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In a previous study we reported the role of potent bisindole-PBD conjugate as an inclusion in the arsenal of breast
cancer therapeutics. In breast cancer cell proliferation, PI3K/AKT/mTOR pathway plays a crucial role by prosurvival
mechanism that inhibits programmed cell death. Here, 2 breast cancer cells lines, MCF-7 and MDA-MB-231 were treated
with Vorinostat (suberoylanilide hydroxamic acid / SAHA) and bisindole-PBD (5b). We have investigated the effect on
PI3K/AKT/mTOR pathway and SIRT expression including epigenetic regulation. There was consistent decrease in the
level of PI3K, AKT, mTOR proteins upon treatment of 5b in both MCF-7 and MDA-MB-231 cell lines compared to
untreated controls. Treatment with caspase inhibitor (Q-VD-OPH) confirmed that the effect of 5b on PI3K signaling was
ahead of apoptosis. Real time PCR and western blot analysis showed profound reduction in the mRNA and protein
levels of SIRT1 and SIRT2. Molecular docking studies also supported the interaction of 5b with various amino acids of
SIRT2 proteins. Treatment with 5b caused epigenetic changes that include increase of acetylated forms of p53, increase
of histone acetylation at p21 promoter as well as decrease in methylation state of p21 gene. Compound 5b thus acts as
SIRT inhibitor and cause p53 activation via inhibition of growth factor signaling and activation of p53 dependent
apoptotic signaling. This present study focuses bisindole-PBD on epigenetic alteration putting 5b as a promising
therapeutic tool in the realm of breast cancer research.

Introduction

Breast cancer is the most common form of malignancy diag-
nosed in women and is the second most common cause of can-
cer-related deaths among women worldwide. Despite the
invention of recent advances in technologies and treatment meth-
odologies, breast cancer still continues to be one of the most dan-
gerous diseases among the women. Therapeutic approach to treat
this disease includes a combination of targeted, chemotherapy
and hormonal therapy. Yet, most of the patients with breast can-
cer possess de novo resistance and the remaining patients become
drug resistant.1 Drug resistant breast cancer in most cases is asso-
ciated with poor prognosis,2,3 requiring the need for new thera-
peutic approach or development of better drugs. Recent studies
have indicated that inhibition of cell survival and induction of
apoptosis increases the therapeutic efficiency.4 Various growth
factors and growth factor mediated signaling pathways play
important role in tumorigenesis that is mainly regulated by
PI3K/AKt/mTOR signaling cascade. The components of this
cascade are aberrantly expressed or mutated in breast cancer.
Studies by Carnero A et al. 2008 have indicated that a class of

HDAC protein SIRT1 is required for PI3K mediated cancer cell
growth.5,6 PI3K/Akt /mTOR signaling can reduce p53 response
through inhibitory effect on its stability.7

Tumor suppressor gene p53 plays a crucial role in executing
anti-proliferative effects such as growth arrest, apoptosis and cell
senescence, in response to various types of stress.8 In most can-
cers, it is found to be mutated. The genomic instability due to
loss of p53 function initiates tumor progression.9-11 Chemothera-
peutic approach in cancer cells where p53 is mutated does not
cause apoptosis; thereby resulting in drug resistance.12,13 p53 sta-
bilization and transcriptional activation are crucial regulatory
processes that occur in cancer cells when treated with anti-cancer
compounds. Ubiquitination, phosphorylation and acetylation
are important post-translational modifications that dictate p53
stability and function.14 Increase in p53 stability is caused by
N-terminal phosphorylation at ser15 and ser20. p53 phosphory-
lation at ser15 position is necessary for its activation.15,16 In addi-
tion to phosphorylation, acetylation of p53 at lysine 373 and 382
also plays an important role in p53 activation.17

Epigenetic programming is vital for proper development in
mammals. Its stable inheritance is crucial for maintenance of
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cellular functions. Changes in epigenetic programs cause a
change in the accessibility of the chromatin to transcriptional fac-
tors.18 Epigenetic modifications along with genetic alterations
lead to cancer. Acetylation of histones is related to the relaxation
of chromatin structure and transcriptional activation.19 In most
cancers, loss of acetylation at lysine 16 and trimethylation at
lysine 20 of H4 is observed.20 These modifications at lysine resi-
dues affect the expression of genes either by providing binding
sites for detector proteins regulating the chromatin access or by
altering affinity between DNA and histones. The acetylation state
at the N terminal histone tail is controlled by 2 oppositely acting
enzymes: histone acetyltransferases (HAT) and histone deacety-
lases (HDACs).21 In mammals, HDACs are divided into 4 clas-
ses: class I HDACs (1– 3 and 8), class IIa HDACs (4, 5, 7 and 9)
and Class IIb HDACs (6 and 10), class III HDACs (SIRTs 1–7)
and class IV (HDAC11).22 NAD-dependent Class III histone
deacetylase SIRT1 is a protein that has multiple functions and
has been demonstrated to be critically involved in stress response,
cellular metabolism and aging by deacetylation of variety of sub-
strates including p53, forkhead transcription factors, PGC-1a,
NF-kB, Ku70 and histones. SIRT2 is also found to be associated
with various cellular functions by regulating p53, H3 and H4.
Increasing evidences indicate that SIRT1 play a complex role in
tumorigenesis with functions in both tumor-promotion and
tumor suppression.23 SIRT1 physically interacts with p53 and
cause deacetylation of p53 that leads to repression of p53-depen-
dent apoptosis in response to DNA damage.24 In many malig-
nant conditions like breast cancer, colon cancer and leukemia,
SIRT1 is found to be over expressed. Recent studies have indi-
cated that inhibition of SIRT proteins lead to an activation and
stabilization of p53 via acetylation and induce apoptosis in breast
cancer cells.25,26

Epigenetic silencing of tumor suppressor genes and other epi-
genetic abnormalities also occur due to changes in the methyla-
tion pattern of the promoter.27 DNA methylation results in the
recruitment of HDACs to the promoter and repressing the
expression of the genes. Hypermethylation in CpG-island of pro-
moter region and global hypomethylation are the predominant
events frequently found in tumors. DNA hypomethylation in the
promoter CpG islands of tumor suppressor genes are associated
with histone modifications, such as gain of histone H3, H4 acety-
lation and loss of H3K9 and H3K27 methylation. These changes
in histone lead to activation of tumor suppressor gene p21.
Silencing of genes as a result of DNA methylation can be reversed
with demethylating agents.28 Reversal of DNA methylation and
re expressing the silenced genes lead to a new approach that can
be used clinically in malignancies.

Pyrrolo[2,1-c][1,4]benzodiazepines (PBDs), are well known
sequence selective DNA interactive agents that bind to the minor
groove of DNA and exhibit potent anticancer activity.29 In our
previous studies on a small molecule bisindole-pyrrolobenzodia-
zepine conjugate, we had shown DNA damage induced apoptosis
by the compound in breast cancer cells via the involvement of
p53 gene.30 Here in this study we have made an attempt to
understand the possible role of the compound 5b in regulating
the balance between survival and apoptotic factors in breast

cancer cells. Studies by Fr€ojd€o S et al. have revealed that a sub-
stantial relationship exists between sirtuins and PI3K/AKT path-
way.31 Both Sirt1 and Sirt2 play a pivotal role in AKT activation
in cancer cells along with constitutive PI3K induction. Present
study focus on modulation of growth factor survival proteins
such as PI3K/Akt/mTOR and SIRT that regulate the activity of
p53 and its dependent apoptotic activity in controlling breast
cancer cell proliferation via epigenetic modifications of p21.

Results

Bisindole-PBD (5b) conjugate inhibits breast cancer cell
proliferation and migration

To see the effect of 5b on cell proliferation in vitro clono-
genic assay was performed in 2 different breast cancer cell
lines MCF-7 and MDA-MB-231. This assay determines the
ability of a cell to proliferate indefinitely thereby producing
colonies or clones. Cells from actively growing cell culture in
monolayer were trypsinized to make a suspension. Approxi-
mately 500 cells were seeded per well of a 6 -well plate and
treated separately with 4 mM of SAHA (a well known
HDAC inhibitor) and 5b for 24 h, followed by PBS wash.
Cells were then grown in complete media for 10 d. Number
of colonies formed was counted. Simultaneously same num-
bers of cells were also separately treated with DMSO that
serves as control. Compound 5b treated both the breast can-
cer cell lines exhibited drastic decrease in number compared
to DMSO treated control cells (Fig. 1B, 1C). This observa-
tion clearly show that compound 5b produce cell prolifera-
tion arrest. We next performed wound healing assay to see
the effect of compound 5b on cell migration, an important
event in metastasis. Wound healing assay was performed after
treatment of both the breast cancer cell lines with 5b and
SAHA separately. A clear inhibitory action of 5b on breast
cancer cell migration was observed when compared with
SAHA (positive control) and DMSO treated cell (negative
control) (Fig. 1D, E).

Bisindole-PBD (5b) induces the expression of p53-dependent
genes involved in cell cycle and apoptosis

p53 is an essential transcription factor involved in expression
of genes in response to cellular stress.32 It regulates Bcl-2 family
genes such as Bax, Puma and Noxa via intrinsic form of apopto-
sis.33 p21 another p53 dependent gene plays a crucial regulatory
role in cell cycle by binding and inhibiting cyclin dependent kin-
ases (CDKs). Therefore we estimated the expression of the proa-
poptotic genes as well p21 in both the breast cancer cell lines
upon compound treatment. Cells were incubated with com-
pounds (i.e. 5b, Sirtinol and SAHA) for 24 hours. Total cellular
RNA was isolated and Reverse transcription PCR for Bax, Puma,
Noxa, and p21 was performed using gene specific primers to
examine the level of expression (Table S1). We observed marked
increase in mRNA expression of Bax, Puma, Noxa and p21 genes
in compound 5b treated cells when compared to untreated con-
trol. Interestingly compound 5b treated cells showed prominent
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increase in the transcript level of
these genes than standard HDAC
inhibitor SAHA or Sirtinol in
both MCF-7 and MDA-MB-231
cells (Fig. 2A-D).

Bisindole-PBD (5b) inhibits
PI3K/AKT/mTOR pathway

Interactions between the p53
and PI3K/AKT pathways play a
significant role in the regulation
of cell death and survival signal-
ing.34 PI3K/AKT/mTOR is an
intracellular signaling pathway
that is often deregulated in
human cancers. It inhibits p53
tumor suppressor activity result-
ing in tumor progression and
drug resistance.35-37 To uncover
the effect of 5b on PI3K/AKT/
mTOR alterations and see its
effect on tumorigenesis, we
treated both the breast cancer cell
lines with the compound 5b and
estimated the expression of the
proteins by performing protein
gel blot analysis. Both the cell
lines (MCF-7 and MDA-MB-
231) were treated with 5b for
24 hours before isolation of pro-
teins. Western blot analysis was
performed using antibodies against PI3K, AKT, phospho-AKT
(ser 473), and mTOR proteins. There was a significant reduction
in PI3K, AKT, phospho-AKT (ser 473), and mTOR protein
expression in 5b treated samples compared to untreated control.

There was 2- to 3-fold decrease in protein levels as compared to
untreated control (Fig. 3A) in MCF-7 cells whereas in MDA-
MB-231, there was 4- to 5 -fold decrease in protein levels after
5b treatment (Fig. 3B) Treatment of the same cell lines with

Figure 1. Bisindole-PBD conjugate
chemical structure, Cell proliferation
studies and wound healing assays.
(A) Chemical structure of SAHA and
bisindole-PBD conjugate (5b). (B-C)
Effects of SAHA and 5b on MCF-7
and MDA-MB-231 cell proliferation
at 4 mM and the images of the colo-
nies along with untreated controls.
The numbers of colonies were
counted from 3 independent results
and plotted to compare the effect
of 5b. 5b was more efficient in
inhibiting cell proliferation. Histo-
grams were drawn from 3 indepen-
dent experiments. Error bars with
*** represents P<0.001 and ** rep-
resents p<0.01. (D, E) Scratched
monolayer of cells was treated with
SAHA and 5b at 4 mM. Cell migra-
tion was photographed after stimu-
lation with drug at 48 hour time
point.
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4 mM of SAHA (positive control) also showed reduction of
PI3K, AKT, phospho-AKT (ser 473) and mTOR protein expres-
sion. This study clearly demonstrated that the compound 5b was
capable of inhibiting PI3K/AKT/mTOR pathway leading to
growth arrest and inhibition of tumor cell progression. We fur-
ther wanted to verify that the down regulation of PI3K/AKT/
mTOR signaling cascade occurred before or prior to apoptosis.
So, we treated the cells with 500 nM of Q-VD-OPH, a caspase
inhibitor one hour prior to treatment of 5b and SAHA. We
observed similar change in expression of PI3K, AKT and mTOR
proteins confirming that the reduction in their expression might
be direct and were not due to the induction of apoptosis
(Fig. 3C, D).

Bisindole-PBD conjugate (5b) down regulates the SIRT
expression both at transcriptional and translational level

Sirtuins (SIRTs) belong to class III group of histone deacety-
lases and play important role in survival of cell and control of cell

division by regulating transcrip-
tion, microtubule organization
and responses to DNA damaging
agents. Earlier work by Trapp
et al. had shown bisindolylmalei-
mide to be a specific inhibitor of
class III HDACs - SIRTs.38

Therefore we explored the possible
regulatory role of the compound
5b on the mRNA expression of
SIRT-1, 2, 3 in both MCF-7 and
MDA-MB-231 cells. We first per-
formed a time-dependent study
for SIRT mRNA expression after
treating the cell with 5b at 4 mM
for 4, 8, 12 h and with Sirtinol at
50 mM for 12 h. There was mod-
erate down regulation in expres-
sion of SIRT mRNAs in both the
cell lines at 8 and 12 h (Fig. S1).
We also performed simultaneously
SIRT1, 2, 3 mRNA expression
study by real time PCR after treat-
ing the cell lines with 5b at 4 mM
and Sirtinol at 50 mM concentra-
tion. In both the cell lines, relative
quantification showed 4- to 5-fold
decrease in SIRT1 and SIRT2
mRNA expression level upon 5b
treatment whereas SIRT3 showed
a lesser down regulation (Fig. 4A,
B). We further estimated the
expression of SIRT1 and SIRT2
protein after treating both the
breast cancer cell lines with either
Sirtinol (50 mM) or 5b (4 mM).
There was profound suppression
in the expression of both the pro-

teins in both the cell lines (Fig. 4C). In case of MCF-7, SIRT1
showed a 4-fold down regulation where as in case of SIRT2 the
expression was still lower (5-fold) in 5b treated cells. MDA-MB-
231 cells showed a 2- fold decrease in SIRT1 expression and 3-
fold decrease in SIRT2 expression. In case of both the cell lines
the compound showed a much lower expression of both the
SIRT proteins compared to Sirtinol treated condition. These
results proved that compound 5b inhibited the SIRT protein
expression in both breast cancer cell lines MCF-7 and MDA-
MB-231 having wild-type p53 or lacking functional p53
respectively.25,26

Immunocytochemical expressions of SIRT1 and SIRT2
In normal cells, SIRT 1 is localized in the nucleus. But in can-

cer cells its localization is partially delocalized to the cytoplasm.39

On the contrary, SIRT2 is predominantly localized in the cyto-
plasm. In order to visualize the effect of 5b on SIRT localization
we performed immunocytochemistry study after treating the cells

Figure 2. mRNA expression level of proapoptotic Bcl-2 family members. Cells were treated with 50 mM of
Sirtinol, 4 mM of SAHA and 4 mM of 5b and were incubated for 24 h. (A, B) RT-PCR analysis of different mem-
bers of the family indicating the level of mRNA expression after treatment. (C, D) Histograms represent rela-
tive expression of gene levels to internal control GAPDH. Plots are mean values from 3 independent
experiments. Error bars represent standard deviation.
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with compound 5b/SAHA/Sirtinol for
24 hours. The cells were subsequently
subjected to fixation followed by immu-
nostaining with anti-SIRT1 and anti-
SIRT2 antibodies. There was drastic
delocalization of the SIRT1 protein
from the nucleus to the cytoplasm in 5b
treated MCF-7 and MDA-MB-231
cells thereby increasing SIRT1 localiza-
tion in cytoplasm (Fig. 5A, 5B)
whereas the untreated cells showed a
perfect localization in the nucleus, indi-
cating a clear movement of the cells
toward apoptosis or CRM1 mediated
nuclear export of SIRT1.39 In case of
SIRT2, the delocalization was moderate
after incubating the cells with 5b or
SAHA (Fig. 5C, D).

Bisindole-PBD conjugate (5b) as
SIRT2 inhibitor

As the compound 5b inhibited
SIRT-1 and SIRT-2 both at mRNA
and protein level we investigated the
binding modes of the 5b in the active
sites of human SIRT2 by performing
molecular docking studies using C
DOCKER software. Dock score was
used to estimate the ligand-binding

Figure 3. Western blot analysis showing
that Bisindole PBD (5b) dampens the pro-
survival PI3K/AKT/mTOR signaling pathway
in breast cancer cells. (A, B) Proteins
extracted from MCF-7 and MDA-MB-231
cells incubated with 4 mM of SAHA and 4,
8 mM of 5b for 24 h along with DMSO
(0.1%) treated control cells were immuno-
blotted and hybridized with antibodies
against AKT, p-AKT, PI3K and mTOR to
check the level of expressions. b-Actin was
used as gel loading control. The relative
expression of proteins from 3 independent
blots was plotted in histograms. Bars with
* are significantly different from other
groups p � 0.01 except that they bear
same symbol. In case of MDA-MB-231 his-
togram, bars with ** are significantly differ-
ent from other groups p � 0.01 and Bars
with * are significantly different from other
groups p � 0.05 except that they bear
same symbol. (C, D) Co- treatment with Q-
VD-OPH 500 nm, SAHA 4 mM and 5b
4 mM was given to examine the expression
pattern of AKT, p-AKT, PI3K and mTOR pro-
tein levels. b-Actin was used as loading
control. Histograms represent data from 3
independent experiments. Data are repre-
sented as the mean§ SD. *P< 0.05.
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energies. Apart from these, other input parameters for docking
were also considered for evaluating the 5b docking efficacy with
the protein. Different conformations were generated of which we
focused on the conformation having maximal c docker interac-
tion. In this study, 5b was screened for SIRT2 inhibitory role in
order to find the receptor ligand binding orientation, affinity,
free energies of the 5b against the selected targets. Therefore, re-
scoring of best docked based on their interaction energies with

respective protein active site resi-
dues was carried out using differ-
ent scoring function. Hydrogen
bond interaction plays crucial
role in docking study and consid-
ered as major parameter. Here
Ligand molecule has exhibited a
strong Hydrogen bonding inter-
action with aminoacid His187 of
SIRT2 (Fig. 5E).

Bisindole-PBD conjugate
(5b) targets downstream players
of SIRT1 and SIRT2

Increased cancer cell death is
associated with SIRT1 inhibi-
tion.40 SIRTs are protein deacety-
lases that modulates target genes
that includes histones as well as
non-histones such as p53 and a
tubulin. In general, it is well
known that DNA damaging
agents modulate expression of
p53 protein as well as its post-
translational modifications such
as acetylation and phosphoryla-
tion and cause cellular apopto-
sis.41 The stability and
transcriptional activity of p53
depends upon the acetylation sta-
tus at lysine residues. SIRT1 is
known to destabilize p53 by
deacetylating p53 at lysine 382
position.42,43 We therefore exam-
ined the acetylation pattern of
p53 after treatment with the com-
pound 5b in MCF-7 and MDA-
MB-231 cancer cell lines. Here
Sirtinol, the known SIRT inhibi-
tor was used as positive control
and untreated cells as negative
control. An increased acetylation
at 2 distinct lysine residues (K382
and K373) in MCF-7 was
observed. But in case of MDA-
MB-231 there was decrease in the
level of acetylated p53. Next we
checked the status of cleaved cas-

pase-3 as an indicator of cell death/apoptosis. There was activa-
tion of caspase-3, after treatment with 5b in MDA-MB-231 cells
indicating apoptosis independent of p53 (Fig. S2).26 Further we
have also examined the phosphorylation of p53 (p53 ser 15 and
p53 Ser 20) in 5b treated cells. Interestingly, MCF-7 cells showed
increased phosphorylated forms of p53 at ser15 and ser20 posi-
tions. But in case of MDA-MB-231 cells, phosphorylated p53
levels were suppressed probably due to the presence of mutation

Figure 4. 5b down modulates levels of SIRTs both at transcriptional level and post transcriptional level. (A, B)
Cells treated with Sirtinol and 5b was subjected to qRTPCR with SIRT primers taking GAPDH as endogeneous
control. Relative expression has been shown with respect to GAPDH. (C) Cells were pretreated with Sirtinol
50 mM and 5b 4 mM for 24 h. Downregulation of SIRT protein levels were assessed by western blot. b- actin
was used as loading control. Data are shown as the meanC SD. All these data were obtained from 3 indepen-
dent experiments and a representative figure has been shown from 3 replicates.
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in p53 in these cells (Fig. 6A, B).
These results indicate that com-
pound 5b functions as transcrip-
tional activators as well as
stabilizers of p53 though further
study is required to understand
the modifications in mutant p53
in MDA-MB-231 cells. Next to
confirm the effect of 5b on
SIRT2, the level and expression
of acetylated tubulin, a specific
target for SIRT2 was exam-
ined.44 There was a significant
elevation in acetylated tubulin in
5b treated cells compared to
untreated controls. The level of
expression was higher than Sirti-
nol treated cells. A similar pat-
tern of elevation in acetylated
tubulin in 5b treated cells com-
pared to untreated controls was
observed from immunofluores-
cence study (Fig. 6C, D). To
rule out the involvement of
HDAC-6 and to confirm the
specific effect of compound as
SIRT2 inhibitor by inducing
acetylated tubulin in compound
5b treated cells we performed
western blot analysis. Interest-
ingly there was increase in the
level of HDAC-6 protein after

Figure 5. Immunocytochemical
expression of SIRT1 and SIRT2 in
breast cancer cells after compound
treatment and docking study
between SIRT2 and 5b. MCF-7 and
MDA-MB-231 cells were treated
with 50 mM of Sirtinol and 4 mM of
5b for 24 h and fixed for immuno-
cytochemical analysis of SIRT1 and
SIRT2. (A-B) Reduced expression of
cytoplasmic localized SIRT1 was
observed after 5b treatment.
Images were taken by using 60X oil
objective under confocal micro-
scope. Bar scale represents here
10 mM. (C-D) Diminished level of
SIRT2 was observed after incuba-
tion with Sirtinol and 5b. Bars rep-
resent 10 mM. (E) Molecular
modeling showed binding
between 5b and SIRT2 (with differ-
ent amino acids residues). Figure
showed receptor-ligand Hydrogen
bonds (Green) and Receptor-ligand
bumps of 5b with active site resi-
dues of SIRT2 protein.
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incubation with 5b (Fig. 6E, F) confirming induction of acety-
lated tubulin was due to inhibition of SIRT2 but not for
HDAC-6. Tubulin polymerization assay also confirmed that
there was no depolymerization of tubulin in cells treated with 5b
at 4 mM concentration as shown in earlier study (Fig. S3).29

Bisindole-PBD conjugate leads to the acetylation of histones
Sirtuins are a family of histone deacetylases that functions in

chromatin regulation. As the compound 5b has shown to affect
SIRT1 and SIRT2, we investigated its role in chromatin regula-
tion by directly modifying the histones. Earlier studies have
shown that changes in the expression of SIRTs produce changes
in the acetylation pattern of the histones globally.45 Therefore
the acetylation pattern of H4 was studied by incubating the cells
with 5b/SAHA (HDAC inhibitor). There was elevated accumu-
lation of acetylated-H4 both in MCF-7 and MDA-MB-231 cells
at dose dependent manner. The level of accumulation was 1.5-
fold at 4 mM concentration and 2-folds at 8 mM concentration
in MDA-MB-231 cells. The level of accumulation in SAHA
treated cells were lower compared to 5b treated ones. In case of
MCF-7 cells, the increase in acetylated H4 was 1.5 to 2-fold
higher at 4 and 8 mM concentrations respectively as compared to
untreated control cells (Fig. 7A). Here non-acetylated form of
histone H4 served as loading control. To further confirm the effi-
cacy of 5b, we performed immunofluorescence staining with
anti-acetyl histone H4 (Fig. 7B, C). This study revealed distinct
and significant enrichment in acetyl histone H4 (histone acetyla-
tion) level in interphase nuclei in 5b treated cells. A significant
enrichment of H3acK14 in the chromatin of metaphase spreads
in compound treated cells was observed (Fig. 7D-7G), leading to
the conclusion that the compound 5b functions as modifier of
chromatin organization.

Epigenetic regulation of the p21WAF1 gene locus
Suppression of p21 is observed in the progression of various

cancers. Among various epigenetic modifications histone acetyla-
tion and methylation forms an important epigenetic modification
in regulating gene silencing associated with cancers. In our previ-
ous study we have shown that induction of apoptosis by the com-
pound 5b was caused by an increase in Bax and p21 levels. Here
in order to understand the cause of increase in the p21 levels after
treatment with 5b, we have studied the differential methylation
and acetylation of N-terminal histone tails on increased p21 tran-
scription in breast cancer cells. To understand the relation between
induction of p21 and chromatin organization with respect to acet-
ylated and methylated histone H3 we performed chromatin
immunoprecipitation studies (ChIP) at the p21 promoter. We
found that the induction of p21 was independent of p53 status in
case of MDA-MB-231 cells. So, we focused our study at the 2 sp1
sites at the distal (¡2476 to ¡2175) and proximal promoter
(¡389 to C44) of p21 (Fig. 8A). ChIP assay was performed
against H3K9ac, H3K14ac, H3K9me2 and H3K27me3 at both
the mentioned sites of p21 promoter. There was significant
enrichment of H3K9ac and H3K14ac in SAHA and 5b treated
MCF-7 cells. H3K14ac was more enriched in 5b treated cells as
compared to SAHA treated. In case of MDA-MB-231, binding of

Figure 6. Effect of 5b on post translational modifications of p53 and
tubulin acetylation. (A, B) Proteins extracted from cells treated with indi-
cated doses of Sirtinol, SAHA and 5b for 24 h were immunoblotted with
antibody specific to acetylated tubulin, p53, acetylated p53(Lys373), acet-
ylated p53(Lys382), phospho p53(Ser20), phospho p53(Ser15)and NF-kB.
b-actin was taken as loading control. ‘*’ p < 0.05; bars with same sym-
bols are dissimilar statistically. (C, D) Immunofluorescence studies with
anti-acetylated tubulin of cells after treatment with 5b. Images were
observed under confocal microscope (Olympus FV1000) and processed
with flow view version 1.7c software program. Bar represents 10 mM
scales. (E, F) Pretreated cells were subjected to protein gel blot to deci-
pher the role of 5b upon HDAC6 expression. Relative density has been
calculated taking b-actin as loading control. Bars represent mean C SD.
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H3K9ac, H3K14ac was signifi-
cantly higher in the distal
region of p21 promoter
whereas not much change was
observed with proximal pro-
moter primer. A moderate
change in methylation pattern
was observed for H3K9me2
and H3K27me3 with p21 pro-
moter (sp1 binding site) spe-
cific primers in MCF-7 cells
treated with 5b (Fig. 8B-G).
On the total the results indi-
cated that bisindole PBD con-
jugate (5b) affected both
histone acetylation and meth-
ylation pattern at p21
promoter.

Reversal of p21 promoter
DNA methylation by 5b in
Breast cancer cells

We further studied the
methylation pattern at p21
promoter with and without
compound treatment by per-
forming methylation specific
PCR. Here the breast cancer
cells were incubated with
SAHA/5b at 4 mM concentra-
tion for 24 h followed by
PCR studies using methyla-
tion specific primers (primer
sequences are provided in the
methods/supplement). There
was considerable decrease in
the methylation of p21 pro-
moter in both the cell lines
(Fig. 9B). Hence it can be
concluded that p21 down reg-
ulation may be associated with
hypermethylation, which can
be reversed by 5b. This study
might support the fact that
certain HDAC inhibitors can
also affect the DNA methyla-
tion such as Azacytidine. Pri-
mers used (Methylated M,
Unmethylated U) are listed in
supplementary Table S1.

Discussion

Anti-cancer properties of
bisindoles have already been

Figure 7. Effect of 5b on histone acetylation and methylation. (A) Treatment with 5b at 4, 8 mM concentrations for
24 h in MCF-7 and MDA-MB-231 cells significantly induced the level of acetylated histone H4 as compared to
DMSO (0.1%) control. (B, C) Immunofluorescence studies with anti-acetyl histone H4 antibody on cells treated with
5b showed profound expression of acetylated histone H4. (D, F) Metaphase spreads isolated from MCF-7 and MDA-
MB-231 cells treated with SAHA and 5b at 4 mM concentration for 24 h and control untreated cells hybridized with
histone H3K14ac antibody. (E, G) Percentage of H3K14ac foci is shown. Error bar represents standard deviation
from 3 different experiments. Bars with * are significantly different from all the other groups at p � 0.01.
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established in most of the cell lines.46 In this present study, it has
been shown that bisindole conjugate 5b exhibited profound con-
trol over growth factor signaling pathway mediated by PI3K/

AKT/mTOR and modulate the balance
between survival signals as well as apo-
ptotic signals via SIRT and p53 axis in
breast cancer cell- lines. Till date not
many SIRT inhibitors have been studied
in metabolic disorders, nor their regula-
tion of balance between growth factor
signaling and p53 mediated apoptotic
pathway in breast cancer cells is
understood.

Cancer is caused due to abnormali-
ties in cell cycle progression. Hallmark
of tumorigenesis is associated with
abnormal gene expression. The activi-
ties of cyclins and cdks regulate the
expression of mammalian cell cycle
progression. The fate of progression
toward cell cycle or induction of cancer
of a cell depends on the correlation
between the suppression and activation
of cyclin and cdk inhibitors.47 Regula-
tion of aberrantly expressed gene as a
consequence of alteration of chromatin
state provides us a tool to target specific
therapeutics that in turn enhances the
importance of HDAC inhibitors in

cancer treatment.48 SIRT inhibitors perform various cellular
functions such as induction of apoptosis and cell cycle arrest.49

Our previous study showed DNA damage induced apoptosis by

Figure 8. Effect of 5b on histone modifica-
tions and sp1 at p21 promoter in MCF-7
and MDA-MB-231 cells. (A) Schematic dia-
gram of the human p21WAF1 promoter
illustrating regulatory factor binding
sites;¡2260 (p53), ¡2080 (sp1-distal) and
¡100 (sp1 proximal). Arrow indicates tran-
scriptional start site atC1. (B) Two different
binding sites (distal and proximal) of sp1 in
the p21 promoter were considered for
ChIP analysis after treating the cells with
SAHA and 5b at 4 mM concentration for
24 h. H3K9ac, H3K14ac, H3K9Me2 and
H3K27me3 antibodies were used for the
study. (B-G) Representation of gel pictures
of chromatin DNA amplified with distal
and proximal promoter specific primers
and their respective histograms. Each
experiment was performed thrice from
which standard deviation derived and
error bars were plotted. Bars with * and **
are significantly different from all the other
groups at p � 0.05 and p � 0.01 respec-
tively; bars with^superscript are indifferent
from each other in Oneway-ANOVA, post-
hoc-LSD in MCF-7. In MDA-MB-231 bars
with * and ** are significantly different
from all the other groups at p � 0.05 and p
� 0.01 respectively in Oneway-ANOVA,
posthoc-LSD.

www.tandfonline.com 1495Cancer Biology & Therapy



5b. Here we have further shown
that compound 5b at 4 mM con-
centration induced the expression
of proapoptotic members of Bcl-
2 family that are p53 dependent
such as Bax, Noxa and Puma.
There was significant upregula-
tion of these factors upon treat-
ment with 5b. Both p53
dependent and independent
mechanisms were observed in
MCF-7 (wt p53) and MDA-MB-
231(mut p53) cells simulta-
neously. In MCF-7 cells p53
mediated transcriptional activa-
tion of proapototic genes Bax,
Noxa and Puma was observed. In
addition 5b induced the level of
phosphorylated p53 at ser15 and
ser20 as well as acetylated forms
of p53 resulted in transcriptional
activation and stability thus
revealing the p53 activating
nature of the compound in
MCF-7 cells. But in case of
MDA-MB-231 cells, induction
of proapoptotic genes was found
to be independent of mutant p53
expression. The phosphorylation
as well as acetylation status of
p53 in MDA-MB-231 cells was
downregulated. The suppressed
level of mutant p53 did not inter-
fere with the cell death due to
activation of cleaved caspase - 3.
Aberrantly expressed pathways in
cancerous condition lead to the
development of new therapeutic
approaches. Different genetic and
epigenetic modifications stimulate
the phosphatidylinositol 3-kinase
(PI3K)/AKT/mammalian target of rapamycin (mTOR) pathway,
that induce cancer development.50 This PI3K/AKT/mTOR path-
way regulates the growth, proliferation, cellular differentiation, and
survival mechanism. In PI3K pathway Akt, serine / threonine
kinase, acts as central mediator. This Akt increases the protein syn-
thesis and growth of cancer cell. This process in turn activates
mTOR (mammalian target of rapamycin) which is considered to
be the key switch of different cell growth regulatory factors.51

mTOR influences PI3K signaling via a feedback loop of S6K-
IRS1. Influence on PI3K occurs through mTORC2 directed Akt-
Ser473.52,53 Targeting this prosurvival pathway along with apopto-
sis inducing property of 5b, may put more insight toward targeted
therapy for breast cancer.

Earlier study by Kamal et.al on HDAC inhibitory role of 5b
in breast cancer cells has shown it to be classic Class I HDAC

inhibitor.29 We observed more potent inhibitory action of 5b on
SIRT gene expression. As member of histone deacetylation the
SIRT protein is found to regulate the histone proteins (i.e.,
H3K9 Ac) as well non-histone proteins such as p53. Immuno-
fluorescene study showed down regulation of SIRT1 and SIRT2
expressions in MCF-7 and MDA-MB-231 cells. In this study,
for the first time we have deciphered the SIRT inhibitory role of
bisindole-PBD (5b), its mechanism of action and cellular targets
in MCF-7 and MDA-MB-231 cells. Docking study also further
supported the interaction of 5b with human SIRT2 protein in sil-
ico. In vitro studies on acetylation of tubulin also support the
results obtained from docking studies. This was further strength-
ened by lack of inhibition on HDAC-6 by 5b. Recent studies on
neuroblastoma cells have shown that many compounds that
inhibit HDAC-6 also effect directly by increasing the status of

Figure 9. Methylation analysis at the p21 promoter by MSP in MCF-7 and MDA-MB-231 cells. (A) Genomic
sequence of the p21 promoter (www.urogene.org/methprimer) revealed the presence of a high content of
GC in CpG islands (blue). Methylated and unmethylated primers for p21 were desingned from Methprimer
software. (B) Expression of the methylated and unmethylated DNA estimated by methylated and unmethy-
lated primers obtainded from methprimer software. M primer anneal only to methylated sequences and U
primer anneal unmethylated sequences. We took primer set 1 from the software output.
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tubulin acetylation. Taken together, these findings confirm that
the cytotoxicity of the compound 5b occurs through the inhibi-
tion of SIRT1 and SIRT2.

Epigenetic alterations are prevalent in breast cancers. Silencing
of tumor suppressor gene by promoter hypermethylation is a com-
mon phenomenon in cancer progression. The agents targeting
these alterations have got immense importance in medical biology.
Rational combination of epigenetic modifiers with existing drug
for cancer treatment may provide easier way to treat cancer. As an
extension of our experiments, we explored the possible role of 5b
as a demethylating agent in context to reactivate p21 gene expres-
sion. It is well known that DNA methylation at the promoter
region of a gene leads to silencing /transcriptional repression.54 As
a putative tumor suppressor gene, mutation in p21 gene has been
implicated in different cancers. Epigenetic modifications at the
p21 promoter render complete suppression of its expression and
thereby induce breast cancer development. By performing methyla-
tion-specific PCR (MSP), we differentiated between methylated
and unmethylated cytosine upon sodium bisulfite treatment of
DNA. 5b treated cells showed decrease in methylation level in
both MCF-7 and MDA-MB-231 cells. Reversal of epigenetic alter-
ation and reactivating silenced gene expression by small molecule
5b may provide new strategy to treat breast cancer.

In recent years, HDAC inhibitors and SIRT inhibitors have
got immense importance as anti-cancer drugs as they can modu-
late epigenetic state within a cell and reactivate the silenced state
of a gene by regulating cellular differentiation, cell growth and
apoptosis. Here in this study we clearly established compound 5b
as a typical SIRT inhibitor. There is a well-known concept of
apoptosis inducing property by SIRT inhibitors that may be p53
dependent or independent.26 Sirtuins are NAD-dependent
deacetylases commonly associated with the regulation of various
vital biological functions. SIRTs are known to target and regulate
the activity of important tumor suppressor proteins such as p53,
p73, E2F1, and FOXO3a.55 p53 deacetylation by SIRT1 indi-
cates that SIRT1 functions as an oncogene by inhibiting tumor
suppressor activity of p53.56 However some studies also suggest
that tumor suppressor activity is also shown by SIRT1. SIRT1
has the ability to deacetylase histones H1, H3 and H4 57,58 as
well as non-histone substrates.59

p53, the known tumor suppressor gene is often mutated in
human solid tumors.60 Regulation of p53 expression is mediated
by both transcriptionally and post-transcriptionally. Post-transla-
tional modification of p53 such as acetylation initiates the trans-
activation of many specific genes, induces apoptotic cell death
and regulates cell cycle arrest. SIRT1 is known to target p53,
responsible for its deacetylation and attenuation of p53-mediated
transcriptional activity. Hence SIRT-p53 axis is considered as a
well established and targetable pathway to regulate tumor sup-
pressive activity of p53. Different studies have shown that overex-
pression of wild-type SIRT1 is linked to the removal or reduction
of p53 acetylation. On the contrary, catalytically in active SIRT1
overexpression did not seem to cause deacetylation. These find-
ings suggest that SIRT1 is a key regulator of p53 transcriptional
activity.56 So, SIRT1 inhibition leads to transactivation with
induced p53 acetylation resulting apoptotic cell death.

Various small molecules and endogenous factors have been
found to target and regulate SIRT1-p53 pathway. These mole-
cules work as SIRT activators (AROS) as well as SIRT inhibi-
tors such as Sirtinol, Splitomicin, Tenovin etc. A well known
Indole, EX-527 known to regulate and inhibit SIRT1. Simi-
larly, sirtinol and salermide are known as dual SIRT1/2 inhibi-
tors which have the ability to enhance p53 acetylation and
stabilization in MCF-7 cells.26 Recent studies by Gildon Choi
et al., 2013 has shown the SIRT1/2 inhibitory role of Taxofla-
vins and its role in increased p53 acetylation.61 We have also
investigated the level of acetyl histone H4, which was elevated
upon treatment with 5b and showed even higher expression
when compared to SAHA in a dose dependent manner. More-
over immunocytochemical studies with acetyl histone H4 also
showed hyperacetylation in the nucleus of breast cancer cells
after treatment with SAHA and 5b. Similar to a typical HDAC
inhibitor, bisindole-PBD enhances the p21WAF1 transcription.
Compound 5b also enhanced the accumulation of acetylated
histones at the SP1 binding site in p21 promoter. Hyperacetyla-
tion of histones after treatment with 5b in concert with reduced
expression of methyaltion in SP1 sequence may recognize non-
histone proteins for transcriptional activation of p21. Histone
acetylation and methylation modulation at different sites in p21
promoter are necessary for p21 transcriptional gene regulation.
Methylation at the lysine residue of histone (H3K4) is found to
be associated with active genes.62 But methylation at lysine resi-
due H3K9 is linked with heterochromatin formation.63 So,
from this observation it can be summarized that chromatin
modification induced by compound 5b such as methylation and
acetylation which are the hallmarks of epigenetic mechanism in
the histone tails, controls different transcription factors from
binding to the gene.

SIRT1/2 is considered as the potent emerging therapeutic tar-
gets for cancer. Identification of SIRT inhibitors will show a new
avenue in the development of anticancer agent. As discussed ear-
lier, targeting of both SIRT1 and SIRT2 by SIRT inhibitors
caused induction of p53 acetylation and effective cell death.26

Studies by Solomon et al., 2006 have shown the SIRT inhibitory
role of EX-527 and its efficacy in increasing the hypothalamic
acetyl-p53 levels by inhibiting SIRT1 activity of hypothalamus.64

Another class of compounds, Tenovins (Tenovin-1, Tenovin-6)
were found to show inhibitory role on SIRT deacetylating activi-
ties along with enhanced p53 activity that decreased tumor
growth in xenografts at low dose of drug. Thus both Tenovin-1
(water insoluble) and Tenovin-6 (water soluble) had the ability
to block SIRT1 mediated p53 deacetylation. Further studies on
Inauhzin, a SIRT inhibitor has shown that it has the efficacy in
reducing xenograft tumor size in a p53-dependent manner.65

Various literatures have strongly indicated that Indoles are the
key class of anti cancer agents which can be useful for clinical use
in specifically in activating SIRT1. Thus employing bisindole-
PBD in xenograft studies (in vivo) would provide more therapeu-
tic benefits against breast cancer. Hence compound 5b can be
used alone or in combination with other HDAC/SIRT inhibitors
and demethylating agent for the better prospect of breast cancer
treatment.

www.tandfonline.com 1497Cancer Biology & Therapy



Materials and Methods

Cell lines
Human breast cancer cell lines MDA-MB-231(p53 mutant)

and MCF-7(p53 wild type) were purchased from American Type
Culture collection and routinely maintained in RPMI-1640 and
Dulbecco’s Modified Eagle’s Medium (DMEM) (Sigma) respec-
tively, supplemented with 10% fetal bovine serum and 100U/ml
Penicillin and 100 mg/ml streptomycin sulfate (Invitrogen) at
37 �C with 5% CO2.

Reagents
Vorinostat (suberoylanilide hydroxamic acid, cat# SML0061),

Sirtinol (cat# S7942), Q-VD-OPH(cat# SML0063) and DMSO
(cat# D2650) were obtained from Sigma. TRIzol� Reagent
(cat#15596-018) was purchased from Life Technologies. Com-
pound 5b was obtained from Dr. Ahmed Kamal’S Lab CSIR-
IICT; India.29 A 10 mM stock was prepared in DMSO and
stored at ¡20�C. Anti-Histone H4 (1:1000, cat# 07-108), anti-
acetyl Histone H4 (1:1000, cat# 06-598), anti-SIRT1 (1:1000,
cat# 04-1557), anti-acetyl-Histone H3 (Lys9) (cat# 07-352),
anti-Dimethyl Histone H3 (Lys9) Antibody, clone CMA307
(cat# 05-1249), anti-trimethyl-Histone H3 (Lys27) Antibody
(cat# 07-449), anti-HDAC6 (1:500, cat# 07-732) and anti-
SIRT2 (1:1000, cat# 04-1124), anti- ac-p53(Lys373)(1:1000,
cat# 06-916), Anti-PI3 Kinase Antibody (1:500, cat# 04-399)
and anti- ac-p53(Lys382)(1:1000, 04-1146) antibodies were pur-
chased from Merck Millipore. Anti -mTOR(1:1000, 2972), anti-
Akt(1:1000, cat# 4691), anti-Phospho-Akt (Ser473) (1:500, cat#
4060), anti-phospho p53(ser15) (1:1000, cat# 9284) and anti-
phospho p53(ser20) (1:1000, cat# 9287)were purchased from
Cell Signaling technology. Anti- acetylated tubulin (1:2000, cat#
T7451) was purchased from Sigma. Anti-NF-kB (1: 500, cat#
250769) and anti-p53 (1:500, cat# 251786) antibody were
bought from Abbiotec. Loading control b-actin (1:1000, cat#
ab8226) was obtained from Abcam. Rabbit and Mouse poly-
clonal secondary antibodies were purchased from Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA).

Clonogenic survival assays
Cells were seeded into 6 well plate at a density of 500 cells per

well. Thereafter they were treated vorinostat (SAHA) or 5b at
4 mM concentration for 24 hours followed by 2 washes with
PBS. The cells were then allowed to grow in fresh media for 10 d
in a humidified incubator at 37�C with 5% CO2. Colonies were
washed in PBS then fixed with methanol. Fixed colonies were
stained with crystal violet (0.5% crystal violet) and counted. Every
experiment was performed in triplicate and from individual exper-
iment colony pictures were taken in Gel Doc XR system.

Wound - Healing assay in vitro
Both MCF-7 and MDA-MB-231 cells were plated in 6-well

plate at a density of 1 £ 105. After the cells have reached almost
80% confluency, monolayer of cells was scratched with 200mL
pipette tip, washed with PBS and fresh 2 ml media was added.
There after it was treated with SAHA or 5b at desired

concentration and incubated for 48 h to see the wound healing
process. Images were captured using OLYMPUS CKX41
inverted microscope in 4X magnification.

Confocal microscopy
Cells were seeded at a density of 2.5 £ 105 on cover slips.

After 24 h, cells were incubated with SAHA 4 mM, Sirtinol
50 mM and 5b 4 mM for 24 h. After the desired incubation
time, the media was removed and cells were washed with PBS.
Cells were fixed in 4% paraformaldehyde for 20 minutes fol-
lowed by incubation with 0.2% triton -X 100 in PBS for 5 min.
Cells were washed twice with PBS and blocked with 1% BSA in
PBS for 1 hour. Cells were incubated with anti-acetyl tubulin,
anti- acetyl Histone H4, anti-SIRT1 and anti-SIRT2 antibodies
at a dilution of 1:100 for 2 h in PBST at room temperature, fol-
lowed by 3 washes of 10 min each in PBS. For detection the cells
were incubated in dark with FITC/cy3-conjugated anti-rabbit
secondary antibody (1:50 dilution) (Jackson Immuno Research
Laboratories Inc., Pennsylvania, USA) at room temperature for
1 h. After washes for 3 times (10 min each in PBS), the cover-
slips were mounted with DAPI and observed under confocal
microscope (Olympus FV1000). Images were processed with
flow view version 1.7c software program at 60X objective.

Immunostaining of metaphase chromosomes
Accumulation of modified histones on the chromosomal arms

was observed by indirect Immuno-fluorescence. Metaphase cell
spreads on the slides were incubated for 1 h at 37�C in a humidi-
fier chamber with serial dilutions with either primary Lys-14 ace-
tyl H3 (1:75; # 06-911) anti-sera followed by wash in KCM
(120 mM KCl, 20 mM NaCl, 10 mM Tris-Cl¡ pH 8.0, 0.5 M
EDTA, 0.1% Triton). Cy3- conjugated, affinity-purified, donkey
anti-rabbit IgG antibody (Jackson Immuno-Research) diluted
1:100 in KCM, was incubated with the mixture for 30 min at
room temperature. Chromosomes were further washed with
KCM and fixed in 4% formaldehyde for 10 min at room tem-
perature. After a wash in sterile water, chromosomes were coun-
terstained with DAPI, mounted with anti-fade media
(Vectashield) and viewed under confocal microscope (Olympus
FV1000). Images were processed with flow view version 1.7c
software program.

Molecular modeling
The high resolution X-ray crystal structure of human SIR2 is

retrieved and the pdb code is 3ZGV with a resolution of 2.27 A�

and the method of incorporation is X-ray diffraction method.
The ligand and crystallographic water molecules are removed
from the protein; and the chemistry of the protein is corrected
for missing hydrogen. Crystallographic disorders and unfilled
valence atoms are connected using alternate conformations and
valence monitor options. Following the above steps of prepara-
tion, the protein is subjected to energy minimization using the
CHARMM Force field. Ligand structure of 5b was sketched
using ACD/ChemSketch (12.0) software and saved in Mol2 for-
mat. The saved ligand compounds are later imported in to DS
and hydrogen bonds are added and the energy is minimized using
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CHARMM force field. The individual compounds are finally
saved in mol file format for further binding studies. The Dock
Ligands (CDOCKER) protocol is an implementation of the
CDOCKER algorithm. It allows you to run a refinement dock-
ing of any number of ligands with a single protein receptor.
CDOCKER is a grid-based molecular docking method that
employs CHARMM. The receptor is held rigid while the ligands
are allowed to flex during the refinement. For pre-docked ligands,
prior knowledge of the binding site is not required. It is possible,
however, to specify the ligand placement in the active site using a
binding site sphere. Random ligand conformations are generated
from the initial ligand structure through high temperature molec-
ular dynamics, followed by random rotations. The random con-
formations are refined by grid-based (GRID 1) simulated
annealing and a final grid-based or full forcefield minimization.

Protein extraction and Immunoblot analysis
Total cell lysates were obtained by lysing the cells with ice cold

RIPA buffer (Sigma R 0278). Protease inhibitor (Roche) was
added to RIPA buffer prior to lysis. Lysates were centrifuged at
12,000 rpm for 15 min at 4 �C. The protein obtained from
supernatant was quantified by Bradford method (BIO-RAD)
using Multimode Varioskan instrument (Thermo-Fischer Scien-
tifics). Proteins were separated by SDS-PAGE and transferred
onto PVDF membrane. Blots were developed in BioRad Molec-
ular Imager Chemidoc XRS with Image Lab software. Intensity
of bands were observed and analyzed with Image J software.

Gene expression analysis by Semi-quantitative reverse
transcription PCR (RT-PCR)

Total RNA from compound (5b) treated, SAHA treated and
untreated cells was extracted using Trizol reagent obtained from
Invitrogen (Life Technologies) and reverse transcribed into
cDNA using RNA to cDNA EcoDryTM Premix kit (Double
Primed, Clontech USA). PCR was carried out using specific pri-
mers in Eppendorf Mastercycler Gradient PCR machine. PCR
products were electrophoresed on agarose gel (1.2%) and visual-
ized under U.V. light. Respective band signal was measured by
Quantity one version 4.1.1 software (CA, USA). Primer sets used
for PCR amplification are listed in supplementary Table S1.

Gene expression analysis by Real time PCR
Total cellular RNA was isolated by Trizol and RNase-Free

Turbo DNase treatment was carried out to remove DNA con-
taminants. RNA was purified by RNeasy Mini Kit (Qiagen, Ger-
many). Two micrograms of RNA were used for first strand
cDNA synthesis using SuperScriptTM (Invitrogen, USA). To
quantify the level of mRNA, real-time RT-PCR was conducted
with a TaqMan Universal Master Mix (Applied Biosystems)
using reverse transcribed cDNA as a template, in triplicate and
the amplification was performed using an ABI 7900. Conditions
used were 50�C for 2 min and 95�C for 10 min, followed by 40
cycles (95�C for 15 s and 60�C for 1 min). GAPDH levels were

used for normalization. Primers for amplification were purchased
from Eurofins. Primer list has been provided in supplementary
Table S1.

DNA extraction and methylation-specific polymerase chain
reaction (MSP)

Genomic DNA from compound (5b) treated, SAHA treated
and untreated cells was extracted using NucleoSpin� Tissue
obtained from MACHEREY-NAGEL. Bisulfite conversion of
DNA was carried out by EpiTect Bisulfite Kits (Qiagen). PCR
was carried out using specific primers in Eppendorf Mastercycler
Gradient PCR machine with EpiTect MSP Kit (Qiagen). PCR
products were electrophoresed on agarose gel (1.2%) and visual-
ized under U.V. light. Respective band signal was measured by
Quantity one version 4.1.1 software (CA, USA). Primer sets used
for PCR amplification are listed in supplementary Table S1.

ChIP assay
Chromatin immunoprecipitation assay was conducted as per

company protocol by EZ-ChIP (Millipore). The optimal reac-
tion conditions for PCR were determined for each primer pair.
Parameters were denaturation at 95�C for 1 min and annealing
at 60�C for 1 min, followed by elongation at 72�C for 1 min.
PCR products were analyzed by 2.5% agarose/ethidium bromide
gel electrophoresis. Different primer pairs used for p21WAF1
promoter ChIP analysis are provided in supplementary Table S1.

Statistical analysis
Densitometry analysis was done by Image J software. The region

(area) of interest of the gel picture was selected and the densitometry
value was estimated by Image J. Relative densitometry values were
calculated considering b-actin (in case of protein gel blot) and
GAPDH (in PCR) as an internal control and were plotted in
Microsoft Office Excel. All variables were tested in 3 independent
experiments. The results were reported as mean § SD. Statistics
performed by SPSS 17.0One-Way ANOVA, Bonferroni.
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