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The de vel op ment of breast can cer is as so ci ated with

an ac cu mu la tion of spe cific ge netic al ter ations. These

ge netic changes af fect ma lig nant trans for ma tion of both 

dysregulation of cell pro lif er a tion and apoptosis.

Apoptotic cell death is a fre quent phe nom e non in breast

can cer. In pres ent work we in ves ti gated the association

be tween apoptosis and breast can cer progression.

The apoptosis was ana lysed in breast can cer pa -

tients (n=103) in blood and tu mour spec i mens. Blood

sam ples from age matched healthy women served as

con trol (n=90). The apoptosis was de tected by spe cial

stain ing tech niques TUNEL and by agarose gel

electro phoresis. 

The apoptotic cells were iden ti fied in 69.9% (72/103) 

of the breast can cers and in 1.1% con trol (1/90). The

num ber of pos i tive sam ples were sig nif i cantly higher

among can cer sam ples than among con trol sam ples (P <

0.001). There were the sig nif i cant dif fer ence in ter mi nal

deoxynucleotide transferase-me di ated deoxyuridine tri -

phisphate-biotin nick end-la bel ling in dex be tween duc -

tal breast car ci noma and the other histological types.

Sex ste roid recepor neg a tive tu mors have greater apo -

ptotic in dex than the sex ste roid re cep tor pos i tive ones.

The high fre quency of apoptotic cells in breast

tumours sug gests a po ten tial role of apoptosis in can cer

ap pear ance and/or pro gres sion.

In tro duc tion

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

ge net ics of mam mary carcinogenesis has not been fully elu -

ci dated. Many fac tors ap pear to in flu ence the growth and

pro lif er a tion of breast can cer cells. Ste roid hor mones (oes -

tro gens, gestagens and an dro gens), growth fac tors (epi der -

mal growth fac tor, trans form ing growth fac tors α and β,

fibroblast growth fac tor, and oth ers) and their re cep tors, and 

var i ous cytokines and lymphokines af fect the be hav iour and 

phenotypic ex pres sion of breast cells [7, 9]. Anal y sis of

apoptosis in breast can cer has gained wide spread ac cep -

tance as a use ful prog nos tic ap proach in the man age ment of

this dis ease. The role of apoptosis in oncogenesis is cur -

rently be ing stud ied in ten sively in breast can cer. 

Apoptosis and ne cro sis are two ba sic types of cell death

[2]. Apoptosis, or pro grammed cell death, is a phys i o log i cal

form of cell death that plays a crit i cal role in cell-de le tion in

nor mal ho meo sta sis and embryogenesis [16] and con trib -

utes to re tar da tion of tu mour growth [10]. The pathogenesis

of apoptosis in volves the cleav age of nu clear chromatin be -

tween the nucleosomes by spe cific endonucleases, pro duc -

ing chromatin frag ments com posed of ap prox i mately 200

base pairs [2, 19]. Apoptosis is reg u lated by mem bers of the

Bcl–2 pro tein fam ily, some of which such as Bcl–2, Bcl-XL,

Mcl–1 and A1, sup press apoptosis, whereas oth ers, in clud -

ing Bax, Bak, Bcl-Xs, Bad, Bik, Bid, Bok, Hrk, Mtd and

Boo, pro mote it [15, 18]. 

In hu mans Bcl–2 is ex pressed in about 80% of breast

can cers and is cor re lated with the ex pres sion of oes tro gen

and pro ges ter one re cep tors – good prog nos tic fea tures in

breast can cer [11]. Ma jor cor re la tion be tween Bax pro -

tein and out come have not been ob served, al though stu -

dies have shown re duc tions in Bax to be as so ci ated with

a poor re sponse to che mo ther apy in met a static breast can -

cer [11, 15].

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

in va sive breast can cer [5, 12]. Apoptosis seems to be re -

duced rel a tive to pro lif er a tion in nor mal breast ep i the lium

around in va sive breast can cer. High level of apoptosis in tu -

mours have been cor re lated with worse sur vival 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 [1, 4, 6, 21].

In this study, we ana lysed the po ten tial role of apoptosis 

in breast can cer to eval u ate whether al ter ations in this phys i -

o log i cal path way of cell elim i na tion and tis sue ho meo sta sis

may be a fur ther mech a nism giv ing breast can cer cells a sur -

vival ad van tage.
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Ma te rial and Meth ods

Pa tients 

103 tu mour spec i mens and blood sam ples were ob tained

from premenopausal (n=30) and postmenopausal (n=73)

women with 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 be -

tween 2002–2003. There were 67 car ci noma ductale, 14 car -

ci noma lobulare and 22 other histological types of can cer

(pap il lary, lob u lar, mucinous). The pa tients ranged in age

from 32 to 79 years (mean age ± SD, 56 ± 10.97 years). The

patho log i cal eval u a tion re port was ob tained for each pa tient.

Ac cord ing to the size of the tu mor, the sam ples were di vided

into four cat e go ries: T1 ≤ 2 cm (62 tu mors); T2, 2–5 cm (29 tu -

mors); T3, > 5 cm (9 tu mors); T4 any size with di rect ex ten sion

to chest wall or skin (3 tu mors). Ac cord ing to the ap pear ance

of me tas ta sis in the axillary lymph nodes, the sam ples were al -

lo cated to four cat e go ries: N0 (59 tu mors), N1 (26 tu mors), N2

(10 tu mors) and N3 (8 tu mors). All tu mors were clas si fied as

M0. The av er age tu mor size was 25 mm (range 50–100 mm).

67 sam ples of ductal breast car ci noma were graded by a me -

thod based on the cri te ria of Bloom-Rich ard son. There were 7

tu mours of I° grade, 40 of II° grade and 20 of III° grade in to -

tal. The pa tients had not re ceived chemo- or hor mone ther apy.

For all tu mors es tro gen-re cep tor ex pres sion lev els and

progesteron-re cep tor ex pres sion lev els were de ter mined rou -

tinely by immunohistochemistry. Blood sam ples from age

matched healthy women (n=90) served as con trol. The spec i -

mens were fixed in 10% for ma lin, em bed ded in par af fin wax,

and 4 µm con sec u tive sec tions were used for histological exa -

mination and in situ de tec tion of apoptotic cells.

TUNEL meth ods

Apoptotic cells were de tected by the ter mi nal deo xy -

nucleotide transferase (TdT)-me di ated deoxyuridine tripho -

sphate (dUTP)-bi o tin nick end-la bel ing (TUNEL) method

us ing com mer cially avail able ApopTaq Peroxidase In Situ

Apoptosis De tec tion Kit (Intergen Com pany, USA) accor -

ding to man u fac turer’s in struc tion. 

De tec tion of apoptosis in pe riph eral blood cells

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

of chromatin DNA at nucleosome level (185 bp). Usu ally

this frag mented DNA is de tected with lad der ing in gel elec -

tro pho re sis. 

The genomic DNAs were ex tracted from pe riph eral

blood sam ples col lected in the morn ing in the pres ence of

EDTA. The blood sam ple was treated with an eryth ro cyte

lysis so lu tion (155 mM NH4CL, 10 mM KHCO3 and 1 mM

EDTA, pH 7.4) and then with ex trac tion buffer (10 mM

Tris-HCl, 100 mM NaCl, 25 mM EDTA, 0.5% SDS and 0.1

mg/ml proteinase K, pH 8.2) at 57°C, over night. The DNA

was pre cip i tated with 1.5 M NaCl so lu tion and eth a nol. Af -

ter wash ing with 70% eth a nol, the prep a ra tion was re sus -

pend ed in wa ter and the DNA con cen tra tion was ob tained

by mea sur ing absorbance at 260 nm. Three mi cro grams of

the DNA was ap plied to a 1% agarose gel, us ing TBE (0.09

M Tris-bo rate, 2 mM EDTA, pH 8.3) as elec tro pho re sis

buffer. Elec tro pho re sis was per formed at ap prox i mately 5

V/cm. The gels were stained with 1 mg/ml ethidium bro -

mide and viewed un der UV light.

Sta tis ti cal anal y sis

None of the pa ram e ters re corded in tu mour ma te rial

passed tests for be ing nor mally dis trib uted (Smirnow-Kol -

mogorov test) and there fore nonparametric sta tis ti cal tests

were used for ana lys ing the re sults. Sta tis ti cal eval u a tion of

dif fer ences in quan ti ta tive data be tween the two groups was

per formed us ing the Mann-Whit ney U test. Spearman ex act

prob a bil ity test was used to as sess the as so ci a tions be tween

pa ram e ters and patho logic data. A P value less than 0.05

was con sid ered to be sta tis ti cally significant. 

Re sults

Apoptosis in pe riph eral blood cells

Apoptosis was de ter mined in 103 breast car ci noma

sam ples and in 90 con trol sam ples. Apoptotic pe riph eral
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TABLE 1 
Num ber of pa tients pre sent ing or not apoptotic pe riph eral blood cells as com pared with con trols

Pa tients (n=103) Control (n=90)
P-valuea

Apoptosis Apoptosis

Pos i tive Negative Positive Negative

P < 0.001n % n % n % n %

72 69.9 31 30.1 1 1.1 89 98.9

aas com pared with con trols



blood cells in all pa tients and healthy vol un teers was de -

tected by the agarose gel elec tro pho re sis. 

The pres ence of apoptosis in blood cells for breast can -

cer pa tients and con trol are shown in Ta ble 1. 72 of 103 car -

ci noma sam ples (69.9%) were pos i tive for the pres ence of

apoptosis in blood cells and 1 of 90 con trol sam ples (1.1%)

were pos i tive for the pres ence of apoptotic pe riph eral blood

cells. The pres ence of apoptosis in can cer sam ples was

higher than in nor mal sam ples (P < 0.001). Among apopto -

sis-positive sam ples 76.7% (23/30) were from premeno -

pausal and 67.1% (49/73) from postmenopausal women.

Anal y sis of apoptosis in can cer sam ples ob tained from

premenopausal and postmenopausal women showed no dif -

fer ences (Mann-Whit ney U test, P=0.470). 

The stud ies of 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 dis played in Ta ble 2. Apoptosis in pa -

tients var ied widely de pend ing on the lymph node sta tus of

the tu mours. Of the 44 node-pos i tive women, 34 (77.27%)

ex hib ited apoptosis. In lymph node-neg a tive tu mours, the

pres ence of apoptotic cells did not dif fer sig nif i cantly

(P=0.366) com pared as lymph node-pos i tive tu mours; 38

(64.41%) node-neg a tive subjects exhibited apoptosis.

De pend en cies of the dis tri bu tion of fre quen cies of

apoptotic cells on the tu mour grade eval u ated ac cord ing to

Scarf-Bloom-Rich ard son cri te ria in women with ductal

breast car ci noma are dis played in Ta ble 3. There were no

sig nif i cant dif fer ences be tween apoptotic ef fect in sub -

groups as signed to histological grades (P > 0.05). 

Apoptotic in dex (AI)

The apoptotic pro cess is of ten de scribed by means of

the apoptotic in dex (AI), which may re fer to the num ber of

apoptotic cells per square milimetre of neo plas tic tis sue in

the sec tion. Ta ble 4 shown the re la tion ship be tween tu mor

size, histological type of can cer, sex ste roid re cep tor sta tus

and AI. There were the sig nif i cant dif fer ences be tween tu -

mor size and apoptotic in dex. The large tu mors (di am e ter >2 

cm) have sig nif i cantly higher AI than small tu mors (di am e -

ter<2 cm) (P<0.001). In ductal breast car ci no mas AI was
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TABLE 2 
The pres ence of apoptotic pe riph eral blood cells in pa tients with node-pos i tive (n=44) and node-neg a tive (n=59) breast can cer

Node-positive breast cancer patients 

Apoptosis

Positive Negative

n % n %

 N1 20a 76.9 6 23.1

 N2 7 70.0 3 30.0

 N3 7 87.5 1 12.5

 to tal 34 77.2 10 22.7

Node-negative breast cancer patients 

Apoptosis

Positive Negative

n % n %

 N0 38 64.4 21 35.6

aP = 0.366 as com pared with node-neg a tive pa tients

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 mour grade

gradeb I° (n=7) II° (n=40) III° (n=20)

Apoptosis Number Frequency Number Frequency Number Frequency

Neg a tive 3 0.43 12 0.30 4 0.20

Pos i tive 4 0.57 28 0.70 16 0.80

an = 67; bac cord ing to Bloom-Rich ard son cri te ria; cP=0.492



higher than in the other histological types (lob u lar, pap il -

lary, mucinous). The dif fer ences were sta tis ti cally sig nif i -

cant (P=0.111). More over the sig nif i cant re la tion ship

be tween sex ste roid re cep tor negativity and high AI was de -

tected. Tu mors that ex press oes tro gen re cep tor (ER) have

lower AI than ER-neg a tive tu mors. The re la tion ship be -

tween pro ges ter one re cep tor (PR) and AI was sim i lar. The

sex ste roid receptor content and AI show a statistically

significant inverse relationship.

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. In pres ent

work the apoptosis phe nom e non and its role in the de vel op -

ment and prog no sis of breast can cer was investigated. 

To de ter mi nate tu mour be hav iour, we must con sider

not only the pro lif er a tion, but also cell death. The growth

rate of a tu mour de pends on both the pro lif er a tion and loss

of tu mour cells. Both ne cro sis and apoptosis in duce cell

death. Apoptotic cell death plays a im por tant role in the

pathogenesis and dis ease pro gres sion of can cer. The

apoptotic pro cess is con trolled by in duc ers and repressors,

the bal ance be tween these stim uli de ter min ing whether the

cell cy cle en ters mitosis or apoptosis [2, 19]. 

With in creased un der stand ing of the phys i o log i cal events

that oc cur dur ing apoptosis, a num ber of as say meth ods have

been de vel oped for its de tec tion. These as says are based on

dif fer ent events which char ac ter ize the apoptotic pro cess.

Apoptosis and cell me di ated cytotoxicity are char ac ter ized by

a frag men ta tion of the genomic DNA. These DNA frag ments

have a length of about 180 base pairs or mul ti ples there of

(360, 540, 720, ...), the char ac ter is tic DNA-length of a nucleo -

some (DNA-histone-com plex). Endonucleases se lec tively

cleave DNA at sites lo cated be tween nucleosomal units

(linker DNA). In agarose gel elec tro pho re sis these DNA frag -

ments are re solved to a dis tinc tive lad der pat tern [3]. 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 an at tempt to de ter mine if tu mour cells from breast

can cer are un der con trol of apoptosis, genomic DNA was

ex tracted from 103 blood sam ples ob tained from pa tients di -

ag nosed at the Pol ish Mother’s Me mo rial Hos pi tal. The pa -

tients in cluded in the study re ceived no che mo ther apy or

hor mone ther apy. 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 tics pat tern of DNA frag men ta tion. Fig. 1

rep re sents an agarose gel elec tro pho re sis of rep re sen ta tive

pa tients (panel A) and healthy vol un teers (panel B), where

the DNA frag men ta tion pro file is quite clear. 69.9% breast

can cer pa tients pre sented such pro file which is a hall mark of 

the apoptosis pro cess; while 1 of the blood sam ples from 90

healthy in di vid u als (98.9%) showed this pat tern. The ob ser -

va tion of the apoptotic pro file in pa tient blood cells sug gests 

that these cells might be dying massively. 

The re la tion ship be tween lymph node sta tus and

apoptotic cell death was ana lysed ac cord ing to ei ther the
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TABLE 4 
Re la tion ship be tween tu mor size, histological cat e gory, sex ste roid re cep tor sta tus and apoptotic in dex (AI)

No. P-valuea AI

Tu mor size

≤2,0 cm (me dian 25–75%)

>2 cm (median 25–75%)

62

41

P<0.001 11.0 (5.0–26.5)

26.0 (11.5–62.0)

Histological type

– car ci noma ductale (me dian 25–75%)

– carcinoma lobulare (median 25–75%)

67

14

P=0.111 18.0 (8.25–33.5)

8.0 (4.0–41.0)

– car ci noma ductale

a) I°

b) II°

c) III°

7

40

20

P=0.001

P<0.001

P<0.001

4.0 (3.0–7.0)

14.0 (8.5–27.5)

40.0 (26.5–70.5)

Es tro gen-re cep tor

ER (+) (median 25–75%)

ER (-) (median 25–75%)

Progesteron-receptor

PR (+) (median 25–75%)

PR (-) (median 25–75%)

64

39

61

42

P=0.002

P=0.003

11.5 (5.5–26.5)

25 (10.5–53.5)

12.0 (5.75–25.25)

27.5 (10.0–46.0)

aeval u a tion by Mann-Whit ney U-test



pres ence or the num ber of in volved lymph nodes. Most

stud ies not found a sta tis ti cally sig nif i cant re la tion ship be -

tween the pres ence of pos i tive nodes and apoptotic cells

[20]. Lipponen et al. [12] re ported lack of a sig nif i cant re la -

tion ship be tween high AI and axillary lymph node in volve -

ment. In our study we did not find also a sig nif i cant

dif fer ence in the num ber of pa tients pre sent ing apoptosis or

not in relation to lymph node status.

The histological anal y sis of tu mour grade showed a

good re la tion be tween grade III tu mours and the num ber of

pa tients pre sent ing apoptotic pe riph eral blood cells. 16 of

20 breast can cer pa tients with grade III° tu mours were pos i -

tive for the pres ence of apoptosis in blood cells. The grade

cor re sponds to the tu mour ag gres sive ness and is cor re lated

with pa tient sur vival. Pa tients with grade I tu mours have

better sur vival than those with grade II and III. 

Apoptosis can be de tected in breast can cer by count ing

the apoptotic cells in con ven tional histopathological sec -

tions or by us ing spe cial stain ing tech niques, which are

based on in situ la bel ling of the frag mented DNA (ter mi nal

deoxynucleotidyl transferase-me di ated UTP nick end-la bel

(TUNEL stain ing) [8, 13, 17]. The apoptotic pro cess is of ten 

de scribed by means of the apoptotic in dex (AI), which may

re fer to the num ber of apoptotic cells. 

In our study that in cluded 103 breast can cer pa tients and 

used TUNEL meth od ol ogy the re la tion ship be tween tu mor

size >2 cm and AI was pres ent. Our study con firmed stud ies

Zhang et al. [21], that large tu mors have sig nif i cantly higher

AIs than small tumors. 

In in va sive ductal car ci no mas, AIs are usu ally higher

than in the other histological types (pap il lary, lob u lar,

mucinous), but medullary car ci no mas also show high AIs

[12]. How ever, the find ings are not con sis tent, as the AIs re -

ported in some small stud ies have been about equaal in in va -

sive lob u lar and in va sive ductal car ci no mas [13]. In our

study ductal breast car ci no mas AIs was higher than in the

other histological types (lob u lar, papillary, mucinous).

Data re lat ing AI to sex ste roid re cep tor con tent are vari -

able. Two large stud ies [1, 12] that in cluded a to tal of more

than 1000 breast car ci no mas have es tab lished a sig nif i cant

re la tion ship be tween sex ste roid re cep tor negativity and

high AI. Our stud ies con firmed that ER+ tu mors have usu -

ally lower AIs than ER- tu mors. The re la tion ship be tween

PR+ and PR- tumors and AI is similar.

Our find ings pro vide ad di tional ev i dence that ge netic

al ter ations, in clud ing apoptotic cell death, may oc cur as rel -

a tively early events in the de vel op ment of breast cancer. 

Our study im plies that the apoptosis pro cess is as so ci -

ated with breast can cer ap pear ance and its invasiveness.

Fur ther stud ies, con ducted on a larger population, are re -

quired to clar ify this point. 
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