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Breast can cer is a sig nif i cant cause of mor bid ity

and mor tal ity in West ern coun tries. In the pres ent work

the dis tri bu tion of ge no types and fre quency of al leles of

the RAD51 G/C poly mor phism and the fre quency of

BRCA1 germ-line mu ta tions in pa tients with breast can -

cer were in ves ti gated. One hun dred breast can cer wo -

men pro vided blood for mu ta tion anal y sis. Blood

samp les from age matched healthy in di vid u als (n=106)

served as con trol. The G/C poly mor phism and BRCA1

mu ta tions were de ter mined by PCR-RFLP meth ods.

The dis tri bu tion of the ge no types of the G/C poly mor -

phism RAD51 in both con trol and pa tients did not dif fer

sig nif i cantly (P>0.05) from those pre dicted by the

Hardy-Wein berg dis tri bu tion. There were no sig nif i cant 

dif fer ences in the ge no type dis tri bu tions and al lele fre -

quen cies be tween node-pos i tive and node-neg a tive pa -

tients. In the pres ent study one Ex20insC mu ta tion of

BRCA1 gene was iden ti fied in women with breast can -

cer. Our study im plies that the G/C poly mor phism of the 

RAD51 gene may not be di rectly in volved in the de vel op -

ment and/or pro gres sion of breast can cer. The lack of

de tect able BRCA1 germ-line mu ta tions in most cases

sug gests that there are prob a bly ad di tional, as yet un -

iden ti fied genes pre dis pos ing to this dis ease.

In tro duc tion

Breast can cer is the most com mon ma lig nancy in

women in West ern coun tries. Ap prox i mately 10% of all

women in these coun tries will, dur ing their life time, de velop 

breast can cer [9]. Most cases of breast can cer ap pear to oc -

cur with out a clear fam ily his tory of the dis ease. These spo -

radic cases ac count for ap prox i mately 95% of all breast

can cers. How ever, about 5% of breast can cers oc cur clus -

tered within fam i lies [2].  

The most im por tant prog nos tic pa ram e ters for breast

car ci no mas are tu mor size, nu clear grade, and ste roid hor -

mone re cep tor sta tus [4]. How ever, these fac tors pres ent an

in com plete pic ture of the tu mor bi ol ogy. There fore in ves ti -

ga tion of other prog nos tic fac tors is of spe cial clin i cal rel e -

vance, par tic u larly in view of the un ex pect edly pro gres sive

course of the dis ease and fre quent re lapses in some cases.

The ge net ics of mam mary carcinogenesis has not been 

fully elu ci dated. Women who in herit a mu tated form of

breast can cer sus cep ti bil ity genes such as BRCA1 and

BRCA2 pos sess a high risk of de vel op ing breast can cer [8,

11]. Sur pris ingly, these two genes have been found to par -

tic i pate in the con trol of ho mol o gous re com bi na tion, sug -

gest ing that they may func tion as tu mor suppressors by

reg u lat ing ge nome in teg rity main te nance func tions [13].

Sev eral stud ies dem on strated the in volve ment of

BRCA1 and BRCA2 in com plexes that ac ti vate the re pair of 

dou ble-strand breaks and ini ti ate ho mol o gous re com bi na -

tion, link ing the main te nance of genomic in teg rity to tu mor

sup pres sion. BRCA1 and BRCA2 co-lo cal ize with RAD51

to form com plexes [1]. The RAD51 gene makes a pro tein

also called RAD51, which is es sen tial for the re pair of dam -

aged DNA. The pro tein made by the BRCA2 gene binds to

and reg u lates the RAD51 pro tein to fix breaks in DNA [7].

These breaks can be caused by nat u ral or med i cal ra di a tion.

They also oc cur when chro mo somes ex change ge netic ma -

te rial (when pieces of chro mo somes trade places) in prep a -

ra tion for cell di vi sion. The BRCA2 pro tein trans ports the

RAD51 pro tein to sites of DNA dam age in the cell nu cleus.

RAD51 then binds to the dam aged DNA and en cases it in a

pro tein sheath, which is an es sen tial first step in the re pair

pro cess. In ad di tion to its as so ci a tion with BRCA2, the
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RAD51 pro tein also in ter acts with the pro tein made by the

BRCA1 gene. By re pair ing DNA, these three pro teins play

a role in main tain ing the sta bil ity of the hu man ge nome.

Changes in RAD51 biosynthesis are usu ally pre ceded

by changes in its gene tran scrip tion and mRNA level. Gene

vari abil ity could con trib ute to the level of the RAD51 bio -

synthesis. A sin gle nu cle o tide poly mor phism in the 5’-un -

trans lated re gion (5’-UTR) of RAD51 (a G to C sub sti tu tion

at po si tion 135, the G/C poly mor phism) can in flu ence breast 

can cer risk among BRCA1/BRCA2 mu ta tion car ri ers [6,

12]. In view of the po ten tial sig nif i cant role of RAD51 for

tu mor de vel op ment, it is im por tant to know, whether this

poly mor phism can ac count for the de vel op ment and/or pro -

gres sion of breast can cer.

In the pres ent work the dis tri bu tion of ge no types and

fre quency of al leles of the G/C poly mor phism and BRCA1

mu ta tions in women with breast can cer were in ves ti gated. 

Ma te rial and Meth ods

Pa tients and DNA iso la tion

Blood was ob tained from 100 postmenopausal women 

with node-neg a tive (n=39) and node-pos i tive (n=61) ductal

breast car ci noma treated at the De part ment of On col ogy, In -

sti tute of Pol ish Mother’s Me mo rial Hos pi tal. No dis tant

metastases were found in pa tients at the time of treat ment.

The pa tients ranged in age from 40 to 82 years (me dian age

58 years). Me dian fol low-up of pa tients still at the time of

anal y sis was 39 months (range: 2–71 months). The av er age

tu mor size was 20 mm (range 17–32 mm). All tu mors were

graded by a method based on the cri te ria of Scarf-Bloom-

Rich ard son. There were 20 tu mors of I grade, 45 of II grade

and 35 of III grade in to tal. In node-neg a tive pa tients these

num bers were: I – 9, II – 16, III – 14; in node-pos i tive: I –

11, II – 29, III – 21. Ste roid re cep tors sta tus was not de ter -

mined in the in ves ti gated group. Blood sam ples from age

matched healthy women (n=106) served as con trol. 

DNA was ex tracted from blood us ing com mer cially ava -

ilable QIAmp Kit (Qiagen GmbH, Hilden, Ger many) DNA

pu ri fi ca tion kit according to man u fac turer’s in struc tion. 

De ter mi na tion of RAD51 ge no type

RAD51 ge no type was an a lyzed by PCR am pli fi ca tion

of a 175-bp re gion around nu cle o tide 135. This re gion con -

tained a sin gle MvaI site that was abol ished in the 135C al -

lele. Wild type al leles were di gested by MvaI re sult ing in

86- and 71-bp prod uct. The 135C al lele was not di gested by

the en zyme, re sult ing in a sin gle 157-bp prod uct. The

RAD51 ge no type was an a lyzed us ing the spe cific prim ers

listed in Ta ble 1. 

The PCR was car ried out in a Perkin-Elmer/Gene

Amp, PCR Sys tem 2400 ther mal cycler. PCR am pli fi ca tion

was per formed in a fi nal vol ume of 25 µl. The re ac tion mix -

ture con tained 5 ng of genomic DNA, 0.2 µmol of each ap -

pro pri ate primer (ARK Sci en tific GmbH Biosystems,

Darmstad, Ger many), 2.5 mM MgCl2, 1 mM dNTPs and 1

unit of Taq Poly mer ase (Qiagen GmbH, Hilden, Ger many).

The PCR cy cle con di tions were 94°C for 60 s, 54°C for 30 s

then 72°C for 40 s, re peated for 35 cy cles. Af ter di ges tion

with MvaI for 4 h at 37°C sam ples were run on 7% poly -

acrylamide gel and vi su al ized by ethidium bro mide stain -

ing. Each sub ject was clas si fied into one of the three

po ssib le ge no types: G/G, G/C or C/C (Fig. 1).

DNA anal y sis

Mu ta tion anal y sis of BRCA1 gene was per formed in

DNA from pe riph eral blood lym pho cytes ob tained from all

pa tients us ing com mer cially avail able kit according to man -

u fac turer’s in struc tion (Pom er a nian Med i cal Uni ver sity,

Szczecin, Poland) (Fig. 2). 

Sta tis ti cal anal y sis

The allelic fre quen cies were es ti mated by gene count -

ing and ge no types were scored. The ob served num bers of

each RAD51 ge no type were com pared with that ex pected

for a pop u la tion in Hardy-Wein berg equi lib rium by us ing

a χ2 test. The sig nif i cance of the dif fer ences of ob served al -

leles and ge no types be tween groups was tested us ing the χ2

anal y sis. P-val ues <0.05 were considered to be significant.
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TABLE 1
Primer se quences

Primer se quences

for ward 5’ TGG GAA CTG CAA CTC ATC TGG 3’

re verse 5’ GCG CTC CTC TCT CCA GCAG 3’

Fig. 1. A typ i cal re sult of re stric tion frag ment length poly mor phism; poly -

mer ase chain re ac tion per formed with genomic DNA ex tracted from breast

can cer tis sue giv ing frag ments of the RAD51 gene 5’-un trans lated re gion

an a lyzed by 7% polyacrylamide gel elec tro pho re sis and stain ing with

ethidium bro mide. Lanes 1 and 2 dis play pat tern char ac ter is tic for ge no type 

G/C, lane 3 for C/C and lane 4 and 5 for G/G.



Re sults 

From the PCR anal y sis, all the pa tients and con trols

were di vided into three ge no types of the RAD51 gene: G/G,

G/C and C/C. Ta ble 2 shows ge no type dis tri bu tion be tween

breast can cer pa tients and con trols. Both dis tri bu tions did

not dif fer sig nif i cantly (P>0.05) from those pre dicted by the

Hardy-Wein berg dis tri bu tion. Ad di tion ally, there were no

dif fer ences in the fre quen cies of the G and C al leles between 

patients and controls. 

Dis tri bu tions of the G/C ge no types as well as the fre -

quen cies of the G and C al leles for node-pos i tive and

node-neg a tive breast can cer pa tients are dis played in Ta ble

3. It can be seen from the Ta ble that there were no sig nif i -

cant dif fer ences be tween these two groups in both ge no type

dis tri bu tion and al lele frequencies (P>0.05). 

De pend en cies of the dis tri bu tion of ge no types and fre -

quen cies of al leles on the tu mor grade eval u ated ac cord ing to

Scarf-Bloom-Rich ard son cri te ria in pa tients with node-pos i -

tive and node-neg a tive breast can cer are shown in Ta bles 4

and 5, re spec tively. There were no sig nif i cant dif fer ences be -

tween dis tri bu tions of ge no types in sub groups as signed to

histological grades and the dis tri bu tion pre dicted by Har -

dy-Weinberg equi lib rium (P>0.05). There were no dif fer -

ences in fre quen cies of the G and C al leles be tween sub groups 

ei ther (P>0.05).

Mu ta tion anal y sis of BRCA1 gene was per formed in

all breast can cer pa tients and con trol. Out of 100 women

with breast can cer one mu ta tion Ex20insC was found. 

Dis cus sion

RAD51, RAD52 and RAD54 en code the hu man

homo logues of yeast genes that are re quired for ho mol o gous 

re com bi na tion, an es sen tial step in the re pair of dou -

ble-strand DNA breaks. The mech a nisms of can cer risk

mod i fi ca tion by RAD51 are un known. The dis cov ery that

RAD51 as so ci ates di rectly with the prod uct of the breast

can cer pre dis po si tion gene BRCA2 and in di rectly with the

BRCA1 prod uct has im pli cated these tu mor sup pres sor

genes in this recombinational path way for the re pair of

DNA dam age [1]. The hu man RAD51 gene has been ma -
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Fig. 2. A typ i cal re sult of poly mer ase chain re ac tion per formed with a frag -

ment of the BRCA1 gene and an a lyzed by 2% agarose gel electrophoresis,

stain ing with ethidium bro mide and viewed un der ul tra vi o let light. Lanes

1 – mo lec u lar weight mark ers, 50–2000 bp (Sigma, St. Louis, USA), lanes

2, 3 – dis play the prod uct of am pli fi ca tion with out mu ta tion,  lanes 4 – dis -

play the prod uct of am pli fi ca tion with the primer pair spe cific for

Ex20insC mu ta tions, lanes 5 – PCR con trol af ter re stric tion endonuclease

AvaII di ges tion

TABLE 2
Dis tri bu tion of G/G, G/C and C/C ge no types and fre quen cies of the G and C alleles in pa tients with breast can cer (n=100)
and con trols (n=106)

Breast can cer pa tients Controls

Num ber Frequency Num ber Frequency

G/G ge no type 31 0.31 21 0.20

G/C ge no type 40 0.40 48 0.44

C/C ge no type 29 0.29 37 0.35

χ2
3.987a 0.591a

G al lele 102 0.51b 90 0.42

C al lele 98 0.49b 122 0.58

       aP>0.05 as com pared with Hardy-Wein berg dis tri bu tion; bP>0.05 as com pared with the con trols



pped to chro mo some 15q14-15, where loss of hetero zy -

gosity is found fre quently in breast car ci no mas [3, 14].

These find ings sug gest that loss of RAD51 func tion may

con trib ute to mam mary carcinogenesis. BRCA1-as so ci ated

RING do main pro tein 1 was iden ti fied as a pro tein that in -

ter acts with the BRCA1 RING do main [15]. The phenotypic 

changes in duced in mam mary ep i the lial cells by antisense

oligonucleotide-me di ated in hi bi tion of BARD1 sug gest that 
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TABLE 3
Dis tri bu tion of G/G, G/C and C/C ge no types and fre quen cies of the G and C alleles in pa tients with node-pos i tive (n = 61) 
and node-neg a tive (n = 39) breast can cer

Node-pos i tive breast can cer pa tients Node-negative breast cancer patients 

Number Frequency Number Frequency

G/G ge no type 17 0.28 14 0.36

G/C ge no type 24 0.39 16 0.41

C/C ge no type 20 0.33 9 0.23

χ2
2.732a 1.070a

G al lele 58 0.48b 44 0.56

C al lele 64 0.52b 34 0.44

aP>0.05 as com pared with Hardy-Wein berg dis tri bu tion; bP>0.05 as com pared with node-neg a tive pa tients

TABLE 4
De pend ency of the dis tri bu tion of G/G, G/C and C/C ge no types and fre quen cies of the G and C alleles on the tu mor grade in
pa tients with node-pos i tive breast can cera

Stageb
I (n=11) II (n=29) III (n=21)

Number Frequency Num ber Frequency Number Frequency

G/G ge no type 3 0.27 9 0.31 3 0.14

G/C ge no type 5 0.46 12 0.41 9 0.43

C/C ge no type 3 0.27 8 0.28 9 0.43

χ2
0.360c 0.222c 0.886c

G al lele 11 0.50 30 0.52 15 0.36

C al lele 11 0.50 28 0.48 27 0.64

an=61; bac cord ing to Scarf-Bloom-Rich ard son cri te ria; cP>0.05 as com pared with Hardy-Wein berg distribution

TABLE 5
De pend ency of the dis tri bu tion of G/G, G/C and C/C ge no types and fre quen cies of the G and C alleles on the tu mor grade in
pa tients with node-neg a tive breast can cera

Stageb
I (n=9) II (n=16) III (n 14)

Number Frequency Number Frequency Number Frequency

G/G ge no type 2 0.22 4 0.25 7 0.50

G/C ge no type 5 0.55 7 0.43 5 0.35

C/C ge no type 2 0.22 5 0.32 2 0.15

χ2
0.360c 0.222c 0.886c

G al lele 9 0.50 15 0.47 19 0.68

C al lele 9 0.50 17 0.53 9 0.32

an=39; bac cord ing to Scarf-Bloom-Rich ard son cri te ria; cP>0.05 as com pared with Hardy-Wein berg distribution



BARD1 func tions as a growth sup pres sor [5]. In ad di tion

the for ma tion of BRCA1/BARD1/RAD51 com plexes on

dam aged rep li cat ing DNA suggests that these proteins

might help maintaining genomic integrity [10]. 

In light of sub stan tial ev i dence that the pro gres sion of

breast can cer can be as so ci ated with RAD51 and BRCA1

pro tein, it seems rea son able to check a pos si ble cor re la tion

be tween the G/C poly mor phism, BRCA1 mu ta tions and

clin i cal sta tus of breast cancer patients. 

In this work con ducted on 100 ductal breast car ci noma 

we did not find any cor re la tion be tween G/C ge no types,

BRCA1 mu ta tions and ap pear ance of can cer. More over, we

did not de tect any sig nif i cant dif fer ence be tween ge no types

of node-pos i tive and node-neg a tive pa tients that sug gests

a lack of as so ci a tion be tween G/C ge no types and breast can -

cer invasiveness. This poly mor phism is re ported to mod ify

can cer risk in BRCA2 mu ta tion car ri ers, but lit tle is known

about its po ten tial general impact on breast cancer [6, 12].

The bi o log i cal ef fect of the poly mor phism is yet to be

elu ci dated and will be im por tant to in ves ti gate. As men -

tioned above it is lo cated in the 5’-un trans lated re gion of the

RAD51 gene and could af fect mRNA sta bil ity and/or trans -

la tion ef fi ciency, lead ing to al tered prod uct lev els, which

could af fect the func tion of a multi-pro tein DNA-re pair

com plex con sist ing of BRCA1, BRCA2 and RAD51. Be -

cause mu ta tions in BRCA1 and BRCA2 are di rectly linked

with breast can cer, ge netic vari a tions in the RAD51 gene

may be be lieved to play a role in this dis ease. In deed in

breast can cer a loss of heterozygosity at the RAD51 lo cus

has been re ported in 32% [3] and re duced RAD51 protein

levels in 30% of patients [16]. 

We tried to find a con nec tion be tween breast can cer

on set and the G/C poly mor phism of the RAD51 gene with -

out link age with its other mu ta tions and the re sults ob tained

sug gest that this poly mor phism may not be use ful as an in -

de pend ent marker in breast can cer. How ever, our study had

a pre lim i nary char ac ter only and fur ther re search, per -

formed on a larger group, and is needed def i nitely to es tab -

lish a cor re la tion or lack of it be tween breast cancer and the

G/C polymorphism.
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