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Abstract

The primary gene implicated in hereditary Breast Cancer (BC) is the tumour suppressor gene Breast Cancer Gene 1 (BRCA1),
which is activated by the Estrogen Receptor Alpha (ERa). Insufficient expression or functionality of BRCA1 may contribute to the
development of BC. ERa activation leads to the activation of various genes through direct binding to Estrogen-Responsive Elements
(EREs) on promoters or indirectly by interacting with other transcription factors. Previously, our research revealed that Human
T-Lymphotropic Virus Type-1 (HTLV-1) Tax strongly inhibits ERa-induced BRCA1 expression, and stress-inducing agents robustly
stimulate HTLV-1 expression. This study investigated the impact of Tax and stress-inducing agents on BRCA1 and ERE expression.
Our results showed that both 12-0O-Tetradecanoylphorbol-13-Acetate (TPA) and Taxol significantly enhanced BRCA1 expression
over the course of treatment, while cisplatin showed a slight reduction. Conversely, while TPA significantly stimulated ERE ex-
pression, both Taxol and cisplatin had a marginal inhibitory effect. The induced BRCA1 expression by TPA and Taxol appears to be
dependent on Protein Kinase C (PKC). Furthermore, Tax demonstrated no significant impact on TPA-induced BRCA1 expression, but
it strongly inhibited the effect of Taxol on BRCA1 expression. Additionally, cisplatin and Tax exhibited an antagonistic relationship.
Notably, our results suggest that the tested stress agents do not influence BRCA1 and ERE expression through the ERa pathway.
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Introduction

Breast Cancer (BC) is one of the most common cancers in
women, accounting for about 30% of women’s cancer cases, and
is a significant cause of cancer-related deaths [1,2]. Most BC cases
are caused by lifestyle and environmental factors [3,4], while a
minority (5-10%) are hereditary, due to genetic changes [2]. The
most important gene involved in hereditary BC cases is Breast
Cancer Gene 1 (BRCA1), a multifunctional tumor suppressor gene
[5,6] responsible for about 40-45% of hereditary BC cases [7,8].
Although BRCA1 mutations are responsible for a minority (2-3%)
of all BC cases, there is a reduced or lack of BRCA1 expression in a
large part (over 30%) of sporadic cancers, suggesting a much wider
role of BRCA1 in BC [5]. BRCA1 promotes many cellular activities,
which are important for its tumor suppressor function, such as
DNA damage repair [9], chromatin remodeling [10], induction of
cell cycle arrest [11], and apoptosis [12]. Any lack of BRCA1 activity,
whether due to non-expression or specific mutations, may lead
to breast and ovarian cancers [2]. It found that women carrying

BRCA1 dysfunctionality have a 57-65% probability of developing
BC throughout their lifetime [13]. In fact, it seems that BRCA1 is
involved mainly in breast and ovarian cancers due to the response
of these organs to estrogen (E2) [14]. E2 activates its receptor o
(ERa) by direct ligation in the nucleus of the cells. The E2-ERa
complex acts as a transcriptional factor, activating various cellular
genes through two pathways. The first is a classical pathway; ERa
binds directly to specific sequences called E2 Responsive Elements
(EREs), which are located in the promoter of target genes and
this way activates the transcription of these genes after recruiting
different co-factors [15]. The second is a non-classical pathway;
ERa binds indirectly to the promoters of target genes lacking
EREs by interacting with other transcriptional factors that have
specific binding sites in these promoters. As a result, the bound
ERa compley, together with the recruited co-factors, promotes the
transcriptional activity of these genes [16]. For example, although
the BRCA1 promoter has no EREs, its transcriptional activity is
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promoted by ERa through the non-classical pathway [17] through
binding of the ERa complex to Jun/Fos transcription factor, which is
ligated with its binding site (AP-1) located in the BRCA1 promoter
[17]. It should be noted that other co-activators and co-factors,
such as CREB-binding protein p300 (CBP/p300), are recruited to
the active E2-ERa complex and are required for its transcriptional
activity [18-21].

Human T-Cell Leukemia Virus Type-1 (HTLV-1) is a retrovirus
involved in various serious human diseases, including Adult
T-Cell Leukemia (ATL) [22], tropical spastic paraparesis/HTLV-
1-associated myelopathy [23], and others. It is widely agreed
that the viral trans activator Tax protein is a key element in the
mechanism of ATL genesis and is probably involved in other HTLV-
1-related disorders [24-26]. Our previous results proved the ability
of Tax to prevent BRCA1 expression and functionality in breast
epithelial cells [27,28]. Therefore, HTLV-1 might also be a putative
risk factor for BC development. It was found that different stress-
inducing agents, such as the carcinogen 3-methylcholanthrene (3-
MC), 12 O-Tetradecanoylphorbol-13- Acetate (TPA), cisplatin, and
Taxol, can strongly activate HTLV-1 Long Terminal Repeat (LTR)
independently of HTLV-1 Tax [29,30]. These results suggest that
stress agents may activate the latent virus in the carriers’ infected
cells [31]. These stress agents are potentially accessible to human
contact or consumption, and some of them, such as TPA, are plant
products [32]. Therefore, these agents may be considered as
possible environmental cofactors related to HTLV-1 pathogenicity
[33]. Additionally, our previous results demonstrated a strong
stimulatory effect of TPA on both BRCA1 and EREs expression
without treatment with E2 [33]. TPA, a potent activator of Protein
Kinase C (PKC), exerts most of its biological effects through PKC
[34,35].

This study examined the effect of these stress agents on BRCA1
and EREs expression, as well as the involvement of HTLV-1 Tax in
this expression.

Materials and Methods
Cells

MCF-7 cells were used (weakly invasive ER-a positive BC
cells) [36] for the different analyses. The cells were grown and
maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) with
two mM L-glutamine, 10% Fetal Bovine Serum (FBS), and 1%
penicillin/streptomycin.

Reagents

TPA, Cisplatin, and Taxol were obtained from Sigma Chemicals
Israel Ltd., Holon, Israel. The cells were treated when indicated with
50 nM TPA. When indicated, the cells were treated with 50 nM TPA,
Cisplatin, and Taxol. One mM of BI (Calbiochem, La Jolla, CA), which
is a Protein Kinase C (PKC) inhibitor, was used. 20 nM estrogen
(E2, Sigma-Aldrich Chemical Co.) was added to the cells, where it is
indicated, at 5 hr before cell harvest. Monoclonal antibodies against
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BRCA1, Tax, ER-a, CBP, CREB, and Ps2 were all purchased from
Santa Cruz Biotechnology Inc (Santa Cruz, CA, USA).

Plasmids

Plasmids that expressed the reporter firefly luciferase (Luc)
under the control of BRCA1 promoter (BRCA1-Luc) or under the
control of estrogen response elements (EREs-Luc) were obtained
from Haim Werner (Clinical Biochemistry, Tel-Aviv University,
Israel). Plasmids that expressed the different PKC isoforms (a, 1,
2, 6, £ and ) were obtained from Etta Livne (from our department)
[37]. HTLV-1 Tax expressing plasmid through hCMV promoter
was provided by Francoise Bex (Laboratorie de Microbiologie,
Universite Libre de Bruxelles, B-1070, Brussels, Belgium). The
plasmid expressing the Renilla luciferase was purchased from
Promega (Madison, WI, USA) [38].

Plasmid Transfection

To insert the various plasmids into the cells, the jetPRIMTM
transfection kit (Polyplus-transfection company, France) was used
according to the manufacturer’s instructions. Briefly, one pg of
each plasmid DNA was transfected into about 5 x 10”5 cells/well
of a 6-well plate. One pg of each plasmid DNA was transfected up
to 3 pg total DNA in each transfection mixture (missing amount of
DNA was completed with an empty plasmid (dLTR). Transfection
efficiency, determined with a GFP-expressing plasmid, was found
by FACS analysis in our cells to be about 70%. 0.2pug of pRL-renilla
plasmid was added to the transfection mixture as a control for
efficiency. Cells were extracted, and luciferase enzymatic activity
was measured using a 20/20 Luminometer (Promega) at 24 hours
post-transfection. The Luc activity was normalized to Renilla and
presented as a fold change relative to the relevant control.

Western Blot Analyses and Co-Immunoprecipitation

Whole cell extracts were prepared by NucBuster Kit (Calbiochem,
Catalog No. 71183-3) according to the Manufacturer’s protocol.
80ug protein of the tested extracts was analyzed by Western analysis
as previously described [39] using the appropriate monoclonal
antibodies. Aliquots of the nuclear extracts (200 pg protein) were
immunoprecipitated with the specified mouse antibodies and
analyzed by Western blot for co-precipitated proteins with the
respective rabbit antibodies as previously described [40].

RNA Extraction

Total RNA was extracted using the commercial kit “GenElute
Mammalian Total RNA miniprep”, Sigma, according to the Kkit’s
instructions.

cDNA synthesis

RNA was reverse transcribed into DNA using a commercial
cDNA synthesis kit, qScriptTM, Quanta bio company. The amount
of the BRCA1 and pS2 mRNA was determined by RT-PCR using the
following primers:
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BRCA-1:

Forward: 5'-ACAGCTGTGTGGTGCTTCTGTG-3’
Reverse: 5'-CATTGTCCTCTGTCCAGGCATC-3’
PS2:

Forward: 5'-CATCGACGTCCCTCCAGAAGAG-3’

Reverse: 5'-CTCTGGGACTAATCACCGTGCTG-3'

Chromatin Immunoprecipitation (ChIP)

MCF-7 (2 x 1077) cells were transfected with Tax-expressing
plasmid by the jetPRIMTM kit, and at 24 hours post-transfection,
the cells were treated with E2 for 5 hours. The binding of the tested
proteins to the appropriate promoters was examined by ChIP assay
using an EZ Chip kit (Millipore) according to the manufacturer’s
instructions. BRCA1 promoter region flanking the Sp/AP-1/
CRE binding sites (171 base pairs) in the examined DNA was
amplified by real-time PCR, using the following primers: Forward:
5’-GACAGATGGGTATTCTTTGACG-3’

Reverse: 5’-GCATATTCCAGTTCC TATCACGAG-3’ [18].

The ERE region of the pS2 promoter was amplified using the
following primers:

Forward pS2: 5’-TATGAATCACTTCTGCAGTGAG-3’

Reverse pS2: 5’- GAGCGTTAGATAACATTTGCC-3’

Results

Time Effect of Treatment with Stress-Inducing Agents
on the Expression of BRCA1 And Genes Controlled by
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Eres

Previous studies showed that stress-inducing agents strongly
induced HTLV-1 expression [28,41-43]. In our previous study,
we proved the ability of HTLV-1 Tax to block the E2-ERa induced
expression of BRCA1 while stimulating the E2-ERa induced
expression of genes that contain EREs in their promoters [28].
These results may indicate HTLV-1 involvement in BC development.
Thus, based on these findings, we investigated in the present study
the effect of various stress-inducing agents (TPA, cisplatin, and
Taxol) on BRCA1 and EREs expression. This was done by examining
the effect of these stress-inducing agents (cisplatin and Taxol
compared with TPA) on the expression of the reporter (Luc) driven
by either the BRCA1 promoter (BRCA1-Luc) or ERE region (ERE-
Luc) in MCF7 cells.

In our previous study, we showed the stimulatory effect of
TPA on both BRCA1 and ERE expression [33]. Our results in this
study show that TPA strongly activated both BRCA1 and ERE-
Luc expression (17- and 10-fold increases over their basal levels,
respectively) when treatment was performed after transfection
with the appropriate plasmids (Figures 1a and 1b, respectively,
column 7). However, when treatment began 24 hours before
transfection, there was a significant reduction in BRCA1 and ERE-
Luc expression (Figures 1a and 1b, respectively, column 5). On the
other hand, while cisplatin slightly reduced the basal expression
of both BRCA1 and ERE regardless of the treatment time (Figures
1la and 1b, respectively, columns 5 and 8), Taxol strongly induced
the activation of BRCA1 as a function of treatment time (Figure
1a, columns 6 and 9) and has no notable effect on ERE expression
(Figure 1b, columns 6 and 9) (Figure 1).
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Figure 1: Effect of time of treatment with stress inducing agents on the expression of BRCA1 and genes controlled by ERE. MCEF-
7 were transfected with a plasmid expressing BRCA1-Luc (1pg) (A) or ERE-Luc (1pg) (B) and treated with TPA (50 nM), cispla-
tin (2uM) or Taxol (5nM) at different times before or after the transfection. The cells were harvested at 24h post transfection for

analyzing the reporter expression. The presented results are an average of three repeated experiments + SE.
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Is The Stress-Agent Effect on BRCA1 And ERE Expression
Mediated by PKC Activity?

It was previously shown that the activation of HTLV-1LTR by
TPA is antagonized by the PKC activity [44], and thus, we wondered
whether the activity of the other tested stress-inducing agents on
HTLV-I LTR and BRCAL1 is related to PKC activity. As mentioned
in the introduction section, TPA is a potent activator of the PKC
[34,35], and long exposure to TPA causes down-regulation of PKC
expression [41]. As shown in Figure 1, the activity of both TPA and
Taxol on BRCA1 was affected by the time of treatment, whereas
that of cisplatin was not. To examine the possible involvement of
PKC in the activity of these agents on BRCA1 and ERE expression,
MCF-7 cells were transfected with either BRCA1-Luc or ERE-Luc
plasmids and treated with TPA, cisplatin, or Taxol alone or with
BI at the time of transfection. Our results showed that both TPA
and Taxol significantly induced BRCA1 expression, while cisplatin
reduced its basal expression (Figure 2A). In addition, BI completely
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abolished both TPA and Taxol-induced activation with no effect on
cisplatin activity. On the other hand, only TPA significantly induced
ERE expression, whereas both Taxol and cisplatin slightly reduced
basal ERE expression (Figure 2bB). BI completely prevented TPA-
induced activation of ERE expression, with no significant effect on
Taxol- or cisplatin-induced ERE expression.

Differential Effects of PKC Isoforms on BRCA1 And ERE
Expression in Cells Treated with the Examined Stress-In-

ducing Agents

The above results showed that TPA- and Taxol-induced
activation of BRCA1 is mediated by PKC activity (Figure 2). It
was therefore important to determine which PKC isoforms are
responsible for this activity. To achieve that, MCF-7 cells (containing
BRC Al-Luc or ERE-Luc) were treated with TPA for 48 hours to
deplete all cellular PKCs, then transfected with plasmids expressing
different PKC isoforms and treated with TPA, Taxol, or cisplatin at
the time of transfection.

B

|
- |1i Pl
.E. | = +F
E E L1
[ [
o E .
m 3 |
2 |
fpe___ = . ——
TP - + - .
Lisplatin = - + L
Taxal - - - +

Tl B - P
'E mm +Fl
2 E
: 19+
38
w
£g ¢
e
u..—_ L — ——
TPA - + = -
Cisalatn - - + -
T:I:W! - - - +

Figure 2: Involvement of PKC in TPA, cisplatin and Taxol effect on BRCA1 and ERE expression MCE-7 cells were transfected
with plasmids expressing either BRCA1-Luc (1j1g) (A) or ERE-Luc (1pg) (B) and treated with 50nM TPA, 2uM cisplatin or 5nM
Taxol alone or with 2nM BI (a potent inhibitor of PKC activity) at the time of transfection. The cells were harvested at 24h post

transfection for analyzing the reporter expression. The presented results are an average of three repeated experiments + SE.

The results presented in Figure 3A shows that PKCa, 31, §,
and n highly induce the expression of BRCA1 in cells that were
treated with TPA at and post-transfection (columns 4, 7, 13, and
18, respectively), while PKC(2 and € have no stimulatory effect and
even they reduce the basal expression of BRCA1 (Figure 3A, columns
10, and 16, respectively). In the cells that were treated with Taxol,
PKCa, 6, and 1 strongly induced the expression of BRCA1 (Figure
3A, columns 6, 15, and 21, respectively), while the other tested
isoforms did not show any stimulatory effect on BRCAlexpression.

In cells treated with cisplatin, none of the tested PKC isoforms
showed a stimulatory effect on BRCA1 expression (Figure 3).

In the case of ERE, it can be seen in Figure 3B that PKCa, PKC(2,
PKCe, and PKCn significantly induced its expression in cells that
were treated with TPA at and post-transfection (columns 4, 10,
16, and 19, respectively) while PKCB1 and PKC$ reduced its basal
expression (Figure 3B, columns 7, and 13, respectively). In cells that
were treated with either cisplatin or Taxol, all tested PKC isoforms
did not show any stimulatory effect on ERE expression (Figure 3B).
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Figure 3: Effect of PKC isoforms on BRCA1 and ERE expression in cells treated with the examined stress inducing agents. Cells
were transfected with plasmids expressing either BRCA1-Luc (1j1g) (A) or ERE-Luc (1ng) (B) respectively, treated with 50nM
TPA for 48hs in order to deplete all cellular PKCs. Then these cells were transfected with plasmids expressing different PKC iso-
forms (1pg) and treated with 50nM TPA, 2uM Taxol or 5uM cisplatin at the time of transfection. The cells were harvested at 24h
post transfection for analyzing the reporter expression. The presented results are an average of three repeated experiments + SE.

HTLV-1 Tax Involvement in the Effect of The Examined
Stress-Inducing Agents on The Expression of BRCA1 And

ERE

As published previously, HTLV-1 Tax strongly blocks the
activation of BRCA1 and enhances the activation of ERE-dependent
genes induced by E2 [28]. In this study, we examined the possible
involvement of HTLV-1 Tax in the effects of stress-inducing
agents on the expression of BRCA1 and ERE. For that, MCF-7
cells were treated with either TPA, cisplatin, or Taxol at the time
of transfection with BRCA1-Luc or ERE-Luc. Some of these cells
were also transfected with a plasmid expressing HTLV-1 Tax, with
or without E2 treatment. The results showed that, as expected, E2

HTLV-1 Tax strongly inhibited this E2-induced expression (Figure
4A, column 13). It can also be seen that both TPA and Taxol have an
additive effect with E2 (Figure 44, columns 6 and 8), while cisplatin
completely inhibited E2-induced BRCA1 expression (Figure 4A,
column 7). While HTLV-1 Tax has no significant effect on TPA-
induced activation of BRCA1, it strongly inhibited Taxol-induced
activity on BRCA1 (Figure 4A, columns 10 and 12, respectively).
In addition, it seems that both cisplatin and Tax have antagonistic
effects on each other. While each of them strongly inhibits E2-
induced activation of BRCA1 (Figure 4A, columns 7 and 13,
respectively), they had no effect on E2-induced activation of BRCA1
when the cells were simultaneously treated with both of them
(Figure 4A, column 15) (Figure 4).
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Figure 4: HTLV-1 Tax involvement in the effect of the examined stress-inducing agents on the expression of BRCA1 and ERE.
MCEF-7 were treated with either TPA, cisplatin, or Taxol at the time of transfection with BRCA1-Luc (A) or ERE-Luc (B). Some
of these cells were transfected also with a plasmid expressing HTLV-1 Tax with or without treatment with estrogen (E2). The
presented results are an average of three repeated experiments + SE. (C) MCF-7 cells were treated with cisplatin or Taxol for 24
hours. The cells were then harvested, and the protein level was measured by Western Blot analysis using appropriate monoclo-
nal antibodies.
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In the case of ERE, TPA, E2, and Tax significantly induced ERE
expression (Figure 4B, columns 2, 5, and 9, respectively), with
synergistic activity between them (Figure 4B, columns 6 and 14). In
contrast, both cisplatin and Taxol have significant inhibitory effects
on the basal activity of ERE-regulated genes (Figure 4B, columns
3 and 4, respectively) and on the induced activation of ERE either
by E2 or Tax, as can be seen in Figure 4Bb, columns 7, 8 and 11,
12, respectively. It is also worth noting that, in the case of ERE, an
antagonistic effect between cisplatin and Tax can be observed when
both are added to cells together with E2, and neither influences E2-
induced activity (Figure 4B, column 15).

Effect Of the Examined Stress-Inducing Agents on the
Mrna Expression of BRCA1 And Ps2 Genes

Trying to modify which step of BRCA1 and pS2 activation is
affected by these stress agents, the effect of these agents on BRCA1
and pS2 mRNA expression was examined. For that, control and Tax-
transfected MCF-7 cells were treated with the tested stress agents
(TPA, cisplatin, or Taxol) for 24h, and their RNA was extracted and
their mRNA reverse-transcribed into cDNA. The levels of BRCA1 and
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pS2 mRNA were determined by RT-PCR. The results showed that, in
agreement with those presented in Figure 4, both TPA and Taxol
significantly increased the mRNA levels of BRCA1, while cisplatin
reduced its level (Figure 54, lanes 2, 4, and 3, respectively). While
HTLV-1 Tax, as expected, caused a significant reduction both in the
basal and the Taxol-induced expression of BRCAImRNA4, it did not
affect the stimulatory effect of TPA on BRCA1 mRNA expression
(Figure 5A, lanes 5, 8, and 6, respectively). On the other hand, and
due to the mentioned above antagonistic effect between Tax and
cisplatin, adding both together did not significantly affect the basal
expression of BRCA1 mRNA (Figure 5A, lane 7). In the case of pS2,
TPA significantly induced its mRNA expression, while Taxol had only
a minor stimulatory effect on pS2 mRNA expression, and Cisplatin
significantly reduced its basal expression (Figure 5B, lanes 2, 4, and
3, respectively). Tax and TPA showed a synergistic effect on pS2
mRNA expression, while Tax significantly reduced the stimulatory
effect of Taxol on pS2 mRNA expression (Figure 5B, lanes 6 and
8, respectively). As expected, Tax and cisplatin antagonized each
other also in this case (Figure 5B, lane 7).
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Figure 5: Effect of the examined stress inducing agents on the mRNA expression of BRCAland pS2 genes. Control and Tax trans-
fected MCF-7 were treated with the tested stress agents (TPA, cisplatin or Taxol) for 24h and their RNA was extracted and their
mRNA was reverse transcribed into cDNA. The amount of BRCA1 and pS2 mRNA was determined by RT-PCR. The presented

results are an average of three repeated experiments + SE.

Effect of the Examined Stress-Inducing Agents On Era
Binding to ERE And BRCA1 Promoter

Trying to find out whether ERa is involved in the effect of the
examined stress-inducing agents (TPA, cisplatin, and Taxol) on
the activation of BRCAlor ERE expression, we examined the effect
of these agents on the binding of ERa to the AP-1 DNA site at the
BRCA1 promoter and to the ERE region by ChIP analysis. For that,

MCF-7 cells were treated with each of the tested stress-inducing
agents and with E2 as a positive control. 24h after treatment, cells
were harvested, and ERa binding to either the BRCA1 promoter or
the ERE was determined by CHIP assay. Our results showed that
while E2, as expected, strongly induced the binding of ERa to either
the BRCA1 promoter (Figure 6a) or to the ERE region (Figure 6B),
all examined stress-inducing agents (TPA, cisplatin, and Taxol) had
no effect on the binding of ER« to these promoters.
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Figure 6: Effect of the examined stress inducing agents on ERa binding to ERE and BRCA1 promoter. MCF-7 cells were treated

with each of the tested stress inducing agents and with E2 and at 24h after treatment the cells were extracted and the binding of

ERa protein to either BRCA1 promoter (A) or to ERE (B) was determined by CHIP assay as described in Materials and Methods
section. The presented results are an average of three repeated experiments + SE.

Discussion

Stress-inducing agents, such as TPA, are known to induce HTLV-
1 expression [28,41-43]. Our previous studies indicated that HTLV-
1 is involved in BC development, as HTLV-1 Tax can block BRCA1
expression and stimulate genes that enhance cell replication [28].
Thus, based on these findings, we investigated, in the present study,
the effects of various stress-inducing agents (TPA, cisplatin, and
Taxol) on BRCA1 and ERE expression. TPA, as expected, strongly
stimulated the expression of both BRCA1 and genes regulated by
promoters containing ERE sequences when treatment was short
(2-24h), whereas longer treatment inhibited their expression.
These results agree with our previous findings [33], suggesting that
this activity is PKC-dependent. They are interesting because TPA
is involved in various tumor types [34,35,45], whereas BRCA1 is a
strong tumor suppressor, mainly in ovarian or mammary tumors
[46,47]. Therefore, exploring the possible benefits of TPA as a
preventive or therapeutic treatment against ovarian or mammary
tumors is highly important. It should be emphasized that TPA, on
the other hand, enhances the expression of genes regulated by
ERE sequences, which can promote cell replication and, by various
mutations, probably tumor development [48]. These results are
supported by previous studies, which showed that TPA enhanced
mRNA expression of pS2 and other E2-responsive genes [48-50].
Also, Taxol strongly induced BRCA1 activation over time, without
a significant effect on ERE expression. In contrast, cisplatin slightly
reduced basal expression of both BRCA1 and ERE, regardless
of treatment time. Thus, both TPA and Taxol may be potential
candidates against the development of breast and ovarian cancers.
These findings may be supported by the potential use of Taxol as
an anticancer drug [51-53]. In contrast, cisplatin slightly inhibits
BRCA-1 promoter expression, a finding that may not be supported

by its use as an anticancer drug against BC [52,54,55] and other
cancers [56]. The antitumor effect of cisplatin seems unrelated to
the BRCA-1 pathway. Nonetheless, it is worth noting that cisplatin
inhibits the expression of genes regulated by ERE sequences, which
may help prevent the development of cancer cells, as some of these
genes strongly stimulate cell proliferation [57,58]. It is interesting
that both TPA and Taxol-induced activation of BRCA-1 is mediated
by PKC activity. TPA, in contrast to Taxol, is known as a potent PKC
activator [35]; therefore, it is not surprising that its effect on BRCA-
1 expression is related to PKC activity. The mechanism by which
PKC is involved in Taxol activation of BRCA-1 expression appears
to differ from that of TPA. It is interesting that previously, it was
shown that a PKC inhibitor promotes the antitumor activity of
Taxol in Triple-negative breast cancer (TNBC), which is a subtype
of BC lacking targeted therapy [59]. Most interesting is that the PKC
isoforms (PKCa, §, and n) highly induce the expression of BRCA1 in
cells that were treated with either TPA or Taxol (Figure 3).

Due to the fact that the HTLV-1 virus can reach the breast of
infected women through breast-feeding milk, which is rich with
HTLV-1-infected lymphocytes, it may infect the epithelial cells of
the breast [60] and interfere with the activity and possibly with
the expression of important genes in the breast cells, such as
the BRCA-1 gene. Indeed, in our group’s previous study, Tax was
found to strongly inhibit E2-induced BRCA-1 expression while
stimulating E2-induced ERE-dependent genes in breast epithelial
cells and inhibiting at least part of BRCA-1 activities [27,28].
Also, environmental stressors such as TPA, cisplatin, and Taxol
can activate HTLV-1 from its latent state [32,44]. Our results in
the present study showed that Tax was unable to inhibit the TPA-
induced acceleration of BRCA-1 expression, whereas it strongly
inhibited Taxol-stimulated BRCA-1 expression. Based on our
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previous findings, which showed that Tax was able to completely
prevent E2-induced BRCA1 expression through the non-classical
pathway of ERa, there is a possibility that the Taxol effect on BRCA1
expression is also through the ERa pathway, while the TPA effect
is not through this pathway. However, it should be mentioned that,
in addition to the pathway of ERa activation by E2, there are other
possible transduction pathways that can activate ERa without E2
[61-63]. Accordingly, it is important to mention that signals that
activate receptors may lead to phosphorylation or change the
phosphorylation of the receptors or associated proteins, which may
be important for ligand-independent activation [48].

On the other hand, it seems that cisplatin and Tax have
antagonistic effects on each other, while each, separately, inhibits
the E2-induced acceleration of BRCA-1 expression; together, they
fail to eliminate this effect. To determine whether the effects of the
examined stress agents on BRCA1 and ERE activation are mediated
by ERa pathways, we examined their effects on ERa binding to the
BRCA1 promoter and to ERE sequences. Our results showed that
none of the tested stress-inducing agents (TPA, cisplatin, and Taxol)
has any effect on the binding of ERa to these promoters. These
results exclude the possible effects of these agents on BRCA1 and
ERE expression via ERa signaling pathways. In conclusion, both
TPA and Taxol may be considered potential candidates for the
prevention and treatment of breast and ovarian cancer.

Acknowledgement

None.

Conflicts of Interest
None.

References

1. DeSantis C, Ma ], Bryan L, Jemal A (2014) Breast cancer statistics, 2013.
CA: a cancer journal for clinicians 64(1): 52-62.

2. Kwong A, Shin VY, Ho JCW, Kang E, Nakamura S, et al. (2016)
Comprehensive spectrum of BRCA1 and BRCA2 deleterious mutations
in breast cancer in Asian countries. Journal of Medical Genetics 53(1):
15-23.

3. Momenimovahed Z, Salehiniya H (2019) Epidemiological characteristics
of and risk factors for breast cancer in the world. Breast Cancer: Targets
and Therapy 151-164.

4. Li P Huang J, Wu H, Fu C, Li Y, et al. (2016) Impact of lifestyle and
psychological stress on the development of early onset breast cancer.
Medicine 95(50): e5529.

5. Thakur S, Nakamura T, Calin G, Russo A, Tamburrino JE et al. (2003)
Regulation of BRCA1 transcription by specific single-stranded DNA
binding factors. Molecular and cellular biology 23(11): 3774-3787.

6. Shiovitz S, Korde LA (2015) Genetics of breast cancer: a topic in
evolution. Annals of Oncology 26(7): 1291-1299.

7. Fackenthal JD, Olopade OI (2007) Breast cancer risk associated with
BRCA1 and BRCA2 in diverse populations. Nature Reviews Cancer
7(12): 937-948.

8. Couch FJ, Nathanson KL, Offit K (2014) Two Decades After BRCA:
Setting Paradigms in Personalized Cancer Care and Prevention. Science
343(6178): 1466-1470.

Copyright© Mahmoud Huleihel

9. Yun MH, Hiom K (2009) Understanding the functions of BRCA1 in the
DNA-damage response. Biochemical Society transactions 37 (pt 3): 597-
604.

10.Ye Q Hu YF, Zhong H, Nye AC, Belmont AS, et al. (2001) BRCA1-induced
large-scale chromatin unfolding and allele-specific effects of cancer-
predisposing mutations. The Journal of cell biology 155(6): 911-921.

11.Xu B, Kim S, Kastan MB (2001) Involvement of Brcal in S-phase and
G(2)-phase checkpoints after ionizing irradiation. Molecular and cellular
biology 21(10): 3445-3450.

12. Thangaraju M, Kaufmann SH, Couch F] (2000) BRCA1 facilitates stress-
induced apoptosis in breast and ovarian cancer cell lines. The Journal of
biological chemistry 275(43): 33487-33496.

13.Sabiani L, Barrou ], Mathis ], Eisinger F, Bannier M, et al. (2020)
Houvenaeghel, G. How to manage BRCA mutation carriers? Hormone
Molecular Biology and Clinical Investigation 41(3).

14.Billack B, Monteiro AN (2005) BRCA1 in breast and ovarian cancer
predisposition. Cancer letters 227(1): 1-7.

15. Jeffy BD, Hockings JK, Kemp MQ, Morgan SS, Hager JA, et al. (2005) An
estrogen receptor-alpha/p300 complex activates the BRCA-1 promoter
at an AP-1 site that binds Jun/Fos transcription factors: repressive
effects of p53 on BRCA-1 transcription. Neoplasia (New York, N.Y.) 7(9):
873-882.

16. Girault I, Biéche I, Lidereau R (2006) Role of estrogen receptor alpha
transcriptional coregulators in tamoxifen resistance in breast cancer.
Maturitas 54(4): 342-351.

17.Marks JR, Huper G, Vaughn JP, Davis PL, Norris ], et al. (1997) BRCA1
expression is not directly responsive to estrogen. Oncogene 14(1): 115-
121.

18. Hockings JK, Degner SC, Morgan SS, Kemp MQ, Romagnolo DF (2008)
Involvement of a specificity proteins-binding element in regulation of
basal and estrogen-induced transcription activity of the BRCA1 gene.
Breast cancer research: BCR 10(2): R29.

19. Hockings JK, Thorne PA, Kemp MQ, Morgan SS, Selmin O, et al. (2006)
The ligand status of the aromatic hydrocarbon receptor modulates
transcriptional activation of BRCA-1 promoter by estrogen. Cancer
research 66: 2224-2232.

20. Wang A, Schneider Broussard R, Kumar AP, MacLeod MC, Johnson DG
(2000) Regulation of BRCA1 expression by the Rb-E2F pathway. The
Journal of biological chemistry 275(6): 4532-4536.

21. Corkery D, Thillainadesan G, Coughlan N, Mohan RD, Isovic M, (2011)
Regulation of the BRCA1 gene by an SRC3/53BP1 complex. BMC
biochemistry 12: 50.

22.Giam CZ (2021) HTLV-1 replication and adult T cell leukemia
development. Viruses and Human Cancer: From Basic Science to Clinical
Prevention 217: 209-243.

23.0Ohshima K (2007) Pathological features of diseases associated with
human T-cell leukemia virus type 1. Cancer science 98(6): 772-778.

24. Azran |, Schavinsky Khrapunsky Y, Aboud M (2004) Role of Tax protein
in human T-cell leukemia virus type-I leukemogenicity. Retrovirology 1:
20.

25.Zargari R, Mahdifar M, Mohammadi A, Vahidi Z, Hassanshahi G, et al.
The Role of Chemokines in the Pathogenesis of HTLV-1. Frontiers in
microbiology 11: 421.

26.Grassmann R, Aboud M, Jeang KT (2005) Molecular mechanisms of
cellular transformation by HTLV-1 Tax. Oncogene 24(39): 5976-5985.

27.Shukrun M, Jabareen A, Abou Kandil A, Chamias R, Aboud M, et al. (2014)
HTLV-1 Tax oncoprotein inhibits the estrogen-induced-ER a-Mediated
BRCA1 expression by interaction with CBP/p300 cofactors. PloS one
9(2): €89390-e89390.

American Journal of Biomedical Science & Research 637


https://pubmed.ncbi.nlm.nih.gov/24114568/
https://pubmed.ncbi.nlm.nih.gov/24114568/
https://pubmed.ncbi.nlm.nih.gov/26187060/
https://pubmed.ncbi.nlm.nih.gov/26187060/
https://pubmed.ncbi.nlm.nih.gov/26187060/
https://pubmed.ncbi.nlm.nih.gov/26187060/
https://pubmed.ncbi.nlm.nih.gov/31040712/
https://pubmed.ncbi.nlm.nih.gov/31040712/
https://pubmed.ncbi.nlm.nih.gov/31040712/
https://pubmed.ncbi.nlm.nih.gov/27977584/
https://pubmed.ncbi.nlm.nih.gov/27977584/
https://pubmed.ncbi.nlm.nih.gov/27977584/
https://pubmed.ncbi.nlm.nih.gov/12748281/
https://pubmed.ncbi.nlm.nih.gov/12748281/
https://pubmed.ncbi.nlm.nih.gov/12748281/
https://pubmed.ncbi.nlm.nih.gov/25605744/
https://pubmed.ncbi.nlm.nih.gov/25605744/
https://pubmed.ncbi.nlm.nih.gov/18034184/
https://pubmed.ncbi.nlm.nih.gov/18034184/
https://pubmed.ncbi.nlm.nih.gov/18034184/
https://pubmed.ncbi.nlm.nih.gov/24675953/
https://pubmed.ncbi.nlm.nih.gov/24675953/
https://pubmed.ncbi.nlm.nih.gov/24675953/
https://pubmed.ncbi.nlm.nih.gov/19442256/
https://pubmed.ncbi.nlm.nih.gov/19442256/
https://pubmed.ncbi.nlm.nih.gov/19442256/
https://pubmed.ncbi.nlm.nih.gov/11739404/
https://pubmed.ncbi.nlm.nih.gov/11739404/
https://pubmed.ncbi.nlm.nih.gov/11739404/
https://pubmed.ncbi.nlm.nih.gov/11313470/
https://pubmed.ncbi.nlm.nih.gov/11313470/
https://pubmed.ncbi.nlm.nih.gov/11313470/
https://pubmed.ncbi.nlm.nih.gov/10938285/
https://pubmed.ncbi.nlm.nih.gov/10938285/
https://pubmed.ncbi.nlm.nih.gov/10938285/
https://pubmed.ncbi.nlm.nih.gov/32459193/
https://pubmed.ncbi.nlm.nih.gov/32459193/
https://pubmed.ncbi.nlm.nih.gov/32459193/
https://pubmed.ncbi.nlm.nih.gov/16051027/
https://pubmed.ncbi.nlm.nih.gov/16051027/
https://pubmed.ncbi.nlm.nih.gov/16229810/
https://pubmed.ncbi.nlm.nih.gov/16229810/
https://pubmed.ncbi.nlm.nih.gov/16229810/
https://pubmed.ncbi.nlm.nih.gov/16229810/
https://pubmed.ncbi.nlm.nih.gov/16229810/
https://pubmed.ncbi.nlm.nih.gov/16822624/
https://pubmed.ncbi.nlm.nih.gov/16822624/
https://pubmed.ncbi.nlm.nih.gov/16822624/
https://pubmed.ncbi.nlm.nih.gov/9010238/
https://pubmed.ncbi.nlm.nih.gov/9010238/
https://pubmed.ncbi.nlm.nih.gov/9010238/
https://pubmed.ncbi.nlm.nih.gov/18377656/
https://pubmed.ncbi.nlm.nih.gov/18377656/
https://pubmed.ncbi.nlm.nih.gov/18377656/
https://pubmed.ncbi.nlm.nih.gov/18377656/
https://pubmed.ncbi.nlm.nih.gov/10660629/
https://pubmed.ncbi.nlm.nih.gov/10660629/
https://pubmed.ncbi.nlm.nih.gov/10660629/
https://pubmed.ncbi.nlm.nih.gov/21914189/
https://pubmed.ncbi.nlm.nih.gov/21914189/
https://pubmed.ncbi.nlm.nih.gov/21914189/
https://pubmed.ncbi.nlm.nih.gov/33200368/
https://pubmed.ncbi.nlm.nih.gov/33200368/
https://pubmed.ncbi.nlm.nih.gov/33200368/
https://pubmed.ncbi.nlm.nih.gov/17388788/
https://pubmed.ncbi.nlm.nih.gov/17388788/
https://pubmed.ncbi.nlm.nih.gov/15310405/
https://pubmed.ncbi.nlm.nih.gov/15310405/
https://pubmed.ncbi.nlm.nih.gov/15310405/
https://pubmed.ncbi.nlm.nih.gov/32231656/
https://pubmed.ncbi.nlm.nih.gov/32231656/
https://pubmed.ncbi.nlm.nih.gov/32231656/
https://pubmed.ncbi.nlm.nih.gov/16155604/
https://pubmed.ncbi.nlm.nih.gov/16155604/
https://pubmed.ncbi.nlm.nih.gov/24586743/
https://pubmed.ncbi.nlm.nih.gov/24586743/
https://pubmed.ncbi.nlm.nih.gov/24586743/
https://pubmed.ncbi.nlm.nih.gov/24586743/

Am ] Biomed Sci & Res

28.Abou Kandil A, Eisa N, Jabareen A, Huleihel M (2016) Differential
effects of HTLV-1 Tax oncoprotein on the different estrogen-induced-
ER a-mediated transcriptional activities. Cell cycle (Georgetown, Tex.)
15(19): 2626-2635.

29. Torgeman A, Ben Aroya Z, Grunspan A, Zelin E, Butovsky E, et al. (2001)
Activation of HTLV-I long terminal repeat by stress-inducing agents and
protection of HTLV-I-infected T-cells from apoptosis by the viral tax
protein. Experimental cell research 271(1): 169-179.

30. Yao J, Wigdahl B (2000) Human T cell lymphotropic virus type I genomic
expression and impact on intracellular signaling pathways during
neurodegenerative disease and leukemia. Frontiers in bioscience: a
journal and virtual library 5: D138-D168.

31.Hecker E, Schmidt R (1974) Phorbolesters--the irritants and
cocarcinogens of Croton Tiglium L. Fortschr. Chem. Org. Naturst. 31:
377-467.

32.Matsuda S, Nakao Y, Ohigashi H, Koshimizu K, Ito Y (1986) Plant-
derived diterpene esters enhance HTLV-I-induced colony formation of
lymphocytes in co-culture. International journal of cancer 38(6): 859-
865.

33.]Jabareen A, Abu Jaafar A, Abou Kandil A, Huleihel M (2017) Effect of TPA
and HTLV-1 Tax on BRCA1 and ERE controlled genes expression. Cell
cycle (Georgetown, Tex.) 16(14): 1336-1344.

34.Kim S, Chun SY, Kwon YS, Nam KS (2016) Crosstalk between Wnt
signaling and Phorbol ester-mediated PKC signaling in MCF-7 human
breast cancer cells. Biomedicine & Pharmacotherapy 77: 114-119.

35. Barry OP, Kazanietz MG (2001) Protein kinase C isozymes, novel phorbol
ester receptors and cancer chemotherapy. Curr Pharm Design 7(17):
1725-1744.

36.Lacroix M, Leclercq G (2004) Relevance of breast cancer cell lines
as models for breast tumours: an update. Breast cancer research and
treatment 83(3): 249-289.

37.Jeang KT, Chiu R, Santos E, Kim SJ (1991) Induction of the HTLV-I LTR by
Jun occurs through the Tax-responsive 21-bp elements. Virology 181(1):
218-227.

38. Bartholin L, Guindon S, Martel S, Corbo L, Rimokh R (2007) Identification
of NF-kappaB responsive elements in follistatin related gene (FLRG)
promoter. Gene 393(1-2): 153-162.

39.Mor Vaknin N, Torgeman A, Galron D, Lochelt M, Fliigel RM, et al.
(1997) The long terminal repeats of human immunodeficiency
virus type-1 and human T-cell leukemia virus type-I are activated by
12-0O-tetradecanoylphorbol-13-acetate through different pathways.
Virology 232(2): 337-344.

40. Torgeman A, Mor Vaknin N, Zelin E, Ben Aroya Z, Lochelt M, et al. (2001)
Sp1-p53 heterocomplex mediates activation of HTLV-I long terminal
repeat by 12-O-tetradecanoylphorbol-13-acetate that is antagonized by
protein kinase C. Virology 281(1): 10-20.

41.Abou Kandil A, Chamias R, Huleihel M, Godbey WT, Aboud M (2012)
Differential role of PKC-induced c-Jun in HTLV-1 LTR activation by
12-0-tetradecanoylphorbol-13-acetate in different human T-cell lines.
PloS one 7(1): e29934-e29934.

42.Demizu Y, Misawa T, Nagakubo T, Kanda Y, Okuhira K, et al. (2015)
Structural development of stabilized helical peptides as inhibitors of
estrogen receptor (ER)-mediated transcription. Bioorganic & medicinal
chemistry 23(15): 4132-4138.

43. Tanaka K, Kawakami T, Tateishi K, Yashiroda H, Chiba T (2001) Control
of IkappaBalpha proteolysis by the ubiquitin-proteasome pathway.
Biochimie 83(3-4): 351-356.

44. Chamias R, Huleihel M, Aboud M (2010) The mechanism of HTLV-1 LTR
activation by TPA varies in different human T-cell lines: role of specific
PKC isoforms. Leukemia research 34: 93-99.

Copyright© Mahmoud Huleihel

45.Williams JE (2001) Review of antiviral and immunomodulating
properties of plants of the Peruvian rainforest with a particular emphasis
on Una de Gato and Sangre de Grado. Altern. Med. Rev 6(6): 567-579.

46. Mueller CR, Roskelley CD (2003) Regulation of BRCA1 expression and
its relationship to sporadic breast cancer. Breast Cancer Res 5(1): 45-52.

47.Rosen EM, Fan S, Pestell RG, Goldberg ID (2003) BRCA1 gene in breast
cancer. ] Cell Physiol 196(1): 19-41.

48. Nutt JE, Harris AL, Lunec ] (1991) Phorbol ester and bryostatin effects
on growth and the expression of oestrogen responsive and TGF-beta 1
genes in breast tumour cells. British Journal of Cancer 64(4): 671-676.

49.Inadera H (2003) Estrogen-induced genes, WISP-2 and pS2, respond
divergently to protein kinase pathway. Biochemical and Biophysical
Research Communications 309(2): 272-278.

50.Beck S, Fegert P, Gott P (1997) Factors regulating pS2-reporter gene
expression in MCF-7 breast cancer cell line. Int ] Oncol 10(5): 1051-
1055.

51.He L, Jagtap PG, Kingston DG, Shen HJ, Orr GA, et al. (2000) A common
pharmacophore for Taxol and the epothilones based on the biological
activity of a taxane molecule lacking a C-13 side chain. Biochemistry
39(14): 3972-3978.

52.Fehr CA, Went P, Maranta M, Cathomas RA (2021) Rare Case of Breast
Malignancy in an Adolescent Woman: Lessons Learned from Diagnosis
and Management. Breast care (Basel, Switzerland) 16(5): 539-543.

53.LiuF LiL, Lan M, Zou T, Kong Z, et al. (2021) Psoralen-loaded polymeric
lipid nanoparticles combined with paclitaxel for the treatment of triple-
negative breast cancer. Nanomedicine (London, England) 16(27): 2411-
2430.

54. Sahu P, Camarillo IG, Sundararajan R (2022) Enhanced Antiproliferation
Potency of Electrical Pulse-Mediated Metformin and Cisplatin
Combination Therapy on MDA-MB-231 Cells. Applied biochemistry and
biotechnology 194(1): 18-36.

55. Machour FE, Abu Zhayia ER, Awwad SW, Bidany Mizrahi T, Meinke §, et
al. (2021) RBM6 splicing factor promotes homologous recombination
repair of double-strand breaks and modulates sensitivity to
chemotherapeutic drugs. Nucleic acids research 49(20): 11708-11727.

56.Cai Y, An B, Yao D, Zhou H, Zhu ] (2021) MicroRNA miR-30a inhibits
cisplatin resistance in ovarian cancer cells through autophagy.
Bioengineered 12(2): 10713-10722.

57.Deroo BJ, Korach KS (2006) Estrogen receptors and human disease. The
Journal of clinical investigation 116(3): 561-570.

58. Arisawa K, Soda M, Akahoshi M, Fujiwara S, Uemura H, et al. (2006)
Human T-cell lymphotropic virus type-1 infection and risk of cancer:
15.4 year longitudinal study among atomic bomb survivors in Nagasaki,
Japan. Cancer science 97(6): 535-539.

59.Lin W, Huang ], Yuan Z, Feng S, Xie Y, et al. (2017) Protein kinase C
inhibitor chelerythrine selectively inhibits proliferation of triple-
negative breast cancer cells. Scientific reports 7(1): 1-12.

60.Southern S, Southern P (2002) Cellular mechanism for milk-borne
transmission of HIV and HTLV. Advances in experimental medicine and
biology 503: 183-190.

61.Cho H, Katzenellenbogen BS (1993) Synergistic activation of estrogen
receptor-mediated transcription by estradiol and protein Kkinase
activators. Molecular endocrinology (Baltimore, Md.) 7(3): 441-452.

62. Weigel NL, Zhang Y (1998) Ligand-independent activation of steroid
hormone receptors. Journal of molecular medicine (Berlin, Germany)
76(7): 469-479.

63. Martin MB, Garcia Morales P, Stoica A, Solomon HB, Pierce M, et al.
(1995) Effects of 12-O-tetradecanoylphorbol-13-acetate on estrogen
receptor activity in MCF-7 cells. The Journal of biological chemistry 270:
25244-25251.

American Journal of Biomedical Science & Research 638


https://pubmed.ncbi.nlm.nih.gov/27420286/
https://pubmed.ncbi.nlm.nih.gov/27420286/
https://pubmed.ncbi.nlm.nih.gov/27420286/
https://pubmed.ncbi.nlm.nih.gov/27420286/
https://pubmed.ncbi.nlm.nih.gov/11697893/
https://pubmed.ncbi.nlm.nih.gov/11697893/
https://pubmed.ncbi.nlm.nih.gov/11697893/
https://pubmed.ncbi.nlm.nih.gov/11697893/
https://pubmed.ncbi.nlm.nih.gov/10702386/
https://pubmed.ncbi.nlm.nih.gov/10702386/
https://pubmed.ncbi.nlm.nih.gov/10702386/
https://pubmed.ncbi.nlm.nih.gov/10702386/
https://pubmed.ncbi.nlm.nih.gov/3025104/
https://pubmed.ncbi.nlm.nih.gov/3025104/
https://pubmed.ncbi.nlm.nih.gov/3025104/
https://pubmed.ncbi.nlm.nih.gov/3025104/
https://pubmed.ncbi.nlm.nih.gov/28594273/
https://pubmed.ncbi.nlm.nih.gov/28594273/
https://pubmed.ncbi.nlm.nih.gov/28594273/
https://pubmed.ncbi.nlm.nih.gov/26796274/
https://pubmed.ncbi.nlm.nih.gov/26796274/
https://pubmed.ncbi.nlm.nih.gov/26796274/
https://pubmed.ncbi.nlm.nih.gov/11562308/
https://pubmed.ncbi.nlm.nih.gov/11562308/
https://pubmed.ncbi.nlm.nih.gov/11562308/
https://pubmed.ncbi.nlm.nih.gov/14758095/
https://pubmed.ncbi.nlm.nih.gov/14758095/
https://pubmed.ncbi.nlm.nih.gov/14758095/
https://pubmed.ncbi.nlm.nih.gov/1899734/
https://pubmed.ncbi.nlm.nih.gov/1899734/
https://pubmed.ncbi.nlm.nih.gov/1899734/
https://pubmed.ncbi.nlm.nih.gov/17395406/
https://pubmed.ncbi.nlm.nih.gov/17395406/
https://pubmed.ncbi.nlm.nih.gov/17395406/
https://pubmed.ncbi.nlm.nih.gov/9191847/
https://pubmed.ncbi.nlm.nih.gov/9191847/
https://pubmed.ncbi.nlm.nih.gov/9191847/
https://pubmed.ncbi.nlm.nih.gov/9191847/
https://pubmed.ncbi.nlm.nih.gov/9191847/
https://pubmed.ncbi.nlm.nih.gov/11222091/
https://pubmed.ncbi.nlm.nih.gov/11222091/
https://pubmed.ncbi.nlm.nih.gov/11222091/
https://pubmed.ncbi.nlm.nih.gov/11222091/
https://pubmed.ncbi.nlm.nih.gov/22299029/
https://pubmed.ncbi.nlm.nih.gov/22299029/
https://pubmed.ncbi.nlm.nih.gov/22299029/
https://pubmed.ncbi.nlm.nih.gov/22299029/
https://pubmed.ncbi.nlm.nih.gov/26183544/
https://pubmed.ncbi.nlm.nih.gov/26183544/
https://pubmed.ncbi.nlm.nih.gov/26183544/
https://pubmed.ncbi.nlm.nih.gov/26183544/
https://pubmed.ncbi.nlm.nih.gov/11295496/
https://pubmed.ncbi.nlm.nih.gov/11295496/
https://pubmed.ncbi.nlm.nih.gov/11295496/
https://pubmed.ncbi.nlm.nih.gov/11804547/
https://pubmed.ncbi.nlm.nih.gov/11804547/
https://pubmed.ncbi.nlm.nih.gov/11804547/
https://pubmed.ncbi.nlm.nih.gov/12559046/
https://pubmed.ncbi.nlm.nih.gov/12559046/
https://pubmed.ncbi.nlm.nih.gov/12767038/
https://pubmed.ncbi.nlm.nih.gov/12767038/
https://pubmed.ncbi.nlm.nih.gov/1911215/
https://pubmed.ncbi.nlm.nih.gov/1911215/
https://pubmed.ncbi.nlm.nih.gov/1911215/
https://pubmed.ncbi.nlm.nih.gov/12951045/
https://pubmed.ncbi.nlm.nih.gov/12951045/
https://pubmed.ncbi.nlm.nih.gov/12951045/
https://pubmed.ncbi.nlm.nih.gov/21533484/
https://pubmed.ncbi.nlm.nih.gov/21533484/
https://pubmed.ncbi.nlm.nih.gov/21533484/
https://pubmed.ncbi.nlm.nih.gov/10747785/
https://pubmed.ncbi.nlm.nih.gov/10747785/
https://pubmed.ncbi.nlm.nih.gov/10747785/
https://pubmed.ncbi.nlm.nih.gov/10747785/
https://pubmed.ncbi.nlm.nih.gov/34720814/
https://pubmed.ncbi.nlm.nih.gov/34720814/
https://pubmed.ncbi.nlm.nih.gov/34720814/
https://pubmed.ncbi.nlm.nih.gov/34749510/
https://pubmed.ncbi.nlm.nih.gov/34749510/
https://pubmed.ncbi.nlm.nih.gov/34749510/
https://pubmed.ncbi.nlm.nih.gov/34749510/
https://pubmed.ncbi.nlm.nih.gov/34741262/
https://pubmed.ncbi.nlm.nih.gov/34741262/
https://pubmed.ncbi.nlm.nih.gov/34741262/
https://pubmed.ncbi.nlm.nih.gov/34741262/
https://pubmed.ncbi.nlm.nih.gov/34718714/
https://pubmed.ncbi.nlm.nih.gov/34718714/
https://pubmed.ncbi.nlm.nih.gov/34718714/
https://pubmed.ncbi.nlm.nih.gov/34718714/
https://pubmed.ncbi.nlm.nih.gov/34747309/
https://pubmed.ncbi.nlm.nih.gov/34747309/
https://pubmed.ncbi.nlm.nih.gov/34747309/
https://pubmed.ncbi.nlm.nih.gov/16511588/
https://pubmed.ncbi.nlm.nih.gov/16511588/
https://pubmed.ncbi.nlm.nih.gov/16734733/
https://pubmed.ncbi.nlm.nih.gov/16734733/
https://pubmed.ncbi.nlm.nih.gov/16734733/
https://pubmed.ncbi.nlm.nih.gov/16734733/
https://pubmed.ncbi.nlm.nih.gov/28515445/
https://pubmed.ncbi.nlm.nih.gov/28515445/
https://pubmed.ncbi.nlm.nih.gov/28515445/
https://pubmed.ncbi.nlm.nih.gov/7683375/
https://pubmed.ncbi.nlm.nih.gov/7683375/
https://pubmed.ncbi.nlm.nih.gov/7683375/
https://pubmed.ncbi.nlm.nih.gov/9660165/
https://pubmed.ncbi.nlm.nih.gov/9660165/
https://pubmed.ncbi.nlm.nih.gov/9660165/

