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Autophagy induction by low-dose cisplatin:
The role of p53 in autophagy
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Abstract. The majority of chemotherapy treatments for
lung cancer use cisplatin; however, its use is limited as it
has several side-effects. Autophagy (or type II cell death) is
an important mechanism by which programmed cell death
occurs. The purpose of this study was to determine whether
low-dose cisplatin treatment induces autophagy in lung cancer
cells. We also examined whether autophagy inhibition results
in p53-mediated apoptosis. NCI-H460 (wild-type p53) and
NCI-H1299 (null-type p53) cells were treated with 5 or 20 M
cisplatin for 12, 24 or 48 h. An MTT assay was performed
to measure the cell viability following cisplatin treatment.
To detect cisplatin-induced autophagy, cell morphology
(autophagic vacuole) and LC3 localization were examined.
The outcome of autophagy inhibition was determined using
3-methyladenine (3-MA) to detect Annexin V (+), propidium
iodide (PI) (-) and acridine orange (+) cells by FACS analysis.
To determine whether cisplatin induced autophagy, we exam-
ined the role of p53 as a cell survival regulator in autophagy.
Low-doses of cisplatin (5 M) induced cell death and this was
augmented by 3-MA in both cell lines. Autophagic vacuoles
and cytoplasmic LC3 formation was more evident in H460
cells than in HI1299 cells. The induction of autophagy by
low-dose cisplatin was increased by 2-fold in H460 compared
to H1299 cells. However, the tests for apoptosis showed no
difference between the 2 cell lines. Following 3-MA pretreat-
ment, cisplatin-induced autophagy was found to be markedly
reduced (a 3-fold reduction) in wild-type pS3 compared to null-
type p33 cells. However, cisplatin-induced apoptosis increased
in wild-type p53 compared to null-type p53 cells. Autophagy
induction and apoptotic shift after autophagy inhibition may
be mediated by p53 activation in lung cancer cells treated with
low-dose cisplatin.
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Introduction

Lung cancer treatment continues to present difficulties
and survival rates remain low, despite research efforts.
Chemotherapy is the primary form of treatment for lung
cancer; however, its response rate is low, and complete
recovery is rare (1,2). Thus, the development of a more effica-
cious therapy for lung cancer is urgently required. Autophagy
is a type of programmed cell death that occurs in both physi-
ological or pathophysiological environments (3,4). Autophagy
is the mechanism by which protein conversion and the removal
of aging or damaged organelles occurs; this helps maintain
cellular homeostasis (5,6). Autophagy is also known to be
involved in cell survival. However, excessive autophagy or
improper activation can lead to apoptosis. Autophagy is
believed to play an important role in the incidence of tumors;
it is also considered to have a role in primary tumorigenesis.
Additionally, it is known to maintain cell survival in tumors
via survival pathways during periods of stress, such as during
tumor progression or chemotherapy (7-9). The protein p53 is
an ‘intracellular gatekeeper’ that protects the cell from various
stress signals, and p53 is a mutant gene in most cancer cells that
is activated by DNA damage, cancer gene activation, hypoxia
and other stresses (10,11). It is involved in cell cycle inhibi-
tion, apoptosis, aging, metabolism, differentiation, inhibition
of blood vessel formation, and autophagy regulation (12-14).
Cisplatin is the most widely used chemotherapy drug for lung
cancer and has powerful anticancer effects. However, it has
many side-effects. Therefore, in an attempt to reduce these
side-effects, we confirmed the anticancer effect of low-dose
cisplatin, and examined the effects of these low-doses on
autophagy and apoptosis. To ascertain whether p53 influences
autophagy and apoptosis, we compared the role of p53 in lung
cancer cell lines of wild-type p53 and null-type p53.

Materials and methods
Cell lines. The wild-type p53 NCI-H460 and null-type p53
NCI-H1299 lung cancer cell lines were purchased from the

American Type Culture Collection (ATCC, Manassas, VA, USA).

Reagents. RPMI-1640, antibiotics, trypsin and fetal bovine
serum (FBS) were obtained from Gibco-BRL (Grand Island,
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NY, USA). 24- and 48-well plates, along with 6 and 10-cm
diameter dishes, were purchased from Nunc (Thermo Fisher
Scientific, Roskilde, Denmark). Cisplatin (0.5 mg/ml) was
obtained from Ildong Pharmaceutical Co., Ltd. (Seoul,
Korea). Propidium iodide (PI), 3-methyladenine (3-MA),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), and acridine orange (AO) were purchased from
Assay Designs (Ann Arbor, MI, USA). Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) antibody and p53 were
obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, USA). Secondary antibody was obtained from Amersham
(Buckinghamshire, UK). Polyvinylidene fluoride (PVDF)
membrane, and enhanced chemiluminescent (ECL) kit were
purchased from Millipore Co. (Billerica, MA, USA).

Cell culture. NCI-H460 and NCI-H1299 cells were cultured
with RPMI medium supplemented with 10% FBS, 1% anti-
biotics, and 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid (HEPES). Cells were incubated in 5% CO, at 37°C. The
medium was replaced every 24 h. Experiments were conducted
with cells in the log phase. The viability of the cultured cells
was measured after 24 h of treatment with cisplatin at 5 uM
(LD20) and 20 #M (LD50).

Cell viability. Cell viability was determined with MTT assays.
Cells were seeded in 24-well plates at a density of 1x10* cells
and incubated for 24 h. After treatment with cisplatin (5 gM)
in the presence or absence of 3-MA (10 mM), MTT (5 mg/ml)
was added to each well and incubated in 5% CO, at 37°C for
4 h. Crystals were dissolved in 200 gl dimethyl sulfoxide
(DMSO). The absorbance of the solution was measured spec-
trophotometrically at 570 nm with a microplate ELISA reader
(Thermo Scientific). The absorbance of formazan formed in
control cells was considered as showing 100% cell viability,
and the positively stained cells with MTT were expressed as
the percentage of control cells.

Morphological observations. To observe the cell morphology
after cisplatin treatment, H460 and H1299 cells were cultured
in a 24-well plate. They were then treated with 5 and 20 M
cisplatin for 24 and 48 h. After the treatment, the medium was
removed and washed twice with phosphate buffered saline
(PBS) (pH 7.4). It was then treated with 300 ul crystal violet
solution (0.05% crystal violet, 3.7% paraformaldehyde) for
5 min at room temperature and then washed twice with PBS.
The nucleus and the cytoplasm were then observed under a
microscope (Olympus, Japan).

Assay for autophagy detection. Autophagy was detected by
measuring the expression levels of LC3-II protein and by
using AO stain to detect acidic vesicular organelles (AVOs)
within the cytoplasm. After adding AO (1 pug/ml), the cells
were incubated in 5% CO, at 37°C for 15 min. Next, the cells
were washed with PBS. The number of AO-stained cells was
observed under a microscope (Olympus, Japan).

LC3 protein was detected by western blot analysis. The
cells were treated with cisplatin (5 uM) in the presence or
absence of 3-MA (10 mM) for 24 h. After treatment, each cell
was harvested and washed twice with ice-cold PBS and lysed
in lysis buffers (50 mM HEPES, pH 7.4, 150 mM NacCl, 1%
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deoxycholate, | mM EDTA, 1 mM PMSF, 1 ug/ml aprotinin).
After incubation for 1 h on ice, the cells were centrifuged
at 10,000 rpm for 30 min at 4°C, and the supernatants were
collected. The protein concentration was determined using the
Bradford method. For western blot analysis, equal amounts
of total protein were loaded onto 10 or 15% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and then transferred onto a PVDF membrane. The PVDF
membrane was blocked with 5% skimmed milk in PBS for
20-90 min. After washing in PBS, immunoblots were analyzed
using specific primary antibodies. The membrane was then
washed with PBS and treated with secondary antibodies for
1 h. Proteins were then visualized using an ECL kit.

Quantitative analysis of apoptosis and autophagy. To quan-
titatively analyze apoptosis and autophagy, the cells were
plated in 6-well plates and incubated for 24 h. They were
then treated with cisplatin (5 uM) in the presence or absence
of 3-MA (10 mM). After 24 h of treatment, the cells were
harvested using trypsin and were then washed twice in PBS.
Subsequently, they were treated with Annexin V/fluores-
cein isothiocyanate (FITC) (0.5 pg/ml final concentration)
combination, PI (2 yg/ml final concentration), and apoptosis
detection kit (Assay Designs), for 10 min at room tempera-
ture. The cells were then immediately examined using a flow
cytometer (FACSVantage flow cytometer; Becton-Dickinson
Immunocytometry System, San Jose, CA, USA) following the
addition of 250 pl binding buffer. Analysis was performed
using CellQuest software (Becton-Dickinson, Franklin Lakes,
NIJ, USA). To quantitatively analyze autophagy, the cells were
plated in 6-well plates and incubated for 24 h. The cells were
then treated with cisplatin (5 #M) in the presence or absence of
3-MA (10 mM). After 24 h of treatment, the cells were stained
with AO (1 pg/ml) for 15 min at 37°C, harvested with trypsin
and subsequently washed with PBS. We then added 500 ul
FACS buffer (1% FBS in PBS). The cells were immediately
counted by flow cytometry (FACSVantage flow cytometer)
after addition of 250 u1 binding buffer. Analysis was performed
using CellQuest software.

Statistical analysis. The experiment was performed thrice
independently, with the means + standard deviation (SD)
recorded. Results were analyzed using the Student's t-test.
p<0.05 was considered to indicate a statistically significant
difference.

Results

Detection of wild-type p53 expression in the NCI-H460 and
NCI-HI299 cell lines. We confirmed wild-type p53 protein
expression after treatment of NCI-H460 cell lines with 5 yuM
cisplatin in the presence or absence of 3-MA (10 mM), an
autophagy-specific inhibitor. We found that wild-type p53 was
not expressed after treatment with 5 uM cisplatin in the pres-
ence or absence of 3-MA in NCI-H1299 cell lines (Fig. 1).

Cell viability decreases by low-dose cisplatin in H460 and
HI1299 cell lines. We investigated cell death by treating both
cell lines with 5 uM cisplatin in the presence or absence of
10 mM 3-MA. The cell viability was measured by an MTT
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Figure 1. Expression of p53 protein in H460 and H1299 cells. H460 and H1299 cells were treated with 5 uM cisplatin with or without 10 mM 3-MA for 24 h.
Expression of p53 protein was confirmed by western blot analysis. GAPDH was used as an equal loading control.
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Figure 2. Effect of cisplatin-induced cell death on H460 and H1299 cells. H460 and H1299 cells were seeded at 5x10* cells/well in 48-well flat-bottomed plates
and incubated overnight at 37°C. They were then treated with 5 uM cisplatin for 24 h. The viability of the untreated cells was regarded as 100%. Cell viability
was measured by an MTT assay. Values represent means = SD (n=3). “p<0.05, “p<0.01.

assay. For the H460 cell line, cell viability in the group treated
with 5 uM cisplatin was 81.54%, lower than that in the control
group. This further decreased to 46.02% in the presence
of 10 mM 3-MA. Cell viability was further decreased by
autophagy inhibition. In the H1299 cell line, cell viability in
the group treated with 5 M cisplatin was 81.33%, lower than
that in the control group, and it further decreased to 41.71% in
the presence of 10 mM 3-MA. However, there was no differ-
ence in cell viability between cisplatin and 3-MA pretreatment
in H460 and H1299 cell lines (Fig. 2).

Observation of morphological characteristics and biody-
namics analysis of autophagy. After 24 h, autophagosomes,
the morphological characteristics of autophagy, were observed
in cells treated with 5 uM cisplatin. After 48 h, the number
of autophagosomes observed increased. Cells treated with
20 uM cisplatin showed low autophagosome formation after
24 h compared with those treated with 5 yM cisplatin. After
48 h, no autophagosomes were observed in the cells treated
with 20 M cisplatin.

LC3-I is present in the cytoplasm, and LC3-II, which is
formed during autophagy, is present in the autophagosome.
LC3-Iis converted to LC3-II during the initiation of autophagy.
Thus, LC3 is a marker of autophagosome formation. In the
H460 cell lines treated with 5 uM cisplatin, autophagosome-
incorporated LC3-II protein expression increased from 12 to
24 and 48 h, compared with the control. Therefore, autophagy

increased during this period. However, in the H1299 cell lines,
LC3-II protein expression did not change compared with
the control. Therefore, in the H1299 cell lines, no change in
autophagy was observed (Fig. 3).

Quantitative measurements of apoptosis and autophagy
in cisplatin-treated NCI-H460 and NCI-H1299 cell lines.
For quantitative measurement of apoptosis, we stained the
cell lines with Annexin V and PI after treatment with 5 xM
cisplatin for 24 h, followed by analysis using flow cytometry.
A 5.9-fold increase in apoptosis was observed in the H460 cell
lines of wild-type p53. In the control group, 2% more apoptosis
was observed and 11.18% more apoptosis was observed in the
group treated with 5 M cisplatin. In the H1299 cell lines with
null-type p53, apoptosis increased by 7.62-fold. In the control
group, a 3.86% increase in apoptosis was observed along with
a 29.45% increase in the 5 M cisplatin group. Thus, more
apoptosis was observed in the p53 null cell line groups than in
the p53 wild-type cell line groups (Fig. 4).

For quantitative measurement of autophagy, we analyzed
AVOs by flow cytometry in the cell lines treated with 5 yuM
cisplatin for 24 h. A 12.49-fold increase in autophagy was
observed in the H460 cell lines of wild-type p53. In the
control group, autophagy increased by 3.3%, and in the 5 yuM
cisplatin group, it increased by 41.22%. A 6.67-fold increase
was observed in the H1299 cell lines of null-type p53. In the
control group, autophagy increased by 7.4%, and in the 5 yuM
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Figure 3. Morphological phenomena and LC3-II protein expression of autophagy in cisplatin-treated lung cancer cells. (A) Direct observation of cells treated
with 5 and 20 M cisplatin for 24 and 48 h in H460 cells. Magnification, x200. Samples were examined under a light microscope. (B) H460 and H1299 cells were
treated with 5 uM cisplatin for 12,24 and 48 h. Expression of LC3-II protein was detected by western blot analysis. GAPDH was used as an equal loading control.
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Figure 4. Increase in apoptosis with low-dose cisplatin treatment in H460 and H1299 cells. (A) H460 and H1299 cells were treated with 5 uM cisplatin for
24 h. Annexin V and PI staining were used to identify apoptotic and necrotic cells. FACS analysis of apoptotic cells using Annexin V and PI indicated that the
Annexin V (+) and PI (-) stained populations were apoptotic cells. Representative FACS plots are shown; stains were performed in 3 independent experiments
with similar results unless otherwise indicated. (B) Apoptotic cell population is expressed as a % of the total cell population. “p<0.05.
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Figure 5. Increase in apoptosis in low-dose cisplatin-treated H460 and H1299 cells. (A) H460 and H1299 cells were treated with 5 xM cisplatin for 24 h. Acridine
orange staining was used to identify autophagic cells by FACS. Representative FACS plots are shown. Staining was performed in 3 independent experiments
with similar results, unless otherwise indicated. (B) Acridine orange-positive cell population is expressed as a % of the total cell population. “p<0.01.
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Figure 6. Increase in apoptosis in H460 and H1299 cell lines treated with low-dose cisplatin and pretreated with 3-MA. (A) H460 and H1299 cells were treated
with 5 uM cisplatin for 24 h. Annexin V and PI staining were used to identify apoptotic and necrotic cells. FACS analysis of apoptotic cells using Annexin-V
and PI indicated that the Annexin-V (+) and PI (-) stained populations were apoptotic cells. Representative FACS plots are shown. Staining was performed in
3 independent experiments with similar results, unless otherwise indicated. (B) Apoptotic cell population is expressed as a % of the total cell population. “p<0.01.

cisplatin group, it increased by 49.39%. Therefore, autophagy
was induced more in the p53 wild-type cell lines than in the
p53 null-type cell lines (Fig. 5). These results suggest that
cisplatin-treated p53 wild-type cells play a role in inducing
autophagy and inhibiting apoptosis.

Quantitative measurements of cisplatin-induced apoptosis
and autophagy after 3-MA treatment in H460 and HI1299
cell lines. The 5 uM cisplatin-treated cell lines with 3-MA
pretreatment for 24 h were stained with Annexin V and PI,
and subjected to flow cytometry. A 3.72-fold increase in apop-
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Figure 7. Reduction in autophagy in H460 and H1299 cell lines treated with low-dose cisplatin and pretreated with 3-MA. (A) H460 and H1299 cells were
treated with 5 uM cisplatin for 24 h. Acridine orange staining was used to identify autophagic cells by FACS. Representative FACS plots are shown. Staining
was performed in 3 independent experiments with similar results, unless otherwise indicated. (B) Acridine orange-positive cell population is expressed as a
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tosis in the p53 wild-type H460 cell line was observed. An
11.18% increase was observed in the 5 M cisplatin group, and
a 43.92% increase was observed in the 5 yM cisplatin group
that was pretreated with 3-MA. In the H1299 cell line of p53
null-type, a 1.98-fold increase in apoptosis was observed. A
29.45% increase was observed in the 5 yM cisplatin group,
and a 58.47% increase was observed in the 5 uM cisplatin
group that was pretreated with 3-MA. The p53 wild-type cell
lines induced twice as much apoptosis as the p53 null-type cell
lines (Fig. 6).

To measure autophagy, the 5 yM cisplatin-treated cell
lines with 3-MA pretreatment for 24 h were again stained
with Annexin V and PI, and subjected to flow cytometry. A
5.57-fold decrease in autophagy in the p53 wild-type H460 cell
line was observed. A 41.22% decrease was observed in the
5 uM cisplatin group, and a 7.4% decrease was observed in
the 5 uM cisplatin group that was pretreated with 3-MA. In
the H1299 cell line of p53 null-type, a 1.83-fold decrease in
autophagy was observed. A 49.39% decrease was observed in
the 5 uM cisplatin group, and a 26.88% decrease was observed
in the 5 uM cisplatin group that was pretreated with 3-MA. The
p53 wild-type cell lines reduced autophagy 3-fold more than
the p53 null-type cell lines (Fig. 7). Therefore, we concluded
that p53 inhibited low-dose cisplatin-induced autophagy and
induced apoptosis.

Discussion

At the time of diagnosis, many cases of lung cancer are consid-
ered inoperable due to infiltration of the surrounding tissue by

cancer cells. Treatment of lung cancer by chemotherapy and
radiation therapy presents difficulties, and, therefore, prog-
nosis for lung cancer is often bleak. However, the discovery
and subsequent adoption of cisplatin in the 1980s helped
improve survival rates of patients with lung cancer. New
second-generation anticancer drugs were developed in the
1990s, but they have yet to produce satisfactory results.

Research has recently started to focus on targeted therapies.
However, anticancer treatment is still restricted to cisplatin for
local progression of lung cancer, despite the fact that the use of
cisplatin causes suffering and often results in treatment being
stopped due to toxicity, low white blood cell counts, throm-
bocytopenia symptoms, vomiting and neurological toxicity,
among other side-effects.

Therefore, some patients choose to undergo anticancer
treatment using non-cisplatin based chemotherapy for local
lung cancer progression. However, these are often less effec-
tive than cisplatin treatments. Furthermore, targeted therapies
often only show significant results in some patients. Many
clinicians regulate the dose intensity of cisplatin so as to
reduce the effects of toxicity. However, low-dose treatments
sometimes have minor effects.

Research has shown that autophagy affects signal transduc-
tion. Autophagy and apoptosis have already prompted much
research in cancer. However, the role of autophagy in cell
survival or apoptosis remains to be clarified. Autophagy assists
cell survival by helping cancer cells resist radiation therapy,
chemotherapy and low-nutrient environments. However,
apoptosis helps contribute to cancer cell suicide and death
on exposure to chemotherapy or radiation. These paradoxical
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features are a point of debate as to whether autophagy is a
friend or foe (15-17). Without autophagy, genome damage
caused by metabolic stress is mostly unhindered. Furthermore,
autophagic defects are associated with increased tumorigen-
esis. However, it is not possible to conclude that cancer cell
extirpation occurs via autophagy induction or inhibition (18).
The number of discrepancies related to the role of autophagy in
cell death and cancer presents difficulties. Animal experiments
have shown that autophagy increases tumor cell survival during
periods of metabolic stress. However, it has also been shown
to prevent tumors, necrosis and inflammation. In this case, the
tumor-suppressing effects of autophagy had a greater effect
than the cell survival mechanisms promoted by autophagy. In
other animal experiments, treatment-induced apoptosis and
tumor extinction increased when chloroquine was used to
inhibit autophagy. The combination therapy of chloroquine and
the histone deacetylase inhibitor SAHA has a multiplier effect
in killing imatinib-refractory chronic myeloid leukemia cells.
This protective function supports the therapeutic use of autoph-
agic inhibitors for cancer treatment (19-22). Autophagosomes in
the cytoplasm were observed at 24 and 48 h in cell lines treated
with low-dose (5 uM) cisplatin in a previous study. The conver-
sion of LC3-I into LC3-II within the cytoplasm increases over
time. In this study, we investigated the role of p53 in autophagy
induction in wild-type p53 NCI-H460 cell lines and null-type
p53NCI-H1299 cell lines treated with low-dose cisplatin. No
difference was observed in the viability of H460 and H1299
cells treated with cisplatin and pretreated with 3-MA. However,
a difference between apoptosis and autophagy was observed.
After treatment with 5 yM cisplatin, apoptosis increased by
5.59-fold in the wild-type p53 H460 cell line compared to the
control group, and apoptosis in the null-type p53 H1299 cell
lines increased by 7.62-fold.

For autophagy, a 12.49-fold increase after 5 uM cisplatin
treatment was observed in the wild-type pS3H460 cell line
compared to the control group, and autophagy in the null-type
p53 H1299 cell line increased by 6.69-fold. Autophagic activity
in the null-type p53 H1299 cell lines was twice that of the
wild-type p53 H460 cell lines. On the basis of this result, we
conclude that wild-type p53 has a role in autophagic induction
and apoptosis inhibition when treated with low-dose cisplatin.
In addition, after 3-MA pretreatment and 5 uM cisplatin treat-
ment, apoptosis increased by 3.92-fold in the wild-type p53
H460 cell line compared to the control group. In the null-type
p53 H1299 cell line, apoptosis increased by 1.98-fold. Apoptotic
activity in the null-type p53 H1299 cell lines was twice that of
the wild-type p53 H460 cell lines. After 3-MA pretreatment
and 5 uM cisplatin treatment, autophagy decreased 5.57-fold
in the wild-type p5S3H460 cell lines and decreased by 1.83-fold
in the null-type p53 H1299 cell lines. Autophagic activity
decreased thrice as much in the null-type than in the wild-type
p53 cell line. This result suggests that p53-induced apoptosis
also inhibited autophagy induced by low-dose cisplatin.
However, this result does not clarify the role of p53. Therefore,
further studies are required to ascertain how 3-MA-pretreated
and cisplatin-treated cells affect apoptosis and autophagy.
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