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Abstract

Background: Breast cancer (BC) is a complex disease, but current treatments are not efficient enough considering increased relapse
and decreased survival rate among patients. Poly (ADP-ribose) polymerase inhibitors are recently developed anticancer agents which
target cells with defects in homologous recombination (HR) pathway. This study wishes to assess whether the combination of
AZD2461 as a newly developed PARP1 inhibitor and valproic acid (VPA), a histone deacetylase inhibitor could effectively reduce the
growth of MCF-7 cells with no fundamental DNA repair defect.

Methods: Both trypan blue dye exclusion assay and MTT viability test were used to evaluate cell death. y-H2AX levels, as a marker
of DNA repair, were measured using in cell ELISA method. The Student's t-test and non-parametric analysis of variance (ANOVA)
were applied for our data analyses where p-value <0.05 was considered statistically significant.

Results: As calculated by CompuSyn software, IC50 values for VPA and AZD2461 were 4.89 mM and 42.83 puM respectively
following 48 hours treatment. Also, the trypan blue exclusion assay results showed a concentration- and time-dependent decrease when
MCEF-7 cells were treated with both agents (p<0.05). Combination analysis showed a mild antagonism (CI>1.1) while y-H2AX levels
found not to be significantly increased in MCF-7 cells co-treated with VPA+AZD2461 compared to each agent alone (p=0.29).

Conclusion: Our findings revealed that the combination of VPA and AZD2461 could decrease cell viability of MCF-7 cells, but it was not
able to significantly increase unrepaired DNA damage sites. The mechanism responsible for drugs combination was not of synergism or
addition. Determining the type of involved cell death mechanisms might be followed in further studies.
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Introduction
Breast cancer (BC) is the most frequent female tumor  worldwide (1). The range of mortality rates due to this
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harboring no mutations in their homologous recombination repair
pathway while using this regimen, the unrepaired DNA damage
sites was not significantly increased, indicating that
AZD2461+VPA could not enhance H2AX phosphorylation.
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type of cancer is approximated up to 6-19 per 100,000 (2).
Recent studies have shown that BC associated mortalities
in industrialized countries (i.e., the United States) has
been decreased but in developing countries, the disease is
still on the rise, especially in Iran. It is also estimated that
BC incidence among Iranian females is almost 10 years
earlier than their western counterparts (3). Depending on
subtype and stage of BC, there are various strategies to
treat it, including Surgery, hormone therapy, radiation
therapy, chemotherapy and finally targeted therapy and
many patients get more than one type of treatment for the
enhancement of their survival (4). There is an increasing
number of genes that increase the risk of developing BC
when they carry a mutation, such as CTLA4, CYPI19A41,
FGFR2, ATM, BARDI, BRIPI, CASPS8, and TERT(5).
Accordingly, one of the crucial reasons for the failure of
cancer treatment methods is the presence of one or more
of these mutations (6). About 5% to 10% of breast cancer
patients have a mutation in such important genes (7). For
example, BRCAI (breast cancer responsibility gene 1)
and BRCA?2 (breast cancer responsibility gene 2) are two
key genes which their product is involved in repair cell
damage response (8) but many tumor cells derived BC
cells do not carry such (i.e., MCF-7 cell line) mutations.
Advanced Breast cancers are often attributed to defects in
DNA damage response (9), and unrepaired DNA lesions
can lead to cancer development and progression (10). Poly
(ADP-ribose) polymerases (PARPs) is an enzymatic pro-
tein family which is responsible for poly (ADP-
ribose) polymerization and transfer of ADP-ribose to tar-
get proteins at the sites of DNA damage (11). Their roles
in DNA repair, programmed cell death (PCD), and ge-
nomic stability has been well established (12). Contrib-
uting to repair of single- or double strand DNA breaks
(SSBs and DSBs respectively) is considered to be the
most critical functions of this enzyme family consisting of
17 members (13). Recent studies on the field of drug de-
velopment are focused on using PARP inhibitors (PARP1)
in order to perturbate the DNA damage response. Current-
ly, clinical trials suggest that PARP inhibitors may be use-
ful in the treatment of BRCA-related and triple-negative
breast cancer (14). Rucaparib (PF-01367338), Niraparib
(MK-4827) and Olaparib (AZD-2281) are three classical
PARPi which approved by FDA while others are still in
early or mid-phases of clinical trials (15). AZD2461 is a
novel PARP1, PARP2 and PARP3 inhibitor which initial-
ly developed by AstraZeneca but its phase I clinical stud-
ies for treating solid malignancies was terminated in 2011
due to efficacy problems (16). As a novel and well tolerat-
ed structural analogue for olaparib, AZD2461 displayed
high antitumor activity in BC patients (17).

On the other hand, the co-treatment of cancer cells with
histone deacetylases (HDACsS) inhibitors showed promis-
ing advances in the field of cancer therapies (18). Histone
deacetylases (which consist of HDAC1 to HDACI11 and
sirtuins) are a family of enzymes that remove acetyl
groups from histones, allowing them to wrap the DNA
tightly (19). HDACSs inhibitors (HDACi) selectively inhib-
it HDAC:s, lead to reduce chronic inflammation and induc-
tion of apoptosis in the intestine and colorectal cancer
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(20). Valproic acid (VPA) is a member of HDAC inhibi-
tors that proved efficacious in inhibiting the growth of
breast cancer cells alone or in combination with ionizing
radiation (IR) in order to sensitize the tumor cells to cell
death-inducing agents (21). Recent experiments unrav-
eled the synergism relationship between HDACi and Poly
(ADP-ribose) polymerase (PARP) by suppressing cell
growth in vitro. For example, triple-negative breast can-
cers (TNBCs) are conceived to be resistant to PARP in-
hibitors, but HDAC inhibitors could sensitize TNBC cells
to olaparib by down-regulating proteins involved in DNA
repair pathways (22). The phosphorylation of histone
H2AX is the first event in response to DNA damage by
HDACSs and PARPs in cancer cells (23). Hence, the detec-
tion of phosphorylated H2AX can potentially assist the
transformation of non-tumor cells to malignant cells.
However, the fact that whether the combination of multi-
ple drugs targeting DNA repair pathways could be useful
in the treatment of BC is ill-defined. Previous studies re-
vealed that the combination of PARPi and HDACI in-
duced significantly more DSBs than either agent alone
while activating apoptotic cell death mechanisms (24).
Although recent studies regarding co-treatment of BRCA-
deficient BC cells with these two inhibitors were shown
promising outcomes in the clinic and in vitro, not many
BC cell lines harbor germline mutations in their DNA
repair pathways. This indicates the necessity of investigat-
ing the possible strategies for combining newly developed
specific DNA repair inhibitors and histone deacetylase
inhibitors in tumor cells without such genetic back-
grounds.

We hypothesized that VPA and AZD2461 together
could inhibit the growth of MCF-7 breast cancer cells with
no hampered DNA-repair capacity. The current study is
conducted to investigate whether the combined use of
these inhibitors could improve their antiproliferative and
DNA repair efficacy in MCF-7 cell, not carrying such
mutations in their profile of DNA repair genes.

Methods

Chemicals, Cell line and Culture Methods

MCF-7, human breast (ademocarcinoma) cell line was
sourced from Pasteur Institute of Iran and were grown in
RPMI 1640 medium obtained from INOCLON (G. Inno-
vative Biotech Co (INOCLON), Iran) supplemented with
10% FBS (Gibco, Rockville, MD, USA), antibiotic-
antimycotic solution (containing 100 mg/ml of penicillin,
2.5 mg/L of amphotericin B, and 100 U/ml of streptomy-
cin. 0.25% Trypsin-EDTA solution (G. Innovative Bio-
tech Co (INOCLON), Iran) was used to detach cells from
the surface. AZD2461, VPA, Tween 20, Trypan blue and
Triton X-100 was procured from Sigma-Aldrich (St. Lou-
is, MO, USA). Cell culture flasks and microtiter plates
were supplied by Biofill (Jet Biofill, China). All other
chemicals were of certified reagent analytical grade.

MTT Assay
For evaluation of the viability of MCF-7 cells in re-

sponse to both drugs alone or combined, MTT assay was
performed (25). At first, 6000 cells/well were seeded. Af-
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ter one day, cells were exposed to AZD2461 and VPA at
the concentration ranging from 0.5mM to 16mM for VPA
and 5uM to 160uM for AZD2461. After 24, 48 and 72
hours incubation, 20uL of 5 mg/ml tetrazolium dye was
added to each micro-well and cells were incubated for 3
minutes. Then, the culture was replaced by 200uL of
DMSO and kept for 20 minutes in the dark. Using a STAT
FAX 2100 microplate reader, the absorbance at 570 nm
wavelength was calculated. The viability percentage was
calculated as below mentioned.
Mean OD treatment/Mean OD control x100= %

Trypan Blue Dye Exclusion Assay

The trypan blue dye exclusion assay is used to find the
number of viable cells in a cell Suspension (26). Firstly,
50uL of cell suspension was added into a cryo-vial. Then,
an equal volume of 0.4% trypan blue dye was placed to
the cell suspension and mixed. Mixture Incubated for at
least 3 minutes at room temperature. With the coverslip,
one side of a hemacytometer counter filled with the cell
suspension and using a conventional light microscope,
coloured (death) cells were detected, and therefore the
percentage of viable cells was calculated.

H2AX In Cell Elisa Assay

We used the DuoSet IC ELISA kit (R&D Systems,
Minneapolis, USA) according to the kit manual to meas-
ure phosphorylated H2AX in cell lysates (27). Briefly, the
captured antibody was diluted in PBS and immediately
coated to a 96 well microplate (100 pL/well) and incubat-
ed 24 hours at room temperature. Following 3 times wash-
ing, 300 pL of block buffer was added and incubated at
room temperature for 90 minutes. Then 100 pL of sample
or standard in IC Diluent added and incubated 2 hours at
the same temperature. Then, washing steps were repeated
and by placing 100 pL of the diluted detection antibody
into each well, the plate was again incubated 2 hours at
room temperature. Next, 100 pL of the diluted Streptavi-
din-HRP placed into each well before incubating for 20
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minutes at the mentioned temperature. In next step after
washing, 100 pL of substrate solution was added, and af-
ter 20 minutes, 50 pL of stop solution added to each mi-
crowell, and the optical density (OD) of each well was
directly measured at 450nm. The fold changes were calcu-
lated by dividing absorbance values (OD) of treated cells
by the OD values of adjusted untreated cells in a time-
dependent manner.

Data Analysis and Statistical methods

Using SPSS16 software for Windows (release 16, SPSS
Inc., Chicago, Illinois), the Student's t-test and non-
parametric analysis of variance (ANOVA) were per-
formed for our data analyses when appropriate. In all as-
says, p-value <0.05 was considered significant.

Analysis of Drug Combination

MCEF-7 cells were exposed to both agents (VPA:
0.15mM - 20mM and AZD2461: 1.5uM - 200uM) with
the combined ratio of 1:115, each diluted 1:2. The drug
interactions between constant ratios of both inhibitors
were calculated using CompuSyn software (Version 1.0,
Combo-Syn In., US) based on Chou-Talalay principles for
drugs combination (28) where CI (combination index)
values indicate the mechanism of drugs interaction. Brief-
ly, CI1> 1.1, CI =0.9-1.1, CI < 0.9 represent antagonism,
an additive effect, and synergism respectively. The con-
centration-effect relationships for this combination regi-
men were plotted using the Median-Effect principles (29).

Results

Anti-proliferative Effects of VPA, AZD2461 and Their
Combination on MCF-7 Cells

As shown in (Figs. 1A and 1B), both agents diminished
cell viability of MCF-7 cells in concentration and time-
dependent manners which was in agreement with the re-
sults of trypan blue dye exclusion assay (Figs. 2A and
2B). VPA significantly decreased the number of viable
cells following 24 hours (p=0.005), 48 hours (p=0.002),
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Fig.1. Concentration-response effects of both inhibitors on MCF-7 cells following 24, 48 and 72 hours of treatment with AZD2461 (A), VPA (B)
and their combination (only after 48 h treatment) (C) depicted by GraphPad prism Software. Combination index plot (D) and median effect-plot (E)
for AZD2461+VPA co-treatment are plotted. Various effective doses (EDs) for combining both agents combination demonstrates mild antagonism

(CI>1.1) (F) in MCF-7 cells.
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and 72 hours (p=0.001) of treatment while these p-values
were p=0.008, p=0.006, and p=0.003 in cells exposed to
AZD2461 after the same periods, respectively.

Analyses of drug combination using combination index
and median-effect plots indicate that combination of these
two agents would instead exert mild antagonism and not
benefits from additive or synergistic interactions (CI>1.1)
(Figs. 2D, E). Also, various effective doses (EDs) of VPA
and AZD2461 showed CI values higher than 1.1 (Fig. 2F)
which indicates the type of drug relationship based on
different mechanisms of action. Therefore, the co-
treatment of MCF-7 cells with both agents was not suffi-
ciently able to suppress cell proliferation. Table 1 shows
the IC50 values calculated by CompuSyn software for
both agents alone or in combination.

Effects of Combination with VPA and AZD2461 on y-
H2AX Levels of MCF-7 Cells

As shown in Figure 3, following 24 h treatment, the lev-
els of y-H2AX were significantly increased up to 1.9, 2.8
and 1.7 fold compared to adjusted untreated cells when
treating MCF-7 cells with VPA, AZD2461, and their
combination, respectively; but co-treatment of two agents
did not significantly increase phosphorylated H2AX levels
compared to each drug alone (p=0.290).
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Table 1. IC50 values of AZD2461, VPA and their combination
on MCF-7 cell line calculated by CompuSyn software

Agents IC50 Values
VPA(mM) 4.61
AZD2461(uM) 41.68
VPA+AZD2461 82.71
Discussion

Drug combination has proved to be one potential strate-
gy towards increasing therapeutic index and overcome
drug resistance against tumor cells (30). Although it is
well established that BC cells, could be more responsive
to a combination of HDACi and PARPi, compared to each
agent alone (31), our information concerning this proce-
dure and possible drug interaction effects still remained
incomplete. So far, several studies examined the combina-
tion of VPA with another agent in cancer therapy (32-34).
Otherwise, some studies have concluded that VPA is ca-
pable of inhibiting HDACs (35). Kuendgen indicated
VPA combined with all-trans retinoic acid synergistically
suppressed tumor cells growing in patients with acute my-
eloid leukemia (36). Rottenberg found that olaparib has
efficacy against BRCA1-deficient breast cancer in combi-
nation with platinum drugs or when used as a mono-
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Fig. 2. The effects of AZD2461 (A) and VPA (B) on the viability of MCF-7 cells using trypan blue exclusion assay after 24 to 72 hours treatment

(**p<0.05 compared with control).
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Fig. 3. Analysis of y-H2AX following 24 h treatment with VPA, AZD2461 and their combination. Fold changes were calculated by dividing OD
values of treated cells to the OD values of untreated cells. The results indicate that the combination of both agents did not significantly enhance
H2AX phosphorylation of MCF-7 cells (**p<0.05 compared with adjusted untreated cells).
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therapeutic agent (37). O'Connor and colleagues investi-
gate the efficacy of AZD2461 against olaparib-resistant
tumors that overexpress P-glycoprotein, suggesting that
use of this specific PARP1-3 inhibitor may have benefits
in terms of causing lower drug resistance than olaparib in
vitro (38). Konstantinopoulos and colleagues investigated
the effects of suberoylanilide hydroxamic acid (SAHA) as
an HDACI and olaparib in ovarian cancer cells harboring
mutations in BRCA. Based on their findings, SAHA com-
bined with olaparib induced higher apoptosis rates and
H2AX loci formation than each other drug alone (39).
Phosphorylated H2AX (y-H2AX) is a marker of unre-
paired DNA damage that found to be decreased in cells
treated with PARPi (40). Also, VPA and PARPi lead to a
decrease in mRNA levels of some important DNA repair
genes (41).

In the current study, we investigated the combined ef-
fects of VPA and AZD2461 in MCF-7 BC cell line be-
sides measuring phosphorylated H2AX in cell lysates as a
marker of DNA damage response perturbation. While
many prior studies discovered a synergistic relationship in
case of combining other HDACi and inhibitors of PARP
family members (42, 43), our results did not indicate the
probable interaction between VPA and AZD2461. Our
data regarding the quantification of phosphorylated H2AX
in MCF-7 cells was also indicative of such mentioned
drug interaction. In an experiment conducted by Ha et al.
(2014), the synergistic lethal effect of combining ABT-
888, a PARPI, in combination with pan-histone deacety-
lase inhibitor (HDI) and cisplatin was evaluated in human
triple negative breast cancer (TNBC) cells (24). The out-
comes of this study were in agreement with our findings,
suggesting that such co-treatment strategies could prove
efficacious in MCF-7 cells irrespective of BRCA1 expres-
sion status. This matter is important since a majority of
TNBC cells lack germ-line mutations of HR-related fac-
tors. To best of our knowledge, the combination of these
two drugs in this BC cell line with this genetic profile did
not study before since AZD2461 is known as a recently
designed analogue for olaparib. Considering the novelty
of combining AZD2461 with other HDACis or classical
chemotherapeutic agents, differ
ent combinations of strategies may be followed. Our find-
ings support the rationale to use this novel combination
against human BC cells and other malignancies.

Conclusion

We concluded from our data that although combination
regimen of VPA and AZD2461 could decrease cell viabil-
ity of MCF-7 cells, it was not able to significantly increase
unrepaired DNA damage sites and the mechanism respon-
sible for drugs combination was not of synergism or addi-
tion. Assessment of other cell death markers, flow-
cytometric analyses of cell death and evaluating the rela-
tive expression of main DNA repair genes and proteins
might be followed in further experiments.
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