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Immunohistochemical and biochemical study of infiltrative 
ductal breast carcinoma and tissue adjacent to the tumour 
revealed a particular molecular profile and characteristics 
of the oxidant-antioxidant status neoplasms depending on 
the age of the patients and the presence of metastases in 
regional lymph nodes. Some causes of high aggressiveness 
and low hormone sensitivity of tumours in premenopausal 
women, as well as stability and high metastatic potential of 
tumours in postmenopausal women have been found.

Key words: breast tumours, the molecular profile, oxidant-
antioxidant characteristics, metastasis, menopausal status.

Introduction. Breast cancer (BC) is the most com-
mon cancer and the second leading cause of cancer 
death in the world. It is a leader in cancer inci-
dence structure of the female population in the most 
economically developed countries. For example, it 
was estimated that almost 1.7 million cases of fe-
male breast cancer were diagnosed worldwide, cor-
responding to a rate of 43 per 100,000 and about 
522,000 females (13 per 100,000 populations) have 
died from breast cancer globally during 2012. Deaths 
of women from breast cancer has increased more 
than 2.5 times over the past 10 years and won the 
first place [1, 2]. The problem of the incidence and 
treatment of malignant tumours of the breast, as well 
as disability of population as a result of this  disease 
continues to merit serious consideration, since the 
number of the patients increases, and the results of 
treatment, medical and social rehabilitation cannot 
be considered sufficiently satisfactory. This causes 
the relevance and importance of finding and devel-
oping new methods for anticancer treatment.

Survival from breast cancer depends mainly 
on early detection and optimal treatment. Basic 
knowledge on the mechanisms causing breast can-
cer progression has driven significant progress in its 
treatment, with the introduction of more sophisti-

cated hormonal and targeted therapies [3]. Despite 
advances in early detection and understanding of 
the molecular bases of breast cancer biology, ap-
proximately 30 % of all patients with early-stage 
breast cancer have recurrent disease, which is meta-
static in most cases. Breast cancer treatment cur-
rently requires the joint efforts of a multidisciplinary 
team. Developing such a plan should be based on 
knowledge of the benefits and potential acute and 
late toxic effects of each of the therapy regimens. 
Tumour biology plays important role in breast can-
cer survival. To offer more effective and less toxic 
treatment, selecting therapies requires considering 
the patient and the clinical and molecular charac-
teristics of the tumour. 

There are differences in histological types of 
breast cancer as well as the molecular profile of 
breast cancer. Modern approaches to the treatment 
of patients with breast cancer suggest an individua-
lized choice of the type of treatment based on the 
risk category and the sensitivity of tumour cells 
to the hormone. To date, the choice of adjuvant 
therapy is dependent on the extent of the primary 
tumour and its histological grade embodiment, the 
level of expression of steroid hormone receptors, 
the reproductive status and age of the patients [4]. 
However, after a variable period of time, progres-
sion occurs. At that point, resistance to therapy is 
not only common but expected [5].

The role of estrogen receptor (ER) and proges-
terone receptors (PgR) in the genesis of hormone 
dependent tumours is proved in many studies. Now 
determination of ER and PgR in the tumour tissue 
is considered as a prerequisite for successful hor-
monal treatment of breast cancer [6, 7]. Degree of 
response to hormonal therapy is also significantly 
dependent on the presence of ER and PgR in tu-
mours: its efficiency is about 10 % of ER negative 
tumours, approximately 50 % of ER positive tu-
mours and 75 % for tumours containing both ER © T. LYKHOLAT, O. LYKHOLAT, S. ANTONYUK,  2016
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and PgR [8]. However, after determining the stage, 
histological grade and hormone receptor status, the 
tumour can behave in an unexpected manner, no 
significant relation to receptor status or tumor grade 
was seen and the prognosis can vary. There are 
cases of resistance to hormone therapy in patients 
with ER- and PgR-positive tumours, so hormone 
receptor status of the tumour is not always a suffi-
cient indicator of the hormonal sensitivity of breast 
cancer [9, 10].    

Leading factor in the mechanism of malignant 
transformation of cells in the biological behaviour 
of tumours that have already arisen is their prolif-
erative activity. At breast cancer the most important 
prognostic indicators are proliferative activity deter-
mined on the expression of the protein HER2/neu 
(c-erbB-2). Membrane glycoprotein HER-2 is one 
of the most promising markers for the prediction 
of recurrence of the disease, metastasis, resistance 
to chemotherapy and hormone therapy of breast 
cancer [11, 12]. Overexpression of the human epi-
dermal growth factor receptor 2 (HER2) protein, 
mainly due to HER2/neu gene amplification, in 
breast cancer is associated with aggressive histo-
logical features and poor prognosis [13]. Accord-
ing to many researchers the HER2/neu allows to 
estimate prognosis of the disease, especially in the 
presence of metastases in regional lymph nodes.  
Its overexpression in the tumour (tumour HER2/
neu+) is followed by a sharp decrease in apopto-
sis, increase of cell proliferation, decrease of the 
amount of estrogen receptors in the tumour, de-
crease of the effectiveness of chemotherapy and 
hormonal therapy etc. Under the influence of li-
gands HER2/neu forms heterodimers with other 
receptors of this family and regulates the relevant 
signalling cascades [14, 15]. In the process of ma-
lignant growth its overexpression and/or amplifica-
tion of the gene encoding it takes place. Over-
expression of HER2/neu tumour is an indepen-
dent marker of poor prognosis, increased risk of 
disease recurrence and reduction of survival. It is 
established that the oncoprotein c-erbB-2 is over-
expressed in 20–30 % of cases of invasive breast 
cancer [16, 17]. HER2/neu overexpression affects 
the results of hormone and chemotherapy, and its 
determination may help in choosing the rational 
treatment of patients with breast cancer.

To identify the features of cell proliferation of 
human malignant tumours antigen Ki-67 expressed 

in virtually all phases of the mitotic cycle and re-
flecting the magnitude of the proliferative pool is 
used widely. Index of Ki-67 antibody is a reliable 
prognostic marker in determining the number of 
tumour cells that are in the S period of the cell 
cycle. Antigen Ki-67 is as an independent prog-
nostic factor with regard to recurrence in patients. 
Ki-67 refers to regulatory proteins. Its appearance 
coincides with the entry of cells into mitosis; it can 
be used as a universal proliferation marker in assess-
ing the growth of malignant tumours [18].

The progression of breast cancer is associated 
with oxidative stress [19, 20]. Reactive oxygen spe-
cies (ROS) are known to damage cellular macro-
molecules and to modulate signalling cascades in 
a variety of human diseases including cancers [21]. 
Under normal circumstances, there is a steady bal-
ance between the production of oxygen derived free 
radicals and their destruction by the cellular anti-
oxidant system inside the human body. However, 
oxidant/antioxidant balance has been suggested as 
an important factor for initiation and progression of 
cancer: any imbalance between the levels of these 
oxidants and antioxidants might cause DNA dam-
age and may lead to tumour development [22]. It 
would seem that oxidative stress induces cell cycle 
arrest in the breast cancer by modulation of these 
genes. [23]. Overproduction of ROS triggers estro-
gen receptor activity [24]. 

Increasing chronological age is the most sig-
nificant risk factor for human cancer development 
[25]. Mortality trends tended to be more favourable 
for women aged under 50 compared to those who 
were 50 or older [1]. The relationship between ag-
ing and cancer is complex because the interaction 
takes place at the cell, the organism and the envi-
ronment levels. On the other hand, carcinogenesis 
is a multi-step process, and different mechanisms 
may be involved in each step. The age specificity 
of some breast risk factors suggests that breast can-
cer which has been diagnosed in an aged woman 
was induced late in her life [26]. The difference in 
tumour aggressiveness between young and older pa-
tients is especially obvious in breast cancer patients. 
Tumours in older patients are generally described 
as slow growing. For example, oxidants and anti-
oxidants may play different roles depending upon 
the phase considered. Breast carcinoma is related 
to the increase of lipid peroxidation in plasma with 
concomitant decrease of antioxidant (AO) defence 
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capacity in blood cells, which becomes more pro-
nounced during aging of the patients [27].

The aim of this study was determination of dif-
ferences in some features of breast tumour depend-
ing on the age of the patients and metastasis pres-
ence to derive their possible role in the etiology of 
breast cancer. 

Materials and methods. The study was conducted 
in Dnepropetrovsk. Samples of the breast tumour 
and unaltered surrounding background breast tissue 
were obtained from the Regional Cancer Centre. 
Tissue samples of 88 patients with primary breast 
cancer were collected during surgery, snap-frozen, 
and stored in liquid nitrogen. Patients suffering 
from infiltrative ductal carcinoma of II–III degree 
of malignancy were divided into two groups. Group 
I (n = 40) was comprised by patients aged 40–50 
years old at diagnosis in premenopausal period 
(n = 40). This group was divided into two sub-
groups – IA (n = 27), the patients with the pri-
mary tumor, and IB (n = 13), patients with the 
regional lymph node metastases. Group II (n = 48)
was comprised patients aged 50 years and older in
postmenopausal period: subgroups – IIA (n = 40),
patients without metastases in regional lymph no-
des, and IIB (n = 8), patients with the metasta-
ses. The patients included in this study were not 
on prolonged medication of any kind which could 
have resulted in discrepancy during estimation of 
TBARS, SOD and GSH level. 

To study aims the relationship between breast 
cancer immunohistopathologic features (ER, PgR 
and HER2/neu expression, Ki-67 index) and oxida-
tive state (TBA-reactive specimens, reduced gluta-
thione content, glutathione reductase, glutathione 
transferase, glutathione peroxidase, superoxide dis-
mutase activity, total antioxidant activity), accord-
ing to patients’ menopausal status was analysed.

ER, PgR HER2/neu expression and Ki-67 index 
in the tumour specimens were examined by immu-
nohistochemistry.

Content of ER and PgR was determined by the 
method of indirect two-step immunohistochemical 
study phasic system «Mouse/Rabbit Poly Vue HRP/
DAB» (mouse monoclonal antibody (dilution 1:
100 v/v) to estrogen receptors and rabbit poly-
clonal antibodies to progesterone receptors (dilu-
tion 1:1000 v/v) were used, counting immunoposi-
tive cells was carried out in areas with the highest 
manifestation of diaminobenzydyn on 200–300 

tumour cells on microscope «Axioskop» (OPTON, 
Germany), expression of antibodies to the ER and 
PGR was evaluated positively with intense dark 
brown nuclei) [28]. 

Evaluation of protein expression HER2/neu as 
epidermal growth factor. To the primary polyclonal 
antibody by Rabbit type HER2/neu at a concen-
tration of 1 : 1200 was attributed. In assessing the 
level of expression of HER2/neu varying degrees 
of coloring was taken into account and classified 
from 0 to 3+ [29].

Estimation the expression of receptors for Ki-67. 
Proliferation index Ki-67 was calculated as the av-
erage of the number of labeled nuclei accounted for 
100 nuclei (500–1000 taking into account tumor 
cells). If the tissue sample was attended by several 
histology (section proliferative endometrium and 
simple hyperplasia), these sites were studied sepa-
rately [28].

TBA-reactive species (TBARS). For the assess-
ment of lipid peroxidation in breast tissues a reac-
tion of lipids with TBA was used [30]. At determina-
tion the total antioxidant activity (TAOA) reaction 
of yolk lipoproteins with TBA was used [31]. Level 
of reduced glutathione (GSH) was gauged by El-
man’ method [32]. Superoxide dismutase (SOD) 
activity was assessed using the assay based on a 
competition of SOD and nitro blue tetrazolium 
(NBT) in the reaction medium in a reaction of 
NADH with phenazine methosulfate in the pres-
ence of oxygen [33]. Glutathione reductase (GR) 
activity was determined by the decrease in NADPH 
content [33]. Glutathione transferase (GST) ac-
tivity was assessed��������	
��
���������	
���������
������
�����������
��������� ���� !� "���� 
��	����


�	���������#$�]. Glutathione peroxidase (GP) ac-
tivity was assessed by method based on the develop-
ment of a colour reaction of interaction SH-group 
with the Elman’ reagent [35]. Protein content was 
defined with Folin phenol reagent  [36].

Results. Molecular classification of breast tu-
mours based only on immunohistochemistry is quite 
useful on practical clinical grounds. The analysis of 
the dependence of receptor status from the patients’ 
age allowed obtaining the following data. 

For the group aged 40–50 years without the 
metastasis in regional lymph nodes ER were absent 
in 40,7 % of the samples, ones were determined 
within the limits 1–100 in 29,6 % of the cases, 
101–200 in 26 %, 201–300 in 3,7 % of the cases. 
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On PgR 40,7 % of the patients were in the group 
with negative signal. In 26 % of the cases the force 
of responses is within 1–100, 18,5 % – 101–200, 
14,8 % –201–300 respectively. The level of expres-
sion HER2/neu with force 0,1+ was observed in 
most of the patients (81,5 %), power 2+ in 3,7 %, 
3+ in 14,8 % of patients with primary tumors of the 
breast. At determination of Ki-67 group with the 
signal in the range of 0–30 amounted to 52 % of 
cancer patients aged 40–50 years. In 48 % of cases 
the force of response is within 31–60. The signal 
of strength in range of 61–100 was not observed in 
the sample (Tabl. 1). 

To determine the mechanisms leading prolifera-
tive processes depending on the signal strength of 
receptor the response was evaluated in the breast 
tissue in the presence of metastases. 

For the subgroup IÂ ER negative status was 
observed in 23 % of the samples, the signal within 
1–100 in 38,5 %, 101–200 in 30,8 %, 201–300 in 
7,7 % of the biopsies. PgR were absent in 23 % of 
immunohistochemical samples. Level of PgR was 
determined in 38,5 % of the cases in both the range 
1–100 and 101–200. The samples with content PgR 
as 201–300 were not fixed. Expression with power 
HER2/neu 0,1+ was observed in 84,6 % of exam-
ined patients, 2+ in 15,4 % of the patients. Women 
with breast oncopathology in which force respon-
sible for HER2/neu was 2+ were not included to 
the analysed cohort of patients. For Ki-67 levels in 
the subgroup ²Â that had metastasized breast cancer 
the signal in the range 0–30 was noted in 61,5 % 
of women, within the 31–60 signal was observed 
in 38,5 % of cases. Responses in the range 61–100 
were not observed. 

The analysis of the receptor response in the group 
consisted of patients older than 50 years revealed 
the following relationship. The negative response 
on ER was detected in 27,5 % of the samples. 
The answer in the range of 1–100 was observed in 
20 % of biopsies, 101–200 in 40 %, 201–300 in 
12,5 % of the investigated tissue samples. There 
was no answer on PgR containing in 32,5 % of the 
samples. The signal with strength within 1–100 was 
found in 30 % of the samples, 101–200 in 27,5 %, 
201–300 in 10 % of the biopsies. Power of HER2/
neu expression 0, 1+ was in 90 % of examined pa-
tients. There was no difference between the likely 
numbers of the patients whose level of HER2/neu 
expression had been identified as 2+ (5 %) and 3+ 

(5 %). At determining of Ki-67 the signal range 
from 0 to 30 was observed in 65 % of the cases. In 
the range of 31–60 response was in 30 % of the 
biopsies of breast cancer women. Within 61–100 
signal was observed only in 5 % of the women.

For the patients’ subgroup IIB aged over 50 
years the following trend was determined. Connec-
tion between estrogen and the obligatory receptor 
was not observed in 37,5 % of cases. Response with 
intensity 1–100 was fixed in 25 % of cases, 101–200 
in 25 %, 201–300 in 12,5 % of investigated biop-
sies. PgR negative status was fixed in 50 % of the 
samples. Answer with intensity 1–100 was observed 
in 12,5 %, 101–200 in 37,5 % of the biopsies. Re-
sponse in the range 201–300 was absent. HER2/

Table 1. Receptor status of breast cancer patients
according to age, % (n)

The range 
of 

concen-
trations

Women without 
metastases

Women with 
metastases

premeno-
pausal

postme-
nopausal

premeno-
pausal

postme-
nopausal

The content of estrogen receptors 
in tissue biopsies

0
1–100

101–200
201–300

40,7 (11) 
29,6 (8)
26 (7)
3,7 (1)

27,5 (11) 
20 (8)
40 (16) 
12,5 (5)

23 (3)
38,5 (5)
30,8 (4) 
7,7 (1)

37,5 (3)
25 (2)
25 (2)

12,5 (1)

The content of progesterone receptors 
in tissue biopsies 

0
1–100

101–200
201–300

40,7 (11)
26 (7)

18,5 (5)
14,8 (4)

32,5 (13) 
30 (12)

27,5 (11)
10 (4)

23 (3)
38,5 (5)
38,5 (5)
0 (0)

50 (4 )
12,5 (1)
37,5 (3)
0 (0)

The level of epidermal growth factor HER2/neu 
in tissue biopsies 

0,1+
2+
3+ 

81,5 (22) 
3,7 (1)
14,8 (4)

90 (36) 
5 (2)
5 (2) 

84,6 (11) 
15,4 (2)
0 (0)

75 (6)
12,5 (1)
12,5 (1)

The level of Ki-67 antigen 
in tissue biopsies 

0–30
31–60
61–100

52 (14) 
48 (13)
0 (0)

65 (26)
30 (12)
5 (2)

61,5 (8)
38,5 (5)
0 (0)

37,5 (3) 
62,5 (5) 
0 (0) 
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neu was not detected in 75 % of patients. Expres-
sion with intensity of 2+ was detected in 12,5 % 
and 3+ in 12,5 % of the samples. In patients older 
than 50 years with metastases Ki-67 signal level in 
the range of 0–30 was in 37,5 % women. Intensity 
of response within 31–60 was recorded in 62,5 % 
of cancer patients. The response in the range of 
61–100 was not fixed. 

Lipid peroxidation (LPO) is a universal biologi-
cal process that constantly takes place in the mem-
branes of cells. Its pathological intensification leads 
to disruption of the structure and, consequently, of 
the functions of biological membranes. Imbalance 
in LPO system plays an important role among the 
risk factors for malignant tumours. On our data in 
the surrounding background breast tissue at pre-
menopausal women from subgroup IA the con-
tent of TBARS was higher on 8,5 % than at older 
groups (Tabl. 2). TBARS accumulation was higher 
by 14 % in tumour tissue of patients aged 40–50 
years that the parameter of subgroup IIA patients. 
In premenopausal women TBARS content in the 
tumour tissue was higher than the index of breast 
tissue surrounding the tumour. In older women tis-
sue samples significant difference of the parameter 
was not found.

SOD catalyzes the conversion of the highly reac-
tive and unstable superoxide anion to less reactive 
and more stable hydrogen peroxide, a critical step 
in ROS detoxification. In the study of SOD activity 
as an antioxidant enzyme in the tumour in com-

parison with surrounding background breast tissues 
decrease by 25 % was noted at the women under 
50. There was a reduction of the enzyme synthesis 
in the tumour by 27 % at the older patients. When 
comparing the index in the corresponding tissue 
samples between the age groups there was no sig-
nificant difference.

Glutathione peroxidase (GPX) by GSH causes 
hydrogen peroxide and lipid hydroperoxides to be 
reduced to water and alcohol related. During this 
process GSH is oxidized to GSSG with a disulfide 
bond, which eventually becomes revitalized by a 
glutathione reductase enzyme. In younger women’ 
breast tissue samples glutathione reductase activity 
was average by 11 % higher than ones in biopsy of 
older women. The enzyme activity tended to de-
crease in tumour tissue in premenopausal women. 
At the same time in postmenopausal women the 
difference of these indicators was absent. Similar 
changes were noted in determining the level of re-
duced glutathione.

Activity of glutathione transferase and glu-
tathione peroxidase was reduced in the tumour in 
premenopausal women by 16 and 9 % and in post-
menopausal women by 12 and 9 %, respectively. 
GST and GP activity in the experimental samples 
had not significant differences depending on the 
age of the patients. 

In determining the TAOA in younger women 
this index was reduced by 23 % in the tumour 
in comparison with the surrounding background 

* Significant differences between the indexes of tumour and unchanged tissue, ð � 0,05. ** Significant differences 
between the relevant indexes depending on the age of the patients, ð � 0,05. 

Table 2. Oxidant state of the different age patients without metastasis 

Indexes

Subgroup IA (premenopausal women) Subgroup IIA (postmenopausal women)

surrounding 
background 
breast tissue 

(n = 27)

breast tumour 
tissue 

(n = 27)

surrounding 
background breast 

tissue (n = 40)

breast tumour tissue 
(n = 40)

TBARS, nmol/g protein
TAOA, conv. Unit
GSH, mmol/g protein
GR, �mol/min × g protein
GST �mol/min × g protein
GP, �mol/min × g protein
SOD, opt. unit/min × g 
protein

7,93 ± 0,39
21,75 ± 1,09
16,61 ± 0,83
17,46 ± 0,87
16,94 ± 0,84
18,32 ± 0,92

266,28 ± 13,31

8,45 ± 0,42 *
16,66 ± 0,83 *
15,42 ± 0,77 *
16,73 ± 0,83
14,25 ± 0,76 *
16,11 ± 0,80 *

200,34 ± 10,02 *

7,31 ± 0,36 **
21,13 ± 1,06
15,52 ± 0,78
15,04 ± 0,75 **
15,87 ± 0,81
16,92 ± 0,85

253,63 ± 12,65

7,4 ± 0,37 **
14,95 ± 0,75 *, **
14,73 ± 0,74
15,07 ± 0,75 **
14,42 ± 0,72 *
15,42 ± 0,77 *

185,13 ± 9,25 *
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breast tissue. In postmenopausal women TAOA 
decrease was by 29 % in the tumour tissue. In 
40–50-year-old women breast unchanged tissue 
TAOA did not differ from that in the aged women. 
However, in younger women cancerous tissue the 
index exceeded by 11 % than in the older women.

The study of samples of breast tumours metasta-
sized to regional lymph nodes showed the following.

TBARS level had no significant differences be-
tween the breast tumour and surrounding back-
ground breast tissue of the patients from both sub-
groups IB and IIB. At the same time, the TBARS 
accumulation was higher on average by 17 % in the 
tissues of premenopausal women compared to age 
women (Tabl. 3).

SOD activity in the surrounding tissue was high-
er by 42 % than in the tumours of women from 
subgroups IB. For women from subgroup IIB the 
corresponding increase amounted to 34 %. In the 
younger women the enzyme activation exceeded 
that in the older women biopsies.

In premenopausal women tumours reductive 
glutathione content showed a tendency to increase 
in relation to the unchanged tissue. In the women 
from subgroup IIB such increase was significant.

Depletion of SOD leads to increased accumula-
tion of superoxide in mammary epithelial cells, and 
enhance apoptosis. Therefore, in response to matrix 
detachment, cells activate two parallel programs: 
1) attenuation of oxidative metabolism of glucose 
to decrease mitochondrial ROS production and 

2) enhancement of antioxidant capacity to detoxify 
ROS, which allow them to tolerate the lower oxida-
tive stress and prolong survival in suspension. SOD 
higher expression is associated with advanced tumor 
grades and breast cancer metastasis, supporting its 
role in apoptosis resistance and tumor progression 
[37]. In the surrounding tumour tissue GR activity 
exceeded the index tumours by 12 % in the younger 
women. In the elderly patients a significant differ-
ence between the compared activities has not been 
found. The indicator differences depended on the 
patients’ age.

In the patients of subgroup IB GP activity of 
unchanged tissue was 30 % higher than that in the 
tumours. In contrast, in the women of subgroup 
IIB enzyme activity was higher in the tumours. 
Significant increase in GP activity, the first step of 
enzyme defense against H2O2 and other hydroper-
oxides, can result from an increased expression of 
genomic DNA. 

In the premenopausal women tumours the glu-
tathione transferase activity had a tendency to de-
crease. There was a significant activation (average 
22 %) of the enzyme in the postmenopausal women.

TAOA was reduced in the tumours of the young-
er women and the older patients by 30 and 35 %, 
respectively.

Discussion. We summarize the results of our re-
search on the role of molecule profile and oxidative 
state biochemical indexes of mediated extranuclear 
actions in breast tumorigenesis and metastasis.

* Significant differences between the indexes of tumour and unchanged tissue, ð � 0,05. ** Significant differences 
between the relevant indexes depending on the age of the patients, ð � 0,05. 

Indexes

Subgroup IB (premenopausal women) Subgroup IIB (postmenopausal women)

surrounding 
background 
breast tissue 

(n = 13)

breast tumour 
tissue 

(n = 13)

surrounding 
background breast 

tissue (n = 8)

breast tumour tissue 
(n = 8)

TBARS, nmol/g protein
TAOA, conv. Unit
GSH, mmol/g protein
GR, �mol/min × g protein
GST �mol/min × g protein
GP, �mol/min × g protein
SOD, opt. unit/min × g 
protein

8,94 ± 0,25
24,15 ± 1,31
18,84 ± 0,95
20,69 ± 1,43
17,58 ± 1,06
24,83 ± 1,15

365,28 ± 20,41

8,66 ± 0,34*
16,96 ± 1,26*
19,57 ± 1,24*
18,54 ± 1,14
16,86 + 0,511
19,15 + 0,841

257,15 + 8,141

7,79 ± 0,30**
23,17 ± 1,64
16,21 ± 0,74
16,84 ± 1,17**
17,14 ± 0,64
18,51 ± 0,74

294,56 ± 18,09

7,33 ± 0,12**
15,03 ± 0,61*, **
18,74 ± 1,12
17,14 ± 0,57**
21,06 ± 1,441
19,96 ± 1,011

219,13 ± 11,171

Table 3. Oxidant state of the different age patients with metastasis
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The estrogen receptor (ER) is implicated in the 
progression of breast cancer. Emerging evidence 
suggests in addition to exerting its well-studied nu-
clear functions, ER also participates in extranuclear 
signalling that involve growth factor signalling com-
ponents, adaptor molecules and the stimulation of 
cytosolic kinases. ER extranuclear pathways have 
the potential to activate gene transcription, modu-
late cytoskeleton, and promote tumour cell pro-
liferation, survival, and metastasis. Cytoplasmic/
membrane ER is detected in a subset of breast tu-
mours, and expression of extranuclear components 
of ER is deregulated in tumours. The extranuclear 
actions of ER are emerging as important targets 
for tumorigenic and metastatic control. Hormonal 
therapies which block ER functions or local and 
systemic estrogen production are currently used to 
treat ER positive breast cancer. 

Changes in the receptor profile between primary 
tumour and metastatic cancers of the breast tissue 
were marked. 

The level of estrogen and progesterone receptors 
positively correlated with the age of patients with 
primary tumours. In primary tumours ER positive 
state was significantly higher than in metastatic 
specimens of the younger patients. According to 
our data it can be argued that in the older women 
the relationship of estrogen with the corresponding 
receptor (ER+) is observed more frequently (ap-
proximately 73 % (on the literature references 75 % 
[38]) of breast primary tumours had positive estro-
gen receptor status) than in the women aged 40–50 
years (59 % of cases). Inhibition of ER extranuclear 
actions has the potential to prevent breast tumour 
progression and may be useful in preventing ER 
positive metastasis [39, 40]. 

PgR reduction was determined more often than 
ER decline at the women aged over 50. Relation-
ship between progesterone and its obligate receptor 
(PgR+) was found in 67,5 % of the postmenopausal 
patients and 59 % of the premenopausal women 
with breast cancer. ER–/PgR-phenotype of the tu-
mour is an important prognostic factor in high risk 
of distant metastases [41]. In the presence of me-
tastases ER–/PgR – negative status was identified 
in 23 % of the younger women. The answer by ER 
was absent in 37,5 % PgR 50 % of the older women: 
the phenotype of tumours ER+/PgR– was defined 
more often in the older patients and coincided with 
the data of the references [42].

Hormonal therapy shows beneficial effects, 
however, initial or acquired resistance to endocrine 
therapies frequently occurs, and tumours recur as 
metastasis. HER2/neu marker can be considered 
as a factor of unfavourable prognosis, and its high 
expression is an indicator of high metastatic abil-
ity of the tumour and its possible resistance to 
anti-hormonal therapy. Hormone receptors and 
the epidermal growth factor HER-2 expression are 
important pharmaceutical targets for the treatment 
of patients with metastatic breast cancer. Hormone 
and HER2/neu receptors discoordination can oc-
cur in two directions, but in most cases the altera-
tion was manifested by positivity receptor status 
reducing [43].

Based on these data the expression of epider-
mal growth factor (HER2/neu+) was identified in 
18,5 % of patients aged 40–50 years and 10 % 
of patients older than 50 years without regional 
lymph node metastases. Metastasis is accompanied 
by increased levels of HER2/neu+ in postmeno-
pausal women (2 % of the samples) and some lower 
(15,4 % of the biopsies) in premenopausal women.

Amplification/overexpression of HER2/neu di-
rectly correlated with premenopausal status and the 
level of estrogen negative breast cancer phenotype. 
Women with receptor status of ER+/PgR– and 
overexpression of HER2/neu are at high risk of 
tumour recurrence and the tumour characteristics 
are more aggressive. Signalling through the epi-
dermal growth factor receptor leads to reduce of 
progesterone expression [44, 45]. This phenomenon 
is typical for premenopausal patients. 

Menopausal status played a very important role 
in determining HER2/neu and PgR status in ER+ 
breast cancer patients. HER2/neu was indepen-
dently inversely associated with PgR only in the 
postmenopausal women with ER+ breast cancers 
but not in the premenopausal ones. For this patients 
with tumour phenotype ER+/PgR+ and HER2/
neu a reduction in the risk for local recurrence of 
the tumour are characterized. ER+, HER2/neu- 
group of patients with negative PgR receptors seem 
to be high risk of recurrence and deserve further 
consideration and the phenomenon is inherent in 
older patients. 

At postmenopausal patients with metastatic tu-
mours phenotypes of triple receptor-negative status 
(ER–/PgR– and HER2/neu) and ER–/PgR– and 
HER2/neu+ were determined more often. Such 
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tumour compared with ER+/PgR+ and HER2/
neu subtypes is particularly aggressive [41]. 40–50 
year women had no significant difference between 
positive HER2/neu level for the primary and meta-
static tumours.

Ki-67 antibody index is a reliable prognostic 
marker in determining the number of tumour cells 
that are in the S period of the cell cycle. Antigen 
Ki-67 is as an independent prognostic factor with 
regard to recurrence in patients. At premenopausal 
women antigen Ki-67 concentration increases in-
dicating the likelihood of recurrence in patients. In 
the presence of metastases a direct correlation of 
Ki-67 with patients’ age was observed, which was 
a sign of unfavorable prognosis for this cohort. At 
the same time Ki-67 expression it is not so danger-
ous as metabolism activity decreases in the elderly 
woman. Much more dangerous is the phenomenon 
when Ki-67 antigen expression directly correlates 
with overexpression of prooncogene of proliferative 
growth and low levels of estrogen and progesterone 
receptors. As a result of our research, this phenome-
non is characteristic in premenopausal women with 
primary tumour and postmenopausal women with 
metastatic tumours. In the case of such a combina-
tion hyper resistance to treatment is determined. 

However endocrine resistant breast cancer cells 
behave very differently at using standard adjuvant 
therapy and the biology driving this aggressive dis-
ease has yet to be defined. 

Analysis of the results verified different oxida-
tive stress status depending on patient’ age breast 
cancer arising. 

Oxidative stress (due to ROS over-production) 
leads to genetic instability in the cancer cells (DNA 
damage and aneuploidy resulting in an increased 
mutation rate and tumour evolution) via a «by-
stander effect», resulting in aerobic glycolysis, with 
lactate and ketone production (the «Reverse War-
burg Effect»). Energy -rich metabolites (lactate, py-
ruvate, ketones, and glutamine) are then transferred 
to «hungry» cancer cells, promoting mitochondrial 
biogenesis and anabolic growth in these tumor cells. 
This eve nt, in turn, promotes tumor growth and 
protects these cancer cells against apoptosis [46].    

The accumulation of TBARS was higher in 
breast biopsy (as unchanged tissue well as tumour) 
younger women, resulting from greater intensity 
of biochemical processes in the body. In addition, 
TBARS level was significantly higher in tumour 

tissue than their accumulation in the adjacent tis-
sue cancer. This phenomenon, on the one hand is 
predictive of high tumour invasiveness as known 
role of free radicals in biological membrane de-
stabilization. On the other hand, reactive oxygen 
species formation is a response to stress exposure 
with further activation of protective systems. Usu-
ally in the case of moderately high levels of reac-
tive oxygen species occurs the antioxidant enzyme 
system activation.

The results of our study suggest that free radi-
cal activity is enhanced in cancer breast patients 
while the antioxidant defence mechanisms are 
weakened. Enhanced lipid peroxidation accompa-
nied by exhaustion in enzymatic and nonenzymatic 
antioxidants was observed in breast tumour tissues 
compared to the corresponding uninvolved adja-
cent tissues irrespective of menopausal status of 
the patients. 

On the other hand ROS may activate apoptotic 
pathway as a barrier to tumor metastasis through 
lipid peroxidation. 

Disruption of the delicate balance between free 
radicals and antioxidants may cause cellular damage 
and trigger carcinogenesis. A correlation between 
tissue redox status and tumour progression suggests 
that upregulation of antioxidants enables tumour 
cells to counter oxidative stress, thereby confer-
ring a selective advantage for growth compared to 
corresponding normal cells. Taking into account 
ability of antioxidants to inhibit the activation of 
protooncogenes, its reduction in tumours is a nega-
tive sign of the neoplasm stability. In tumour tis-
sues the antioxidant system inhibition can result 
in the changes in cell environmental conditions 
as a consequence of development of hypoxic tu-
mour cells characteristic that makes them resistant 
to the therapeutic treatment. In the women aged 
over 50 the total antioxidant status of the tumours 
was lower than in the younger cohort. However, 
GST involved in the detoxification of electrophilic 
toxins and carcinogens is increased in most of the 
metastatic tumours at the postmenopausal women. 
High concentrations of GST may rapidly detoxify 
anticancer agents, thereby preventing their cyto-
toxic action [47] and that makes these tumours re-
sistant to chemotherapy. In our opinion, the char-
acteristics of a senescent organism with regards to 
oxidant-antioxidant status could be causally related 
to the slow evolution of tumours in old patients. 
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At the same time, the magnitude of change in 
tissue oxidant-antioxidant status was, however, 
more pronounced in the premenopausal patients 
compared to the postmenopausal ones. In some 
tumours the increased activity of antioxidant en-
zymes and GSH level were observed. Cancer cells 
with increased activities of antioxidant enzymes 
are presumed to escape recognition by cytotoxic 
lymphocytes and it may offer a selective growth 
advantage to tumour cells over their surrounding 
normal counterparts [48]. As activation of various 
antioxidant enzymes (superoxide dismutase, cata-
lase, glutathione-S-transferase and glutathione re-
ductase) and the levels of reduced glutathione are 
important to protect cancer cells against cytotoxic 
hydrogen peroxide these neoplasms are character-
ized by high stability and overexpression HER2/
neu with subsequent amplification of proliferative 
processes. Damage of biological membranes due 
to imbalance of oxidative processes, in our opin-
ion, affects activation of membrane receptors, in-
cluding estrogen and progesterone ones, violates 
of signalling pathways an intercellular interactions. 
Such high SOD expression evidently correlated 
with the negative status of estrogen receptor (ER) 
and progesterone receptor (PgR). It was associated 
with tumor progression and is a predictor of poor 
prognosis. High GSH level was associated with the 
tumors negative for the estrogen receptor (ER) and 
metastasis.

Conclusion. This data illustrates that breast 
cancer arising in young women is a unique bio-
logic entity driven by unifying oncogenic signaling 
pathways characterized by less hormone sensitivity 
due to low estrogen and progesterone receptor re-
sponse, significant violation of oxidative status and 
higher HER2/neu and Ki-67 expression as indica-
tors of proliferative activity which are the triggers 
of recurrence and metastasis in the patients. The 
risk of breast cancer increases with age as a result 
of hormonal profile violation in women organism 
of the whole and local regional steroid status. Yet 
in the postmenopausal women the risk of tumour 
dissemination is lower than in the premenopausal 
women due to the metabolism changes with age. 
Frequently they have significant comorbidities and 
competing health risks. Elderly patients’ neoplasms 
are stable and resistant to the effects of hormonal, 
chemo- and radiotherapy. The obtained data is 
recommended to be considered in conducting in-

dividual treatment and especially hormone therapy 
of patients with breast cancer of different ages.

ÈÌÌÓÍÎÃÈÑÒÎÕÈÌÈ×ÅÑÊÈÉ 
È ÁÈÎÕÈÌÈ×ÅÑÊÈÉ ÀÍÀËÈÇ ÎÏÓÕÎËÅÉ 
ÌÎËÎ×ÍÎÉ ÆÅËÅÇÛ ÏÀÖÈÅÍÒÎÊ 
ÐÀÇËÈ×ÍÎÃÎ ÂÎÇÐÀÑÒÀ

Ò.Þ. Ëèõîëàò, Å.À. Ëèõîëàò, 
Ñ.Â. Àíòîíþê 

Èììóíîãèñòîõèìè÷åñêîå è áèîõèìè÷åñêîå èçó÷å-
íèå èíôèëüòðàòèâíîé ïðîòîêîâîé êàðöèíîìû ìî-
ëî÷íîé æåëåçû è òêàíè, ïðèëåãàþùåé ê îïóõîëè, 
âûÿâèëî îñîáåííîñòè ìîëåêóëÿðíîãî ïðîôèëÿ è
õàðàêòåðèñòèê îêñèäàíòíî-àíòèîêñèäàíòíîãî ñîñ-
òîÿíèÿ íîâîîáðàçîâàíèé â çàâèñèìîñòè îò âîçðàñòà 
ïàöèåíòîê è íàëè÷èÿ ìåòàñòàçîâ â ðåãèîíàðíûå 
ëèìôîóçëû. Óñòàíîâëåíû íåêîòîðûå ïðè÷èíû âû-
ñîêîé àãðåññèâíîñòè è íèçêîé ãîðìîíàëüíîé ÷óâ-
ñòâèòåëüíîñòè îïóõîëåé ó æåíùèí â ïðåìåíîïàóçå, 
à òàêæå ñòàáèëüíîñòè è âûñîêîãî ìåòàñòàòè÷åñêî-
ãî ïîòåíöèàëà íîâîîáðàçîâàíèé ó æåíùèí â ïîñò-
ìåíîïàóçå. 

²ÌÓÍÎÃ²ÑÒÎÕ²Ì²×ÍÈÉ ÒÀ Á²ÎÕ²Ì²×ÍÈÉ 
ÀÍÀË²Ç ÏÓÕËÈÍ ÌÎËÎ×ÍÎ¯ ÇÀËÎÇÈ 
ÏÀÖ²ªÍÒÎÊ Ð²ÇÍÎÃÎ Â²ÊÓ

Ò.Þ. Ëèõîëàò, Î.À. Ëèõîëàò, 
Ñ.Â. Àíòîíþê

²ìóíîã³ñòîõ³ì³÷íå ³ á³îõ³ì³÷íå âèâ÷åííÿ ³íô³ëüòðà-
òèâíî¿ ïðîòîêîâî¿ êàðöèíîìè ìîëî÷íî¿ çàëîçè ³
òêàíèíè, ïðèëåãëî¿ äî ïóõëèíè, âèÿâèëî îñîáëè-
âîñò³ ìîëåêóëÿðíîãî ïðîô³ëþ ³ õàðàêòåðèñòèê îê-
ñèäàíòíî-àíòèîêñèäàíòíîãî ñòàíó íîâîóòâîðåíü â 
çàëåæíîñò³ â³ä â³êó ïàö³ºíòîê òà íàÿâíîñò³ ìåòàñòà-
ç³â ó ðå´³îíàðí³ ë³ìôîâóçëè. Âñòàíîâëåí³ äåÿê³ ïðè-
÷èíè âèñîêî¿ àãðåñèâíîñò³ òà íèçüêî¿ ãîðìîíàëüíî¿ 
÷óòëèâîñò³ ïóõëèí ó æ³íîê ó ïðåìåíîïàóç³, à òàêîæ 
ñòàá³ëüíîñò³ òà âèñîêîãî ìåòàñòàòè÷íîãî ïîòåíö³àëó 
íîâîóòâîðåíü ó æ³íîê ó ïîñòìåíîïàóç³.

REFERENCES

1. Siegel, R., Naishadham, D., and Jemal, A. Cancer 
statistics, CA Cancer J. Clin., 2013, vol. 63, no. 1, 
pp. 11–30.

2. Youlden, D.R., Cramb, S.M., Yip, C.H., and Baade, 
P.D. Incidence and mortality of female breast cancer 
in the Asia-Pacific region, Cancer Biol. Med., 2014, 
vol. 11, no. 2, pp. 101–115.

3. Recchia, F., Candeloro, G., Desideri, G., Necozio-
ne S., Recchia, C.O., Cirulli, V., and Rea, S. Triple-
negative breast cancer: multipronged approach, single-
arm pilot phase II study, Cancer Med., 2012, vol. 1, 
no. 1, pp. 89–95.



ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2016. Ò. 50. ¹ 1 49

Immunohistochemical and biochemical  analysis of mammary gland tumours 

4. Bhikoo, R., Srinivasa, S., Yu, T.C., Moss, D,. and 
Hill, A.G. Systematic review of breast cancer biology 
in developing countries (part 2): Asian subcontinent 
and South East Asia, Cancers (Basel), 2011, vol. 3, 
pp. 2382–2401.

5. Gonzalez-Angulo, A.M., Morales-Vasquez, F., and 
Hortobagyi, G.N. Overview of resistance to systemic 
therapy in patients with breast cancer, Adv. Exp. 
Med. Biol., 2007, vol. 608, pp. 1–22.

6. García Fernández, A., Giménez, N., Fraile, M., Gon-
zález, S., Chabrera, C., Torras, M., González, C., Sa-
las, A., Barco, I., Cirera, L., Cambra, M.J., Velo-
so, E., and Pessarrodona, A. Survival and clinico-
pathological characteristics of breast cancer patient 
according to different tumour subtypes as determined 
by hormone receptor and Her2 immunohistochemis-
try. A single institution survey spanning 1998 to 
2010, Breast, 2012, vol. 21, no. 3, pp. 366–373. 

7. Hosoda, M., Yamamoto, M., Nakano, K., Hatana-
ka, K.C., Takakuwa, E., Hatanaka, Y., Matsuno, Y., 
and Yamashita, H. Differential expression of pro-
gesterone receptor, FOXA1, GATA3, and p53 bet-
ween pre- and postmenopausal women with estrogen 
receptor-positive breast cancer, Breast Cancer Res. 
Treat., 2014, vol. 144, no. 2, pp. 249–261.

8. Reddy K.B. Triple-negative breast cancers: an 
updated review on treatment options, Curr. Oncol., 
2011, vol. 18, no. 4, pp. 173–179.

9. Recchia, F., Candeloro, G., Necozione, S., Desi-
deri, G., Recchia, C.O., Piazze, J., and Rea, S. Pre-
menopausal hormone-responsive breast cancer with 
extensive axillary nodes involvement: total estrogen 
blockade and chemotherapy, Anticancer Res., 2011, 
vol. 31, no. 2, pp. 671–676. 

10. Tummers, Q.R., Verbeek, F.P., Schaafsma, B.E., 
Boonstra, M.C., van der Vorst, J.R., Liefers, G.J., 
van de Velde, C.J., Frangioni, J.V., and Vahrmeijer, 
A.L. Real-time intraoperative detection of breast 
cancer using near-infrared fluorescence imaging and 
Methylene Blue, Eur. J. Surg. Oncol., 2014, vol. 40, 
no. 7, pp. 850–858.

11. Slamon, D.J., Leyland-Jones, B., Shak, S., Fuchs, H., 
Paton, V., Bajamonde, A., Fleming, T., Eierma, W.,
Wolter, J., Pegram, M., Baselga, J., and Norton, L. 
Use of chemotherapy plus a monoclonal antibody 
against HER2 for metastatic breast cancer that over-
expresses HER2, N. Engl. J. Med., 2001, vol. 344, 
no. 11, pp. 783–792. 

12. Di Gioia, D., Dresse, M., Mayr, D., Nagel, D., 
Heinemann, V., and Stieber, P. Serum HER2 in
combination with CA 15-3 as a parameter for 
prognosis in patients with early breast cancer, Clin. 
Chim. Acta., 2015, vol. 440, pp. 16–22.

13. Rakha, E.A., Starczynski, J., Lee, A.H. and Ellis, I.O. 
The updated ASCO/CAP guideline recommendations 
for HER2 testing in the management of invasive 
breast cancer: a critical review of their implications 
for routine practice, Histopathology, 2014, vol. 64, 
no. 5, pp. 609–615. 

14. Harari, D., and Yarden, Y. Molecular mechanism 
underlaying ErbB/HER2 action in breast cancer, 
Oncogene, 2000, vol. 19, no. 53, pp. 6102–6114.

15. Mass, R. The role of HER-2 expression in predicting 
response to therapy in breast cancer, Semin. Oncol., 
2000, vol. 27, Suppl. 11, pp. 46–52.

16. Walker, R.A., Harris, A.L., and Balslev, E. Immu-
nohistochemistry and Breast Cancer. Diagnosis, The-
rapy and Prognosis, Corporate Headquartes Denmark, 
2004, 23 p.

17. Press. M.F., Bernstein, L., Thomas, P.A., Meisner, 
L.F., Zhou, J.Y., Ma, Y., Hung, G., Robinson, R.A., 
Harris, C., El-Naggar, A., Slamon, D.J., Phillips, 
R.N., Ross, J.S., Wolman, S.R., and Flom, K.J. 
HER-2/neu gene amplification characterized by fluo-
rescence in situ hybridization: poor prognosis in 
node-negative breast carcinomas, J. Clin. Oncol., 
1997, vol. 15, no. 8, pp. 2894–2904.

18. Pozharisski�, K.M., and Leenman, E.E. The role of 
immunohistochemical methods for determining the 
type of treatment and prognosis of tumoral disease, 
Arkh. Patol., 2000, vol. 62, no. 5, pp. 3–11 (In 
Russian).

19. Gu, J.W., Young, E., Busby, B., Covington, J., and
Johnson, J.W. Oral administration of pyrrolidine 
dithiocarbamate (PDTC) inhibits VEGF expression, 
tumor angiogenesis, and growth of breast cancer 
in female, Cancer Biol. Ther., 2009, vol. 8, no. 6, 
pp. 514–521. 

20. Panis, C., Victorino, V.J., Herrera, A.C., Freitas, L.F.,
De Rossi, T., Campos, F.C., Simão, A.N., Barbo-
sa, D.S., Pinge-Filho, P., Cecchini, R., and Cecchi-
ni, A.L. Differential oxidative status and immune 
characterization of the early and advanced stages 
of human breast cancer, Breast Cancer Res. Treat., 
2012, vol. 133, no. 3, pp. 881–888.

21. Giordano, C.R., Mueller, K.L., Terlecky, L.J., 
Krentz, K.A., Bollig-Fischer, A., Terlecky, S.R., 
and Boerner, J.L. A targeted enzyme approach to 
sensitization of tyrosine kinase inhibitor-resistant 
breast cancer cells, Exp. Cell Res., 2012, vol. 318, 
no. 16, pp. 2014–2021. 

22. Himmetoglu, S., Dincer, Y, Ersoy, Y.E., Bayraktar, 
B., Celik, V., and Akcay, T. DNA oxidation and 
antioxidant status in breast cancer, J. Investig. Med., 
2009, vol. 57, no. 6, pp. 720–723.

23. Chua, P.J., Yip, G.W., and Bay, B.H. Cell cycle 



ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2016. Ò. 50. ¹ 150

T. Lykholat, O. Lykholat, S. Antonyuk

arrest induced by hydrogen peroxide is associated 
with modulation of oxidative stress related genes 
in breast cancer cells, Exp. Biol. Med. (Maywood), 
2009, vol. 234, no. 9, pp. 1086–1094. 

24. Papa, L., and Germain, D. Estrogen receptor me-
diates a distinct mitochondrial unfolded protein 
response, J. Cell Sci., 2011, vol. 124, pp. 1396–1402. 

25. Mercier, I., Camacho, J., Titchen, K., Gonzales, D.M.,
Quann, K., Bryant, K.G., Molchansky, A., Milli-
man, J.N., Whitaker-Menezes, D., Sotgia, F., Jas-
min, J.F., Schwarting, R.,Pestell, R.G., Blagosklon-
ny, M.V., and Lisanti, M.P. Caveolin-1 and acce-
lerated host aging in the breast tumor micro-
environment: chemoprevention with rapamycin, an 
mTOR inhibitor and anti-aging drug, Am. J. Pathol., 
2012, vol. 181, no. 1, pp. 278–293. 

26. Gerber, M. and Ségala, C. Aging and cancer: plasma 
antioxidants and lipid peroxidation in young and aged 
breast cancer patients, Free radicals and aging, eds 
Emerit I., Chance B., Birkhauser, 2013, pp. 235–246.

27. Kasapovi�, J., Peji�, S., Stojiljkovi�, V., Todorovi�, A.,
Radoševi�-Jeli�, L., Sai�i�, Z.S., and Pajovi�, S.B. 
Antioxidant status and lipid peroxidation in the 
blood of breast cancer patients of different ages after 
chemotherapy with 5-fluorouracil, doxorubicin and 
cyclophosphamide, Clin. Biochem., 2010, vol. 43, 
no. 16–17, pp. 1287–1293.

28. Petrov, S.V., and Rayhlyn, N.T., Guide to immu-
nohistochemical diagnosis of human tumours, Kazan,
2004, 452 p.

29. Huang, H.J., Neven, P., Drijkoningen, M., Parida-
ens, R., Wildiers, H., Van Limbergen, E., Bertelo-
ot, P., Amant, F., Vergote, I., and Christiaens, 
M.R., Association between tumour characteristics 
and HER-2/neu by immunohistochemistry in 1362 
women with primary operable breast cancer, J. Clin. 
Pathol., 2005, vol. 58, no. 6, pp. 611–616.

30. Korobeinikova, E.N. Modification of the method for 
determining TBA-active products, Lab. delo, 1989, 
no. 7, pp. 8–9.

31. Klebanov, G.I., Babenkova, I.V., and Teselkin, 
J.O. Evaluation of the antioxidant activity of blood 
plasma using yolk lipoprotein, Lab. delo, 1988, 
no. 5, pp. 59–62.

32. Owens, C.W.I., and Belcher, R.V. A colorimetric 
micro-method for determination of glutathione, 
Biochem. J., 1965, vol. 94, pp. 705–711.

33. Pereslegina I.A. Activity of antioxidant enzymes of 
saliva of healthy, Lab. delo, 1989, no. 11, pp. 20–
23.

34. Habdous, M., Vincent-Viry, M., Visvikis, S., and 
Siest, G. Rapid spectrophotometric method for 
serum glutathione S-transferases activity, Clin. Chim. 
Acta, 2002, vol. 326, no. 1–2, pp. 131–142.

35. Razygraev, A.V. Glutathione peroxidase activity in 
the tissue of the rat pineal gland and its changes 
during aging, Adv. Gerontology, 20²0, vol. 23, no. 3, 
pp. 392–395.

36. Lowry, O.H., Rosenbrough, N.J., Farr, A.L., and 
Randall, R.J. Protein measurement with the Folin 
phenol reagent, J. Biol. Chem., 1951, vol. 193, no. 1, 
pp. 265–275.

37. Kamarajugadda, S., Cai, Q., Chen, H., Nayak, S., 
Zhu, J., He, M., Jin, Y., Zhang, Y., Ai, L., Martin, 
S.S., Tan, M., and Lu, J. Manganese superoxide 
dismutase promotes anoikis resistance and tumor 
metastasis, Cell Death Dis., 2013, vol. 4, e504.

38. Filipovic, S., Kocic, B. and Petrovic, B. Hormone 
sensitivity of primary breast carcinoma, J. BUON, 
2010, vol. 15, no. 2, pp. 255–262.

39. Broom, R.J., Tang, P.A., Simmons, C., Bordeleau, L.,
Mulligan, A.M., O’Malley, F.P., Miller, N., Andrulis, 
L., Brenner D.M., and Clemons M.J. Changes in 
oestrogen receptor, progesterone receptor and Her-
2/neu status with time: discordance rates between 
primary and metastatic breast cancer, Anticancer 
Res., 2009, vol. 29, no. 5, pp. 1557–1562.

40. Cortez, V., Mann, M., Brann, D.W., and Vadlamu-
di, R.K. Extranuclear signaling by estrogen: role in 
breast cancer progression and metastasis, Minerva 
Ginecol., 2010, vol. 62, no. 6, pp. 573–583.

41. Wang, S.L, Li, Y.X., Song, Y.W., Wang, W.H., 
Jin, J., Liu, Y.P., Liu, X.F., and Yu, Z.H. Prognostic 
value of estrogen receptor, progesterone receptor and 
human epidermal growth factor receptor-2 in node 
positive breast cancer patients treated by mastectomy, 
Zhonghua Zhong Liu Za Zhi, 2010, vol. 32, no. 7, 
pp. 520–525.

42. Harrell, J.C. Dye, W.W., Harvell, D.M., Pinto, M., 
Jedlicka, P., Sartorius, C.A., and Horwitz, K.B. Es-
trogen insensitivity in a model of estrogen receptor 
positive breast cancer lymph node metastasis, Cancer 
Res., 2007, vol. 67, no. 21, pp. 10582–10591.

43. Finn, R.S., Press, M.F., Dering, J., Arbushites, M.,
Koehler, M., Oliva C., Williams, L.S., and Di Leo A. 
Estrogen receptor, progesterone receptor, human 
epidermal growth factor receptor 2 (HER2), and 
epidermal growth factor receptor expression and 
benefit from lapatinib in a randomized trial of 
paclitaxel with lapatinib orplacebo as first-line 
treatment in HER2-negative or unknown metastatic 
breast cancer, J. Clin. Oncol., 2009, vol. 27, no. 24, 
pp. 3908–3915. 

44. Arpino G., Weiss, H., Lee, A.V., Schiff, R., De 
Placido, S., Osborne, C.K., and Elledge, R.M. 
Estrogen receptor-positive, progesterone receptor-
negative breast cancer: association with growth 
factor receptor expression and tamoxifen resistance, 



ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2016. Ò. 50. ¹ 1 51

Immunohistochemical and biochemical  analysis of mammary gland tumours 

J. Natl. Cancer Inst., 2005, vol. 97, no. 17, pp. 1254–
1261.

45. Darb-Esfahani, S., Loibl, S., Müller, B.M., Roller, 
M., Denkert, C., Komor, M., Schlüns, K., Bloh-
mer, J.U., Budczies, J., Gerber, B., Noske, A., du 
Bois, A., Weichert, W., Jackisch, C., Dietel, M., 
Richter, K., Kaufmann, M., and von Minckwitz, G. 
Identification of biology-based breast cancer types 
with distinct predictive and prognostic features: role 
of steroid hormone and HER2 receptor expression 
in patients treated with neoadjuvant anthracycline /
taxane-based chemotherapy, Breast Cancer Res., 
2009, vol. 11, no. 5, R69.

46. Rajneesh, C.P., Manimaran, A., Sasikala, K.R., and 
Adaikappan, P. Lipid peroxidation and antioxidant 

status in patients with breast cancer, Singapore Med. 
J., 2008, vol. 49, no. 8, pp. 640–643.

47. Kyndi, M., Sørensen, F.B., Knudsen, H., Overga-
ard, M., Nielsen, H.M., and Overgaard, J. Estro-
gen receptor, progesterone receptor, HER-2, and
response to postmastectomy radiotherapy in high-
risk breast cancer: the Danish Breast Cancer Coo-
perative Group, J. Clin. Oncol., 2008, vol. 26, no. 9, 
pp. 1419–1426.

48. Echiburú-Chau, C., Roy, D., and Calaf, G.M. Me-
tastatic suppressor CD44 is related with oxidative 
stress in breast cancer cell lines, Int. J. Oncol., 2011, 
vol. 39, no. 6, pp. 1481–1489.

Received 07.02.15


