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BET bromodomain inhibitors synergize with ATR inhibitors
to induce DNA damage, apoptosis, senescence-associated
secretory pathway and ER stress in Myc-induced
lymphoma cells
SV Muralidharan1, J Bhadury1, LM Nilsson1, LC Green1, KG McLure2,3 and JA Nilsson1

Inhibiting the bromodomain and extra-terminal (BET) domain family of epigenetic reader proteins has been shown to have potent
anti-tumoral activity, which is commonly attributed to suppression of transcription. In this study, we show that two structurally
distinct BET inhibitors (BETi) interfere with replication and cell cycle progression of murine Myc-induced lymphoma cells at sub-
lethal concentrations when the transcriptome remains largely unaltered. This inhibition of replication coincides with a DNA-damage
response and enhanced sensitivity to inhibitors of the upstream replication stress sensor ATR in vitro and in mouse models of B-cell
lymphoma. Mechanistically, ATR and BETi combination therapy cause robust transcriptional changes of genes involved in cell
death, senescence-associated secretory pathway, NFkB signaling and ER stress. Our data reveal that BETi can potentiate the cell
stress and death caused by ATR inhibitors. This suggests that ATRi can be used in combination therapies of lymphomas without the
use of genotoxic drugs.
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INTRODUCTION
Epigenetic readers of acetylated histones, such as bromodomain
and extra-terminal (BET) proteins (Brd2, Brd3, Brd4 and BrdT), have
recently emerged as promising targets of anti-cancer drugs. BET
proteins have a vital role in transcription of genes involved in cell
cycle regulation and apoptosis.1 The mode of action has been
linked to the ability of Brd2 to bind E2F2,3 and Brd4 to bind
pTEFb.4,5 The latter binding enables Cdk9 in pTEFb to phosphor-
ylate the C-terminal domain of RNA polymerase II, which results in
elongation at transcription pause sites.6 Recruitment of pTEFb by
Brd4 can also regulate pause release of downstream genes,
thereby operating as enhancers.7

Small molecule inhibitors of BET proteins (BETi) occupy the
acetyl-binding pockets of one or both of the two bromodomains
present in each BET protein, and have been shown to induce
growth arrest and apoptosis in a wide variety of hematologic and
solid tumor cells.1 In some malignancies the anti-proliferative
effects correlate with downregulation of MYC or MYCN,8–18 as
these are often regulated by transcription pause release.19,20 Using
two structurally unrelated BETi, JQ1 and RVX2135, we recently
demonstrated that BETi can suppress cell cycle progression and
induce apoptosis in transgenic murine Myc-induced lymphoma
without suppressing Myc.21 Moreover, we demonstrated that BET
inhibition also results in induction of silenced and stress-induced
genes, a feature shared by histone deacteylase inhibitors. Indeed
we, and others, have shown that BETi and HDACi synergize to kill
lymphoma cells.21,22 These studies suggest that targeting multiple
epigenetic regulators in cancer cells has therapeutic potential.

BET inhibition causes profound effects on the transcriptome in
lymphoma cells resulting in cell death. We previously observed
that at lower concentrations BETi cells did not die but proliferated
more slowly.21 Here we demonstrate that BETi inhibits S-phase
progression and S-phase entry in a concentration-dependent
manner. This correlates with an enhanced sensitivity to the
inhibition of ATR, a checkpoint kinase that is essential for
monitoring replication. The novel ATR inhibitor, AZ20 can
synergize in vitro and in vivo with RVX2135 by enhancing cell
death and tumor regression.

RESULTS
BETi blocks progression into and through S-phase
Our recent study demonstrated that the BETi JQ1 and RVX2135 are
capable of displacing BET proteins from chromatin and killing
lymphoma cells at concentrations that globally suppress
transcription.21 We also observed that at a 10-fold lower
concentration, BETi significantly suppressed cell growth without
killing the cells. To investigate this observation in more detail we
measured thymidine incorporation and performed cell cycle
analyses using flow cytometry. The cell cycle distribution on
DNA histograms shows subtle reduction in the S-phase at lower
concentrations of BETi, but thymidine incorporation is markedly
suppressed (Figure 1a). Moreover, Geminin, a protein that
accumulates in S-phase, maintains its expression in cells treated
with low-dose BETi (Figure 1b). However at higher concentrations
of BETi, the cells are unable to enter S-phase as evident by flow
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cytometry and the absence of Geminin expression and thymidine
incorporation (Figures 1a and b). At high concentrations of BETi a
global suppression of gene transcription can be observed, which is
not observed in cells treated with lower concentrations
(Supplementary Figure S1), despite the cells being growth-
impaired.
These data suggest that a lower concentration of BETi leads to

slower progression through S-phase, whereas at higher concen-
trations, entry of cells into S-phase is blocked. To test this in a
synchronized system we used a human B-cell line, P493-6, which
carries an episome containing a tetracycline-regulated (TET-OFF)
MYC transgene.23 These cells express high levels of c-Myc when
cultured in regular B-cell media but addition of tetracycline
represses MYC, leading to the accumulation of cells in G1. This G1
arrest is reversible by washing cells in tetracycline-free media,
allowing the cells to re-enter the cell cycle in a synchronous
manner. To study the impact of BET inhibition on the entry of cells
into the cell cycle, P493-6 cells were released from tetracycline-
suppression of MYC in the presence or absence of high or low
concentrations of BETi. Similar to murine lymphoma cells expressing
MYC from a transgenic construct, BETi does not suppress MYC

expression in P493-6 (Supplementary Figures S2a and b).
Consistent with data from λ820 cells, low concentration of BETi
results in slowed progression through S-phase, whereas high
concentrations of BETi prevent cell cycle entry, as shown by
cell cycle distribution determined by flow cytometry and by
3H-thymidine incorporation (Figure 1c and Supplementary
Figure S2c). This suppression of replication was not observed in
a cell-free replication system, where BETi does not hamper the
replication of plasmids containing an SV40 origin of replication
(Supplementary Figure S2d). Therefore BETi exerts an effect on
chromatin or regulation of replication to inhibit S-phase progres-
sion rather than on the replication process per se.

BETi sensitize cells to inhibitors of ATR
The observation that lower concentrations of BETi only results in
slowed progression through S-phase, but not apoptosis21

prompted the question of whether there are active pathways
that maintain viability in these cells. To answer that, we used a
small molecule pharmacogenetic library composed of 150
clinically relevant inhibitors of various target molecules that we
have used in previous drug screens.24 λ820 and Eμ239 cells were
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Figure 1. BETi inhibit S-phase progression and synergize with cell cycle inhibitors. (a) λ820 murine Myc-induced lymphoma cells were treated
with vehicle (DMSO) or treated with 0.1 μM or 1 μM of JQ1, or 1 μM or 10 μM of RVX2135 for 24 h. The cells were labeled with 3H-thymidine
during the final 4 h of treatment and incorporation was measured by scintillation (left). Treated cells were also lysed and their nuclei stained
with 7-AAD, followed by flow cytometry measuring the DNA content (right). Shown are quantifications of cells in the S-phase gate. (b) Western
blotting analysis of lysates from vehicle-treated or BETi-treated λ820 or λ663 cells with antibodies directed against the S-phase marker
Geminin and β-actin (as a loading control). (c) P493-6 cells were treated with tetracycline for 72 h, after which they were released from
tetracycline-mediated repression for 24 h. BETi at the indicated concentrations were added 4 h after turning Myc on. The cells were analyzed
either for DNA content (left) or for thymidine incorporation (right) to assess entry into S-phase. (d) λ820 and Eμ239 cells were cultured in the
presence vehicle (DMSO) or 100 nM JQ1 in 96-well plates where each individual well contained vehicle or 1 μM of a small molecule inhibitor
(150 different). After 48 h, plates were analyzed for viability with Cell-Titer-Glo. Shown is a Venn diagram comparing compounds that
synergize with JQ1 in both λ820 and Eμ239 cells. (e) List of compounds that show synergy in both cell lines.
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treated with the small molecule library in the presence or absence
of 100 nM JQ1 to identify compounds that can synergize with BETi
(Figures 1d and e). Two classes of compounds stand out in their
ability to synergize with BETi: Aurora kinase inhibitors and PI3K/
mTOR inhibitors. Notably though, the JAK inhibitor TG101209 has
recently been shown to be a potent BETi,25,26 suggesting that the
synergy is only owing to an enhancement of BET inhibition which
eventually results in cell death.21 Aurora kinase inhibitors could be
reasoned to synergize because of the role of BET proteins in
mitosis.27 Lastly, there is an intriguing possibility that the
synergistic effect of BETi/PI3K/mTOR inhibitors may partly be
owing to the fact that the compounds at 1 μM may inhibit several
members of the same kinase family, the PI3K-like family (PIKK). In
view of the findings that BETi blocked progression through
S-phase (Figure 1), and because off-target effects had been
overlooked in previous studies describing BETi synergies with
P13K/mTOR inhibitors28,29 we decided to investigate the possibi-
lity of multiple kinase targeting of the identified screening hits.
The PIKK-like family of kinases includes PI3K, mTOR and the

DNA-damage response kinases ATM, ATR and DNA-PK. ATR is a
critical regulator of DNA replication during replication stress, a
scenario that can be caused by stalled replication forks or
oncogenes such as Myc.30 We, and others, have previously shown
that Myc-driven lymphomas are sensitive to inhibitors of ATR or
the downstream ATR phosphorylation target and signaling
mediator Chk1.31–34 In view of this and the fact that BETi appeared
to impact replication (Figure 1 and Supplementary Figure S2), it
was of particular interest that one of the PIKK inhibitors in our
library, NVP-BEZ235 (BEZ235; Figure 2a), has been shown to not
only inhibit PI3K/mTOR but also ATR, ATM and DNA-PK.35,36

To investigate if replication master regulator ATR could be the
target whose inhibition synergized with BETi we assessed the
effect of different phosphorylation targets of two selective ATR
inhibitors (VE-821 and AZ20) and two PI3K/mTOR inhibitors found
to synergize with low-dose BETi (BEZ235 and GSK1059615). As
expected, both the selective ATR inhibitors inhibited phosphor-
ylation of Chk1, induced phosphorylation of ATM target H2Ax
(γH2Ax) suggesting induction of DNA double-strand breaks, but
did not suppress phosphorylation of mTOR target 4EBP1
(Figure 2b). The PI3K/mTOR inhibitors inhibited phosphorylation
of ATR target Chk1 and the mTOR targets S6 and 4EBP1. The lack
of induction of γH2Ax despite inhibiting Chk1 phosphorylation is
likely because of the fact that they also inhibit ATM, the kinase
that phosphorylates H2Ax when DNA double-strand breaks occur
after replication fork collapse.37

Having established that VE-821 is a selective ATRi we used it to
investigate if ATR inhibition synergizes with BETi. Indeed we found
that VE-821 synergized with both the prototype BETi JQ1 and the
more recently developed RVX213521 in a dose-dependent manner
(Figure 2c and Supplementary Figures S3a and b). To investigate
at which level the anti-lymphoma effect is achieved we performed
western blotting and cell cycle analysis using flow cytometry.
Combining BETi and ATRi caused robust cell death that correlates
with a synergistically enhanced level of PARP cleavage compared
with single-agent treatments (Supplementary Figure S3c).
Moreover, treatment with BETi induced G1 arrest at high
concentrations, whereas VE-821 induced accumulation in G2/M
and apoptosis (Figure 2d). We also analyzed levels of γH2Ax; as it is
enhanced by ATR inhibition (Figure 2b) and by BETi.21,38 Indeed,
combination treatment synergistically enhances γH2Ax staining
(Supplementary Figures S3d and e) but this can be partly
blocked by Q-VD-OPH, a pan-caspase inhibitor (Supplementary
Figure S3d). It is thus likely that some of the γH2Ax signal is owing
to a DNA-damage response triggered by apoptotic DNA
fragmentation. Importantly, the ability of VE-821 to synergize
with BETi was phenocopied using an inhibitor of Chk1 (AZD7762,
Supplementary Figure S4a) or another ATRi (AZ20, Supplementary
Figures S4b and c). We therefore conclude that inhibition of the

canonical ATR-Chk1 replication stress pathways synergizes with
BET inhibition. Finally, three human Burkitt lymphoma cell lines
were also sensitive to the combination therapy (Figure 2e)
suggesting that there could be therapeutic advantages of
combining BETi and ATRi in treatment of lymphoma patients.

RVX2135 and AZ20 synergize in vivo
Our data is of therapeutic interest because ATRi, Chk1 inhibitors
and BETi are being developed for clinical applications. BETi
synergizing with ATR inhibition would imply that ATRi might not
need to be combined with genotoxic chemotherapy, which has
been rationally assumed.39 To be able to test this notion in an
in vivo setting we interrogated the effect of AZ20, which unlike
VE-821 is a bioavailable ATRi.40 To that end, we used a syngeneic
tumor transplant model where λ820 cells were injected into the
tail vein of mice. Two weeks after transplantation we counted the
white blood cells (WBC) and once it was above the normal range
(6000–15 000 cells/μl) we divided the mice into four treatment
groups. Five days after initiation of treatment, WBC counts were
measured. Whereas vehicle-treated mice had a steady increase in
WBC count, mice treated with BETi or AZ20 had lower levels,
which reached statistical significance in the combination-treated
mice (Figure 3a). This translates into a statistically significant
prolonged survival (Figure 3b) although the mice eventually
succumbed to lymphoma. In previous experiments we noted that
RVX2135 did not clear lymphoma efficiently from lymph nodes.21

Because λ820 cells predominantly form nodular lymphoma, we
also tested the combination treatment in mice bearing another
Myc-induced lymphoma, the λ2749 line,21 which has been
propagated by serial transplantation in vivo and has never been
in culture. In this model, the RVX2135/AZ20 combination
treatment causes a rapid clearance of the associated lympho-
leukemia (Figure 3c) and a prolonged survival (Figure 3d). In fact,
the effect was so marked that if mice were started on treatment
when lymphomas were large enough to be palpable, the mice
showed signs of tumor lysis syndrome and a significant reduction
in spleen size upon autopsy of the treated mice after just 1 day of
treatment (Figure 3e).

BETi and ATRi combination therapy triggers a transcriptional
output resembling DNA damage-induced senescence-associated
secretory pathway
As shown above, both BETi and ATRi trigger apoptosis and DNA
damage that is exacerbated in combination. However, although
the synergy was dose-dependent with regards to BETi, effects on
transcription could not be excluded. To gain insight into the
transcriptional changes we performed Illumina bead array
analyses of RNA extracted from λ820 cells treated with RVX2135,
VE-821 or both in the presence of the pan-caspase inhibitor Q-VD-
OPH to ensure viable cells and inhibit induction of apoptotic gene
expression (Supplementary Dataset 1, GEO accession# GSE74873).
Principle component analysis of the transcriptome revealed four
clearly separated groups (Figure 4a).
To gain insight to how the individual and the combination

therapies affected the cells transcriptionally we mined the
REACTOME geneset database using geneset enrichment analysis.
In VE-821-treated and in RVX2135-treated cells the genesets of
replication stress (RVX2135) and chromosome maintenance
(VE-821) had the lowest false discovery rate (qo0.25 is regarded
highly enriched, Figure 4b). This is in accordance with both of the
compounds inhibiting replication. On the other hand, the
combination-treated cells had elevated transcript levels of genes
involved in senescence-associated secretory pathway, including
the NFκB family member Rela (Figures 4b and c). Expanding that
to analyze a larger geneset focused on the NFκB pathway (at
http://bioinfo.lifl.fr/NF-KB/ and using the Ingenuity pathway
analyzer) revealed that several NFκB family members and targets

Synergistic killing by ATR and BET inhibitors
SV Muralidharan et al

4691

© 2016 Macmillan Publishers Limited, part of Springer Nature. Oncogene (2016) 4689 – 4697



were induced in RVX2135/VE-821-treated lymphoma cells
(Figure 4d and Supplementary Figure S5). This is of particular
interest as some of us have shown previously that most
components of NFκB signaling normally are suppressed in Myc-
induced murine lymphoma.41–43 On the other hand, the NFκB

pathway, senescence-associated secretory pathway, ER stress and
autophagy have been previously implicated in responses of Myc-
induced lymphoma to DNA-damaging drugs.44–46 We thus also
investigated key mediators of these pathways. The expression
of DDIT3/CHOP and ATF4, mediators of ER stress, and the
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Figure 2. BETi synergize with ATRi to trigger apoptosis of Myc-induced lymphoma cells (a) λ820 cells were cultured in the presence of
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(b) Western blotting analysis of lysates from λ820 cells treated with vehicle (0.1% DMSO), 10 μM of the ATR inhibitor VE-821, 1 μM of ATR
inhibitor AZ20, 1 μM PI3K/mTOR inhibitor NVP-BEZ235 or indicated concentrations of PI3K/mTOR inhibitor GSK1059615. (c) λ820 cells were
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senescence-associated cytokines Cxcl1 and Cxcl2 were induced by
VE-821 or the combination treatment (Figures 4e and f and
Supplementary Figures S6a and b). Moreover, the p62 protein,
which is degraded by autophagy,47 was induced by both
RVX2135 and VE-821 but exhibited even stronger expression in
combination-treated cells in both mouse λ820 cells and in the
Daudi human Burkitt lymphoma cells (Figures 4e and f).
Surprisingly though, LC3 cleavage was not altered, suggesting
that p62 accumulation was not because of blocked autophagy. On
the other hand, p62 also operates as a positive signaling adapter
and target of NFκB signaling.47–49 Indeed, the mRNA levels of p62
were induced by VE-821 and the combination treatment
(Supplementary Figures S6a and b), likely explaining the increase
in protein levels (Figures 4e and f). Taken together, our data
suggest an engagement of NFκB signaling in cells undergoing BET
and ATR inhibitor combination treatment. Future studies are
warranted that will address the earliest events resulting in the

activation of NFκB signaling and whether or not the pathway is
involved in cell survival or cell death.

DISCUSSION
Here we show that BETi and ATRi synergize to kill cancer cells both
in vitro and in vivo. The rapid therapeutic effect of the combination
treatment is unprecedented in our lab when using targeted
agents in lymphoma. The treatment combination was well
tolerated when given to mice with low tumor load. However,
future studies need to address several questions arising from this
work. Is the combination therapy tumor-selective and thus safer
than classic chemotherapy? The robust cell death is certainly
similar but additional safety data is warranted. For instance, how
will the immune system and normal stem cells respond to this
treatment? With the advancements in immune-oncology thera-
pies it is of great interest to assess the potential for combinations
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with new agents. In this regard, some questions have already been
raised about BETi in preclinical models50,51 and we will learn much
more from the multiple ongoing BETi oncology clinical trials.
Additional questions arise regarding the mechanism behind the

observed effects. It will be essential to first define if (i) ATRi
potentiates the effect of BETi, (ii) whether BETi potentiates the

effects of ATRi or (iii) if a synthetic lethality situation is at play.
Defining key components at the replication fork upon replication
stress has very recently been possible via unbiased proteomics
approaches.52 It is noteworthy that some components regulated
by ATR during replication stress such as RFC1, DNA-PK and CAF1
have previously been found to interact with BRD4 and BRD2.53,54
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Furthermore, a short isoform of BRD4 has been shown to insulate
H2Ax from excess and unspecific ATM phosphorylation.38 It is
possible to envision that a ‘pseudo-DNA damage signal’ could
elicit problems during replication that might require ATR to
resolve. Finally, our own data here points to that NFκB signaling, a
normally silenced transcription factor network in Myc-induced
lymphoma,41–43 become reactivated in cells treated with ATRi/
BETi. It is tempting to speculate that ATR could regulate
transcription by phosphorylating a transcription factor that could
operate together with displaced BET proteins to regulate NFκB
signaling. This would represent a truly synergistic lethal effect that
could only be observed during this particular combination.
A candidate transcription factor for this event is MIZ1 as it is
regulated during replication fork stalling by UV55 and because it
has been shown to stimulate the transcription of NFκB2.41

However, although the NFκB family member RelA is acetylated
and requires binding to Brd4,56,57 a full understanding of the
events likely requires multiple lines of future investigations.
Currently, several BET inhibitors such as OTX015, GSK525762,

BAY1238097, TEN-010, BMS-986158 and CPI-0610, and ATR
inhibitors such as AZD6738 and VX-970 are completing phase I/II
clinical trials as cancer monotherapies (https://clinicaltrials.gov).
Identification of appropriate combination therapies is of high
interest. That ATRi combined with BETi can synergize to induce
lymphoma cell death without the use of genotoxic drugs could
represent a significant advantage.

MATERIALS AND METHODS
Inhibitors and chemical library
JQ1 was purchased from Cayman chemicals (Ann Arbor, MI, USA) and
RVX2135 was a kind gift from Zenith Epigenetics (Calgary, AB, Canada). ATR
inhibitors, AZ20 and VE-821 are commercially available at AXON Medchem
(Groningen, The Netherlands) and MedChem Express (Princeton, NJ, USA),
respectively. Pan-caspase inhibitor, Q-VD-OPH was procured from Sigma-
Aldrich (St Louis, MO, USA). All the inhibitors were dissolved in DMSO and
stored at − 20 °C. The Chk1 inhibitor AZD7762 and the pharmacogenetic
library was purchased from Selleck chemicals (Houston, TX, USA) and have
been described before.24

In vivo mouse experiments
All animal experiments were performed in accordance with regional/local
animal ethics committee approval (approval numbers 287/2011, 288/2011
and 36/14). C57BL/6-Tyr (albino) syngenic mice were transplanted with
lymphoma cells and were followed by measuring WBC counts in blood
samples from the saphenous vein. When 415 cells/nl were reached in all
mice they were divided into groups so as to ensure a similar spread in WBC
in all groups. They were thereafter treated with oral RVX2135 at 75 mg/kg
b.i.d. (n=5) and/or ip AZ20 at 50 mg/kg q.d. (n= 5). Control mice (n= 4)
received oral and ip vehicle (10% PEG300, 2.5% Tween-80, pH 4). Blood
samples were collected 5 days post treatment. Mice were scored sick and
killed when palpable lymphomas appeared. Neither the animal technician
performing the dosing nor the investigators scoring the mice were blinded
to the experiment.

Cell culture
All B-cell lines were cultured in RPMI supplemented with 10% fetal bovine
serum, stable glutamine, 50 μM of β-mercaptoethanol. λ820 and λ663 cell
lines were established by serial culturing of lymphomas that arose in λ-Myc
mice and Eμ239 was established similarly from Eμ-Myc mouse. Akata,
Daudi and BJAB were lab stocks that were routinely confirmed to be
Myc-driven B-cell lymphoma lines by qRT-PCR or western blotting of
human c-Myc. P493-6 cells were kindly provided by G Bornkamm (Munich,
Germany) and were cultured and treated with tetracycline (Sigma-Aldrich)
as previously described.23 All cell lines were confirmed to be mycoplasma-
free by standard PCR analysis.

Cell viability and cell cycle analysis
Lymphoma cells were collected by centrifugation and were lysed and
stained in modified Vindelov’s solution (20 mM Tris pH 8.0, 100 mM NaCl,
1 μg/ml 7-AAD, 20 μg/ml RNase and 0.1% NP40) for 30 min at 37 °C. DNA
content was analyzed on a BD Accuri C6 (Becton-Dickinson, Durham, NC,
USA) using the FL3 channel in linear scale for S-Phase measurements, and
in logarithmic scale for sub-G1 measurements (apoptosis).
For measurement of DNA synthesis in S-phase, cells were plated into

96-well plates and cultured in the presence of vehicle (DMSO), JQ1 or
RVX2135. Cells were incubated with 3H-thymidine for the final 4 h of
treatment and subsequently collected onto glass fiber filters and counted
in a TopCount scintillation counter (Perkin-Elmer, Norwalk, CT, USA).
For cell viability measurements (drug screening and synergy experi-

ments) cells were cultured in 96-well plates and metabolic activity was
measured using the ATP-based Cell-Titer-Glo assay (Promega, Madison, WI,
USA) in a VICTOR plate luminometer (Perkin-Elmer).

RNA analyses
For qRT-PCR, RNA from was isolated using NucleoSpin RNA II kit
(Macherey-Nagel, Düren, Germany). After quantification, 500 ng of RNA
was converted to cDNA using the iScript cDNA synthesis kit (Bio-Rad,
Hercules, CA, USA). qRT-PCR was performed using KAPA SYBR FAST ABI
Prism 2X qPCR Master Mix (Kapa Biosystems, Woburn, MA, USA). Data
analyses were performed by comparing the ΔΔCt values with a control
sample set as 1.
Expression profiling using Illumina (San Diego, CA, USA) Mouse RefSeq

bead arrays was essentially performed as previously described21 and the
data has been deposited at NCBI Gene Expression Omnibus (GEO accession#
GSE74873). Principle component analysis and geneset enrichment analysis
were performed using the Qlucore software (Qlucore, Lund, Sweden) and
clustering analyses were performed using Qlucore or GENE-E. Additional
pathway analyses were done using the Ingenuity pathway analyzer
(Qiagen, Redwood City, CA, USA).

Immunoblotting
Cell pellets were lysed in lysis buffer as described before.34 In all, 50 μg of
protein was resolved on 4–20% ClearPAGE gels (C.B.S. Scientific Company,
San Diego, CA, USA) and transferred to nitrocellulose membrane (Protran,
GE Healthcare Bio-Sciences, Piscataway, NJ, USA). The membrane was
blotted with specific antibodies. Antibodies against the following proteins
were used: Myc, p-ATR, p-Chk1, p-4EBP1, p-AKT, p-S6 (Cell Signaling
Technology, Danvers, MA, USA), Geminin, c-Rel, Rel-B, Chk1, CHOP, ATR,
ATF4 (Santa Crutz Biotechnology, Dallas, TX, USA), p62 (Progen Biotechnik,
Heidelberg, Germany), LC3 (Novus Biologicals, Littleton, CO, USA), Actin
(Sigma-Aldrich).

Statistical analysis
The bars shown represent the mean± s.d. Combination indices (CI)
between drug A and B was calculated using the formula CI = expected
additive/observed; where, expected additive = 1 − (value of drug
A/vehicle × value of drug B/vehicle). Valueo1 is considered synergistic,
Value = 1 is additive and value41 is antagonistic. All cell culture
experiments were repeated thrice, the microarray was performed on two
biological replicates and the animal studies had a minimum of four animals
per group. The two-tailed Student's t-test or tumor-free survival (log-rank)
analyses were performed using GraphPad Prism (GraphPad Software,
La Jolla, CA, USA). *Po0.05, **Po0.01, ***Po0.001 and ****Po0.0001.
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