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THE 4G/5G POLYMORPHISM IN THE PROMOTER 
OF THE PLASMINOGEN ACTIVATOR INHIBITOR-1 (PAI-1) 

GENE IN SUBJECTS WITH CANCER

U rokinase plasm inogen activator system includes proteoly tic  enzym es th a t m ay 
contribu te  to  cancer cell invasion by degrading the surrounding extracellular m atrix  
and dissociate cell-cell or cell-m atrix attachm ents. T here is substantia l evidence in 
m any types o f cancer th a t the antigen content o f  one com ponent o f  the  system
-  plasm inogen activator inhibitor-1 (PAI-1) in prim ary  cancer tissue extracts are o f 
s trong  prognostic  value: high level o f PAI-1 in tum or predict p o o r prognosis for 
the patient. M oreover, it was dem onstrated  that the level o f PAI-1 in m etastasis is 
significantly higher com pared to  prim ary tum ors. An insertion/deletion polym orphism  
in the p rom oter o f the PAI-1 gene has been described th a t relates to  p lasm a PAI-1 
levels. We studied this polym orphism  in the subjects with cancer. Blood was taken 
from  53 p a tien ts  (16 b reast cancers, 12 colorectal cancers, 9 gastric  cancers, 
9 m elanom as and 7 head and neck cancers) and 53 m atched controls. T he frequencies 
o f  the 4G  and 5G alleles in patients were 0.53 and 0.47, respectively, com pared 
with 0.43 and 0.57 in controls. The genotype d istribu tion  differed significantly 
betw een the two groups -  the 4G /5G  genotype was observed m ore frequently  in 
patien ts with cancer than  in the controls. Fu rther studies are needed to  check 
w hether the  prevalence o f th e  4G /5G  genotype m ay influence an  in d iv idua l’s 
plasm inogen activation system capacity and thereby contribu te  in  a  small way to 
the cancer risk profile.
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IN T R O D U C T IO N

T he urokinase plasm inogen activation system is not only responsible for 
the removal o f fibrin from the circulation, but is also believed to  play 
a role in o ther biological processes, such as ovulation, embryogenesis, 
intim a proliferation, atherosclerosis, degradation o f the extracellular m atrix , 
tum origenesis and m etastasis [5, 25, 31]. The system includes the urokinase



type plasm inogen activator (u-PA), the specific plasm inogen ac tiva to r 
inhibitors PAI-1 and PA1-2 and the urokinase receptor (u-PAR). PA I-1, an 
approxim ately 50-k.D glycoprotein belonging to  the serine protease inhibitor 
superfamily, is the m ajor physiological inhibitor of the system. Its biosynthesis 
is regulated by a num ber o f horm ones, cytokines, growth factors, tum or- 
-prom oting phorbol esters and other agents [2, 14, 15].

Cancer cell invasion and m etastasis are m ultifactorial processes that 
include adherence to the basement m em brane, secretion o f  proteolytic 
enzymes and cell m igration into vessels and lym phatic nodes followed by 
extravasation at d istant sites [22]. It has been shown that plasmin bound 
to  tum or cells significantly increases the degradation o f basem ent m em brane 
[4], so PAI-1, like the rem aining com ponents o f the plasm inogen activation 
system, can be involved in tum or invasion and m etastasis. T he level o f 
PAI-1 was positively correlated with a m ore invasive tum or cell phenotype 
o f m any types of cancers, so it can be related to  prognosis [3],

PAI-1 was shown first to be a prognostic m arker in both node-negative 
and node-positive breast cancer [12, 13, 17]. It was also shown that in 
gastric cancer, high level of PAI-1 correlated with shortened patien t survival 
[11, 28]. In lung adenocarcinom a, PAI-1 was found to  be an independent 
ind icato r o f prognosis [30], H igh levels o f PAI-1 predicted shortened 
survival in patients with advanced ovarian cancer [21]. T he feasibility of 
altering tum or m etastasis by disrupting plasminogen activators function by 
PAI-1 was dem onstrated in m urine models o f prostate  carcinom a and 
in traocu la r m elanom a [1, 32], T u m or necrosis factor a increased the 
production  o f PAI-1 in eight hum an colon carcinom a cell lines [33],

Changes in PAI-1 biosynthesis is usually proceeded by changes in PAI-1 
gene transcription and m R N A  level [2, 23]. Gene variability could contribute 
to the level of the PAI-1 biosynthesis [16]. Eight different polym orphism  
on the PAI-1 gene have been described: (a) two (CA)„ repeat polym orphisms, 
one in the prom oter and one in the intron 4 [7, 24], (b) an  H in d lll 
restriction fragm ent length polym orphism  [18], (1991); (c) an  insertion 
(5G )/deletion (4G) polym orphism  at position -675 o f the PAI-1 gene 
prom oter [6]; (d) two G —*A  substitutions at positions -844 and +9785; 
(e) two polym orphism s in the 3’ untranslated region (T —vG substitution at 
position 11 053 and 9-nucleotide insertion/deletion located between nucleotides 
+  11 320 and + 11  345 in a threefold repeated sequence) [16], In view of 
the possibly significant role o f PAI-1 for tum or spreading, it is im portan t 
question, whether these polym orphism s can account for the developm ent 
and /o r the progression o f cancer.

In the present w ork the frequencies of the variants o f the com m on 
insertion (5G)/deletion (4G) polym orphism  at position -675 o f the PAI-1 
prom oter (4G/5G polymorphism, Fig. 1) in subjects with cancer as com pared 
with healthy controls was studied.



G G A C A C G T  AGTCAG
GGGGG

Fig. 1. Schematic representation  of the PAI-1 gene showing the location of the 4G /5G  
polym orphic site and its flanking sequences

M A TE R IA L S AND M E T H O D S

Chemicals

R N A se, proteinase K , T rito n  X-100 and E D T A  were from  Sigma 
Chemicals (St. Louis, MO). Taq polymerase was obtained from  Prom ega 
(M adison, W I, USA). Specific primers were purchased in A R K  Scientific 
G m bH  Biosystems (D arm stadt, Germ any). F o u r deoxyribonucleotides tri­
phosphates were from Boehringer (M annheim , Germ any).

All o ther reagents were o f the highest purity available.

Subjects

The study included blood from 53 healthy volunteers and 53 patients 
with various cancers -  16 breast cancers, 12 colorectal cancers, 9 gastric 
cancers, 9 m elanom as and 7 head and neck cancers. All patients had 
biopsy-verified m alignant tum ors. Blood was collected at the D epartm ent 
o f  Oncology, M edical Academy of Łódź from patients enrolled to surgery. 
T he control subjects were age- and sex m atched.

D N A  extraction

Blood was mixed with equal volume of the buffer com prising 1% T riton  
X-100, 2%  sarcosyl, 0.8 M urea, 20 mM  ED TA , 0.4 M N aCl, 200 mM



Tris, pH 8.0 and RNAse A was added to  a final concentration of 100 /xg/ml. 
After 2 h incubation at 55°C proteinase K  was added to a final concentration 
o f 125 /¿g/ml and the sample was incubated as previously and extracted 
once with phenol and twice with chloroform .

Determination o f PAI-1 genotype

PAI-1 4G /5G  prom oter genotype was established for each subject by 
polym erase chain reaction (PCR) am plification of genomic D N A  using the 
allele specific primers (Fig. 1): insertion 5G allele: 5’-G T C  T G G  ACA 
C G T G G G  G G -3’, deletion 4G allele: 5’-G TC  T G G  ACA  CG T G G G  
G A -3’, each in a separate PCR reaction together with the com m on dow n­
stream  prim er 5’-TG C  A G C  C A G  CCA  CGT GAT T G T  C TA  G -3’ and 
a control upstream  prim er 5’-AAG CTT TTA  CCA  T G G  TA A  CCC 
C TG  G T-3’ to verify the occurrence of D N A  am plification in the absence 
o f the allele on the genomic D N A  [10]. The PCR was carried out in 
a Perkin-Elm er therm al cycler, m odel Gene A m p PCR  System 2400 in 
a final volume o f 25 /il containing 10 ng D N A , 13 pmol o f specific 
prim ers, 1 mM dN TPs and 1 U T aq polymerase together with 2.5 /il 
l O x T a q  buffer. The PCR cycle conditions were 94“C for 60 s, 54°C for 
30 s then 72°C for 40 s for 35 cycles. The amplified D N A  fragm ents were 
separated by 5% polyacrylam ide gel electrophoresis and, after staining 
with ethidium  brom ide, viewed under ultraviolet light. Each subject was 
classified into one o f the three possible genotype groups: 4G /4G , 4G /5G  
o r 5G /5G .

Statistical analysis

Allele frequency was estim ated by gene counting and analyzed by 
Xz test. T he test was also used to  com pare the observed num bers 
o f each PAI-1 genotype with those expected for a population  in H ardy- 
-W einberg equilibrium.

R E SU L T S AND D ISC U SSIO N

T he distribution o f the 4G /5G  genotypes in patients with cancers and 
controls is displayed in Table 1.



The genolype distribution differed significantly between the two groups 
(Table 1) -  the 4G /5G  genotype was observed alm ost twice m ore frequently 
in patients than in the control; on the o ther hand, the 5G /5G  genotype 
was abou t 5 times less frequent than in the control. The frequencies o f the 
4G  and 5G alleles in patients did not differ significantly from controls.

T a b l e  1

D istribution  o f 4G /5G  genotypes and frequencies o f  the 4G  and 5G alleles in 
patients with cancer and controls

Patients“ 
N um ber Frequency

C ontro ls“ 
N um ber Frequency

4G /4G  genotype 7 0.14 11 0.22
4G /5G  genotype 42 0.79" 23 0.42
5G/5G genotype 4 0.07h 19 0.36

4G allele 56 0.53 45 0.43
5G allele 50 0.47 61 0.57

0 n =  53; 
b p  < 0 .0 5 .

W ith the presented d ata  it was shown, that there were different d ist­
ributions o f 4G /5G  genotypes in small populations o f patients with cancers 
and controls.

Idea that PAI-1 is an etiological factor in some diseases, first o f  all of 
cardiovascular type [18], caused that hum an PAI-1 prom oter was searched 
for alterations that m ay affect the level of plasm a PAI-1 activity [9], 
Evidence that genetic factors can be im portant for PAI-1 activity comes 
from  clinical studies. Initially, a 3’ Hincilll restriction fragm ent length 
polym orphism  and an intronic dinucleotide (CA) repeat were associated 
with elevated PAI-1 levels [6]. M ore recently 4G /5G  polym orphism  has 
been related to circulating level of PAI-1 -  levels are the highest in subjects 
with the 4G /4G  genotype and generally ab o u t one-th ird  higher than  
subjects hom ozygous for the 5G allele [7, 9, 29],

A lthough levels o f PAI-1 are correlated significantly with environm ental 
factors [19, 27] the variants cannot be excluded. T he genetic 4G /5G  
polym orphism  seems to be especially interesting because subjects with the 
4G  allele have higher plasm a level of PAI-1 than  individuals with the 5G 
allele [8] and the 4G  allele was m ore com m on in patients who survived an 
m yocardial infarction [9],

The association o f the 4G /5G  polym orphism  o f the PAI-1 prom oter 
w ith altered levels o f plasm a PAI-1 activity suggests a differential binding 
o f proteins regulating the transcriptional activity of the gene. It was shown



th a t both  alleles bound a com m on factor, while the 5G allele bound an 
additional factor [9], In an in vitro studies it was also dem onstrated that 
the 4G  and 5G sites differentially bound enhancer/repressor [7, 9], that 
suggests a functional role o f the 4G /5G  polym orphism.

Elevated PAI-1 m ay contribute also to  vascular disease in diabetes 
m ellitus. Pim a Indians have a low incidence o f cardiovascular disease 
despite o f  having a high prevalence o f non-insulin-depcndent diabetes 
m ellitus which in this population  is not associated with elevated PAI-1 
activity [26], In Pim a Indians population the frequencies were 23.0% for 
4G /4G , 49.8%  for 4G /5G  and 27.2% for 5G/5G com pared to  35.4% , 
50.8% and 13.8%, respectively, previously reported in C aucasian with 
non-insulin-dependent diabetes mellitus. The difference in the frequencies of 
genotypes m ay indicate functional difference in the PAI-1 gene in this two 
populations associated with reduced cardiovascular risk.

Obtained results can be treated as a prelim inary report, but they suggest 
that the problem of the possible correlation between genetic constitution of the 
PAI-1 gene and possibly o ther genes o f the plasm inogen activator system is 
w orth further studying. O ur study involved a relatively small num ber of 
subjects with cancer. M oreover, the population was heterogeneous in age, sex 
and the type o f cancer. F urther studies should consider also these aspects of 
research. The other problem to discuss is the association between genotype and 
circulating PAI-1 level. As m entioned above such an association has been 
established, but it m ust be taken into account that this relationship can be 
hold only for healthy individuals. In a pathological state, like in cancer, 
variation in the level o f PAI-1 may, at least in part, be attributed to  undefined 
influences acting on PAI-1 at the time o f the disease.

A lthough there was no difference in allele frequency between subjects 
with cancer and controls, the prevalence o f the 4G /5G  genotype m ay 
influence an individual’s plasm inogen activation system capacity and thereby 
contribute in a small way to the cancer risk profile, probably by interaction 
with o ther genetic factors.

F u rther research are needed to elucidate the relationship between the 
PAI-1 gene, circulating PAI-1 levels and cancer.
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P O L IM O R F IZ M  4G /5G  O B SZA R U  PR O M O T O R O W E G O  G E N U  IN H IB IT O R A  
A K TY W A TOR ÓW  PL A Z M IN O G E N U  TY PU  1 (PA I-1)

U C H O R Y C H  NA N O W O TW O R Y  Z Ł O Ś L IW E

U rokinazow y układ aktywacji plazm inogenu zawiera enzym y proteolityczne m ogące brać 
udział w inwazji kom órek  rakow ych poprzez degradację m acierzy zew nątrzkom órkow ej 
i przerywaniu połączeń pom iędzy kom órkam i i macierzą. Wyniki znaczącej liczby eksperym entów 
wskazują, że zaw artość przeciwciał d la  jednego ze składników  układu aktyw acji plazm inogenu 
inh ib ito ra  aktyw atorów  plazm inogenu typu 1 (PAI-1), w ekstraktach z fragm entów  pierw otnych 
guzów now otw orow ych może mieć duże znaczenie prognostyczne: wysoki poziom  PAI-1 źle 
rokuje d la  pacjenta. Z adem onstrow ano także, że poziom  PAI-1 w m etastazie jest wyższy niż 
w guzach pierw otnych. Polim orfizm  insercyjno/delecyjny 4G /5G  w obszarze p rom otorow ym  
genu PAI-1 m oże być zw iązany z osoczowym  poziom em  P A I-1 . W pracy  b ad an o  ten 
polim orfizm  we krwi 53 pacjentów  cierpiących na różne rodzaje now otw orów  (16 przypadków  
ra k a  sutka, 12 jelita  grubego, 9 żołądka, 9 czerniaków  i 7 now otw orów  głowy i szyi) oraz 
53 odpow iednio dobranych osobników  zdrowych. Częstości alleli 4G  i 5G u chorych były 
odpow iednio: 0,53 i 0,47, podczas gdy w grupie kontrolnej wartości te wynosiły 0,43 i 0,57. 
R ozkłady genotypów  w badanych grupach były znacząco różne -  u chorych genotyp 4G /5 G  
występował ze zwiększoną częstością niż w grupie kontro lnej. Konieczne są dalsze badan ia  
d la  oceny częstości występowania danego genotypu polim orfizm u 4G /5G , jak  rów nież innych 
polim orfizm ów , genu PAI-1 i stopniem  ryzyka zapadnięcia n a  chorobę now otw orow ą.


