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BRCA1 tu mor sup pres sor gene en codes an 1863-ami -

no acid gene prod uct that is im pli cated in many cel lu lar

path ways in clud ing tran scrip tion, cell-cy cle check point

con trol, apoptosis and DNA re pair. A role of apoptosis

and BRCA1 germ-line mu ta tion in breast can cer ap pear -

ance was in ves ti gated in this study by both apoptosis fre -

quency anal y sis and mu ta tion screen ing of BRCA1 among 

breast can cer cases. Blood was ob tained from 40 women

with node-neg a tive and node-pos i tive ductal breast car ci -

no mas with uni form tu mor size. The blood sam ples from

age matched healthy women (n=42) served as con trol.

BRCA1 gene mu ta tions were de ter mined by PCR-RFLP

meth ods. The apoptotic pe riph eral blood cells were de -

tected by agarose gel elec tro pho re sis. The apoptotic cells

were iden ti fied in 30% (12/40) of the pa tients. There were

no sig nif i cant dif fer ences in apoptosis fre quen cies be tween 

pa tients and con trols (P>0.05). Three mu ta tions of BRCA1

gene were iden ti fied in apoptosis pos i tive sam ples from

breast can cer women; one Ex20insC and two ExII17delA.

Our study im plies that apoptosis may be in volved not only

in spo radic breast car ci noma with out BRCA1 mu ta tions,

but also in BRCA1-as so ci ated breast car ci noma.

In tro duc tion

Breast can cer is one of the ma jor kill ers world wide. The

mo lec u lar mech a nisms in volved in breast carcino ge nesis, ho -

wever, re main to be 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 [6, 14, 

21, 22]. A num ber of ob ser va tions have also linked BRCA1 to 

DNA dam age re sponse path ways [23, 12]. Re cent stud ies

sug gest that BRCA pro teins are re quired for main te nance of

chro mo somal sta bil ity, thereby pro tect ing the ge nome from

dam age [20]. New data also show that BRCAs reg u late

transcriptionally some genes in volved in DNA re pair, the cell

cy cle, and apoptosis [5]. 

Apoptosis is a phe nom e non that me di ates phys i o log i -

cal pro cesses such as embryogenesis, meta mor pho sis, en -

do crine-de pend ent tis sue at ro phy and nor mal tis sue

tu rnover [10, 11]. The BCL-2 fam ily with its anti-apop -

totic mem bers BCL-2, BCL-XL, MCL-1, and A1 and the

grow ing subfamily of death-pro mot ing mem bers BAX,

BCL-Xs, BAK, BAD, BIK, BID, BIM, BOK, HRK, MTD

and BOO play a cen tral role in the reg u la tion of apoptotic

cell death [18, 19]. 

The BCL-2 fam ily and the p53 tu mor sup pres sor gene

have been ex ten sively stud ied in breast can cer. In breast

can cer a de fect in ex pres sion of the BAX mRNA and the

BAX pro tein is a key pro moter of apoptosis [1]. p53 can act

as transcriptional reg u la tor of the BAX gene, and part of the

tu mor sup pres sor prop er ties of the p53 gene can be me di -

ated by transcriptional ac ti va tion of the BAX gene [15]. p53

tu mor sup pres sor gene that con trols cel lu lar growth and dif -

fer en ti a tion is also known to be mu tated in more than 50%

of hu man can cers in clud ing breast can cer. Sev eral prop er -

ties of BRCA1 and p53 sug gest that these two pro teins may

func tion ally in ter act. BRCA1 in creases p53-de pend ent

trans cription from the p21WAF1/CIP1 and BAX pro mot ers

[25]. BRCA1 and p53 pro teins in ter act both in vi tro and in

vivo and co op er a tively in duce apoptosis of can cer cells. 
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In creased apoptosis with in creased pro lif er a tion is as so ci -

ated with ma lig nant tu mors. High lev els of apoptosis in

a breast tu mor have been cor re lated with worse sur vival [17]. 

One of the fea tures of apoptotic cells is frag men ta tion

of chromatin DNA at nucleosome level. Usu ally this frag -

mented DNA is de tected with lad der ing in gel elec tro pho re -

sis. In the pres ent work, we ad dressed the ques tion as to

whether pres ence of apoptotic pe riph eral blood cells de -

tected by agarose gel elec tro pho re sis may be a risk fac tor of

breast can cer ap pear ance. 

In ad di tion, we screened for mu ta tions in the DNA of

the BRCA1 gene, since BRCA1 has been im pli cated in the

apoptosis.

Ma te rial and Meth ods

Pa tients 

Blood was ob tained from 40 women with node-neg a tive

(n=28) and node-pos i tive (n=12) ductal breast car ci no mas

treated at De part ment of On col ogy of the In sti tute of Pol ish

Mother’s Me mo rial Hos pi tal be tween 2004 and 2005. No

distant metastases were found in pa tients at the time of treat -

ment. Blood sam ples were col lected from 18 premenopausal

women (mean age ±SD 41.33±4.72 years) and from 22 post -

menopausal women (mean age ±SD 65.33±7.66 years). Me -

dian fol low-up of the pa tients still alive 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 Scarff-Bloom-Rich ard son.

There were 17 tu mors of I grade, 16 of II grade and 7 of III

grade in to tal. Ste roid re cep tor sta tus was not de ter mined in

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

healthy women (n=42) served as con trol.

Apoptosis de tec tion

Apoptosis anal y sis was per formed in DNA from

blood ex tracted us ing com mer cially avail able ApopLadder

ExTM (TaKaRa BIO INC., Ja pan) according to man u fac -

turer’s in struc tion. 

BRCA1 mu ta tion 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, Po land). 

Sta tis ti cal anal y sis

For sta tis ti cal anal y sis, the χ2 test was used, P<0.05

was con sid ered as sig nif i cant.

Re sults 

Genomic DNA was ex tracted from 40 blood sam ples

ob tained from breast can cer pa tients and 42 healthy vol un -

teer blood sam ples. The pres ence of apoptosis in blood cells

for breast can cer pa tients and con trol is shown in Ta ble 1.

Twelve out of 40 car ci noma sam ples (30%) were pos i tive

for the pres ence of apoptosis in blood cells and 14 out of 42

con trol sam ples (33%) were pos i tive for the pres ence of

apoptosis in blood cells. There were no sig nif i cant dif fer -

ences be tween apoptotic ef fect be tween pa tients and con trol 

(P>0.05). 

Among apoptosis-pos i tive sam ples 7 were from pre -

meno pausal and 5 from postmenopausal women. Anal y sis 

of apoptosis in can cer sam ples ob tained from premeno -

pausal and postmenopausal women showed no dif fer -

ences (Mann-Whit ney U test, P=0.054). 

The stud ies on the pres ence of apoptosis in the pe riph eral

blood cells for node-pos i tive and node-neg a tive breast can cer

pa tients are sum ma rized in Ta ble 2. In lymph node-pos i tive

tu mors, the pres ence of apoptotic cells was lower than in

lymph node-neg a tive tu mors; 8/28 (28%) node-neg a tive sub -

jects ex hib ited apoptosis. How ever there were no sig nif i cant

dif fer ences be tween in ves ti gated groups (P>0.05).

The histological anal y sis of tu mor grade (Scarf-

Bloom-Rich ard son grade) showed a lack of cor re la tion

be tween grade of tu mors and the num ber of pa tients pre -

sent ing apoptotic pe riph eral blood cells (Ta ble 3). 
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TABLE 1
Num ber of pa tients pre sent ing or not apoptotic pe riph eral
blood cells as compared with con trols

Patients (n=40) Control (n=42)

Apoptosis Apoptosis

Positive Negative Positive Negative

12 (0.30)a 28 (0.70) 14 (0.33) 28 (0.67)

aP>0.05 as com pared with con trols

TABLE 2
The pres ence of apoptotic pe riph eral blood cells in pa tients
with node-pos i tive and node-neg a tive breast can cers

Node-positive breast cancer

patients (n=12) 

Node-negative breast cancer

patients (n=28)

Apoptosis Apoptosis

Positive Negative Positive Negative

4 (0.33)a 8 (0.67) 8 (0.28) 20 (0.72)

aP>0.05 as com pared with node-neg a tive pa tients



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

breast can cer women. In 40 sam ples three mu ta tions of

BRCA1 were found. There were: one Ex20insC and two

ExII17delA. These mu ta tions of BRCA1 gene were iden ti -

fied in apoptosis-pos i tive samples.

Dis cus sion

Breast can cer is the com mon est ma lig nancy in women 

and com prises 18% of all can cers in women. 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 [8]. Im por tantly, can cer in these fa mil ial

syn dromes char ac ter is ti cally man i fests at a youn ger age

than spo radic can cer. 

Re cent ex per i men tal re sults sug gest that BRCA1 plays

a role in the reg u la tion of apoptosis. A num ber of ob ser va tions 

have also linked BRCA1 to DNA dam age re sponse path ways

[3]. The anal y sis of both he red i tary and spo radic breast can -

cers dem on strated that most of BRCA1-as so ci ated car ci no -

mas be long to the group of ER-, HER2-neg a tive tu mors that

ex press basal cell mark ers and/or p53 and have higher ex pres -

sion of ac ti vated caspase 3 [16]. The cell cy cle pro teins as so ci -

ated with these tu mors were E2F6, cyclins A, B1 and E, SKP2

and Topo IIalpha. In con trast, most of BRCA2-as so ci ated car -

ci no mas grouped in a branch com posed by ER/PR/BCL2-po -

sitive tu mors with a higher ex pres sion of the cell cy cle

pro teins: cyclin D1, cyclin D3, p27, p16, p21, CDK4, CDK2

and CDK1. The study on he red i tary breast can cer tu mors de -

fines the mo lec u lar dif fer ences be tween BRCA1 and BRCA2

tu mors with re spect to hor monal re cep tors, cell cy cle, apo -

ptosis and basal cell mark ers.

Dur ing carcinogenesis in ep i the lial tis sue, ge netic mu ta -

tions ac cu mu late and loss of cel lu lar func tions oc curs. The

phe no type of the cells changes from nor mal through a se ries

of ma lig nant le sions to su per fi cial can cers and fi nally in va sive 

dis ease. In the premalignant stages there are ma jor al ter ations

in apoptosis, pro lif er a tion, and reg u la tory bio markers of the

cell cy cle.

Apoptosis is in creased in ductal car ci noma in situ and

in va sive breast can cer [7, 13]. 

High lev els of apoptosis in tu mors have been cor re -

lated with worse sur vival [2, 24] and have been re ported by

oth ers to be an in de pend ent vari able when all other prog nos -

tic in di ca tors are con sid ered [4, 9]. 

Be cause the ap pear ance of breast can cer can be as so -

ci ated with apoptosis it seems rea son able to check a pos si ble 

cor re la tion be tween apoptosis and high-risk of breast can -

cer. In this work con ducted on 40 breast can cer women we

did not find any cor re la tion be tween apoptosis and risk of

breast cancer appearance

In an at tempt to de ter mine whether pa tients are un der

con trol of apoptosis, genomic DNA was ex tracted from blood

sam ples ob tained from pa tients di ag nosed at the Pol ish Mo -

ther’s Me mo rial Hos pi tal. DNA anal y sis by agarose gel elec -

tro pho re sis us ing pe riph eral blood cells from the pa tients

showed the char ac ter is tic pat tern of DNA frag men ta tion.

Thirty per cent of the pa tients pre sented such pro file, which is

a hall mark of the apoptosis pro cess; while 14 blood sam ples

from 42 healthy in di vid u als (33%) showed this pat tern. 

The de tec tion of apoptosis by gel elec tro pho re sis ini tially

in volved the use of static gel elec tro pho re sis for as sess ing

DNA frag men ta tion to nucleosomes and nucleo some multi -

mers [9]. In this work we dem on strated that apoptosis might

be suc cess fully de tected by agarose gel elec tro pho re sis in

blood sam ples. 

In group of 40 pa tients with breast can cer fam ily, apo -

ptosis was found in 12. These 12 cases plus 28 other sub jects

whose tu mors were apoptosis-neg a tive were stud ied for

BRCA1 germline mu ta tions. Germline mu ta tion in BRCA1

was found in three cases (7.5%). These mu ta tions in breast

can cer sam ples sug gested their role in ap pear ance of this can -

cer. More over, the anal y sis showed that BRCA1 mu ta tions

are pres ent in women with apoptotic DNA lad der. It is sug -

gested that apoptosis may be as so ci ated with high risk of

BRCA1- as so ci ated breast can cer. 

Our stud ies sug gest that ge netic al ter ations such as

BRCA1 mu ta tion and apoptosis can be de tected in spo radic

breast can cer. Pres ent work im plies that it is pos si ble that the 

apoptosis pro cess may be in volved in the ap pear ance and/or

pro gres sion of the breast can cer with and with out BRCA1

mu ta tions. Fur ther stud ies, con ducted on a larger pop u la -

tion, are re quired to clarify this point. 
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TABLE 3
Num ber of breast can cera pa tients pre sent ing or not apoptotic pe riph eral blood cells in re la tion to tu mor grade

gradeb I (n=17) II (n=16) III (n=7)

Apoptosis Number Frequency Number Frequency Number Frequency

Negative 13 0.77 11 0.69 4 0.57

Positive 4 0.23 5 0.31 3 0.43

an=40; bac cord ing to Scarf-Bloom-Rich ard son cri te ria
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