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The mammalian RAD51 gene is a homologue of
the yeast RAD51 and E. coli RecA genes, which are
involved in the genetic recombination the repair of DNA
double-strand breaks, and SOS responses to DNA
damage. RAD51 gene product (hRAD51, m.w. 37 kD)
can bind to single- and double-stranded DNA and
exhibit DNA-dependent ATPase activity [1�3]. Over-
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RAD51 is a key enzyme for homologous recombination and play an important role in the repair of DNA double
strand breaks. Increased levels of RAD51 protein and increased numbers of cells with nuclear RAD51 foci were
found in a wide variety of tumor cell. Therefore, genetic variability in the RAD51 gene may contribute to the
appearance and/or progression of cancer. We investigated the distribution of genotypes and frequency of alleles of
a single nucleotide polymorphism, a G to C substitution at position 135 in the 5′′′′′ untranslated region of the RAD51
gene (the 135 G/C 5′′′′′UTR polymorphism) in colorectal cancer. Tumor tissues and distant mucosa samples were
obtained from 52 patients. Blood samples from 80 sex and age matched healthy persons served as control. The
135 G/C 5′′′′′UTR polymorphism was determined by PCR-based MvaI restriction fragment length polymorphism. No
differences between genotypes of the polymorphism in cancer tissue and distant mucosa were found. The distribu-
tions of the genotypes in cancer patients and controls differed significantly (p < 0.05) from those predicted by the
Hardy � Weinberg distribution. There were no differences in the frequencies of the G and C alleles between both
groups. Our results suggest that the 135 G/C 5′′′′′UTR polymorphism may not be associated with colorectal cancer
but further research performed on larger population is needed to clarify this point.
Key Words: RAD51, colorectal cancer, genetic polymorphism, DNA repair, RFLP-PCR, diagnostic marker.

RAD51 ÿâëÿåòñÿ êëþ÷åâûì ôåðìåíòîì ãîìîëîãè÷íîé ðåêîìáèíàöèè è âûïîëíÿåò âàæíóþ ðîëü â âîññòàíîâëåíèè
äâóíèòåâûõ ðàçðûâîâ ÄÍÊ. Ïîâûøåííûå óðîâíè áåëêà RAD51 è óâåëè÷åíèå êîëè÷åñòâà êëåòîê ñî ñêîïëåíèåì
RAD51 â îáëàñòè ÿäðà áûëè âûÿâëåíû â îïóõîëåâûõ êëåòêàõ ðàçëè÷íûõ òèïîâ. Òàêèì îáðàçîì, ãåíåòè÷åñêàÿ
âàðèàáåëüíîñòü â ãåíå RAD51 ìîæåò âíîñèòü âêëàä â âîçíèêíîâåíèå è/èëè ïðîãðåññèþ çëîêà÷åñòâåííûõ
íîâîîáðàçîâàíèé. Íàìè áûëè èññëåäîâàíû ðàñïðåäåëåíèå ãåíîòèïîâ è ÷àñòîòà àëëåëåé ïîëèìîðôèçìà G/C â
ïîëîæåíèè 135 â 5′′′′′ íåòðàíñëèðóåìîì ó÷àñòêå ãåíà RAD51 (135 G/C 5′′′′′UTR ïîëèìîðôèçì) ïðè êîëîðåêòàëüíîì
ðàêå. Îáðàçöû îïóõîëåâîé òêàíè è íåïîðàæåííîé ñëèçèñòîé îáîëî÷êè áûëè ïîëó÷åíû ó 52 ïàöèåíòîâ. Îáðàçöû
êðîâè 80 çäîðîâûõ ëèö, îòîáðàííûõ ïî êðèòåðèÿì ïîëà è âîçðàñòà, ñëóæèëè êîíòðîëåì. Ïîëèìîðôèçì 135 G/C
5′′′′′UTR îïðåäåëÿëè ïî ïîëèìîðôèçìó ôðàãìåíòîâ ðåñòðèêöèè MvaI ìåòîäîì ÏÖÐ. Ìåæäó ãåíîòèïàìè G/C
ïîëèìîðôèçìà òêàíåé îïóõîëè è íåïîðàæåííîé ñëèçèñòîé îáîëî÷êè ðàçëè÷èÿ íå îáíàðóæåíû. Ðàñïðåäåëåíèå
ãåíîòèïîâ ìåæäó áîëüíûìè ñ îíêîïàòîëîãèåé è çäîðîâûìè ëèöàìè äîñòîâåðíî îòëè÷àëîñü (p < 0,05) îò ðàñ÷åòíîãî
ðàñïðåäåëåíèÿ Õàðäè � Âàéíáåðãà. Ó ëèö îáåèõ ãðóïï íå îáíàðóæåíû ðàçëè÷èÿ â ÷àñòîòå àëëåëåé G è C.
Íàøè ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì, ÷òî ïîëèìîðôèçì 135 G/C 5′′′′′UTR íå àññîöèèðîâàí ñ êîëîðåêòàëüíûì
ðàêîì, íî äëÿ îêîí÷àòåëüíîãî âûâîäà íåîáõîäèìû èññëåäîâàíèÿ íà áîëüøåì êîëè÷åñòâå ïàöèåíòîâ.
Êëþ÷åâûå ñëîâà: RAD51, êîëîðåêòàëüíûé ðàê, ãåíåòè÷åñêèé ïîëèìîðôèçì, âîññòàíîâëåíèå ÄÍÊ.

expression of RAD51 in mammalian cells increases the
frequency of spontaneous and DNA double strand
breaks homologous recombination [4]. The nuclear lo-
calization of RAD51 in human cells is characterized by
RAD51 foci, typically during the S phase [5]. RAD51
recruitment in irradiated cells takes place from RAD51
foci scattered throughout the nucleus of nonirradiated
cells in S phase [6]. The expression of the RAD51 is
increased in transformed cells and in cancer cell lines.
Therefore, increased levels of RAD51 may contribute
to the appearance and/or progression of cancer.  This
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may be due a selection for cells tolerant to the growth-
suppressive and apoptosis-inducing effects of acute
RAD51 overexpression [7]. The involvement of RAD51
in the DNA repair determines its potential role in main-
taining genetic stability, which is disturbed in cancer.
Therefore, the problem of genetic variability of the
RAD51 gene in cancer is worthly studying. A substitu-
tion G/C at position 135 in 5′ untranslated region of the
RAD51 gene (the 135 G/C 5′UTR polymorphism) has
been reported as a possible factor to affect the RAD51
mRNA stability [8, 9]. In the present work the distribu-
tion of genotypes and frequencies of alleles of 135 G/C
5′UTR polymorphism was investigated in patients with
colorectal cancer.

MATERIALS AND METHODS
Tumor tissues and distant mucosa samples were

obtained from 52 patients with histopathologically ver-
ified colorectal cancer treated at the 2nd Department
of Surgery, Military Academy of Medicine (Lodz, Po-
land) in 2001. There were 34 males and 18 females
and their mean age was 57 years (range: 44�76 years).
Histological grade was obtained according to World
Health Organization classification: G1 (n = 16), G2 (n =
27), G3 (n = 9) and staging by the Dukes� criteria: A (n =
12), B (n = 23), C (n = 11) and D (n = 6). Control sam-
ples consisted of DNA extracted from blood collected
from sex and age matched 80 individuals without can-
cer.

RAD51 genotyping was performed by PCR amplifi-
cation of a 157-bp region around the nucleotide 135.
This amplicon contains a single MvaI site that is aboli-
shed by the 135 G/C substistution. Digestion of wild-
type alleles by MvaI results in 86- and 71-bp products.
The 135G/C allele that is not digested by MvaI, gives a
single 157-bp product. 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, contain-
ing 30 ng genomic DNA, 10 pmol of each primer
RAD51AF 5′-TGGGAACTGCAACTCATCTGG-3′ and
RAD51RR 5′-GCGCTCCTCTCTCCAGCAG-3′ (Euro-
gentec, Darmstad, Germany), 200 µM each dATP, dCTP,
dGTP and dTTP (Boehringer, Mannheim, Germany),
20 mM Tris�HCl (pH 8.4), 50 mM KCl, 1.5 mM MgCl2
and 1 unit of Taq polymerase. The thermal cycling con-
ditions were 4 min at 95 °C, followed by 35 cycles of
30 s at 95 °C, 30 s at 53 °C and 1 min at 72 °C. The
amplified DNA fragments were separated by 8% poly-
acrylamide gel electrophoresis and visualised by ethid-
ium bromide staining. The allelic frequencies were esti-
mated by gene counting and genotypes were scored.
The observed numbers of genotypes were compared
with those expected for a population in Hardy � Wein-
berg equilibrium using a χ2 test. The significance of the
differences of observed alleles and genotypes between
groups was tested using the χ2 analysis.

RESULTS
All the patients and controls were divided into three

genotypes: G/G, G/C, C/C (Figure). Table 1 shows
genotype distribution between tumor tissue and dis-
tant mucosa samples from patients and blood sam-
ples from healthy individuals. Each patient had the same
genotype in both kinds of sample. There were no dif-
ferences (χ2 = 0.104; p > 0.05) between the distribution
of the genotypes in patients and controls. The distri-
bution of the genotypes in both groups differed signifi-
cantly (p < 0.05) from that predicted by Hardy � Wein-
berg distribution. There were no differences in the fre-
quencies of the G and C alleles between patients and
controls. Table 2 shows genotype distribution by pa-
tients and tumor parameters. There were no differen-
ces (p > 0.05) between the distributions of the geno-
types in these groups.

Table 1. Distribution of genotypes and frequencies of alleles of a single nucleotide G/C polymorphism in the 135 position of the 5′ untranslated region of 
the RAD 51 gene in in tumor tissue and distant mucosa samples of colorectal cancer patients and in blood samples of controls  

Colorectal cancer patients (n = 52) Healthy donors (n = 80) 
Tumor tissue Distant mucosa Blood 

 

Number Frequency Number Frequency Number Frequency 
G/G genotype 11 0.21 11 0.21 27 0.34 
G/C genotype 33 0.63 33 0.63 47 0.59 
C/C genotype 8 0.15 8 0.15 6 0.07 
χ2   3.882a  5.489b  
G allele 55 0.53 55 0.53 101 0.63 
C allele 49 0.47 49 0.47 59 0.37 
a,b p < 0.05 as compared with Hardy � Weinberg distribution. 

Table 2. Distribution of genotypes and frequencies of alleles of a single nucleotide G/C polymorphism in the 135 position of the 5′ untranslated region of 
the RAD 51 gene by colorectal cancer patients and tumor variables  

G1 (n = 16) G2 (n = 27) G3 (n = 9) Grading (WHO) 
Number Frequency Number Frequency Number Frequency 

G/G genotype 3 0.18 6 0.23 2 0,22 
G/C genotype 11 0.69 16 0.58 6 0.67 
C/C genotype 2 0.12 5 0.19 1 0.11 
G allele 17 0.53 28 0.52 10 0.55 
C allele 15 0.47 26 0.48 8 0.45 

A (n = 12) B (n = 23) C/D (n = 17) Dukes� stage 
Number Frequency Number Frequency Number Frequency 

G/G genotype 4 0.33 5 0.22 2 0,18 
G/C genotype 5 0.42 17 0.74 11 0.65 
C/C genotype 3 0.25 1 0.04 4 0.24 
G allele 13 0.54 27 0.59 15 0.44 
C allele 11 0.46 19 0.41 19 0.56 
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DISCUSSION
Increased levels of RAD51 and increased numbers of

cells with nuclear RAD51 foci were demonstrated in a wide
variety of tumor cell [10]. Two conceptually related studies
showed that wild-type Rad51 protein could be up-regu-
lated in pancreatic adenocarcinoma and breast cancer and
that this overexpression correlated with histological grad-
ing of tumors [11, 12]. The constitutive overexpression of
RAD51 in tumors can be expected to destroy the balance
between different components of the DNA repair system.
Tumor suppressors, such as p53 and Brca2, which can
interact with RAD51 directly, are thought to keep RAD51 in
an inactive monomeric state [13, 14]. When RAD51 mole-
cules are overexpressed and/or tumor suppressors be-
come functionally inactivated in tumor cells, RAD51 may
form multimeric complexes because of potentially limiting
concentrations of interacting tumor suppressor proteins. The
increased amount of RAD51 protein may protect the tumor
cells from undergoing apoptosis in response to DNA dam-
age. The elevated protein levels are not likely to be due to
a prolonged half-life of RAD51 in tumor cells but it can be
caused by transcriptionally up-regulated RAD51 gene [10].
The G/C substitution at position 135 G/C was found in 5′
untranslated region, so it might have influence on regula-
tion of the transcription.

In the present work we investigated the frequencies
of the alleles of the 135 G/C 5′UTR polymorphism in
tumor tissue and distant mucosa samples from patients
with colorectal cancer and blood samples from healthy
individuals. We demonstrated that there were no differ-
ences in the frequencies of the G and C alleles between
patients and controls. Our results suggest that the 135
G/C 5′UTR polymorphism may not be associated with
the occurrence of colorectal cancer. At least two con-
cepts can be considered: this polymorphism is not in-
volved in colorectal cancer at all or it is a dependent
marker of the disease. In the second case it is important
to find out which factors act in concert with the 135 G/C
5′UTR polymorphism in colorectal cancer. These issues
should be considered in further research on the role of
the 135 G/C 5′UTR polymorphism in colorectal cancer.
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Figure. A typical result of the restriction endonuclease MvaI di-
gestion of PCR products performed with genomic DNA isolated
from colon cancer tissue and analysed by 10% polyacrylamide
gel electrophoresis, stained with ethidium bromide and viewed
under UV light. Lines 1, 2 and 5 display bands for heterozygotes
G/C, lane 3 presents band for homozygote G/G and lane 4 � for
homozygote C/C
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