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Abstract—BRCA1 (breast cancer 1) protein is involved in the genome stability maintenance participating in
homologous recombination-dependent DNA repair. Disruption of BRCA1 functioning is associated with
breast and ovarian cancer. Despite the important role of BRCA1 in DNA repair in all cell types, the develop-
ment of BRCA1-associated cancer takes place mainly in estrogen-dependent tissues such as breast and ovar-
ian ones. Using breast cancer cell line MCF-7 it was demonstrated in in vitro experiments that the estrogen
17β-estradiol (E2), phytoestrogens (genistein and apigenin) and antiestrogens (tamoxifen and fulvestrant)
inhibited estrogen receptor α (ERα) expression while only genistein influenced BRCA1 increasing its expres-
sion. In hypoxia, that is an important factor of solid tumors progression, the decrease of BRCA1 and ERα
expression was demonstrated in MCF-7 cells. Therefore, hypoxia influences both BRCA1-dependent DNA
repair and hormonal regulation of breast cancer cell growth. Taken together, obtained results demonstrate a
relationship between BRCA1 and steroid hormones signal transduction pathways in breast cancer cells and
point out to the importance of complex BRCA1 and ERα expression regulation mechanisms studies includ-
ing epigenetic gene expression regulation.
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INTRODUCTION

BRCA1 (breast cancer 1) gene product, BRCA1
protein, participates in genome stability maintenance
being involved in DNA repair mainly through homol-
ogous recombination [1–3] as well as via non-homol-
ogous end-joining [4]. It is a protein with molecular
mass of 220 kDa whose expression is regulated with
the participation of epigenetic mechanisms [1, 5, 6].

BRCA1 function disruption is associated with the
development of several cancers, in particular breast
cancer (BC) and ovarian cancer. Despite an important
role of BRCA1 gene mutations in the development of
hereditary forms of BRCA1-associated oncological
diseases [7, 8], sporadic forms of BRCA1-associated
cancers, except small number of cases induced by
somatic mutations [9], are determined with the epi-
genetic regulation of BRCA1 gene expression [5].

Epigenetic mechanisms of BRCA1 gene expression
regulation are described in comprehensive reviews [5, 6].

Currently, several major molecular mechanisms of
BRCA1 function disruption are known: (1) epigenetic
inhibition of BRCA1 mRNA and protein synthesis,
due to CpG-islands methylation in BRCA1 gene pro-
moter [10, 11], (2) BRCA1 expression changes resulted
from covalent histone modifications in BRCA1 gene
[12, 13] and (3) regulation with transcription factors
[14]. It is worth to mention also the loss of heterozy-
gosity (LOH) leading to complete absence of both
BRCA1 mRNA and protein [15], amplification of
BRCA1 gene [16] and aberrant increase in BRCA1
functioning [3].

The decrease of BRCA1 protein level taking place
at hypoxia, epithelial-mesenchymal transition (EMT)
is accompanied by histone modifications in BRCA1
gene promoter [12, 13]. The inhibition of BRCA1 gene
expression at hypoxia depends on series of modifica-
tions in the histone H3: the demethylation of Lys in
position 4 (Н3K4me), the deacetylation of Н3K9ac,
coupled with the methylation of Н3K9 [12]. At the
EMT the diminution of BRCA1 gene expression is
linked with the demethylation of H3K4me2 [13].

Despite the key role of BRCA1 in DNA repair in all
cell types, the development of BRCA1-associated
cancer is observed mainly in estrogen-dependent tis-

Abbreviations: AB, antibodies; IF-FC, immunofluorescent
method associated with f low cytometry; BC, breast cancer;
ERα, estrogen receptor α; BRCA1 (breast cancer 1), tumor sup-
pressor gene BRCA1; BRCA1 (breast cancer 1), tumor suppres-
sor protein BRCA1; TPZ, tirapazamine.
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Fig. 1. Transregulation of BRCA1 and ERα expression. (a) Gene ESR1 coding for ERα is a target of transcriptional coactivator,
BRCA1. BRCA1 and transcription factor Oct-1 activate transcription of ESR1 gene. (b) BRCA1 gene is a target of ERα and is
regulated with estrogen activated ERα in complex with transcription factor AP-1 (c-Jun/с-Fos) and transcriptional coactivator,
histone acetyltransferase CBP/p300.
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sues such as breast and ovarian ones. BRCA1 and
estrogen receptor α (ERα) expression crosstalk
described in literature both at the level of transcription
and at the level of post-translation protein modifica-
tions point to possible reasons of BRCA1-associated
cancer tissue specificity. From one hand, the gene
coding ERα, ESR1, is a target of the transcription
coactivator—BRCA1 (Fig. 1a). In relation with this,
the quantity of ERα transcripts synthesized from
ESR1 gene is proportional to the amount of non-
mutated functional BRCA1 protein. BRCA1 in com-
plex with transcription factor Oct-1 activates ESR1
gene transcription in MCF-7 and T47D BC cell lines
(Fig. 1a) [17]. From another hand, BRCA1 gene being
a target of ERα is regulated by ERα in complex with
transcription factor AP1 (с-Jun/с-Fos) and coactiva-
tors—histone acetyltransferases CBP/p300 (Fig. 1b)
[18–20]. As a result, breast tumors with low level of
BRCA1 protein usually contain also small quantities
of ERα [17]. Therefore, BRCA1 protein function dis-
ruption caused by epigenetic inhibition of BRCA1 gene
leads to the reversal of ERα status in tumor from pos-
itive to negative and to the development of BRCA1-
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associated ERα-negative tumors failed to be cured
with targeted antiestrogen therapy.

Besides the regulation on the gene level, BRCA1
inhibits ERα activity by protein-protein interactions –
as a result of BRCA1-dependent receptor ubiquitina-
tion and inhibition of its acetylation [21]. Altogether,
it leads to the deregulation of ERα-dependent genes.
One of the ERα targets is a progesterone receptor
(PR) gene, whose deregulation causes the develop-
ment of several BC subtypes [22–24]. Moreover,
ESR1 gene is a target of its own product, ERα, as well
as of ERβ [25]. It is worth to note that Oct-1 and ERβ,
that regulate ESR1 gene, have similar structure
because they are recognized with monoclonal anti-
body (AB) 14С8 widely used for ERβ detection in
tumor tissue and tissue culture cells [26].

Ligands, that bind and influence ERα activity,
include estrogens in most cases activating ERα, such
as 17β-estradiol (Е2), and phytoestrogens, for exam-
ple, genistein, as well as antiestrogens inhibiting ERα,
among them are tamoxifen and fulvestrant.

Prognostic and predictive value of BRCA1 protein
and of another DNA repair protein, ERCC1, was



444 SCHERBAKOV et al.
demonstrated in recent research [5, 6, 27]. Analyzing
BRCA1 expression levels in ER-negative and ER-pos-
itive tumors Bogush and co-authors [28] revealed that
decreased BRCA1 expression level could be prognos-
tic marker of unfavorable BC course. In this study for
precise quantitative estimation of BRCA1 protein
expression level in BC tissue we applied immunofluo-
rescent method associated with f low cytometry (IF-
FC). This method was improved and routinely used in
our laboratory for quantitative estimation of protein
oncomarker expression including estrogen receptors,
DNA repair marker ERCC1, markers of multiple drug
resistance [29–31].

In this research we studied the influence of
(phyto)estrogens and antiestrogens on BRCA1 and
ERα expression in MCF-7 BC cells and determined
the expression of these proteins in hypoxia conditions.

EXPERIMENTAL

Cells. MCF-7 cells obtained from American Type
Culture Collection (ATCC, USA) were kept in cryo-
bank of National Medical Research Center of Oncol-
ogy before experimental usage. The identity and the
stability of cell line were confirmed using the analysis
of short tandem repeats (GORDIZ, Russia). Cells
were cultivated in DMEM media containing 10% of
fetal bovine serum (HyClone, USA), 50 units/mL
gentamicin (Paneco, Russia) and 0.1 mg/mL of Na
pyruvate (Santa Cruz, USA) at 37°С, 5% СО2 and

80–85% humidity. In all experiments cells in logarith-
mic growth phase were used.

ERα and BRCA1 expression analysis in MCF-7
cells. In the experiments on the influence of estrogens
and antiestrogens on ERα and BRCA1 expression
MCF-7 BC cell line was cultivated in DMEM medium
without phenol red and with the addition of fetal bovine
serum without steroids (Cat. # SH30068/03, HyClone,
USA). Incubation of cells with estrogens and anti-
estrogens were carried out during 24 hours. In experi-
ments 10-nM 17β-estradiol (Е2; Cat. # E2758;
Sigma-Aldrich), 5-μM tamoxifen (Cat. # 13258;
Cayman Chemical, USA), 0.1 μM fulvestrant, genistein
(concentration 0.5, 10, 15, 20 and 30 μM) and api-
genin (concentration 15 and 30 μM) were used. Cell sus-
pensions were incubated with primary mouse monoclo-
nal anti-BRCA1 AB (0.006 μg/mL; Cat. # SD118,
Calbiochem) or primary rabbit monoclonal anti-ERα
AB (0.008 μg/mL or 0.032 μg/mL; Cat. # ab27614,
clone SP-1, Abcam) during 15–20 hours and with cor-
responding secondary f luorescent AB (DyLight650,
Cat. # ab98729 and Cat. # ab98510; Abcam) during
1.5 hour. Cell f luorescence was measured using
Navios f low cytometer (Beckman Coulter, USA).

In experiments analyzing the influence of hypoxia
on marker expression the cells were incubated in
DMEM media containing 10% fetal bovine serum
during 24, 96, 144 or 240 hours in the atmosphere
containing 1% О2.

In experiments studying the effect on marker
expression of tirapazamine (TPZ)—substance acti-
vated in hypoxia conditions and inducing DNA dou-
ble strand breaks—cells were incubated in hypoxia
conditions during 72 hours, then in the presence of
5 or 10 μM TPZ in hypoxia during 24 hours. The cells
incubated in normal conditions with the same TPZ
concentrations and during the same time were used as
a control. Marker expression levels in cells were deter-
mined using IF-FC method as described earlier.

Results treatment. BRCA1 and ERα expression
parameters were obtained using FlowJo 10.0 program
(https://www.flowjo.com) and statistical method of
Kolmogorov–Smirnov [32]. Marker expression was
estimated according to following parameters: (1) the
level (L) was determined as a content (in percentages)
of specifically f luorescent cells comparatively to the
control (incubation with secondary AB); (2) the
intensity (I)—as the ratio of specific cell f luorescence
in treated sample to the control; (3) the index/the
product (Pr)—as the product of marker expression L
and I divided by 100.

RESULTS

Phytoestrogen Influence on BRCA1 and ERα Expression
The research of phytoestrogens (genistein and api-

genin) influence on BRCA1 and ERα expression was
performed on MCF-7 hormone-dependent BC cell
line. BRCA1 protein expression was analyzed in con-
ditions characterized with the changes in gene expres-
sion and chromatin epigenetic modifications (histone
proteins and DNA). Phytoestrogens dependent
BRCA1 gene activation belongs to these conditions
[33–35].

It was demonstrated that BRCA1 and ERα expres-
sion changes depending on the dose of phytoestrogen
genistein. Genistein in low concentration (0.5 μМ)
induced the increase of BRCA1 expression index in
1.7 fold (Table 1). At higher genistein concentration
(10 μМ) BRCA1 expression index increased in 1.3 fold,
whereas the increase of genistein concentration up to
20 μМ did not change BRCA1 expression index.

The effect of genistein on ERα expression was
reverse (Table 1). At phytoestrogen concentration
changes 0.5 → 10 → 20 μМ the diminution of ERα
expression index in 2.9, 3.9 and 4.0 folds, respectively,
was revealed with the maximal genistein influence at
the concentration of 20 μМ. Therefore, the genistein
action on ERα expression is opposite and more pro-
nounced than the one on BRCA1.

It is important to note also the qualitative differ-
ences of genistein influences on BRCA1 and ERα
expression indexes. As it was mentioned earlier, the
expression index is an integral parameter of marker
expression that includes the content (in percentages)
MOLECULAR BIOLOGY  Vol. 53  No. 3  2019
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Table 1. (Phyto)estrogen and antiestrogens influences on BRCA1 and ERα expression in MCF-7 BC cells

* Cells were incubated with all compounds during 24 hours. Designations in this and other tables: L, level; I, intensity; Pr, product
(index); ↓, the decrease of expression parameters comparatively to control; ↑, the increase of expression parameters comparatively to
control. Typical results of three experiments are presented.

Compound, 

concentration

Changes of marker expression parameter*

BRCA1 ERα

L I Pr L I Pr

Genistein, μМ

0.5 1.2↑ 1.4↑ 1.7↑ 1.2↓ 2.4↓ 2.9↓
10.0 1.1↑ 1.2↑ 1.3↑ 1.3↓ 3.0↓ 3.9↓
20.0 1.0 1.0 1.0 1.3↓ 3.1↓ 4.0↓

Apigenin, μМ

15.0 1.1↓ 1.1↓ 1.2↓ 1.6↓ 2.9↓ 4.6↓
Tamoxifen, μМ

5.0 1.0 1.1↑ 1.1↑ 1.0 1.2↓ 1.2↓
17β-Estradiol, nМ

10.0 1.0 1.1↑ 1.1↑ 1.1↓ 3.7↓ 4.1↓
Fulvestrant, μМ

0.1 1.1↓ 1.0 1.1↓ 1.2↓ 4.5↓ 5.4↓
of marker expressing cells and marker average quantity
in particular cells. The decrease of ERα expression
index was caused by the change of the marker expres-
sion intensity and to a lesser extend—of the marker
expression level. In case of BRCA1 the effect of phy-
toestrogen on both parameters was revealed. In other
words, the genistein induced increased protein expres-
sion not only in BRCA1-positive cells but also in ini-
tially BRCA1-negative ones. This observation corre-
sponds to earlier published results obtained with the
method of immunoblotting and concerning BRCA1
expression activation induced with the genistein at low
concentrations [33]. In Table 1 it is shown that the api-
genin (the phytoestrogen of f lavone type) did not
change BRCA1 expression but considerably decreased
the ERα one. The incubation of cells with apigenin at
15 μМ concentration led to the decrease of ERα
expression index in 4.6 folds; the increase of apigenin
concentration up to 30 μМ did not change ERα
expression index.

Based on the obtained results it is possible to sug-
gest that the mechanisms of two phytoestrogens influ-
ence on BRCA1 expression are different, because the
genistein augmented BRCA1 expression, whereas the
apigenin did not cause the effect on it. Both the
genistein and the apigenin diminished ERα expression.

On the grounds of recent literature data and of our
results it is possible to conclude that phytoestrogens are
highly cytotoxic for BC cells [36–38]. For example, the
phytoestrogen genistein has cytotoxic activity towards
BC cells of different molecular subtypes and is consid-
ered as perspective cytostatic and proapoptotic agent [36,
37]. Currently, the question of genistein usage in complex
MOLECULAR BIOLOGY  Vol. 53  No. 3  2019
cancer therapy is discussed [39]. In research centers all
over the world the clinical trials are held dealing with this
phytoestrogen usage as a perspective antitumor com-
pound and a mean of supportive care (following number
of studies www.clinicaltrials.gov: NCT01126879,
NCT02336087, NCT00078923, NCT00276835).

In this study we have shown that the genistein
influence on hormone-dependent BC cells is partially
realized through the enhancement of tumor suppres-
sor BRCA1 expression.

Estrogen and Antiestrogen Influence 
on BRCA1 and ERα Expression

The research of the effect of the estrogen 17β-estra-
diol (Е2) and antiestrogens, tamoxifen and fulves-
trant, on BRCA1 and ERα expression was carried
out on the same MCF-7 hormone dependent BC cell
line. BRCA1 expression was analyzed in the condi-
tions accompanied with the activation or the inhibi-
tion of ERα.

As it is shown in Table 1, the antiestrogen tamoxi-
fen slightly changed ERα and BRCA1 expression
parameters. The incubation of the cells with Е2 or
with the fulvestrant—ERα irreversible inhibitor
inducing receptor degradation—did not reveal signifi-
cant changes of the level, the intensity and the index of
BRCA1 expression comparatively to the control
(Table 1, Fig. 2).

On the contrary, ERα expression parameters in
these conditions considerably decreased. Upon the
incubation with Е2, ERα expression intensity and
index diminished in 3.7 and 4.1 folds, respectively, and
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Fig. 2. Estrogen 17β-estradiol (Е2), antiestrogens tamoxi-
fen (Tam) and fulvestrant (Fulv) influence on BRCA1 and
ERα expression in MCF-7 cells. E2, tamoxifen and fulves-
trant did not change BRCA1 expression, whereas E2 and
fulvestrant considerably decreased ERα expression.
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at the fulvestrant influence—in 4.5 and 5.4 folds,
respectively. It is necessary to underline that in both
cases the decrease of ERα expression index was caused
by the reduction of ERα expression intensity; at the
same time the marker expression level was slightly
lowered (Table 1). In other words, the incubation of
cells with the estrogen or irreversible ERα inhibitor
does not change the number of cells expressing ERα,
but leads to the pronounced decrease of intracellular
marker content.

Taken together, E2 and antiestrogens, fulvestrant
and tamoxifen, did not influence BRCA1 expression
determined using IF-FC method in MCF-7 cell line.
Concerning ERα expression, E2 and the fulvestrant
considerably reduced its expression, whereas the
tamoxifen inducing the stabilization of inactive ERα
in the cytoplasm almost did not change the marker
expression parameters.

Hypoxia Influence on BRCA1 and ERα Expression

Usually solid tumor progression is accompanied
with gradual decrease of tumor tissue oxygenation
called hypoxia. According to the literature, the growth
of solid tumors in hypoxia conditions is characterized
by cell metabolism changes and their reduced sensitiv-
ity to radio- and chemotherapy [40–43]. We demon-
strated that the transfer of MCF-7 cells in hypoxia
conditions (1% О2), at the diminution of oxygen con-

centration from 21 to 1%, the reduction of BRCA1
expression parameters depended on the time of incu-
bation in hypoxia (Table 2). Comparatively to the con-
trol MCF-7 cells (normoxia), in cells placed in
hypoxia conditions for 24 hours BRCA1 expression
level was decreased in 1.3 fold and expression index—
in 1.6 fold. Incubation time increase led to the diminu-
tion of these parameters: in 96 hours BRCA1 expression
index lowered in 1.7 fold, in 144 hours—in 1.8 fold and in
240 hours—in 2.1 fold.

In hypoxia conditions we also observed the
decrease of ERα expression index and intensity com-
paratively to control cells. When cells were incubated
during 240 hours in hypoxia, this integral parameter
was reduced in 3.2 folds (Table 2). Summarizing
Table 2. BRCA1 and ERα expression in MCF-7 cells in hyp

* Time of cell incubation in hypoxia conditions (1% О2).

Time*, h

Expression paramete

BRCA1

L I P

24 1.3↓ 1.2↓ 1.6

96 1.4↓ 1.2↓ 1.7

144 1.5↓ 1.2↓ 1.8

240 1.9↓ 1.1↓ 2.1
obtained results, it is worth to note that the diminution

of BRCA1 expression index in hypoxia conditions was

caused, mainly, by the decrease of the marker expres-

sion level (that is, the content (in percentages) of cells

expressing the marker), and not by that of the expres-

sion intensity which remained approximately the same

at the increase of hypoxia duration (Table 2). In case

of ERα the reduction of expression index in hypoxia

conditions was related to the decrease of both the level

and the intensity of marker expression (Table 2). Such

influence of hypoxia on BRCA1 expression differs in

essence from the effect of phytoestrogen genistein on

the expression of this marker: in hypoxia conditions

the tendency of the BRCA1 expression decrease due,

mainly, to the diminution of the BRCA1 expression

level was revealed, whereas at the influence of phy-

toestrogen genistein the increase of BRCA1 expres-

sion dependent on the augmentation of the marker

expression intensity was observed. In other words, in

hypoxia conditions the reduction of BRCA1 expres-

sion was caused, in major part, by the decrease of the

quantity of cells expressing the marker and at the

influence of phytoestrogen genistein the increase of
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oxia conditions

rs changes (comparative to the control)

ERα

r L I Pr

↓ 1.1↓ 1.3↓ 1.4↓
↓ 1.0 1.0 1.0

↓ 1.1↓ 1.2↓ 1.3↓
↓ 1.5↓ 2.1↓ 3.2↓
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Table 3. TPZ influence on BRCA1 and ERα expression in MCF-7 cells

* Cells were incubated in normoxia or hypoxia conditions during 72 hours, then TPZ was added in corresponding concentration and
cells were incubated for the additional 24 hours (control cells were not subjected to TPZ treatment).

Conditions [TPZ], μМ

Expression parameters changes (comparative to the control)

BRCA1 ERα

L I Pr L I Pr

Normoxia
5 1.2↓ 1.1↓ 1.3↓ 1.3↑ 1.1↑ 1.4↑

10 1.1↓ 1.1↓ 1.2↓ 1.2↑ 1.0 1.2↑

Hypoxia
5 1.2↑ 1.0 1.2↑ 1.1↓ 1.1↓ 1.2↓

10 1.4↑ 1.1↑ 1.5↑ 2.7↓ 1.5↓ 4.1↓
BRCA1 expression was mainly dependent on the aug-
mentation of the marker quantity in already expressing
cells.

TPZ is a cytotoxin selectively activated with the
enzymes in cells at lowering of the oxygen level
(hypoxia). TPZ induces DNA double strand breaks
followed with the apoptosis in hypoxia conditions.
This substance is considered as a candidate remedy for
the therapy of solid tumor range [44]. Cell incubation
with TPZ in normoxia conditions did not change con-
siderably the BRCA1 expression index (Table 3). How-
ever, TPZ in 5 μМ concentration influenced ERα
expression in normoxia with the increase of expression
index in 1.4 fold. Cell incubation with 5 μМ TPZ in
hypoxia conditions did not induce considerable
changes in ERα and BRCA1 expression indexes. The
augmentation of TPZ concentration up to 10 μМ led
to the increase of BRCA1 expression index in 1.5 fold
with simultaneous decrease of ERα expression index
in 4.1 fold (Table 3). The increase of BRCA1 expres-
sion index was mainly caused by the augmentation of
BRCA1 expression level and not of the marker expres-
sion intensity. It means that the augmentation of
BRCA1 expression during TPZ application depends,
mainly, on the increase of the number of new cells
expressing BRCA1. Therefore, the appearance of
DNA double strand breaks in hypoxia leads not only
to the translocation of BRCA1 in the DNA damage
loci [3], but also to the increase of the number of cells
expressing this DNA repair protein.

In case of ERα the decrease of expression index, in
major part, was due to the diminution of the expres-
sion level and to a lesser extend—of the expression
intensity. Therefore, at the incubation with TPZ the
decrease of ERα expression is associated, mainly, with
the reduction of the number of cells expressing the
marker (Table 3).

DISCUSSION

Our experiments carried out in vitro demonstrated
several particularities of BRCA1 and ERα expression
regulation in MCF-7 BC cells. It was revealed that two
studied phytoestrogens, genistein and apigenin, influ-
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enced differently on BRCA1 and ERα expression: the
first one induced the increase of BRCA1 expression
and the reduction of ERα expression, whereas the sec-
ond one diminished ERα expression without the
effect on BRCA1.

The estrogen 17β-estradiol (E2) and antiestrogen
fulvestrant decreased ERα expression but did not
influence BRCA1. According to the literature data
[45, 46], E2 induces the diminution of ERα protein
level simultaneously increasing the expression of ERα
target genes: progesterone receptor (PR), pS2, GREB1
and SDF1. Concerning the mechanism of E2 effect it
is worth to note that ERα, as many other transcription
factors, undergoes the proteolysis associated with the
transcription of its target genes [47]. It is known that
Е2 induces Src-dependent phosphorylation of ERα at
Tyr 537 leading to the association of ERα with the co-
activator Е6-АР, activation of ERα target genes, ubiq-
uitination of ERα at pS2 and GREB1 gene promoters
due to the ubiquitin-ligase activity of Е6-АР and fol-
lowing proteasome degradation of ERα [47]. In earlier
works it was demonstrated that E2 activates ERα ubiq-
uitination and its proteasome degradation [48],
whereas proteasome inhibitors increase the level of
ERα protein but, at the same time, disturb transcrip-
tion of some ERα target genes [49]. Moreover, deu-
biquitinase OTUB1 deubiquitinates ERα and
decreases its transcription activity [50]. Therefore, the
ubiquitination of ERα is necessary for the efficient
transcription of ERα target genes, at the same time it
leads to consequent degradation of activated receptor.
In relation with this, in estrogen-negative tumors high
quantities of ERα mRNA but not of translated protein
are observed [51]. Obviously, the reason for this could
be found in ubiquitination of ERα coupled with the
transcription of target genes and following proteaso-
mal degradation of ubiquitinated ERα [47].

It is worth to note that ligands influencing gene
expression with the participation of epigenetic mecha-
nisms, including histone modifications, not necessar-
ily induce proportional changes in the synthesis of
corresponding mRNA and proteins. Observed dis-
crepancy of mRNA and protein synthesis could be
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related to the regulation on mRNA translation level
under the influence of different factors including the
unbalanced cell metabolism, development processes
and cell transformation [52, 53]. BRCA1 gene expres-
sion regulation at the level of mRNA translation, pos-
sibly, could explain our data on the changes of ВRCA1
protein synthesis (approximately in 2 fold) during
phytoestrogens and hypoxia influences. According to
literature data, in some cases the mRNA level
increases essentially more, than the protein one, for
example at E2 effect on BRCA1 mRNA and protein
synthesis in MCF-7 BC cells [54]. In some cases the
influences of certain compounds could be registered
only on the mRNA but not on the protein level, as it
was demonstrated upon phytoestrogen resveratrol
effect on BRCA1 gene expression [55]. It seems that in
these cases the molecular mechanisms function inhib-
iting protein synthesis at different stages of translation
(RNA interference, inhibition of initiation and elon-
gation of translation) that could, in turn, lead to its
post-translation modification and degradation. This
system could be useful for the studies of histone mod-
ifications direct effect on changes of BRCA1 mRNA
synthesis without considering the quantity of final
product, BRCA1 protein.

Dagdemir and coauthors [34] studied changes in
histone modifications in BRCA1 and ESR1 (coding for
ERα) promoters upon the addition of phytoestrogens
and estrogens. Using the method of chromatin immuno-
precipitation (ChIP) the authors demonstrated that at
the influence of genistein, daidzein, equol or E2 at the
promoters of BRCA1 and ESR1 genes the level of tran-
scription inhibiting histone modifications (H3K9me3
and H3K27me3) is decreased and the quantity of tran-
scription activating histone modifications (H3K4ac
and H4K8ac) is augmented. However, other histone
modifications, that are important at the regulation of
genes activated with E2-ERα, such as Н3K14ac,
Н3K18ac, Н3K23ac, Н3R17me, were left out of the
scope of the authors view [56]. Despite the lack of com-
prehensive studies in this field, it is possible to suggest
that, as in case of pS2 gene regulation in MCF-7 BC
cells, BRCA1 promoter activated also with E2-ERα
could be similarly regulated with the involvement of
histone acetyl-transferase CBP and Arg (R) specific
histone methyl-transferase CARM1 [56]. It is possible
that in BRCA1 gene promoter at E2 application his-
tone H3 located at the BRCA1 promoter undergo con-
sequent modifications of amino acid residues Lys (K)
and Arg (R) starting with the acetylation of Lys in
position 18 in histone Н3 (Н3K18ac) followed with
the acetylation of Lys in position 23 in histone Н3
(Н3K23ac) and, finally, with the methylation of Arg in
position 17 also in histone Н3 (Н3R17me), while
amino acid residue Lys in position 14 in histone Н3
remains acetylated both in Е2-induced and non-
induced conditions (Н3K14ac) [56].

Taken together, it is possible to suggest several
mechanisms of phytoestrogen-dependent regulation
of BRCA1 and ESR1 expression that we observed.
From one hand, the phytoestrogen genistein could
activate ERα that leads to the formation of the com-
plex with HAT CBP/p300, the acetylation of histones
in BRCA1 promoter and the increase of BRCA1
mRNA and protein. From another hand, the genistein
being an inhibitor of DNA methyltransferases (DNMTs)
[57, 58] could diminish the DNA hypermethylation in
the BRCA1 promoter and, therefore, could induce the
increase in BRCA1 mRNA transcription and the aug-
mentation of the quantity of protein translated from
this mRNA.

Our research on the effect of hypoxia at BRCA1
and ERα expression in MCF-7 cells revealed the ten-
dency towards the decrease of these two proteins syn-
thesis. Hypoxic cytotoxin TPZ did not influence con-
siderably the BRCA1 expression index in normoxia
conditions. In hypoxic conditions the augmentation of
BRCA1 expression was observed at the incubation
with TPZ, that being activated to the form of cytotoxic
radical upon the diminution of oxygen level, induces
DNA double strand breaks. These are new mecha-
nisms of tumor cell response to hypoxic cytotoxins
influence. Antiestrogen effects of TPZ in BC cells
revealed at hypoxia are of considerable interest for fur-
ther research. It is not possible to exclude that the
hypoxia influences BRCA1-associated processes of
DNA repair and simultaneously regulates hormone-
dependent BC cell growth.

On the basis of obtained data concerning the influ-
ence of biologically active substances including phy-
toestrogens, estrogens, antiestrogens at BRCA1 and
ERα expression in BC cells it is possible to conclude
that the changes of integral parameter of marker
expression, index, occurred, mainly, due to the
changes of the expression intensity and not of the pro-
tein expression level. On the contrary, in hypoxia con-
ditions and at the influence of hypoxic cytotoxin TPZ,
changes of BRCA1 and ERα expression indexes were
caused, in major part, with the changes of the levels
and not of the markers expression intensities. In other
words, phytoestrogens, estrogens and antiestrogens
application almost does not influence the quantity of
cells expressing these tumor markers but changes the
quantity of markers in already expressing cells; and, on
the contrary, at the influence of hypoxia and TPZ the
number of cells expressing BRCA1 or ERα changes,
and the quantity of the marker in already expressing
cells almost does not change. Taking together, the
results of presented research revealed coordinated reg-
ulation of BRCA1-associated DNA repair and steroid
hormones signaling pathways. Moreover, it was
demonstrated that in BC cells in hypoxia conditions
hormone-dependent cell proliferation and growth as
well as the expression of the key tumor suppressor,
BRCA1, simultaneously decreased. In future studies it
is planned to determine the role of these molecular
mechanisms in the formation of the chemoresistance
of the tumors with considerable hypoxic regions.
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In conclusion, it is worth to note that obtained
results will become a basis for the future complex stud-
ies of DNA repair marker, BRCA1, and proliferation
marker, ERα, expression regulation molecular mech-
anisms including epigenetic regulation of their gene
expression.
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