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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.
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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-
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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
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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/
neut) 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
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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—1III 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
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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 by measuring the conjugation of
1-chloro-2,4-dinitrobenzene (CDNB) with reduced
glutathione [34]. 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 1B 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 1B 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
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expression had been identified as 2+ (5 %) and 3+
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(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)

Women without Women with
The range metastases metastases
of
coneen- | ,remeno- | postme- | premeno- | postme-
trations pausal nopausal pausal nopausal

The content of estrogen receptors
in tissue biopsies

0 40,7 (11) 27,5(11) 23(3) 37,5(3)
1-100  29,6(8) 20(8) 385(5) 25(2)
101—-200 26 (7) 40 (16) 30,8 (4) 25 (2)
201—-300 3,7 (1) 12,5 (5) 7,7 (1) 12,5 (1)
The content of progesterone receptors
in tissue biopsies

0 40,7 (11) 32,5(13) 23(3) 50 (4)
1—100 26 (7) 30 (12)  38,5(5) 12,5(1)
101—-200 18,5 (5) 27,5 (11) 38,5(5 37,5(3)
201—300 14,8 (4) 10 (4) 0 (0) 0 (0)

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

0,1+ 81,5(22) 90 (36) 84,6 (11) 75 (6)
2+ 3,7 (1) 502 15,4 (2) 12,5(1)
3+ 14,8 (4) 502 0 (0) 12,5 (1)

The level of Ki-67 antigen
in tissue biopsies
0—30 52 (14) 6526) 61,58 37,50)
31-60 48 (13) 30 (12) 38,5(5) 62,5(5
61—100 0 (0) 52 0 (0) 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-
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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

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

Subgroup IA (premenopausal women) Subgroup IIA (postmenopausal women)
surrounding .
Indexes background breast tumour surrounding breast tumour tissue
breast tissue tissue background breast (n = 40)
(n = 27) (n=27) tissue (n = 40)

TBARS, nmol/g protein 7,93 £ 0,39 8,45 £ 042 * 7,31 £ 0,36 ** 7,4 0,37 **
TAOA, conv. Unit 21,75 + 1,09 16,66 = 0,83 * 21,13 £ 1,06 14,95 £ 0,75 *, **
GSH, mmol/g protein 16,61 = 0,83 15,42 £ 0,77 * 15,52 £ 0,78 14,73 £ 0,74
GR, pmol/min x g protein 17,46 + 0,87 16,73 +£ 0,83 15,04 £ 0,75 ** 15,07 £ 0,75 **
GST pmol/min x g protein 16,94 + 0,84 1425 £ 0,76 * 15,87 = 0,81 14,42 + 0,72 *
GP, umol/min x g protein 18,32 £ 0,92 16,11 £ 0,80 * 16,92 + 0,85 15,42 £ 0,77 *

SOD, opt. unit/min x g

protein 266,28 + 13,31

200,34 + 10,02 *

253,63 £ 12,65 185,13 £ 9,25 *

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

Immunohistochemical and biochemical analysis of mammary gland tumours

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 1B 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 H,O, 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.

Table 3. Oxidant state of the different age patients with metastasis

Subgroup IB (premenopausal women) Subgroup 1B (postmenopausal women)
surrounding .
Indexes background breast tumour surrounding breast tumour tissue
breast tissue tissue background breast (n=8)
— (n=13) tissue (n = 8)
(n=13)

TBARS, nmol/g protein 8,94 + 0,25 8,66 £ 0,34* 7,79 + 0,30** 7,33 £ 0,12%*
TAOA, conv. Unit 24,15 £ 1,31 16,96 £ 1,26* 23,17 £ 1,64 15,03 £ 0,61%, **
GSH, mmol/g protein 18,84 £ 0,95 19,57 £ 1,24* 16,21 £ 0,74 18,74 £ 1,12
GR, pmol/min x g protein 20,69 £ 1,43 18,54 + 1,14 16,84 £ 1,17** 17,14 £ 0,57**
GST pmol/min x g protein 17,58 = 1,06 16,86 + 0,511 17,14 £ 0,64 21,06 £ 1,441
GP, umol/min x g protein 24,83 + 1,15 19,15 + 0,841 18,51 £ 0,74 19,96 = 1,011

SOD, opt. unit/min x g

protein 365,28 £ 20,41

257,15 + 8,141

294,56 £ 18,09 219,13 £ 11,171

* Significant differences between the indexes of tumour and unchanged tissue, p < 0,05. ** Significant differences
between the relevant indexes depending on the age of the patients, p < 0,05.
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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].
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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
Iymph 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 event, 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
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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-
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dividual treatment and especially hormone therapy
of patients with breast cancer of different ages.

UMMYHOTUCTOXUMHWYECKUH

U BUOXUMUYECKUI AHAJIU3 OMYXOJIEN
MOJIOYHOM XEJE3bl MALIMEHTOK
PA3JIMYHOT O BO3PACTA

T.1O. Jluxonam, E.A. Juxonram,
C.B. Aumonrok

MMMyHOrucTOXMMMYEeCKoe U OMOXMMUYECKOE U3yde-
HUEe MHOUIBTPATUBHON TMPOTOKOBOI KaplIMHOMBI MO-
JIOUHOW XeJie3bl U TKaHW, MPWIETAIOIEH K OITyXOJu,
BBISIBUJIO OCOOEHHOCTHM MOJIEKYJISIPHOTO TIpowist U
XapaKTePUCTUK OKCUIAHTHO-AaHTUOKCUIIAHTHOTO COC-
TOSTHUSI HOBOOOPA30BaHUi1 B 3aBUCUMOCTM OT BO3pacTa
MalMEHTOK W HaJW4YMUsI METacTa30B B PETMOHAPHBIE
JuMdOy3ibl. YCTaHOBJIEHBI HEKOTOPbIE TPUYMHBI BbI-
COKOW arpecCMBHOCTU U HU3KOM TOPMOHAJIILHOW YyB-
CTBUTEJIBHOCTU OITyXOJIEW y XKEHIIUH B MPEMEHOIAy3€,
a TakXe CTaOMJIbBHOCTM M BBICOKOTO METacTaTUYeCKO-
ro IMoTeHIMaja HOBOOOPAa30BaHUI y XKEHIIUH B TTOCT-
MeHoray3se.

IMYHOTICTOXIMIYHUI TA BIOXIMIYHWUH
AHAJII3 TYXJIMH MOJIOYHOI 3AJI03U
MALIIEHTOK PI3HOI'O BIKY

T.10. Jluxonam, O.A. Jluxonam,
C.B. Aumonrk

ImyHoricTOXiMiuHe i OioxiMiuyHe BUBYEHHS iH(IIbTpa-
TUBHOI IIPOTOKOBOI KapLUMHOMU MOJIOYHOI 3aJ03M i
TKaHWHU, MPUJIETIOl A0 TMyXJWHU, BHUSIBUJIO OCOOJM-
BOCTi MOJIEKYJISIPHOIO MpOo@ilio i XapaKTepUCTUK OK-
CUJIAHTHO-aHTMOKCUAAHTHOTO CTaHy HOBOYTBOPEHb B
3aJIe3KHOCTI Bill BiKy MalliEHTOK Ta HAasIBHOCTiI MeTacTa-
3iB y perioHapHi JiMdoBy31u. BcTaHOBIEeHI OesIKi TIpu-
YUHM BUCOKOI arpeCUBHOCTI Ta HU3bKOI TOPMOHAJIBbHOI
YYTJAUBOCTI MyXJIUH Y KiHOK y IIpeMeHOomay3i, a TaKoxX
CTa0UIBHOCTI Ta BUCOKOIO METACTaTUYHOIO MOTEHIliaTy
HOBOYTBOPEHb Y >KiHOK Y IIOCTMEHOIIAY3i.
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