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Abstract. Mutations of p53 occur in approximately 50% of
advanced non-small cell lung cancer (NSCLC) cases, leading
to loss of tumor suppressive function and/or gain of pS3 onco-
genic activity. Reactivation of mutant pS3 and consequently
induction of apoptosis in cancer cells is the goal of p53-targeted
therapy. Recently, several p53 mutant reactivating compounds
were discovered including SCH 529074. However, the role of
SCH 529074 in NSCLC has not been fully explored. In the
present study, the effects of this compound on cell survival,
cell cycle progression, induction of apoptosis and modulation
of cell signaling in p53 mutant NSCLC cells (H1975, H322
and H157) and p53 wild-type NSCLC cells (A549), was inves-
tigated. Cell-based functional assays, real-time RT-qPCR and
western blot assays were used. HCT116 [p53 wild-type (WT)]
and HCT116 p53” (p53 null) were used as control cells. The
results demonstrated that SCH 529074 treatment caused signifi-
cant reduction in cell viability and colony formation activity in
p53 mutant, pS3 WT and p53-deficient cells. The treatment of
NSCLC cells with SCH 529074 resulted in a dose-dependent
induction of apoptosis and G0/G1 cell cycle arrest, which
was associated with the activation of caspases (3 and 7),
p53-independent upregulation of p21 and PUMA as well as
increased LC3II, a biomarker of autophagy. The combination
treatment with the autophagy inhibitor chloroquine (CQ) and
SCH 529074 led to decreased cell viability, colony formation
and increased induction of apoptosis. The data indicated that
SCH 529074 may exert its growth inhibitory function in a
p53-independent manner in NSCLC cells.
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Introduction

Lung cancer is the most common cause of cancer-related
deaths, and every year 1.6 million cases result to fatalities
due to this disease (1). Lung cancer is histologically classified
into non-small cell lung cancer (NSCLC) which is observed
in up to 85% of all lung cancer cases diagnosed, and small-cell
lung cancer (SCLC) which accounts for 15% of the remaining
cases (2). Only 15% of lung cancer cases are diagnosed at
an early stage for which a complete surgical resection is a
curative treatment (3). Lung tumors that are present in the
advanced stage of the disease are additionally treated with
chemotherapy and radiotherapy that may aid the reduction
of the tumor size and the symptoms of the disease. However,
this type of therapy may cause serious side-effects. During
the past 10 years, targeted therapy has been used with EGFR
tyrosine kinase inhibitors (TKIs) for patients with activating
EGFR mutations, and with ALK inhibitors for patients with
abnormal fusion of the anaplastic lymphoma kinase (ALK).
These compounds have demonstrated increased therapeutic
efficacy and reduced side effects compared with those of
chemotherapy in NSCLC patients. However, the patients
treated with TKIs develop drug resistance usually within
6-12 months (4). Therefore, the development of more effective
therapeutic agents is urgently required for the management
of NSCLC.

The tumor suppressor protein pS3 is a transcription factor
that downregulates the expression levels of the genes associated
with tumor development and progression. TP53 exerts func-
tions in the regulation of the cell cycle, apoptosis, senescence
and cell metabolism, and is activated in response to cellular
stress stimuli, such as DNA damage, oncogenic signaling and
mitotic stress (5). Mutations in the p53 gene occur frequently
in various types of human cancer including lung cancer (6).
The most common type of p53 mutations are missense muta-
tions which localize to the DNA binding domain of the gene
sequence (exon 5-8). Mutations in the p53 gene lead to loss
of tumor suppressive function and/or gain of oncogenic func-
tion that contribute to tumor cell growth, survival, metastasis
and drug resistance (7). In lung cancer patients, it has been
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demonstrated that p53 mutations are associated with poor
prognosis (8). Mutant pS3 protein accumulates in tumors and
the restoration of its activity can cause cell growth inhibi-
tion (9).

In the present study, the tumor inhibitory effects of
SCH 529074, one of the p53 restoring compounds initially
discovered using drug screening based on p53 DNA binding
assays (10), was investigated. SCH 529074 was capable of
restoring DNA binding activity of mutant p53 and inhib-
iting Mdm?2 (murine double minute 2) ubiquitination of
wild-type (WT) p53. Moreover, this compound affected
p53 WT cells (10,11). Due to the high prevalence of p53 muta-
tions in NSCLC and the lack of effective treatment for this
cancer type, the reactivation of mutant p53 may provide a
novel therapeutic approach. The aim of the present study
was to assess the role of SCH 529074 in NSCLC cells with
different p53 mutations and explore the molecular alterations
caused by this type of drug treatment.

Materials and methods

Cell lines and cell culture. The NSCLC cell lines (A549, H157,
H322 and H1975) were obtained from the American Type
Culture Collection (ATCC) whereas colon cancer cell lines
(HCT116 and HCT116 p537) were a gift from Professor Berit
Jungnickel (Institute of Cell Biology, Faculty of Biology and
Pharmacy, Friedrich Schiller University, Jena). The NSCLC
cell lines were grown in RPMI-1640 medium supplemented
with 10% (v/v) fetal bovine serum (Biochrom). The colon
cancer cell lines were grown in Leibovitz's L-15 medium
supplemented with 10% (v/v) fetal bovine serum as previously
described (12). The cells were maintained in a humidified
atmosphere with 5% CO, at 37°C.

Mutation analysis. Genomic DNA was extracted from the
cell lines using the Maxwell® 16 FFPE Tissue LEV DNA
Purification Kit (Promega Corp.) according to the manufac-
turer's instructions. The Maxwell® 16 LEV Instrument was
used for genomic analysis. The concentration and purity
(260/280 nm ratio) of the genomic DNA were measured using
Nano Drop (VWR).

The exons 5-9 of the p53 gene were amplified using gene
specific primers (Table SI) and Hotstart Taq polymerase
(VWR). The PCR products were purified using DNA Clean &
Concentrator™ -5 kit (Zymo Research) according to the manu-
facturer's recommendations. Purified PCR products (70-90 ng)
were subsequently sequenced bidirectionally based on capil-
lary electrophoresis (LGC Genomics GmbH). The sequencing
profiles were analyzed with the Finch TV 1.4.0 software
program (Geospiza; PerkinElmer).

Drugs. SCH 529074 [N3-[2-[[4-[Bis(4-chlorophenyl)
methyl]-1-piperazinyl]lmethyl]-4-quinazolinyl]-N1, N1-
dimethyl-1,3-propanediamine] was purchased from Tocris
Bioscience. Doxorubicin was purchased from LC Laboratories.
Chloroquine (CQ) was purchased from Sigma Aldrich; Merck
KGaA.

Functionality assay of p53. The functionality of p53 in
the investigated cell lines was determined by doxorubicin

NENKOV et al: SCH 529074 IN p53 MUTANT NSCLC CELLS

treatment. The cells were seeded in 6-well plates and treated
with increasing concentrations of doxorubicin (0.5, 1 and
2 uM) for 24 h. The cells were harvested and the cell lysate
was prepared for western blot analysis.

Trypan blue exclusion test for cell viability. The cells
(1x10°/well) were seeded into 12-well plates. The following
day, the cells were treated with different concentrations of
SCH 529074 (2 and 4 uM) or DMSO (0.1%) for 24 h and
stained with 0.4% trypan blue solution at room temperature
for 5 min (Invitrogen; Thermo Fisher Scientific, Inc.). The
number of viable cells was determined by an automated cell
counter Countess (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer's instructions.

Colony formation assay. The cells were seeded into 6-well
plates at a density of 2,000 cells/well. Following 24 h of
culture, the cells were treated with 1 uM of SCH 529074 or
DMSO and were incubated for 8-12 days until colonies were
formed. The colonies (at least 50 cells per colony were fixed
with 100% of methanol and stained with crystal violet (0.5%)
at room temperature for 30 min. The stained colonies were
visualized by light microscopy (Zeiss AG).

Cell cycle and apoptosis analyses by flow cytometry. To
determine the effect of SCH 529074 on the cell cycle, the cells
(4x10%/well) were seeded into 6-well plates and treated with
SCH 529074 (2 and 4 yuM) or DMSO (0.1%). The following
day, the cells (1-2x10°) were fixed in 70% ethanol following
trypsinization and stored at -20°C overnight. The cells were
then stained with propidium iodide (PI) solution (1 pg/ul;
BD Biosciences) and analyzed by flow cytometry as previ-
ously described (13).

Caspase-3/7 activity assay. The caspase-3/7 activity assay
was applied to determine the extent of apoptosis. The
cells (2x10*/well) were seeded into 96-well plates and treated
with SCH 529074 (4 uM) or DMSO (0.1%) for 24 h. A total of
100 p of caspase-3/7 reagents was added to each well and the
samples were shaken for 30 sec. The reagents were obtained
from the Caspase-Glo® 3/7 Assay kit (Promega Corp.).
Following incubation of the cells at room temperature (RT)
for 2 h, luminescence was recorded with the LUMIstar Galaxy
(BMG Labtech).

Quantitative real-time RT-PCR (RT-qPCR). Total RNA was
isolated from the cells using peqGOLD TriFastTM (Peqlab)
following the manufacturer's instructions. A total of 500 ng
of RNA was used for first-strand cDNA synthesis by the
QuantiTect Reverse Transcription Kit (Qiagen, Inc.). With
regard to the expression analysis, QPCR was conducted on
the Rotor-Gene Q (Qiagen, Inc.) using FastStart Universal
SYBR Green Master (Roche Diagnostics) with the following
conditions: 95°C 5 sec, 40 cycles of 95°C 5 sec and 60°C
1 min. The housekeeping gene glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used for normalization of the
gene expression data. The 244%4 method was used for quan-
tification (14). The data were derived from three independent
experiments. The sequences of the primers are listed in
Table SI.
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Western blotting. The cells (4x10%/well) were seeded into
6-well plates and incubated overnight. The following day,
the cells were treated with SCH 529074 (2, 4 and 6 uM)
or DMSO for 24 h, harvested and lysed using RIPA buffer
(Sigma Aldrich; Merck KGaA). The concentration of protein
was determined by using a BCA protein assay kit. Total
protein (30-50 pug) was separated by 8% of sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to a AmershamTM ProtranTM 0.2 uM nitrocellu-
lose membrane using a TransBlot® Transfer System (Bio-Rad
Laboratories, Inc.). The membranes were blocked for 1 h
with 5% BSA or 5% non-fat dry milk in TBST and probed
overnight with primary antibodies for p53, p-p53, p21, PUMA,
LC3 A/B and actin (Table SII) at 4°C. The membranes were
washed with TBST and incubated with secondary antibodies
for 1 h at RT. Finally, the immunoreactivity was visualized
using an enhanced chemiluminescence detection system (GE
Healthcare). The signals were quantified using Image Studio
Lite Version 5.2.5 (LI-COR Biosciences).

Statistical analysis. Statistical analysis was performed using
the software package SPSS 19.0 (IBM Corp). The differences
between the single drug-treated and control samples were
assessed using the Student's t-test. For combination drug
therapy, two-way ANOVA (with Tukey's multiple comparisons
test) was performed using GraphPad Prism 7.04 (GraphPad
Software, Inc.). P<0.05 was considered to indicate statistically
significant differences.

Results

TP53 mutation status and p53 protein expression in
NSCLC cell lines. TP53 mutation was confirmed in three
(H1975, H322 and H157) cell lines. Direct sequencing of the
p53 gene confirmed the presence of the ‘CGT>CAT’ (R273H),
‘CGG>CTG’ (R248L) and ‘CAG>TAG’ (298stop) mutations
in H1975, H322 and H157 cells, respectively (Fig. SIA). The
WT TP53 status was observed in both A549 and HCT116 cells
(Fig. S1B). High levels of the mutant p53 protein were detected
in H1975, H322, A549 and HCT116 cells. As anticipated the
p33 protein was present in neither HCT116 p53” nor H157 cells
due to deletion or non-sense mutation of p53 in the two cell
lines. The expression of p53 mRNA in these two cell lines
(data not shown) was also not detected. To assess the function-
ality of p53 in these cell lines, the levels of the phosphorylated
p53 protein (p-p53) and the expression levels of the p53 target
gene p2] were analyzed following doxorubicin treatment.
The induction of the p-p53 levels and the expression levels of
p21 were present in the WT cell lines (A549 and HCT116),
and only weak signals were detected in the mutant cell lines
(H1975 and H322). The p53-deficient cell line (HCT116 p53™)
or the cell line with the 298stop (H157) codon did not express
p53 or p21 proteins (Fig. S2).

SCH 529074 inhibits cancer cell viability and colony
formation. To evaluate the effects of the drugs on tumor cell
growth, the cell survival assay was performed. Reduced cell
viability was observed in all tested NSCLC cell lines treated
with 2 and 4 uM of SCH 529074 (Fig. 1A). Upon treatment
with the higher concentration (4 M) of this compound, the
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viability of the cells was significantly decreased to 20-25% in
p53 mutant cells (H157, H1975 and H322, P<0.001) and to 68%
in the p53 WT cell line A549 (P=0.032) compared with that
observed in the control cells.

Subsequently, the toxicity of SCH 529074 to NSCLCs was
investigated by colony formation assay, which iscommonly used
for determining the efficacy of cytotoxic drugs and for testing
the ability of the cells to undergo unlimited divisions (15).
The data indicated that SCH 529074 treatment significantly
reduced the ability of cancer cells to form colonies (Fig. 1B).
The colony formation activity of SCH 529074-treated cells was
reduced to 19 and 23% (P<0.001) in H322 and H1975 cells,
respectively, compared with that of the control cells. In H157
and A549 cells, this parameter was reduced to 41% (P<0.001)
and 58% (P=0.0003), respectively, compared with that of the
control cells. Similarly, colony formation activity was reduced
to 30% (P<0.001) in HCT116 cells and to 70% (P=0.0034) in
HCT116 p53 cells compared with that of the control cells.
These data indicated that p53 mutant cells were more sensitive
to SCH 529074 treatment compared with the p53 WT NSCLC
cells. Notably, upon SCH529074 treatment, the p53 null
mutant cell line (H157) was sensitive to a short-term effect as
demonstrated by the cell viability assay (Fig. 1A) and more
resistant to long-term effects as demonstrated by the colony
formation assay (Fig. 1B).

SCH 529074 induces GO/GI cell cycle arrest. Due to the
important role of p53 in cell cycle regulation and the observed
growth inhibitory effects of SCH 529074, its effects were
further investigated on cell cycle progression. Fig. 2A revealed
the cell cycle profiles of H157 cells following different treat-
ment concentrations. NSCLC cells (H157, A549, HCT116
and HCT116 p537) were arrested at the GO/G1 phase (59%,
P<0.001; 72%, P<0.001; 66%, P<0.001; and 57%, P<0.001)
compared with the control cells following low concentra-
tion (2 uM) of drug treatment (Fig. 2B). This GO/G1 phase
arrest was not observed in the two p53 mutant NSCLC cell
lines (H1975 and H322). Treatment of the cells with high
SCH 529074 concentration (4 M) resulted in a significantly
increased GO/G1 phase and a decreased S phase. These effects
were observed in all the different cell lines assessed regardless
of the p53 status. In addition, an increased sub-G1 subpopula-
tion was further observed in all NSCLC cell lines following
treatment with 4 yuM of SCH 529074 (Fig. 2B) indicating the
induction of apoptosis in these cells.

SCH 529074 induced apoptosis in cancer cells. To confirm
the effects of SCH 529074 on cancer cell apoptosis, flow cyto-
metric analysis was carried out following Annexin V/PI double
staining. Upon SCH 529074 treatment (4 M), the early apop-
totic fraction was increased to ~10% (P<0.001) in H322 cells
compared with those of the control cells (Fig. 3A and B). In
H1975 cells treated with SCH 529074 (2 uM), the early and
late apoptotic rates were significantly increased compared with
that of the control cells (P<0.05 and P<0.01), and following
treatment with high concentration of the compound (4 yM),
both early and late apoptotic rates were significantly enhanced
(P<0.01 and P<0.001). In H157 cells, 2 uM of SCH 529074
treatment induced early and late apoptosis (P<0.001 and
P<0.05), and 4 uM of this compound also induced early and
late apoptosis (P<0.05 and P<0.01). Similarly, in A549 cells,
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Figure 1. Inhibitory effects of SCH 529074 on cancer cell viability and colony formation. (A) Reduction of cancer cell survival (%) upon drug treatment with
different concentrations. (B) Quantitative analysis of colony formation (upper images) and representative images (lower images). The data are presented as the
mean of three independent experiments + standard deviation (SD). "P<0.05, “P<0.01 and ““P<0.001 when analyzed with the Student's t-test.

2 and 4 uM of SCH 529074 significantly increased early and
late apoptosis (P<0.01 and P<0.05 for 2 yM; P<0.001 and
P<0.01 for 4 uM). These data revealed that SCH 529074 could
induce apoptosis in all assessed NSCLC cell lines irrespective
of their p53 mutational status. In line with that, in colon cancer
cells, a significant induction of early and late apoptosis was
observed in HCT116 cells at a concentration of 4 yuM (P<0.01
and P<0.05), and in HCT116 p53™" cells, treatment with 4 yM
of SCH 529074 significantly induced early apoptosis (P<0.05).

To examine whether the induction of apoptosis was
caspase-dependent, a caspase Glo® 3/7 activity assay was
used. All NSCLC cell lines demonstrated a significantly
higher caspase-3/7 activity following SCH 529074 treatment

compared with that of the control cells (P<0.01 and P<0.001;
Fig. 3C).

SCH 529074 alters the expression of pro-apoptotic and cell
cycle regulatory genes. TP53 has been revealed to induce apop-
tosis and regulate the cell cycle according to external stimuli,
which further cause activation of the p53 responsive genes (16).
As a p53 activator, SCH 529074 may induce transcription of
the p53 target genes. To examine this, the expression of the
p53 downstream apoptosis-associated genes PUMA, NOXA
and BAX as well as of the cell cycle-associated genes p2/ and
CCNG2, were analyzed. As revealed in Fig. 4A, PUMA was
significantly increased in all the cancer cell lines assessed
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Figure 2. Effects of SCH 529074 on the cell cycle were determined by flow cytometry. (A) Representative DNA histograms on the cell cycle profile of the

H157 cell line. (B) Quamitative analysis of distribution of cells in different cell
ments =+ SD. "P<0.05, “P<0.01 and ““P<0.001. The data were analyzed with the

irrespective of the p53 mutation status. The expression levels
of NOXA were only upregulated in H1975 cells (R273H). BAX
expression was not significantly altered following drug treat-
ment (data not shown). The mRNA levels of p21 and CCNG2
were increased in all NSCLC cell lines but not in colon cancer
cell lines (Fig. 4B). To confirm these results, the protein levels
of PUMA and p21 were further analyzed by western blotting.
Consistent with the mRNA data, the protein levels of PUMA
and p21 were revealed to be increased upon 4 or 6 uM of
SCH 529074 treatment in the cancer cell lines regardless of
their p53 status (Figs. 4C and S3).

SCH 529074 treatment increases the levels of LC3II. Since
p53 can regulate autophagy (17), further experiments assessed
the ability of SCH 529074 to affect autophagy. During
autophagy, the cytoplasmic form of LC3-I is converted to the
autophagosome-associated form of LC3II, which is considered
a marker for autophagy (18). As revealed in Fig. 5, treatment
with SCH 529074 led to increased LC3-II levels in all tumor
cell lines assessed regardless of their p53 mutation status.

Combined treatment with CQ and SCH 529074 increases
LC3-11I levels, reduces cell survival and enhances induction
of apoptosis. A combination treatment of SCH 529074 and
the autophagy inhibitor CQ was performed. The cells were
treated with a low concentration of SCH 529074 (1 uM) and

cycle stages. The data are presented as the mean of three independent experi-
Student's t-test.

CQ (15 uM) for 72 h in order to reduce the toxicity caused by
the drugs. As revealed in Fig. 6A, the levels of LC3-1I were
increased in cells treated with SCH 529074 and CQ compared
with cells treated with SCH 529074 alone. However, LC3-11
levels were similar between the combined treatment and the
CQ single treatment. Moreover, combination treatment signifi-
cantly reduced the ability of NSCLC cells (H1975, H157 and
A549) to form colonies compared with that noted by single drug
treatment (Fig. 6B). Furthermore, flow cytometric analysis was
performed in order to investigate if the combination treatment
could synergistically increase the apoptotic rates. SCH 529074
(1 uM) and CQ treatment produced a significantly increased
apoptotic rate in H1975 cells (for both P<0.05), whereas the
combination treatment resulted in a significantly higher apop-
totic rate compared with that observed following single drug
treatment of the cells (P<0.01, Fig. 6C).

Discussion

SCH 529074 is a small molecular weight compound that can
bind to the p5S3-DNA binding domain, restore growth-suppres-
sive activity of mutant p53 and interrupt Mdm2-mediated
ubiquitination of WT mutant p53 (10). In the present study,
the role of SCH 529074 was investigated in NSCLC cells with
different p53 mutational status and two colorectal cancer cell
lines HCT116 and HCT116 p53” were included as controls,
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Figure 3. Impact of SCH 529074 treatment on apoptosis. (A) Quantitative analysis of apoptotic cells with regard to the population of cells, the percentage of early
apoptotic cells (Annexin V* PI', Q4) and the percentage of late apoptotic cells (Annexin V* PI*, Q2). (B) Representative dot plots combining Annexin V-FITC
and PI fluorescence in H1975 cells treated with SCH 529074. The data indicate the viable cell population in the bottom left quadrant Q3 (Annexin V- PI'), the
early apoptotic cell population in the quadrant Q4 (Annexin V*, PI') and the population of late apoptotic cells in the Q2 quadrant (Annexin V* PI*). (C) Analysis
of the activity of caspase-3/7 using a Caspase-Glo® 3/7 Assay Kit in H1975, H322, H157 and A549 cells treated with SCH 529074. The intensity of lumines-
cence which reflected the caspase-3/7 activity is presented. The experiment was repeated in triplicate. The data are presented as the mean of three independent

Eres

experiments = SD. "P<0.05, “P<0.01 and "“P<0.001 when analyzed with the Student's t-test. PI, propidium iodide.

since these paired cell lines have been widely applied to
analyze the function of p53 (19,20).

Initially, the mutation status and protein expression
levels of p53 were assessed in 4 lung cancer and 2 colon
cancer cell lines. A high protein level of p53 was detected in
H1975 (R273H) and H322 (R248L) cells. Mutant p53 fails to

induce transcription of its negative regulator Mdm?2, leading to
loss of ubiquitination and reduced degradation by Mdm?2 (21).
This results to an accumulation of p53 in these cells (21). In line
with these findings, it was revealed that the two p53 WT cell
lines (A549 and HCT116) exhibited low levels of p53, which
could be attributed to its degradation by Mdm?2. Notably,
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Figure 4. Induction of pro-apoptotic genes and cell cycle regulatory genes by SCH 529074. (A and B) The mRNA expression levels of the pro-apoptotic genes
(PUMA and NOXA) and of the cell cycle regulators (p2/ and CCNG2) were analyzed by real-time RT-qPCR. The data are presented as the mean of three

ok

independent experiments + SD. “P<0.01,
following SCH 529074 treatment. 3-actin was used as a loading control.

p53 expression was not detectable in H157 cells containing a
heterogeneous mutant (298stop) form of p53. This phenom-
enon may be caused by epigenetic modification of p53 and/or
p53 regulatory genes. Regardless of the pS3 mutation status,
suppressed cell survival was observed in all these cell lines
including HCT116 p537, which was associated with a reduced
colony formation activity following drug treatment, suggesting
that SCH 529074 inhibited cell survival in a p53-independent
manner.

pS3 is involved in regulating the cell cycle and in the
induction of apoptosis (5). SCH 529074 treatment resulted in
GO/G1 cell cycle arrest irrespective of the p53 status of the
cells. The cell cycle is strictly regulated by cell cycle regula-
tors, such as cyclins, CDKs (cyclin-dependent kinase), and
CDKIs (cyclin-dependent kinase inhibitors) (22). Following
SCH 529074 treatment, one of the cyclin-dependent kinase
inhibitors p21 was upregulated at both the mRNA and
protein level in all assessed NSCLC cell lines. The p2/ gene
was initially reported to induce cell cycle arrest by medi-
ating p53-dependent G1 growth arrest (23). It has also
been revealed that p21 is an effector of multiple pathways

P<0.001 following analysis with the Student's t-test. (C) The protein expression levels of p53, p21 and PUMA

required for promoting p53-independent anti-proliferative
activities (23). The p53-independent induction of p21 could be
achieved through downregulation of c-Myc (24). In contrast
to other cyclins, which play roles in cell cycle progression,
G cyclins negatively regulate cell proliferation (25). The
data indicated that NSCLC cells expressed significantly
higher levels of CCNG2 mRNA following drug treatment
and that its expression was notably high in H157 (298stop)
and A549 (p53 WT) cells. Decreased expression of CCNG2
was detected in various tumors including lung cancer, and it
was correlated with lymph node metastasis and poor overall
survival (26). Notably, SCH 529074 treatment did not alter the
expression levels of p21 and CCNG?2 in colon cancer cells, indi-
cating a tissue specific effect/mechanism. The data revealed
that SCH 529074 treatment induced a p53-independent cell
cycle arrest and an altered expression of cell cycle-associated
genes in lung cancer cells.

In addition to the effects of SCH 529074 on cell cycle
arrest, induction of apoptosis was observed in all NSCLC cells
via a p53-independent manner. A dose-response effect was
observed with regard to SCH 529074 treatment and the
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Figure 5. Induction of LC3-II expression by SCH 529074 treatment of lung cancer cells. The protein levels of LC3I and LC3II were assessed by western blot

analysis. B-actin was used as a loading control.
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Figure 6. Effects of SCH 529074 and CQ treatment on colony formation, induction of apoptosis and LC3-II protein levels in NSCLC cell lines. (A) The protein
expression levels of LC3-I and LC3-1I were analyzed by western blotting. $-actin was used as a loading control. (B) The effects of CQ and SCH 529074 on
colony formation. Representative images of crystal violet-stained colonies of NSCLC cells. Quantified colonies are presented as a percentage to the control

cells. Mean + SD is presented. “P<0.01 and ""P<0.001 following analysis with

the Student's t-test. (C) The effects of SCH 529074 and CQ on the induction of

apoptosis in the H1975 cell line. The percentage of apoptotic cells was assessed using Annexin V/PI staining and analyzed by flow cytometry. Representative
dot plots of Annexin V/PI staining are presented (upper images). The quantification of Annexin V/PI staining including the early and late apoptotic populations
is presented (lower image). The data are presented as the mean of three independent experiments + SD. "P<0.05, “P<0.01 following analysis with the Student's

t-test. CQ, chloroquine; PI, propidium iodide.

induction of apoptosis, which was accompanied by increased
caspase-3/7 activity. Although p53 is the one of the key
players in the apoptotic pathway, other supplementary path-
ways independent of p53 exist (27). However, the cell lines
(H157 and A549) that exhibited the highest apoptotic rate did
not exhibit the highest caspase-3/7 activity, suggesting that
SCH 529074-induced apoptosis may be mediated by both
caspase-dependent and -independent pathways in these cells.
The induction of apoptosis is activated when the expression

of the pro-apoptotic proteins (PUMA, NOXA, BAX, BIM,
BAD and BID) overcomes the expression of the anti-apoptotic
proteins (BCL-2, BCL-x1, MCI-1 and BCL-W) (28). PUMA is
a BH3-only protein and a critical mediator of the p53-depen-
dent and -independent apoptotic pathways (29). For example,
Wau et al revealed that pS3 independent induction of PUMA
mediated intestinal apoptosis in response to ischemia-reper-
fusion (30). Upon treatment of SCH 529074, PUMA mRNA
and protein levels were upregulated in all cancer cell lines
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regardless of their p53 status, indicating that SCH 529074
induced a p53-independent expression of PUMA. In HCT116
p337 cells treated with 2 uM of SCH 529074, no apoptosis
was present, but when these cells were treated with 4 uM of
SCH 529074, a significantly higher early apoptotic rate was
detected, in line with the increased expression level of PUMA
in this cell line. It is reported that PUMA alone was not suffi-
cient to induce apoptosis. This may be due to a change in the
subcellular localization of the PUMA protein. Ambroise et al
observed that neither PUMA upregulation in normal activated
human B lymphocytes, nor high levels of PUMA in Burkitt's
lymphoma cells were associated with cell death (31). This was
due to the subcellular localization of PUMA occurring in the
cytosol and not in the mitochondria (31). Increased PUMA
levels potently induce apoptosis by antagonizing the expression
levels of the anti-apoptotic Bcl-2 family members and/or by
directly activating the pro-apoptotic protein members, leading
to mitochondrial dysfunction and initiation of the caspase
activation cascade (32). In contrast to the enhanced expression
of PUMA observed in all assessed cell lines, no significant
alteration of BAX expression was observed. Moreover, NOXA
was induced only in p53 mutant H1975 cells, which may be
associated with the genetic feature of the cell line including
mutation status of p53, p53-regulatory genes and genes
interacting with p53 (33). The expression levels of p53 were
not markedly altered in mutant cell lines, although they did
change in the WT cell lines A549 and HCT116, possibly due
to the ability of the compound to interrupt Mdm?2-mediated
ubiquitination of WT p53 (10). Collectively, the data indicated
that SCH 529074 may induce both p53-dependent and -inde-
pendent apoptosis. Similarly, a pre-clinical study also reported
that NJ-26854165 (Serdemetan), a p53 activating tryptamine
derivative, had growth inhibitory activities in both wild-type
and mutant p53 tumors, indicating that the mechanism involves
both p53-dependent and -independent functions (34).

Several studies have reported that genotoxic stimuli could
trigger autophagy in cancer cells. Cordani et al reported
that mutant p53 interacted with the induction of autophagy
during cancer progression (35). The present study revealed
that SCH 529074 treatment caused increased LC3-II levels
regardless of the p53 mutational status, indicating its poten-
tial involvement in autophagy. However, the LC3-II levels in
the cells treated by SCH 529074 and the autophagy inhibitor
CQ were similar to those observed in the cells treated with
CQ alone, which was possibly due to the fact that the
autophagy inhibitor may have caused the inhibition of the
autophagosome-lysosome fusion, leading to accumulation
of LC3-II (36,37). Nevertheless, combination treatment with
low concentration of SCH 529074 and the autophagy inhibitor
CQ led to reduced tumor cell survival rates compared with
those observed following single drug treatment, indicating the
efficacy of this combination therapy in NSCLC cells. It has
been previously revealed that the application of combination
therapy can maximize sensitivity and minimize the toxicity
observed in the treatment of cancer cells (38). The precise role
of SCH 529074 in autophagy requires further investigation by
the analysis of additional autophagic markers. Furthermore,
the effects of SCH 529074 should also be assessed in normal
bronchial epithelial cells and in in vivo animal models in
future studies.
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In summary, the data from the present study indicated
that SCH 529074 exerts growth inhibitory effects on NSCLC
cells by inducing cell cycle arrest, apoptosis and possibly
autophagy. These results were in agreement with those
reported by Demma et al (10). However, it was demonstrated
that this compound further exhibited effects on p53-deficient
cells, indicating a p53-independent mechanism of action.
Additionally, the ability of SCH 529074 to induce autophagy
is a novel finding. SCH 529074 bears therapeutic potential and
may be used in combination with a low concentration of other
drugs for the treatment of patients with lung cancer.
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