÷èé
ìåæäó ãåíîòèïàìè ïî ïîëèìîðôèçìó 4G/5G ó êàæäîãî êîíêðåòíîãî áîëüíîãî â òêàíè îïóõîëè, â íîðìàëüíîé
ñëèçèñòîé îáîëî÷êå è â êðîâè. Ðàñïðåäåëåíèå ãåíîòèïîâ èññëåäóåìîé ïîïóëÿöèè íå îòëè÷àëîñü îò òàêîâîãî,
ïðåäñêàçàííîãî ðàñïðåäåëåíèåì Õàðäè�Âàéíáåðãà. Ïîëó÷åííûå äàííûå ïîäòâåðæäàþò ãèïîòåçó î òîì, ÷òî
âûñîêîå ñîäåðæàíèå ÈÀÏ-1 ñâÿçàíî ñ êîëîðåêòàëüíûì ðàêîì. Îäíàêî ïîëèìîðôèçì 4G/5G ìîæåò íå èìåòü
îòíîøåíèÿ ê ïîâûøåííîìó ñîäåðæàíèþ ÈÀÏ-1, íàáëþäàåìîìó ïðè êîëîðåêòàëüíîì ðàêå, è, òàêèì îáðàçîì,
íå àññîöèèðîâàí ñ âîçíèêíîâåíèåì è/èëè ïðîãðåññèðîâàíèåì çàáîëåâàíèÿ.
Êëþ÷åâûå ñëîâà: èíãèáèòîð-1 àêòèâàòîðà ïëàçìèíîãåíà (ÈÀÏ-1), ãåí ÈÀÏ-1, ãåííûé ïîëèìîðôèçì, êîëîðåê-
òàëüíûé ðàê, ïðîãíîñòè÷åñêèé ìàðêåð.
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inhibitor superfamily, is the major physiological inhibi-
tor of the system.

PAI-1 was shown to be a prognostic marker in many
cancers, including colorectal cancer [5]. The elevated
level of PAI-1 can be associated with shorter re-
currence-free and overall survival. Changes in PAI-1
biosynthesis are usually proceeded by changes in its
gene transcription and mRNA level [6]. Gene variability
could contribute to the level of the PAI-1 biosynthesis
[7]. Nine different polymorphism patterns of the PAI-1
gene have been described: two (CA)n repeat polymor-
phisms, one in the promoter and one in the intron 4; an
HindIII restriction fragment length polymorphism; an in-
sertion (5G)/deletion (4G) polymorphism at position
�675 of the PAI-1 gene promoter; two G → A substitu-
tions at positions -844 and +9785; three polymorphisms
in the 3' untranslated region: T → G substitution at po-
sition +11 053 and 9-nucleotide insertion/deletion lo-
cated between nucleotides +11 320 and +11 345 in a
threefold repeated sequence and G → A substitution in
position +12 078. Among the variants of the PAI-1 gene
an insertion (5G)/deletion (4G) polymorphism (the
4G/5G polymorphism) was most frequently studied. Its
location at the promoter of the gene indicated its pos-
sible role in the regulation of the PAI-1 gene tran-
scription. It was shown that particular genotypes of this
polymorphism could be associated with cerebral sinus
thrombosis [8], coronary arterial disease [9] and other
vascular disturbances, but little is known on possible
role of the 4G/5G polymorphism in cancer. In the present
work the PAI-1 level and the distribution of genotypes
and frequency of alleles of the 4G/5G polymorphism in
subjects with colorectal cancer was investigated.

MATERIALS AND METHODS
Blood, tumor tissues and distant mucosa samples

were obtained from 25 patients ranged in age from 37
to 69 years (mean age 56 years). All tumors were grad-
ed according to Dukes�s stages. The cytosol fraction
from tumor and mucosa samples was obtained by pul-
verisation with a detergent and ultracentrifugation. Pro-
tein was determined by Bradford method. PAI-1 anti-
gen level was quantified by a sandwich enzyme linked
immunosorbent assay (ELISA) using commercially
available kit Imulyse PAI-1 (Biopol, Umea, Sweden).
The assay was performed in triplicate and results were
expressed in nanograms per milligram of total protein.

DNA was isolated by proteinase K digestion and
phenol/chloroform extraction. Genotypes of the 4G/5G

polymorphism were determined by polymerase chain
reaction amplification of genomic DNA using the fol-
lowing allele specific primers: 5'-GTC TGG ACA CGT
GGGGA-3' for the deletion 4G allele (Primer 1) and
5'-GTC TGG ACA CGT GGGGG-3' for the insertion
5G allele (Primer 2), each in a separate reaction to-
gether with the common downstream primer 5'-TGC
AGC CAG CCA CGT GAT TGT CTAG-3' (Fig. 1). A
fourth primer 5'-AAG CTT TTA CCA TGG TAA CCC
CTGGT-3' located upstream of the polymorphic re-
gion was used as a positive control in the PCR reaction
to verify the occurrence of DNA amplification in the ab-
sence of the allele in the genomic DNA [10]. The PCR
was carried out in a MJ Research, INC thermal cycler,
model PTC-150-16α-25 (Waltham, MA, USA). The
thermal cycling conditions were 30 s at 94°C, 30 s at
54°C, 40 s at 72°C, repeated for 35 step cycles. 25 µl
of PCR reaction contained 10 ng genomic DNA, 10 pmol
of each appropriate primer (ARK Scientific GmbH Bio-
systems, Darmstad, Germany), 2.5 mM MgCl2 1 mM
dNTPs (Boehringer, Mannheim, Germany) and 1 unit
of Taq Polymerase (Promega Corporation, Madison,
USA). PCR products were electrophoresed in a 5%
polyacrylamide gel (PAGE) and visualised by ethidium
bromide staining (Fig. 2). The allelic frequencies were
estimated by gene counting and genotypes were
scored. The observed numbers of each PAI-1 geno-
type were compared with that expected for a popula-
tion in Hardy-Weinberg equilibrium using a χ2 test. The
significance of the differences of observed alleles and
genotypes between groups was tested using the χ2

analysis. The difference between PAI-1 levels in tumor
tissue and distant mucosa samples was assayed by
the t-Student test.

RESULTS AND DISCUSSION
According to the data of PCR analysis, all the pa-

tients were divided into three genotypes of the PAI-1
gene promoter region: 4G/4G, 4G/5G and 5G/5G (Fig. 2).
Table 1 shows genotype distribution between blood, tu-
mor tissue and distant mucosa samples. For each pa-
tient the distributions were identical in all kind of sample
and they did not differ significantly (Ð > 0.05) from those
predicted by the Hardy-Weinberg distribution.

The results of the PAI-1 level measurements in tu-
mor tissue and distant mucosa samples were displayed
in Table 2. It can be seen that the level of PAI-1 in
samples of tumor tissue was significantly (Ð < 0.05)
higher than the level in distant mucosa samples. These

Fig. 1. PAI-1 promoter sequences comprising the region of the 4G/5G polymorphism
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results confirm earlier observations that the level of
PAI-1 is increased in colorectal cancer and support hy-
pothesis about the use of PAI-1 level as a prognostic
marker in this disease [5].

The 4G/5G polymorphism may be related to differ-
ential binding of proteins that influence its transcription
[11]. Such connection between genotype and pheno-
type has been reported in vascular disease, but little is
known about possible role of the 4G/5G polymorphism
in cancer. In light of substantial evidence that the pro-
gression of colorectal cancer can be associated with
elevated level of PAI-1, it seems reasonable to check
a possible correlation between the polymorphism and
clinical status of cancer patients. We did not find any
correlation between 4G/5G genotypes and occurrence
of cancer. It should be taken into account that in addi-
tion to genotype, a series of environmental factors af-
fects plasma PAI-1 levels. PAI-1 synthesis has been
related to high blood levels of glucose, insulin and trig-
lycerides [12], sex hormone [13] and angiotensin IV [14].
Increased level of PAI-1 can be also linked with smok-
ing habits [15], alcohol consumption [16] and acute in-
fections [17].

It is known that 4G/5G polymorphism is associated
with the PAI-1 gene promoter activity under interleu-
kin-1 stimulation [9] that may influence the transcrip-
tion of the gene. Such influence is regulated by cyto-
kines which are released by tumor cells. Nevertheless
no such effect has been shown so far. As mentioned
above, the data on possible correlation between the
polymorphism and occurrence or progression of can-
cer are scarce. There were no significant differences in
the 4G/5G genotype distributions and allele frequen-
cies between a small population of the advanced ova-
rian cancer cell lines and peripheral blood lymphocytes
of healthy control [18]. It should be noted that in a sepa-
rate study elevated levels of PAI-1 was found in tumor
tissues obtained from patients with advanced ovarian
cancer (FIGO IIIc) when compared to those in normal
ovarian tissues [19].

Table 1. Distribution of 4G/5G genotypes and frequencies of the 4G and 5G alleles in blood, tumor tissue and distant mucosa samples of patients with
colorectal cancer

Blood Tumor tissue sample Distant mucosa sample
Number Frequency Number Frequency Number Frequency

4G/4G genotype 10 0.40 10 0.40 10 0.40
4G/5G genotype 9 0.36 9 0.36 9 0.36
5G/5G genotype 6 0.24 6 0.24 6 0.24
χ2 2.264a

4G allele 29 0.58 29 0.58 29 0.58
5G allele 21 0.42 21 0.42 21 0.42
a P > 0.05 as compared with Hardy-Weinberg distribution.

Table 2. Average PAI-1 level in tumor tissue and distant mucosa samples in subjects with colorectal cancera

Average PAI-1 levelb

Genotype Tumor tissue samples Distant mucosa samples
4G/4G genotype
4G/5G genotype
5G/5G genotype
total

4.71
4.65
4.81

4.68*

4.17
3.77
3.78
3.93

an = 25; b(ng/mg protein); *P < 0.05 as compared with distant mucosa samples.

Fig. 2. A typical result of allele specific polymerase chain reac-
tion performed with genomic DNA isolated from tumor tissues
and analysed by a 5% polyacrylamide gel electrophoresis, stained
with ethidium bromide and viewed under ultraviolet light.
Lanes 1, 4 and 7 display the product of amplification with a primer
specific to the 5G allele; lanes 2, 5 and 8 � the 4G allele and
lanes 3, 6 and 9 � controls

1         2         3         4         5         6         7         8         9

Our study implies that 4G/5G polymorphism is not
directly involved in the development of colorectal can-
cer but further research, conducted on larger popula-
tion, are needed to clarify this point.
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