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Abstract: To study the effects of adriamycin on the expression of BRCA1 and PARP-1 in BRCA1 wild-type MCF-7
cells. We used Western blotting to detect BRCA1 and PARP-1 levels in MCF-7 cells treated with adriamycin, and
used flow cytometry to detect apoptotic MCF-7 cells. Results showed that adriamycin can increase PARP-1 activa-
tion in a dose- and time-dependent manner. BRCAL levels were also increased upon treatment with a high dose of
adriamycin, but gradually decreased over time. Treatment of MCF-7 cells with 3-ABA inhibited PARP-1 activity, but
had no effect on BRCA1 levels. Compared to adriamycin and 3-ABA treatment alone, the co-treatment can increase
the apoptosis of MCF-7 cells. Compared to BRCA1-defective HCC1937 cells, adriamycin combined with 3-ABA can
further induce apoptosis of MCF-7 cells (P < 0.05). All of these suggested that adriamycin can affect the PARP-1 acti-
vation and the expression of BRCA1. Combined with 3-ABA has an additive effect on the rate of apoptosis observed.
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Introduction

Chemotherapy is important for breast cancer
treatment and drug resistance can inhibit the
effectiveness of these agents. The emergence
of drug resistance is closely related to the dys-
regulation of the DNA-damage repair proteins
[1]. Both breast cancer susceptibility 1 (BRCA1)
and poly (ADP-ribose) polymerase (PARP-1) play
an important role during DNA-damage repair
[2].

Germline mutations in the breast cancer sus-
ceptibility genes BRCAL have been linked to
the development of breast cancer [3]. Recent
studies suggest that BRCA1 and PARP-1 maybe
function in the sensing and/or repair of DNA
damage. The first PARP enzyme was discovered
over 40 years ago and PARP-1 is the most
abundant and best-characterized member of
the PARP family of enzymes [4]. PARP-1 has a
key role in the repair of single-strand breaks
(SSBs), resulting from oxidative stress via the
base excision repair/SSB repair (BER/SSBR)
pathway [5]. It has been reported that ADR can
induce decreases in BRCA1l protein and/or

mMRNA in MCF-7 [6]. However, in this study, we
found that the DNA-damaging agent, adriamy-
cin, can upregulate BRCA1 with low does, but
down-regulate BRCA1 with high does, and indu-
ce PARP-1 activation.

Materials and methods
Cell culture

MCF-7 (wild BRCA1) and HCC1937 (mutant
BRCA1) breast cancer cell lines were purchased
from the Cell Bank of Type Culture Collection of
Chinese Academy of Sciences, Shanghai, China.
The cells were cultured in High glucose Dul-
becco’s modified Eagle’s medium (DMEM), con-
taining 10% heat-inactivated fetal bovine serum
(FBS), 100 U/mL penicillin, 100 U/ml strepto-
mycin, and 2 mmol/L L-glutamine, at 37°Cin a
humidified 5% CO, atmosphere.

Cell treatments
Cells were plated into 35 mm dishes (MCF-7, 3

x 10% HCC1973, 5 x 10%) and were treated the
following day with 0.05, 0.1, 0.5, and 1, 2
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Figure 1. PARP-1 activation and the change of BRCA1 expression after different concentrations of ADR treatment
with ADR 24 h, and recovery 12 h were detected by Western blotting in MCF-7 cells. A. The expression of BRCA1 per-
formed the trend of increastion first then reduction, in the concentration of 0.05, 0.1, 0.5, 1 ymol/L, the expression
of BRCA1 increased, in 2 ymol/L, the expression was less than front concentration groups and control group. ADR
induced PARP-1 activation and showed dose dependent. B. Image-Pro plus 6.0 detected the relative expression of
BRCA1 and PARP-1 and PARP-1 actviation. *P < 0.05, compared with control group (BRCA1); *P < 0.05, compared
with control group (PAR); P > 0.05, compared with control group; n = 3.

umol/L ADR, respectively, for 24 hours, fol-
lowed by 12 h of recovery. Cells were then col-
lected, and total proteins were extracted with 1
x cell lysis buffer (20 mM Tris-HCI pH 7.5, 150
mM NaCl, 1 mM Na,EDTA, 1 mM EGTA, 1%
Triton, 2.5 mM sodium pyrophosphate, 1 mM
B-glycerophosphate, 1 mM Na,V0O,, and 1 pg/
mL leupeptin). The expression levels of BRCA1,
PARP-1 and PARP activation were detected by
Western blot with corresponding antibodies.
The control cells were handled similarly without
ADR treatments. Each treatment had 3 repli-
cates for each experiment. Cells treated with 1
UM ADR for 24 h and recovered for 6, 12, 24,
and 48 h were collected for Western blot analy-
sis. The control cells had O h recovery. Each
treatment had 3 replicates for each experi-
ment. All cells were collected for Western blot
analysis to detect the expression levels of relat-
ed proteins. Each treatment had 3 replicates
for each experiment. Cells were plated and
treated with 2.5, 5, 10, and 20 yM PARP-1 inhi-
bitor (3-Aminobenzamide, 3-ABA) (Amresco)
dissolved in DMSO for 24 h, followed by 12 h of
recovery. Cells were collected for Western blot
analysis of BRCA1 and PARP-1 proteins. Cells
without 3-ABA treatment were used as control.
Each treatment had 3 replicates for each
experiment. Flow cytometry was used to detect
cell apoptosis after the treatment of 5 yM
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3-ABA with 1 uM ADR for 24 h, followed by 12 h
of recovery.

Western blot analysis

Cells were detached from the culture dish,
washed with PBS, and lysed in 100 pL lysis buf-
fer for 10 min on ice. The pellet was removed,
and sample buffer was added to the superna-
tant. Proteins were resolved by SDS/PAGE (8%
gel) and transferred onto poly-vinylidene difluo-
ride (PVDF) membrane. The blot was blocked
with 5% (w/v) non-fat powdered milk in PBS
containing 0.1% Tween for 1 h, washed with
PBS/Tween, incubated overnight with antibod-
ies against BRCA1 (Santa Cruz), PARP-1 (Cell
Signaling), PAR (SAB) and a-tubulin (Sigma),
and incubated for 2 h with appropriate second-
ary antibody. Protein bands were visualized by
ECL-plus (Amersham Biosciences), and pictures
were taken with the Chemi-Doc XPS imaging
system.

Detection of apoptosis

The treated cells were washed twice with cold
PBS, before being harvested and resuspended
in 1 x binding buffer. Five uyL FITC Annexin V and
5 pL PI (propidium iodide) were added to the
suspension and incubated for 10 min at RT in
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Figure 2. PARP-1 activation and the change of BRCA1 expression after 1 umol/L ADR treatment with recovery dif-
ferent time. After treatment with 1 ymol/L ADR (24 h) and recovery different time (0, 6 12, 24, 48 h), cells were
harvested and analyzed by Western blot for PAR formation and BRCAlexpression. A. Decreased level for BRCA1
were detected as early as 6 h after ADR treatment and recovery, but these alterations were much more prominent
after long times. PARP-1 activation showed time dependence, but with a prominent increase observed by 6 h after
ADR treatment and recovery. B. Relative expression levels of the three proteins determined by Image-Pro plus 6.0 in
MCF-7. "P < 0.05, compared with the O umol/L doxorubicin group & the O recovery time group (BRCA1); *P < 0.05,
compared with the O uymol/L doxorubicin group & the O recovery time group (PAR); P > 0.05, compared with the O
pmol/L doxorubicin group & the O recovery time group (113 kDa PARP-1); n = 3.

0(-) O(+) 6(+) 12(+)24(+)48(+)

MCE-7 Statistical analysis

0 25 5 10 20 3-ABA pmollL Image-Pro plus 6.0 was used to quantify the
BRCA1 bands from western blotting. Results were pre-
SRR sented as means * S.D. Thettest was per-
formed using the Statistical Package for Social
Science (SPSS for Windows package release
17.0) and indicated in Results and Figure leg-
ends. P < 0.05 was considered as statistically
significant. P < 0.05; “P < 0.01.

PAR

Results

ADR treatment induces PARP-1 activation and
decreases BRCA1 expression in MCF-7 cells

113 kDa PARP-1
89 kDa PARP-1

a-tubulin It has been shown in many different cells that

Figure 3. PARP-1 inhibitor 3-ABA treatment inhibits Infringing DNA damage activates PARP-1 [7].

PARP-1 activation. 3-ABA significantly inhibited PAR The impact of DNA damaging agent, ADR, on
formation after 24 h treatments of 2.5, 5, 10, and PARP-1 activity remains unknown. Additionally,
20 umol/L of 3-ABA for 24 h and 24 h of recovery in BRCA1 has been implicated in the process of
MCF-7 cells. And the results also showed that 3-ABA apoptosis and both BRCA1 and BRCA2 may be

didn’t affect the expression of BRCA1 and the full-

length PARP-1. Cells were harvested and analyzed by Involved' n D]L\IAB;%DAH:]I-I’ [8]('j V;I)zRe;(z;-m;nﬁd t.he
Western blot, and a-tubulin was used as the loading éxpression 0 an -1 ftollowing

control. treatment of MCF-7 human breast cancer cells
with ADR. Cells were treated with 0, 0.05, 0.1,
0.5, 1, 2 uM ADR for 24 h, and examined by

the dark, before 400 uL 1 x binding buffer was Western blot. No obvious cytotoxicity was
added to each tube for flow cytometry analysis observed in cells treated with ADR. ADR initially
(Becton Dickinson) within 1 h. increased BRCA1 levels, but its level was
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Figure 4. Effect of PARP-1 inhibition on cell apoptosis after ADR treatment. Cell apoptosis of MCF-7 cell lines, after
co-treatment 24 h with 1 yM ADR and 5 yM 3-ABA, and 12 h recovered, measured by FCM. D. The PARP-1 inhibitor
3-ABA significantly increased the cell apoptosis induced by ADR inMCF-7 cells; E. and 3-ABA can further increase
the HCC1937 cells apoptosis compared with MCF-7 cells induced by ADR. *P < 0.05, compared with the control
group (MCF-7); *P < 0.05, compared with the ADR MCF-7 cell lines group & the control group; P < 0.05, compared
with the ADR + 3-ABA MCF-7 cell lines group; n = 3. (A: Control group MCF-7, B: ADR-treated MCF-7, C: 3-ABA-treated
MCEF-7, D: ADR and 3-ABA co-treated HCC1937, E: ADR and 3-ABA co-treated MCF-7).

reduced over time. Low BRCA1 expression was
induced using high dose ADR compared to low
dose ADR (Figure 1A). We hypothesized that
the activation of PARP-1 (PAR) may counteract
the ADR-induced cytotxicity by promoting DNA
repair. First, we demonstrated that ADR induced
PARP-1 activation, PAR (P < 0.05) (Figure 1A),
but did not effect levels of full-length and
cleaved PARP-1 (P > 0.05) (Figure 1A).

ADR treatment decreases BRCA1 and induces
PARP-1 activation

MCF-7 cells were treated with ADR (1 uM) and
cells were collected at different time points to
assess BRCA1 level and PARP-1 activation.
Decreased levels of BRCAL1 were detected as
early as 6 h after ADR treatment and recovery,
but these alterations were much more promi-
nent with time (Figure 2A). PARP-1 activation
occurred in a time-dependent manner, with a
prominent increase by 6 h after ADR treatment
and recovery (Figure 2A). In MCF-7 cells con-
taining WT p53, signifcant down-regulation of
BRCA1 was observed by 6 h and with time after
ADR treatment and recovery. Signifcant up-reg-
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ulation of PARP-1 activation was also observed.
In all treatment conditions, PARP-1 cleavage
fragments were observed without significant
changes in full-length PARP-1 (P > 0.05) (Figure
2A).

No effects of PARP-1 inhibitor on BRCA1
expression

PARP-1 inhibitor, 3-aminobenzamide (3-ABA),
inhibits the activity of poly (ADP-ribose) trans-
ferase enzymes, and can prevent ADR-induced
PARP-1 activation. PARP-1 inhibitor has poten-
tial clinical application [9]. We used 2.5, 5, 10,
and 20 uyM 3-ABA to treat MCF-7 cells for 24 h,
followed by 12 h of recovery. As shown in Figure
3, 3-ABA inhibited the expression of PAR but
did not affect the expression of BRCA1 and the
full-length PARP-1.

Co-treatment of MCF-7 and HCC1937 cells
with doxorubicin and 3-ABA potentiates apop-
tosis cell death

MCF-7 cells normally express WT BRCA1. To
determine the different in the ability of DNA-
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damage repair between BRCA1 and PARP-1, we
compared HCC1937 cells with mutant BRCA1
(BRCAZL/) [10]. We further determined whether
changes in BRCA1 and PARP-1 activation
induced by adriamycin might be directly related
to its cytotoxicity. MCF-7 and HCC1937 cells
were co-treated with 5 yM 3-ABA and 1 yM
ADR for 24 h and recovered for 12 h, and apop-
tosis was detected by FCM. We observed that
the degree of apoptosis was greater in MCF-7/
WT BRCA1 cells than in HCC1937 parental
cells (Figure 4).

Discussion

Breast cancer is one of the most common and
important diseases affecting women. More
than 40%-50% of the hereditary breast can-
cers are linked to germ-line breast cancer
(BRCA1/2) gene mutations [11]. The breast
cancer susceptibility gene, BRCA1, an impor-
tant determinant of response to DNA-damaging
agents, has been is linked to the resistance of
tumor cells to ionizing radiation (IR) or other
DNA-damaging agents due to up-regulation of
DNA-damage repair and damage-induced che-
ckpoint controls [12]. BRCA1 is a tumor sup-
pressor gene. It has been shown that upregula-
tion of BRCA1 expression leads to increased
resistance to CDDP in ovarian cancer cells, but
it was different to DNA helix intercalator and
topoisomerase Il inhibitor ADR [13]. Poly (ADP-
ribose) polymerases (PARPs) play a key role in
the repair of base damage via the base excision
repair pathway [14]. Pharmacological inhibition
of PARP induces cell death in tumors with muta-
tions in certain DNA repair pathways, such as
the BRCA pathways of double-strand break
repair, and when combined with chemothera-
pies that cause DNA damage [15]. ADR has
long been considered one of the most active
agents in the treatment of breast cancer [16].
ADR causes DNA double strand and single
strand breaks by inhibiting topoisomerase |l
[47]. It is also a powerful iron chelator. Iron
induces cell death by binding to DNA and pro-
ducing free radicals that immediately cleave
DNA and disrupt cell membranes.

Although, it has been reported that ADR can
induce decreases in BRCA1 protein and/or
MRNA in MCF-7 [6, 18], in this study, we first
demonstrated that BRCA1l levels decrease
upon treatment with high dose cytotoxic agents
ADR but increase upon treatment with low does
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ADR in MCF-7 cells. Time-dependent decrease
of BRCA1 was detected as early as 6 h after 1
pumol/L ADR treatment and recovery, but these
alterations were much more prominent over
time. Dose and time dependent up regulation
of PARP activation protein were first observed
as early as 6 h after treatment and 6 h recov-
ery. The ADR-induced down-regulation of BRC-
Al did not appear to be directly related to the
induction of apoptotic DNA fragmentation or
cell death in HCC1937 cells (BRCA1/). Promi-
nent apoptosis of MCF-7 cells with wild-type
BRCA1 was observed with ADR.

BRCA1 encodes the tumor suppressor protein
that acts as a negative regulator of tumor
growth [19]. The functional BRCA1 protein is
present in normal breast epithelial tissue and
is reduced or absent in some breast tumors.
Therefore, BRCA1 may function in monitoring
genomic integrity and in DNA repair [20]. Many
chemotherapeutic agents including ADR induce
DNA damage in mammalian cells and eventu-
ally deregulate the growth control or cause dis-
tractions in DNA metabolisms. Our results
show that ADR can down-regulation BRCA1 at
high dose, but with time dependent at 1 umol/L
ADR treatment and increased PARP-1 activa-
tion in a dose- and time-dependent manner.
Low expression of BRCA1 is associated with
decrease DNA-damage repair activity which
may allow cells to be more susceptible to
undergo apoptosis. PARP-1 activation can
enhance DNA-damage repair and decrease cell
apoptosis. For ADR treatment, compared with
DNA repair, DNA damage plays a more impor-
tant role. Thus, if BRCAL is mutated or deleted,
PARP-1 activation would play a more important
role in DNA damage repair. Inhibiting PARP-1
activation will increase tumor cells apoptosis.
Poly (ADP-ribose) polymerase inhibition enhan-
ces DNA damage responses induced by DNA
damaging agent, especially with BRCA1 muta-
tion or deletion. PARP inhibitors are being inve-
stigated as a monotherapy for the treatment of
patients with BRCA1/2 mutations [21]. It is
also investigated for triple-negative breast can-
cers because of its molecular similarities to
BRCA1-mutated malignancies [22]. PARP inhib-
itors may be a potential therapeutic strategy to
potentiate the DNA-damaging effects of che-
motherapy and radiation [23].

In conclusion, we observed that the DNA-
damaging agent, ADR, induced down-regulation

Int J Clin Exp Pathol 2014;7(9):5909-5915
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of BRCA1 and up-regulation PARP-1 activation
in MCF-7 cell lines. The sensitivity of MCF-7
cells with BRCA1/ to adriamycin-induced cell
apoptosis. Abrogating the cell-cycle arrest
induced by PARP inhibition plus chemothera-
pies may be a strategy in the treatment
of BRCA-proficient cancer. Further research is
required to establish the mechanism(s) and
functional significance of down-regulation of
BRCA1 and up-regulation of PARP-1 activation.
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