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Constitutively activated ERK sensitizes cancer cells to doxorubicin:
Involvement of pS3-EGFR-ERK pathway
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The tumour suppressor gene p53 is mutated in approximately 50% of the human cancers. p53 is involved in genotoxic
stress-induced cellular responses. The role of EGFR and ERK in DNA-damage-induced apoptosis is well known. We
investigated the involvement of activation of ERK signalling as a consequence of non-functional p53, in sensitivity of
cells to doxorubicin. We performed cell survival assays in cancer cell lines with varying p53 status: MCF-7 (wild-type
p53, WTp53), MDA MB-468 (mutant p53, MUTp53), H1299 (absence of p53, NULLp53) and an isogenic cell line
MCF-7As (WTp53 abrogated). Our results indicate that enhanced chemosensitivity of cells lacking wild-type p53
function is because of elevated levels of EGFR which activates ERK. Additionally, we noted that independent of p53

status, pERK contributes to doxorubicin-induced cell death.

[Kumari R, Chouhan S, Singh S, Chhipa RR, Ajay AK and Bhat MK 2017 Constitutively activated ERK sensitizes cancer cells to doxorubicin:

Involvement of pS3-EGFR-ERK pathway. J. Biosci. 42 31-41]

1. Introduction

A tumour cell frequently responds to chemotherapy, but com-
plete remission is rare and relapses occur frequently after initial
positive response. Therefore, it is imperative to search for
molecular determinants of chemosensitivity, in tumours.

p53 is one of the most frequently altered genes in human
cancers. It has an important role in regulating cell cycle,
apoptosis, DNA repair and in maintenance of genomic sta-
bility. Loss in p53 function is a common feature of human
malignancies and is reported to be involved in the develop-
ment of resistance to chemotherapy, radiotherapy and in-
crease in tumorigenicity (Coradini et al. 2015). On the
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other hand, some reports indicate that loss of p53 function
leads to increased chemosensitivity (Wafik S El-Deiry 2003;
Ventura et al. 2007; Patricia et al. 2014). Therefore, influ-
ence of p53 on cellular sensitivity in response to DNA
damaging agents is debatable. It has been reported that
inactivated and mutated p53 is responsible for malignant
transformation because of oncogenic activation of EGFR
pathway (Dong et al. 2009; Rieber and Rieber 2009). How-
ever, significance of this correlation towards sensitivity of
cancer cells to chemotherapeutic drugs is not clear.

In this study, we demonstrate the role of activated ERK in
sensitivity of cancer cell lines with varying p53 status to DNA
damaging agents. For this purpose, we used MCF-7, MCF-7As,
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MDA MB-468 and H1299 cell lines. MCF-7 cells have func-
tional p53 while MDA MB-468 and H1299 are p53 non-
functional cell lines. MCF-7As is an isogenic cell line to
MCF-7 in which p53 function is abrogated (Chhipa et al.
2007). All these cells were screened for sensitivity towards
doxorubicin (DXR), mitomycin ¢ (MMC), 5-fluorouracil (5-
FU) and carboplatin (Carb). Among these drugs, doxorubicin is
more effective in killing various cancer cells with non-
functional p53. Further, we explored the role of activated
ERK and EGFR as a consequence of non-functional p53 to-
wards sensitivity to DXR.

2. Materials and methods
2.1 Cell lines and reagents

Human breast cancer cell lines, MCF-7 and MDA MB-468, lung
cancer cell line H1299, were obtained from American Type
Culture Collection (ATCC, VA, USA) and maintained in our
inhouse National Centre for Cell Science Repository. MCF-7,
MCF-7As, MDA MB-468 cell line and H1299 cells were cul-
tured in Dulbecco’s Modified Eagle’s Medium (DMEM) at
37°C with 5% CO,. The medium was supplemented with 10%
heat inactivated serum (Sigma, MO, USA), penicillin (100
U/mL) and streptomycin (100 pg/mL) (Invitrogen CA, USA).
Carboplatin (Carb), mitomycin-c (MMC), doxorubicin (DXR)
and 5-flourouracil (5-FU) were purchased from Sigma. DXR, 5-
FU and Carb were dissolved in sterile glass distilled water to
make a stock of 17.2 mM, 100 mM and 25 mM respectively.
MMC was dissolved in methanol to make a stock of 5 mM. ERK
inhibitor (U0126) and EGFR inhibitor (AG1478) were pur-
chased from Calbiochem and were dissolved in DMSO to make
a stock of 50 mM and 168 mM respectively Methylethiazole
tetrazolium (MTT) was purchased from USB Corporation, (OH,
USA) and reconstituted in DMEM without phenol red to make 1
mg/mL solution. Antibodies against p53, phosphor-ERK
(Tyr204), ERK, B-tubulin and EGFR, pAKT, AKT and HRP
conjugated secondary antibodies, Ultracruz mounting media and
recombinant EGF protein were purchased from Santa Cruz
Biotechnology (CA, USA). EGF protein was reconstituted in
sterile glass distilled water to make a stock solution of 5 pg/uL.

2.2 MTT cell survival assay

To assay cell survival under drug treatment, cells were seeded at
a density of 1x10* cells/well in 96-well plates and allowed to
adhere overnight at 37°C. Treatment with drugs/inhibitors was
given as per experimental requirements. At designated time
points, MTT was added and cells were incubated in humidified
CO, incubator for 4 h to allow the formation of formazan
crystals. Thereafter, 50 puL of iso-propanol was added to each
well. Absorbance was read at 570 nm. Graph was plotted as
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percentage of value compared with untreated control using Sig-
ma Plot 12.0.

2.3 Colony formation assay

One-thousand cells plated in each well of a six-well plate were
treated with indicated concentrations of DXR (5 uM) and EGF
(100 ng/mL) or inhibitors as per experimental requirements. Cells
were washed and incubated in media for 21 days with media
change every fourth day. Cells were stained with 0.005% crystal-
violet stain for 1 h; images were taken (Olympus, Tokyo, Japan).
Densitometric analysis was performed by using Image J software
(NIH, USA) and graph was plotted using Sigma Plot 12.0.

2.4  Western blot analysis

Whole cell lysates were prepared and blotting was performed
as previously described (Chhipa and Bhat 2007). Densitomet-
ric analysis was performed by using Image J software (NIH,
USA). Band Intensities were normalized by dividing the in-
tensity obtained from each protein band to their corresponding
B-tubulin band intensity. Band Intensities of pERK in figure 3
is normalized with respective basal ERK band intensity.

2.5 Cell transfection

Wild-type p53 plasmid (pC53-SN3) was a kind gift from Dr.
Bert Vogelstein, John Hopkins, Baltimore, MD. For transient
transfection, cells were transfected with Lipofectamine2000
reagent as per manufacturer’s instruction. Cells were plated in
35 mm tissue culture plates and were transfected with 3 pg of
DNA including 1 pg of pPEGFPN1 plasmid as an internal control
to assess the transfection efficiency. Cells in 96-well plate were
transfected with 0.5 ug of pC53-SN3 or EGFP plasmid per well.
Plasmid was diluted in 25 pL Opti-MEM per well. Lipofect-
amine2000 (0.5 pL) was also diluted in 25 pl of Opti-MEM per
well. They were incubated at room temperature for 5 min. Then
the diluted DNA was mixed with diluted Lipofectamine2000
and co-incubated at room temperature for 45 min to allow the
formation of Lipofectamine-DNA complex. One hour prior to
addition of Lipofectamine-DNA complex, media was removed
and 50 pL Opti-MEM was added to each well. Fifty micro-liters
of Lipofectamine-DNA complex was added drop-wise to each
well and mixed gently. Cells were incubated at 37°C for 18 h.
Thereafter, cells were washed thrice and processed as per exper-
imental requirement.

2.6 DAPI staining

Five thousand cells were plated in each well of multi-well
slides (MP Biomedicals, OH, USA) and kept for 24 h at
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37°C in humidified CO, incubator. Medium was removed  humidified CO, incubator. After 24 h medium was replaced
and fresh media containing indicated concentrations of drugs ~ with drug-free medium and cells were allowed to grow for
were added and incubated further for 24 h at 37°C in  additional 24 h. Cells were fixed and stained with Ultracruz
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Figure 1. Sensitivity of MCF-7, MCF-7As, H1299, and MDA MB-468 to chemotherapeutic drugs. (A) MCF7, MCF-7As, H1299 and
MDA MB-468 cells were treated with MMC (5 uM), DXR (10 uM), 5-FU (100 uM) and Carb (100 uM) for 24 h. Cells were grown in drug
free medium for additional 24 h and MTT assay was performed. All the bar graphs represent the mean+SD of an experiment done in
triplicate. Statistical comparison was performed by Student’s two-tailed unpaired #-test. The values of P<0.05 were considered statistically
significant (¥*P<0.05, **P<0.01, ***P<0.001). Wild-type p53 is represented as WT p53, mutated p53 is represented as MUT p53 and
absence of p53 is represented as NULL p53. (B) MCF7, MCF-7As, H1299 and MDA MB-468 cells were treated with DXR; MCF-7 (10
uM), MCF-7As (5 uM), H1299 (2.3 uM) and MDA MB-468 (5 uM) for 24 h and processed for DAPI staining and were visualized for

nuclear disintegration.
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mounting media containing DAPIL. The images were cap-
tured and processed by Adobe Photoshop software.

2.7 Statistical analysis

Statistical analysis was performed using Sigma Plot 12.0
(Systat Software Inc., CA, USA). All data were represented
as the mean + standard deviation (S.D.). In most experi-
ments, bars represent variations within the wells of an ex-
periment and the experiments were repeated at least three
times. Statistical comparison was performed by Student’s
two-tailed unpaired #-test. The values of P<0.05 were con-
sidered statistically significant (*P<0.05, **P<0.01, ***P<
0.001).
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3. Results

3.1  p53 non-functionality enhances sensitivity towards
doxorubicin

To investigate the role of p53 in chemosensitivity, p53
functional cell line, MCF-7 and p53 non-functional cell
lines, MCF-7As, H1299 and MDA MB-468 cells were trea-
ted with indicated concentrations of MMC, DXR, 5-FU and
Carb. Thereafter, MTT assay was performed to assess cell
survival. Enhanced sensitivity towards DXR was observed
in MCF-7As, H1299 and MDA MB-468 cells. Sensitivity
towards MMC, 5-FU and Carb was not dependent on p53
status (figure 1A). Next, MCF-7, MCF-7As, H1299 and
MDA MB-468 cell were seeded in multi-well slides and
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Figure 2. EGFR level in p53 non-functional cells. (A) Western blot analysis for EGFR level in the presence of AG1478 (10 uM) in MCF-
7, MCF-7As, H1299 and in MDA MB-468 cells. Relative fold value (RF) calculated by densitometric analysis after normalizing with
respective B-tubulin. The experiment was repeated twice and data represents western blot from one of the experiment. (B) MCF-7, MCF-
7As, H1299 and MDA MB-468 cells were pre-treated with AG1478 (10 uM) for 1 h and then treated with DXR; MCF-7 (10 uM), MCF-
7As (5 uM), H1299 (2.3 uM) and MDA MB-468 (5 uM) for 24 h. Cells were allowed to grow in drug free medium for additional 24 h then
MTT assay was performed. All the bar graphs represent the mean+SD of an experiment done in triplicate (***P<0.001). (C) MCF-7 and
MCF-7As cells were treated with EGF ligand (100 ng/mL) along with DXR (10 pM) for 24 h. Western blot was performed for detection of
levels of EGFR protein. Relative fold value (RF) calculated by densitometric analysis after normalizing with respective B-tubulin. (D) MCF-
7 cells were treated with EGF ligand (100 ng/mL) along with DXR (10 uM) for 24 h. Percentage cell survival was determined by MTT
assay. All the bar graphs represent the mean+SD of an experiment done in triplicate. Statistical comparison was performed by Student’s
two-tailed unpaired #-test. The values of P<0.05 were considered statistically significant (*P<0.05, **P<0.01, ***P< 0.001).
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treated with DXR for 24 h. Cells stained with DAPI were
captured and visualized for alteration in nucleus, if any.
DXR causes enhanced nuclear DNA disintegration indica-
tive of increased apoptosis (figure 1B).

3.2 p53 non-functionality and elevated EGFR level con-
tribute to sensitivity towards DXR

EGFR is one of the upstream signalling molecules of ERK
and is down regulated by p53 (Cui et al. 2012). Elevated
EGFR level was detected in MCF-7As, H1299 and MDA
MB-468 cells as compared to MCF-7 cells. Treatment of
cells with AG1478, an EGFR inhibitor reduces EGFR level
(figure 2A) in cells with non-functional p53. Decrease in
EGFR level upon AG1478 has been previously documented
(Busse et al. 2000). To investigate the role of EGFR on drug
sensitivity, cells were treated with DXR in the presence and
absence of AG1478. It was observed that, AG1478 treatment
causes reduction in DXR-induced cytotoxicity in p53 non-
functional cells whereas no changes were detected in MCF-7
cells (figure 2B).

3.3 Up-regulation of EGFR level enhances sensitivity of
MCF-7 cells to DXR

EGF increases EGFR levels in various cells including MCF-
7 cells (Garcia et al. 2006; Moerkens et al. 2014). Therefore,
EGFR status is likely to further enhance the sensitivity to
DXR. To ascertain this, MCF-7 and MCF-7As cells treated
with EGF were subsequently exposed to DXR and western
blotting was performed to detect EGFR level. We observed
that EGF treatment increases the level of EGFR in MCF-7
cells, while no change was observed in MCF-7As cells
(figure 2C), indicating that EGF causes increase in EGFR
level only in p53 functional cells. Upon exposure of MCF-7
cells to EGF and subsequent treatment with DXR, survival
was reduced in the cells treated with DXR along with EGF
compared to DXR alone (figure 2D). The effective killing by
DXR following up-regulation of EGFR pathway is clearly
observed by long-term cell survival assay as very few sur-
viving colonies were observed in DXR treated cells in the
presence of EGF (supplementary figure I).

3.4 EGFR activates ERK, which correlates with enhanced
sensitivity

Elevated level of EGFR has been previously reported to
enhance pERK level and induction of apoptosis (Dong
et al. 2009). Therefore, we investigated the role of EGFR
in activation of ERK-induced apoptosis. We observed in-
creased level of pERK in p53 non-functional cells compared
to MCF-7 cells. Also, it was observed that in the presence of

AG1478, pERK levels were reduced in MCF-7As, H1299
and MDA MB-468 cells (figure 3).

3.5 ERK activation is independent of p53 but EGFR level
is dependent on non-functionality of p53

EGFR is one of the upstream signalling proteins of ERK
pathway and is regulated by p53 (Lachat ef al. 2004) and this
correlation between them is not much explored. Therefore,
to find an association if any, between wild-type p53 and
EGEFR levels towards determining the overall survival of
cancer cells, MCF-7, MCF-7As and H1299 cells were trans-
fected with wild-type p53 plasmid or pEGFP plasmid as a
control. Overexpression of p53 in p53 non-functional cells
decreases EGFR protein level. To understand the relation-
ship between wild-type p53 and pERK, we transfected plas-
mid expressing wild-type p53 in all the cell lines. In the
presence of wild-type p53 protein there was no change in
pERK level in MCF-7 cells. Surprisingly, p53 non-
functional cells transfected with wild-type p53 plasmid did
not exhibit any change in pERK level (figure 4A). Densito-
metric analysis from two independent blots is represented as
figure 4B. The three independent blots for the aforemen-
tioned experiments are incorporated as in supplementary
figure Ila, b, c. These results suggest that ERK is regulated
in EGFR dependent and also in EGFR independent manner,
in p53 non-functional cells.

Overexpression of wild-type p53 in MCF-7 cells did not
affect the sensitivity of cells to DXR. However, it rescued
MCEF-7As and H1299 cells from DXR-induced death
(figure 4C).
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Figure 3. EGFR-dependent activation of ERK. MCF-7, MCF-
7As, H1299 and MDA MB-468 cells were treated with AG1478
(10 uM) for 24 h and whole cell lysates were subjected to detection
of pERK and ERK proteins by Western blotting. Densitometric
analysis was performed and data was plotted as relative fold value
(RF) for pERK after normalizing with respective basal ERK levels.
The experiment was repeated twice and data represents Western
blot from one of the experiment.
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Figure 4. EGFR/p53-independent activation of ERK. (A) MCF-7As, H1299 and MDA MB-468 cells were transfected with p53 wild-type
plasmid and pEGFP control plasmid. After 16 h, EGFR, pERK, ERK levels were detected in whole cell lysates of transfected cells by
western blotting. Relative fold value (RF) calculated by densitometric analysis after normalizing with respective B-tubulin. (B) Densito-
metric analysis representing average values calculated from two independent experiments represented in (A). (C) MCF-7, MCF-7As and
H1299 cells were transfected with wild-type p53 and pEGFP plasmids. After 16 h, cells were treated with DXR; MCF-7 (10 uM), MCF-
7As (5 uM), H1299 (2.3 uM) and MDA MB-468 (5 pM) for additional 24 h and 48 h. After drug treatment, cells were allowed to grow for
24 h in drug free medium before performing MTT assay as described in materials and methods section. All the bar graphs represent the
mean+SD of an experiment done in triplicate. Statistical comparison was performed by Student’s two-tailed unpaired z-test. The values of
P<0.05 were considered statistically significant (*P<0.05, **P<0.01, ***P< (.001).

3.6 Inhibition of ERK activation contributes
towards DXR sensitivity

Activated ERK has been correlated with DNA-damage-
induced apoptosis (Singh et al. 2007; Upadhyay et al.
2008). ERK activation can be inhibited by U0126 (an
upstream inhibitor of ERK activation) (Marampon et al.
2009). Therefore, we probed into the role of inhibition
of ERK activation in DXR induced apoptosis. When
cells were treated with ERK inhibitor U0126, pERK
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level was barely detectable, whereas basal ERK
remained unchanged (figure 5A). To investigate the in-
volvement of pERK in sensitivity to DXR, cells were
exposed to U0126, and subsequently treated with DXR
(figure 5B). Significant reduction in cell death was ob-
served in the cells exposed to ERK inhibitor and treated
with DXR. These results are also complimented by
phase contrast microscopic pictures, which demonstrate
the presence of more number of surviving cells
(figure 5C).
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Figure S. Inhibiting pERK activation promotes survival in DXR-treated cells. (A) MCF-7As, H1299 and MDA MB-468 cells were

treated with U0126 (20 uM) and whole cell lysates were processed for Western blotting for detection of pERK protein. Relative fold value
(RF) calculated by densitometric analysis after normalizing with respective B-tubulin. The experiment was repeated twice and data
represents western blot from one of the experiment. (B) MCF-7, MCF-7As, H1299 and MDA MB-468 cells were pre-treated with
U0126 (20 uM) for 1 h followed by DXR; MCF-7 (10 uM), MCF-7As (5 uM), H1299 (2.3 uM) and MDA MB-468 (5 uM) treatment
for 24 h in the presence or absence of U0126. All the bar graphs represent the mean+SD of an experiment done in triplicate. Statistical
comparison was performed by Student’s two-tailed unpaired #-test. The values of P<0.05 were considered statistically significant (¥*P<0.05,
**P<0.01, ***P<0.001). (C) Photomicrographs of cells MCF-7, MCF-7As, H1299 and MDA MB-468 cells pre-treated with U0126 (20
uM) for 1 h followed by DXR; MCF-7 (10 uM), MCF-7As (5 uM), H1299 (2.3 uM) and MDA MB-468 (5 uM) treatment for 24 h in the
presence or absence of U0126 (magnification, X400; scale bars, 100 pm).

3.7 Inhibition of EGFR and ERK together reduces
sensitivity to DXR

To evaluate the role of EGFR and ERK in sensitivity, cells
were exposed to AG1478, U0126 or both together followed
by treatment with DXR and survival was assessed by MTT
assay. It was observed that percentage of surviving cells
following DXR treatment in p53 non-functional cell lines
was significantly enhanced in the presence of either AG1478

or U0126 or both together as compared with percentage
survival in p53 functional cells treated similarly
(figure 6A). Also, increased survival of p53 non-functional
cells was observed upon exposure to U0126 than AG1478,
indicating EGFR dependent and independent pathways are
contributing to ERK induced sensitivity towards DXR.
These observations are in agreement with results obtained
in long-term colony formation assay, under similar treatment
conditions (figure 6B and supplementary figure III).
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Schematic representation of proposed model of ERK
promoted DXR-induced cell death is depicted in
figure 7.

4. Discussion

Over the past few decades, although major advancements in
therapies for cancer have taken place, still cancer remains a
leading cause of mortality worldwide (Maruthampu et al.
2016). A number of studies have documented the role of p53
mutations towards the therapeutic outcome for various can-
cers (Licitra ef al. 2004; Wansom et al. 2010; Mollgard et al.
2011; Fernandez ef al. 2012). However, the p53 downstream
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signalling pathways involved in sensitivity towards chemo-
therapeutic drugs are yet to be completely understood.

In the present study we have explored the relationship
between p53 status and sensitivity of cancer cells to doxo-
rubicin. We employed p53 wild-type cells MCF-7 and p53
non-functional cells MCF-7As, H1299 and MDA MB-468.
These cells were treated with MMC, DXR, 5-FU and Carb.
Sensitivity towards 5-FU and Carb was not dependent on
p53 status, whereas in case of MMC, p53-null cells appear to
be more sensitive than wild-type but in p53-mutated cells
survival is more than that of wild-type. Since only DXR
effect was p53 dependent, we further explored its mecha-
nism of action. This observation is complimented by occur-
rence of nuclear disintegration indicative of apoptosis in
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Inhibition of EGFR and activation of ERK leads to enhanced survival under DXR treatment. (A) MCF-7, MCF-7As, H1299 and

MDA MB-468 cells were pre-treated with U0126 (20 pM) and/or AG1478 (10 uM) for 1 h and then treated with DXR treatment for 24 h.
Cells were allowed to grow in drug free medium for additional 24 h then MTT assay was performed. All the bar graphs represent the mean
+SD of an experiment done in triplicate (*P<0.05, **P<0.001, ***P<0.001). (B) MCF-7, MCF-7As, H1299 and MDA MB-468 cells were
pre-treated with U0126 (20 uM) and/or AG1478 (10 uM) for 1 h and then treated with DXR treatment for 24 h. Cells were allowed to grow
in drug free medium for 21 days and colonies were visualized with crystal violet staining. Densitometric analysis was performed and
relative colonies were plotted as bar graph. All the bar graphs represent the mean+SD of an experiment done in triplicate (*P<0.05,
**P<0.001, ***P<0.001). Original photograph is included as supplementary figure III. Statistical comparison was performed by Student’s
two-tailed unpaired #-test. The values of P<0.05 were considered statistically significant (¥*P<0.05, **P<0.01, ***P<0.001).
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Figure 7. Schematic representation. (A) Functional p53 decreases EGFR level, causing a decrease in pERK level resulting in decreased
sensitivity towards doxorubicin. (B) Activation of ERK either by EGFR or independent of EGFR, decreases survival by increasing

sensitivity to DXR in p53 non-functional cells.

DXR treated MCF-7As, H1299 and MDA MB-468 cells.
This finding is consistent with the earlier reports document-
ing enhanced cytotoxicity in cells with p53-null phenotype
(Lehmann-Che et al. 2010; Fernandez et al. 2012).

It has been reported that colorectal cancer cells having
mutant p53 are more sensitive towards cetuximab therapy
because of increased EGFR level (Oden-Gangloff et al.
2009). This suggests an inter-relationship between p53 and
EGFR, which warrants investigation. We observed that can-
cer cells with non-functional p53 have increased level of
EGFR. Expression of wild-type p53 in these cells reduces
EGFR protein level indicating that in p53 non-functional
cells there is a constitutive level of EGFR, which is kept
under check by wild-type p53. Inhibition of EGFR by
AG1478 reduces EGFR level. Treatment of cells with
DXR in the presence of AG1478 promotes cell survival
suggesting that EGFR plays a role in sensitization of p53
non-functional cells to DXR. Also, an increase in the levels
of EGFR achieved by treatment of MCF-7 cells with EGF
ligand increases its sensitivity to DXR. However, in MCF-
7As cells EGF treatment does not cause any change in the
EGFR level. These findings collectively indicate that p53
regulates EGFR, which is an important determinant for sen-
sitivity of cancer cells to DXR. The above-stated observa-
tions are in agreement with that reported earlier (Huang et al.
2011).

Downstream target of EGFR is ERK and its phosphory-
lated form is linked to DNA-damage-induced apoptosis
(Wang et al. 2000; Singh et al. 2007; Rieber and Rieber
2009). High level of pERK has been detected in malignant
tumours and decrease in pERK level has been shown to
reduce tumour formation (Hoshino et al. 2001). The rela-
tionship between pERK and sensitivity of the cells toward
drugs is not well understood. It is evident from our finding
that inhibition of EGFR decreases pERK level while the
basal ERK level remains unchanged. U0126 significantly
reduce pERK level in all the cells. Inhibition of EGFR
promotes cell survival in MCF-7As, H1299 and MDA
MB-468 cells but not in MCF-7 cells. Although inhibition
of EGFR does not change percentage cell survival in MCF-7
cells, inhibition of ERK increases survival of DXR treated
cells. This finding is supported by observation that MCF-7
cells have low level of EGFR. On the other hand, in MCF-7
cells the survival increased in the presence of U0126 sug-
gesting sensitivity of cells towards DXR exhibits dependen-
cy on ERK activation. Inhibition of EGFR and pERK
increases survival in p53 non-functional cells. However, in
MCEF-7 cells the presence of both inhibitors together does
not alter sensitivity to DXR.

Another well-known target of EGFR is AKT and thus we
attempted at investigating role of AKT in sensitivity towards
DXR in p53 functional and p53 non-functional cell lines. We
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observed that pAKT levels change in response to EGFR
inhibition in p53 wild-type cells but not in cells having
non-functional p53 (supplementary figure IV A). Addition-
ally, we observed that inhibition of AKT by LY294002
increases survival of cells with functional p53 while no
significant effect was observed in cells with non-functional
p53 (supplementary figure IV B). These results suggest that
pAKT affects sensitivity towards DXR in only p53 wild-type
cells while in p53 non-functional cells AKT does not affect
the sensitivity towards DXR.

Further we demonstrate that inhibition of constitutively
activated ERK increases survival in all the cells treated with
DXR. Surprisingly, the presence of wild-type p53 in cells
with non-functional p53 does not alter the pERK level.
However, an increased survival of cells in which p53 is not
functional is observed in the presence of wild-type p53.
These results indicate that ERK-mediated cell death is inde-
pendent of p53 status in cancer cells. Also, high levels of
pERK in p53 non-functional cells might be due to ERBB2-
dependent signals (Kim er al. 2008). However, despite of
EGFR dependency, p53 status seems to be a crucial factor in
determining the sensitivity of the cells to DXR. This finding
is consistent with reports where it has been shown that
activation of ERK following DNA damage leads to cell
cycle arrest causing apoptosis in a p5S3 independent manner
(Tang et al. 2002; Wei et al. 2011).

Activation of EGFR by EGF has been shown to
enhance the cytotoxic effect of cisplatin (Jen-Chung Ko
et al. 2008; Ahsan et al. 2010). It is also reported that
abrogation of EGFR by its antisense decreases cisplatin
induced apoptosis in MDA MB-468 cells (Dixit et al.
1997). High level of EGFR expression has also been
correlated with increased sensitivity to cisplatin in cer-
vical cancer cells (Donato et al. 2000). All these find-
ings propose a role of EGFR in sensitivity towards
chemotherapeutic agents. To delineate the role of EGFR,
we exposed MCF-7 cells to EGF and treated with DXR.
Elevated levels of EGFR by EGF enhances cell death
induced by DXR.

To conclude, we propose that p53 non-functionality
causes increased sensitivity of cells towards DXR. This is
because of increase in EGFR protein and pERK levels.
However, pERK-mediated cell death is not directly depen-
dent on p53 status in cancer cells. Therefore, cells with p53
non-functionality and elevated EGFR are more sensitive to
DXR.
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