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Survivin expression modulates the sensitivity of
AS549 lung cancer cells resistance to vincristine
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Abstract. Lung cancer is the leading cause of cancer-associated
mortalities worldwide. Chemotherapeutic drug vincristine is
widely used to treat lung cancer; however, the acquisition of
drug resistance is the major limitation of chemotherapy, and
it is thus important to determine the mechanism underlying
vincristine resistance in lung cancer. Survivin has been reported
to be associated with the development of drug resistance and
be involved in the progression of non-small cell lung cancer. In
the present study, a vincristine-resistant lung cancer cell line,
AS549/VCR, was used to investigate the possible involvement
of survivin in the acquisition of vincristine resistance. Western
blot analysis demonstrated that survivin protein expression
level was markedly higher in A549/VCR cells compared with
in control A549 cells, whereas p53 expression level was lower in
A549/VCR cells compared with in A549 cells. Thus, wild-type
p53 was overexpressed in A549/VCR cells and it reversed
vincristine resistance of A549/VCR cells via the inhibition
of survivin expression. Furthermore, survivin was knocked
down by small interfering RNA technology and the effects
on viability and apoptosis of resistant cells were investigated.
MTT, Annexin V-fluorescein isothiocyanate/propidium iodide
and caspase-3 activity assays indicated that survivin silencing
significantly inhibited cell viability and enhanced apoptosis
induced by vincristine treatment in A549/VCR cells compared
with non-silenced A549/VCR cells. These results suggested
that survivin expression regulated by pS3 may serve an impor-
tant role in drug resistance in A549/VCR cells and may be a
potential target for enhancing vincristine sensitivity in A549
lung cancer cells. Additionally, the present study revealed that
AS549/VCR cells exhibited cross resistance to methotrexate
(MTX) and survivin silencing re-sensitized A549/VCR cells
to MTX, indicating the crucial role of survivin in regulating
A549 cells sensitivity to anticancer drugs. The results of the
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present study are significant for determining the underlying
mechanism of vincristine resistance in lung cancer.

Introduction

Lung cancer is one of the most common types of malignant
tumor, exhibiting the highest mortality rate worldwide due to
the uncontrolled cell growth in tissues of the lung and high
metastatic ability (1). Non-small cell lung cancer (NSCLC)
accounts for 80-85% of lung cancer cases globally in 2015 (2).
Anticancer drugs are widely used to treat lung cancer, and are
frequently combined with surgical therapy and/or radiation
therapy. However, the majority of patients are diagnosed at the
advanced stage and NSCLC is highly resistant to the existing
therapeutics, leading to poor prognosis (3,4). Vincristine is a
medication used to treat numerous types of cancer, including
Hodgkin's disease, neuroblastoma, acute lymphocytic
leukemia, acute myeloid leukemia, breast cancer and lung
cancer . Vincristine serves its antitumor activity by inducing
microtubule perturbation and inhibiting mitosis, thus resulting
in cell apoptosis (5). However, the therapeutic efficacy was
often unsatisfactory due to the development of drug resistance
in lung cancer cells. Therefore, investigating the mechanism
underlying vincristine resistance and exploring an effective
therapy strategy to enhance the sensitivity of tumor cells to
the drug are required to improve the efficacy of treatments for
lung cancer.

It is widely considered that abnormal apoptosis inhibi-
tion during chemotherapy is involved in the development
of drug resistance in tumor cells (6). Survivin is a member
of the inhibitor of apoptosis protein family, encoded by the
baculoviral inhibitor of apoptosis repeat-containing 5 gene
in humans. It functions by accelerating cell proliferation and
inhibiting apoptosis or programmed cell death (7). Survivin
was revealed to be highly expressed in fetal tissues and the
majority of human cancer types; however, it is rarely present in
normal, non-malignant adult cells (8). It was also revealed that
survivin demonstrated a higher expression level in lymph node
metastases and tumor node metastasis stages, and a higher
survivin expression level was revealed in NSCLC tissues
compared with in normal tissues (9,10). Additionally, survivin
expression level was demonstrated to be associated with
clinicopathological characteristics of NSCLC and may serve
as a critical biomarker for NSCLC progression (6,10). It was
also revealed that survivin family proteins function as novel
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molecular determinants of doxorubicin resistance in organo-
typic human breast tumor (11). Additionally, survivin was
reported to be serve a role in vincristine resistance in multiple
myeloma cells (12). The molecular mechanisms underlying
survivin regulation are still not well understood, but regula-
tion of survivin has been suggested to be associated with
p53 protein (13). It was reported that a high expression level
of wild-type p53 repressed survivin expression at the mRNA
level in ovarian cancer 2774qwl cells and lung cancer cells,
and wild-type p53 expression induced by DNA-damaging
agent adriamycin revealed a marked reduction in survivin
expression level compared with in non-induced cells (14).
The p53-wild type colorectal cancer cells exhibited greater
cytotoxicity, apoptosis and survivin reduction compared with
in the p53-null cancer cells following treatment with antitumor
agent honokiol (15). Survivin and p53 expression have been
observed to modulate honokiol-induced apoptosis in human
colorectal cancer cells (15). Furthermore, p53 and survivin
were demonstrated to serve an important role in cancer cell
resistance to camptothecin-like chemotherapeutic agents (16).

The present study investigated the mechanism underlying
vincristine resistance in A549 lung cancer cells, and indicated
that the survivin level regulated by p53 expression was associ-
ated with resistance of A549 cells to vincristine, suggesting
a potential candidate of therapeutic target for enhancing
vincristine sensitivity in lung cancer.

Materials and methods

Cell culture. The A549 human NSCLC cell line was purchased
from the Type Culture Collection of the Chinese Academy
of Sciences (Shanghai, China). Cells were cultured in
RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) supplemented with 10% fetal bovine serum (FBS;
Lonza Group, Ltd., Basel, Switzerland), 5 mM L-glutamine,
5 mM non-essential amino acids, 100 U/ml penicillin and
streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.), in a
humidified 5% CO, incubator at 37°C.

Cultivation of vincristine-resistant cell line. Vincristine-
resistant A549 cells (A549/VCR) were developed by exposing
AS549 cells to an increasing concentration of vincristine
ranging between 1 and 100 nM in RPMI-1640 medium, as
previously described (17). Briefly, A549 cells were cultured in
60 mm culture plates for 24 h and 1 nM vincristine was added
to the medium at 37°C for another 48 h. Then medium was
replaced with drug-free fresh medium to incubate the cells at
37°C for 48 h until confluency was reached. Subsequently, the
cells were trypsizined, replated and were re-exposed to double
the dose of drug. This process was repeated until the cells
demonstrated resistance to 100 nM vincristine. Following
exposure to increasing concentrations of vincristine for at least
3 months, living cells were collected and classified as drug
resistant cells (A549/VCR), which were used for subsequent
experiments.

Construction of wild-type p53-overexpressed cell line. A
recombinant replication-defective adenoviral vector containing
wild-type p53 (rAdV-p53; 1x1012 vp/ml) and a control vector
were obtained from Sibiono GeneTech Co., Ltd. (Shenzhen,
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China). A total of 4x10* A549/VCR cells were seeded in a
24-well plate for rAdV infection. Cells were infected with
rAdV-p53 (1x107 copies/ml) using Lipofectamine™ 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol, and then inoculated in a 96-well plate
and treated with 100 nM vincristine for 48 h at 37°C. These
cells were prepared for viability analysis.

Cell viability assay. Cell viability was evaluated using a MTT
assay (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany).
A total of 1x104 cells were seeded into each well of a 96-well
plate in 100 1l RPMI-1640 supplemented with 10% FBS at
37°C with 5% CO, for 24 h. The cells were then incubated with
various concentrations of vincristine (0, 10, 50, 150, 300, 600
and 1,200 nM) or (0,0.01,0.1, 1, 10, 100 and 1,000 #M) metho-
trexate (MTX, cat. no. C13876, Chemleader, Shanghai, China)
for 48 h, respectively. Subsequently, 20 gl MTT (5 mg/ml in
PBS) was added to each well and incubated for 4 h at 37°C,
and then cells were lysed for 10 min by addition of 200 ul
dimethylsulfoxide (OriGene Technologies, Inc., Rockville,
MD, USA) at room temperature. Absorbance was evaluated
at 570 nm using a Rainbow microplate reader (Tecan Group,
Ltd., Mannedorf, Switzerland). Cell viability was expressed
as a ratio relative to the absorbance obtained from the well
containing non-treated control cells.

Western blot analysis. Cells were seeded in a culture dish
and cultured overnight, prior to incubation with 0, 50 or
100 nM vincristine for 48 h. Cells were harvested, washed
twice using cold PBS and lysed in Western and IP cell lysate
buffer (cat. no. PO013; Beyotime Institute of Biotechnology,
Haimen, China), containing a protease inhibitor cocktail
(Roche Diagnostics, Basel, Switzerland) at 4°C for 15 min.
Following centrifugation at 12,000 x g for 10 min at 4°C, the
supernatant was collected and quantified using a bicinchoninic
acid quantification kit (Beyotime Institute of Biotechnology).
The protein (50 pg) was separated by 10% SDS-PAGE
(Beijing Solarbio Science & Technology Co., Ltd., Beijing,
China) and transferred to polyvinylidene fluoride membranes
(EMD Millipore, Billerica, MA, USA). The membranes were
blocked with 5% non-fat dried milk in TBS Tween-20 for
1 h at room temperature and incubated overnight at 4°C with
specific primary antibodies: Rabbit polyclonal anti-survivin
(1:500; cat. no. sc-10811), mouse monoclonal anti-p53
(1:1,000; cat. no. sc-126), rabbit polyclonal anti-GAPDH
(1:2,000; cat. no. sc-25778), all purchased from Santa
Cruz Biotechnology, Inc. (Dallas, TX, USA). Horseradish
peroxidase-conjugated secondary antibodies: Goat anti-mouse
(1:2,000; cat. no. sc-2005) and goat anti-rabbit IgG (1:2,000;
cat.no. sc-2004) (all from Santa Cruz Biotechnology, Inc.) were
used for incubation at room temperature for 2 h. Development
was performed using enhanced chemiluminescence-detecting
reagent (GE Healthcare, Chicago, IL, USA). The protein blots
were quantified by densitometry using QuantityOne version
4.6.2 software (Bio-Rad Laboratories, Inc., Hercules, CA,
USA) and the amounts were expressed relative to the internal
reference, GAPDH.

RNA interference of survivin. Short interfering (si)RNAs
against survivin and the negative control were designed,
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Figure 1. Characterization of A549/VCR and A549 cells. (A) The effect of vincristine on viability in A549/VCR and A549 cells was evaluated by MTT
assay. A growth curve was plotted and half-maximal inhibitory concentration values of vincristine in the two types of cells were determined, respectively.
(B) Survivin and p53 expression levels in A549/VCR and A549 cells were analyzed by western blot analysis using anti-survivin or anti-p53 antibodies. (C) The
effect of vincristine on survivin and p53 expression levels in A549/VCR and A549 cells were evaluated by western blot analysis. GAPDH was used as an

internal standard. VCR, vincristine-resistant.

and chemically synthesized by GenePham, Inc. (Sunnyvale,
CA, USA). Cell transfections were performed using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. Cells were
cultured for 48 h following transfection, and subsequently the
cells were lysed and protein expression levels of survivin were
analyzed by western blotting as aforementioned.

Apoptosis assay. Transfected cells were treated with or without
100 nM vincristine for 48 h. Apoptosis was analyzed using
Annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) assay (BD Biosciences, San Jose, CA, USA),
according to the manufacturer's protocol. The amount of phos-
phatidylserine on the outer surface of the plasma membrane
(a biochemical alteration unique to membranes of apoptotic
cells) and the amount of PI, a dye that easily enters dead cells
or cells in the late stages of apoptosis and binds DNA, but does
not bind the plasma membrane of viable cells, were detected.
Fluorescence was detected using a FACSCalibur flow cytom-
eter (BD Biosciences) by fluorescence activated cell sorter
analysis, and data were analyzed using CellQuest software
(BD Biosciences). Cells with phosphatidylserine on their
surface were considered to be apoptotic. To verify the effect
on apoptosis, caspase-3 activation was also determined using
the human active caspase-3 ELISA kit (cat. no. ABIN1568799;
R&D Systems, Inc., Minneapolis, MN, USA). Survivin
siRNA-transfected or control siRNA-transfected cells were
treated with or without 100 nM vincristine. Following a 24-h
incubation, the cells were lysed and assayed as described by
the manufacturer.

Statistical analysis. Data are expressed as the mean + standard
error of the mean. Statistical analyses were performed using
SPSS software (version 11.0; SPSS, Inc., Chicago, IL, USA).

All of the experiments were repeated at least three times.
One-way analysis of variance (ANOVA) was used to assess
differences between groups. Duncan's new multiple range
test as a post hoc test following ANOVA was employed for
pairwise comparison followed by Bonferroni correction.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Characterization of vincristine-resistant cells. To investigate
the molecular mechanism underlying acquired drug resistance
in A459 lung cancer cells, the A549/VCR cell model system
was established. A549/VCR and A549 cells were exposed
to vincristine at the indicated concentrations (0, 10, 50, 150,
300, 600 and 1,200 nM) for 48 h. Cell viability was detected
using the MTT assay and the growth curve was analyzed. The
half-maximal inhibitory concentration (ICs,) of vincristine
in A549/VCR cells was determined to be 875 nM and that
of A549 cells was 137 nM at 48 h (Fig. 1A). Subsequently,
survivin expression level in A549/VCR and A549 cells was
evaluated by western blot analysis. The results demonstrated
that the expression level of survivin in A549/VCR cells was
markedly higher compared with in A549 cells, whereas the
expression level of p53 was lower in A549/VCR cells compared
with in A549 cells (Fig. 1B). Additionally, A549/VCR and
A549 cells were treated with 0, 50 or 100 nM vincristine for
48 h. p53 expression level was revealed to be increased by
vincristine treatment in a concentration-dependent manner
in A549 cells, whereas it remained relatively constant at low
levels in A549/VCR cells following vincristine treatment
(Fig. 1C). Survivin expression level was decreased by vincris-
tine in a concentration-dependent manner in A549 cells,
but not in A549/VCR cells. These results indicated that the
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vincristine resistant lung cancer A549 cells were successfully
constructed, and survivin and pS3 may serve a critical role in
mediating vincristine resistance in A549 cells.

P33 overexpression re-sensitizes A5S49/VCR cells to vincristine
via survivin inhibition. To confirm whether pS3 and survivin
are associated with vincristine resistance in A549 lung cancer
cells, wild-type p53 was overexpressed in A549/VCR cells
by rAdV-p53 infection. Following infection for 24 h, cells
were treated with 100 nM vincristine for 48 h. Subsequently,
cell viability was assessed by MTT assay and the expression
level of survivin was determined by western blotting. The
results revealed that p53 overexpression in A549/VCR cells
markedly enhanced the inhibition of cell viability induced
by vincristine, with decreased survivin expression, compared
with the vincristine-treated control A549/VCR cells (Fig. 2).
The results suggested that p53 overexpression may re-sensitize
AS549/VCR cells to vincristine by inhibiting survivin expres-
sion, and vincristine resistance may have be induced by the
increase of survivin expression mediated by p53 expression
level reduction.

Survivin silencing enhances the sensitivity of A549/VCR cells
to vincristine. In order to investigate the role of survivin in
vincristine-resistance A549 cells lung cancer cells, survivin
expression was knocked down using siRNA technology.
Western blot analysis demonstrated that the protein expression
level of survivin was markedly inhibited in survivin siRNA
transfected A549/VCR and A549 cells compared with the
control siRNA transfected cells (Fig. 3A). Survivin-silenced
or non-silenced cells were treated with or without 100 nM
vincristine for 48 h. The cell viability assay demonstrated
that survivin silencing significantly inhibited the viability
of A549/VCR cells treated with vincristine compared with
non-silenced resistant cells treated with vincristine alone
(Fig. 3B). Furthermore, survivin silencing also increased
the inhibition of vincristine treatment on A549 cell viability
compared with non-silenced A549 cells (Fig. 3B). These
results revealed that survivin silencing enhanced the sensi-
tivity of A549/VCR and A549 cells to vincristine.

Survivin silencing accelerates apoptosis of A549/VCR cells
induced by vincristine. In order to clarify the cause of the
re-sensitization of A549/VCR cells mediated by survivin
silencing to vincristine, cell apoptosis was analyzed using an
Annexin V-FITC/PI assay. Survivin-silenced or non-silenced
AS549/VCR, and A549 cells were respectively treated with
or without 100 nM vincristine for 48 h. The apoptosis assay
indicated that apoptosis in survivin-silenced A549/VCR resis-
tant cells was significantly increased by vincristine treatment
compared with the non-silenced resistant cells upon vincristine
treatment alone (Fig. 4A). Additionally, under identical experi-
mental conditions, apoptosis of A549 cells was also increased.
Furthermore, caspase-3 activity was evaluated using an ELISA
assay to verify the effect of survivin silencing on apoptosis
in resistant cells induced by vincristine. The results of the
ELISA assay supported the aforementioned observations on
the apoptosis rate, whereby surviving silencing significantly
increased active caspase-3 activity following vincristine
treatment (Fig. 4B). These results suggested that survivin
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Figure 2. Effect of p53 overexpression on vincristine sensitivity in
AS549/VCR cells. (A) Wild-type p53 was overexpressed in A549/VCR
cells by rAdV-p53 infection and cells were treated with or without 100 nM
vincristine. Cell viability was analyzed by MTT assay. 'P<0.05. (B) Protein
expression levels of survivin and p53 in p53-overexpressed (rAdV-p53) and
control rAdV-infected A549/VCR cells (Con) were examined by western blot
analysis using the respective antibodies. GAPDH was detected as an internal
standard. N.S.; no significance; Con, control; VCR, vincristine-resistant.
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Figure 3. Survivin silencing re-sensitizes A549/VCR cells to vincristine.
A549/VCR and A549 cells were transfected with siCon or siSur for 48 h.
(A) Protein expression levels of survivin in A549/VCR and A549 cells
were analyzed by western blotting. (B) Survivin-silenced or non-silenced
A549/VCR and A549 cells were treated with or without 100 nM vincristine.
Cell viability was detected by MTT assay. “P<0.05; “P<0.01; N.S., no signifi-
cance; siCon, control short interfering RNA; siSur, survivin short interfering
RNA; VCR, vincristine-resistant.

may be associated with vincristine resistance of lung cancer
A549 cells and survivin silencing may increase the sensitivity
of resistant cells to vincristine by enhancing the apoptosis
induced by vincristine.



SPANDIDOS

PUBLICATIONS
A ek ek
TO b r 1 T 1
60 - N.S. I
| |
£ 50 - I
240
g A549
S 301 s A549/VCR
£ 20 II
B
oL
Vincristine - + - +
siCon siSur
B
144 " —_
| —
E 121 N.S.
€ 101 —
o)
o B8
g .| A549
a = A549/VCR
8 4] I
g
5 27
< 1
0 S .
Vincristine - + - +
siCon siSur

Figure 4. Effect of survivin silencing on the apoptosis induced by vincris-
tine in A549/VCR cells. A549/VCR and A549 cells were transfected with
siCon and siSur for 24 h, and were then exposed to 100 nM vincristine.
(A) Apoptosis of A549/VCR and A549 cells were respectively evaluated by
Annexin V-fluorescein isothiocyanate/propidium iodide assay. (B) Caspase-3
activity in Survivin-silenced or non-silenced A549/VCR and A549 cells
treated with or without vincristine was evaluated by ELISA assay. "P<0.05;
“P<0.01. N.S., no significance; siCon, control short interfering RNA; siSur,
survivin short interfering RNA; VCR, vincristine-resistant.

Survivin silencing re-sensitizes A549/VCR cells to anticancer
drug MTX. The present study subsequently investigated the
drug resistance of A549/VCR cells to other anticancer drugs.
A549 and A549/VCR cells were plated and treated with
various concentrations of anticancer drug MTX. Following
drug treatment for 48 h, cell viability was evaluated by MTT
assay. The results revealed that A549/VCR cells exhibited
cross resistance to MTX (Fig. 5A). Survivin-silenced or
non-silenced A549/VCR and A549 cells were treated with,
or without 1 yM MTX for 48 h. Cell viability was detected
using an MTT assay. The present study demonstrated that
survivin silencing significantly enhanced resistant A549/VCR
cells sensitivity to MTX (Fig. 5B). These results suggested that
survivin may serve an important role in improving the drug
sensitivity of resistant A549 cells.

Discussion

Lung cancer, as one of the most common types of malignant
tumor worldwide, seriously threatens human health (1).
Current standard treatment of lung cancer consists of complete
cytoreductive surgery followed by chemotherapy. However,
the development of drug resistance is the leading cause of
chemotherapy failure. As vincristine is widely used in clinical
treatment, the present study focused on further characterizing
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Figure 5. Survivin silencing enhances the sensitivity of A549/VCR cells to
methotrexate. (A) A549/VCR exhibited cross-resistance to MTX. A549 and
A549/VCR were plated and treated with various concentrations of MTX.
Following drug treatment for 48 h, the drug-containing medium was replaced
and cell viability was evaluated by MTT assay. (B) Survivin-silenced or
non-silenced A549/VCR and A549 cells were treated with or without 1 xM
MTX. Cell viability was detected by MTT assay. "P<0.05; “P<0.01; N.S., no
significance; MTX, methotrexate; VCR, vincristine-resistant.

vincristine-resistant cells and investigated the underlying
mechanism.

The present study developed A549/VCR vincristine-resistant
lung cancer cells by simulating the condition of drug resistance
development in vivo using increasing concentrations of vincris-
tine. The cell viability assay demonstrated that the ICy, of
vincristine in drug resistant A549/VCR cells at 48 h was signifi-
cantly higher compared with that in parental A549 cells, and
vincristine at a concentration of 100 nM did not significantly
affect the viability of A549/VCR cells compared with A549
cells, suggesting that A549/VCR cells revealed resistance to
vincristine and may be used in further experiments.

Chemotherapy kills tumor cells by activating apoptosis,
whereas apoptotic pathway defects are associated with tumor
resistance to chemotherapy (18). Vincristine exerts its antitumor
activity by inducing microtubule perturbation and inhibiting
mitosis, thus resulting in cell apoptosis (5). Survivin is an inhibitor
of apoptosis protein, promoting cell proliferation and inhibiting
apoptosis (7). Survivin was demonstrated to be associated
with the progression and development of tumors, and is often
overexpressed in cancer tissues (8-10). Additionally, survivin
was also reported to be involved in the development of drug
resistance in cancer cells (11,12). The present study revealed that
the survivin expression level in A549/VCR cells was markedly
higher compared with in A549 cells, suggesting its participation
in vincristine resistance. The molecular mechanisms under-
lying survivin regulation are still not well understood. It was
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previously demonstrated that survivin is a direct target gene of
the Wnt signaling pathway and is upregulated by -catenin (19).
It was also indicated that survivin is increased via activation
of extracellular signal-regulated kinase 1/2, protein kinase B
(Akt) and nuclear factor (NF)-xB in vincristine resistance
in numerous types of myeloma cells (12). The present study
revealed that survivin expression levels were associated with
p53 expression level in inducing vincristine resistance in lung
cancer A549 cells. The normal function of p53 is to regulate
genes that control apoptosis, and survivin is a known inhibitor
of apoptosis, thus p53 repression of survivin is implied to be
a mechanism by which cells can undergo apoptosis induced
by apoptotic stimuli or signals. Conversely, when survivin was
overexpressed in cancer cells, including A549/VCR cells, the
apoptotic response was significantly reduced, thus exhibiting
vincristine resistance, as mentioned in a previous study (14).
Therefore, downregulation of survivin by wild-type p53 over-
expression is important for vincristine-induced A549/VCR cells
apoptosis, which re-sensitizes A549/VCR cells to vincristine.
Additionally, it was reported that the effect of the inhibition of
p53 on survivin was performed by binding a specific region
proximal to the transcription start site of survivin and affecting
the modification of the chromatin inside the promoter region,
resulting in transcriptional repression of the survivin gene (14).
Identification of the molecules involved in the regulation
of survivin in vincristine resistance lung cancer A549 cells
remains to be established.

p53 regulates a variety of cellular functions, including DNA
repair, cell cycle arrest and apoptosis (20-22). Abnormal expres-
sion of p5S3 has been observed in nearly all types of cancer,and p53
mutations are associated with resistance to chemotherapeutics
and poor patient prognosis (23-26). The present study demon-
strated that p53-null A549 cells produced by via a p53-siRNA
knockdown revealed a high level of survivin and were resistant to
vincristine-mediated apoptosis induction following vincristine
treatment for 48 h (data not shown). Conversely, A549 cells with
wild-type p53 demonstrated a low-level expression of survivin
and were sensitive to vincristine-mediated apoptosis. These
results revealed that the sensitivity of lung cancer A549 cells
to vincristine was dependent on p53 status, and that survivin
was associated with vincristine resistance in A549 cells. p53
is activated in response to numerous stressors, including DNA
damage induced by either ultraviolet, ionizing radiation or
chemical agents, oxidative stress, osmotic shock, ribonucleo-
tide depletion and deregulated oncogene expression (27). The
half-life of the p53 protein is increased following stress for
rapid accumulation or a conformational change occurs as a
transcription regulator by the phosphorylation of its N-terminal
domain (27). In the present study, pS3 protein expression levels
in A549 cells was increased by vincristine treatment for 48 h,
whereas acquired-resistant A549/VCR cells exhibited low p53
expression levels compared with in A549 cells. p53 was down-
regulated via a continuous proteasome degradation mediated
by ubiquitin ligase, including mouse double minute 2 homolog
and casein kinase 2 (28,29). However, further investigation is
required to decipher the mechanism underlying the reduction in
p53 protein levels.

Survivin has been investigated as a critical biomarker
for cancer progression and as a candidate target for therapy
to enhance the sensitivity to chemotherapy by regulating
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proliferation or apoptosis-associated protein expression (30).
The present study revealed that inhibition of survivin by
siRNA enhanced the sensitivity of A549/VCR cells to vincris-
tine by inducing cell apoptosis. It has been indicated that
antisense treatment against survivin sensitized resistant HT29
human colon cancer cells to MTX (31). The present study
demonstrated that A549/VCR cells exhibited cross resistance
to MTX and survivin silencing re-sensitized A549/VCR cells
to MTX, indicating the crucial role of survivin in regulating
A549 cells sensitivity to anticancer drugs. It was previously
reported that YM155, a novel small-molecule inhibitor of
survivin, may decrease phosphorylated phosphoinositide-3
kinase and Akt expression levels in osteosarcoma cell lines,
and suppress tumor growth (32). Tamm et al (33) revealed that
survivin inhibited apoptosis regulator Bax and Fas-induced
apoptotic signaling pathways in HEK293 cells. In addition,
survivin blocked apoptosis by directly inhibiting caspases
(caspase-3 or -7) to prevent a cascade of cleavage and activa-
tion amplification from occurring (32). It was demonstrated
that survivin siRNA combined with the neoadjuvant chemo-
therapy significantly increased the sensitivity of MCF-7
breast cancer cells to chemotherapeutic agents paclitaxel and
epirubicin, thus increasing the cell apoptosis rate (34). It was
also revealed that survivin attenuates the suppressive effect of
p53 on NF-«kB (p50) expression and increases breast cancer
resistance protein expression levels, thus modulate multidrug
resistance in MCF-7 cells (35). However, the molecular mech-
anism underlying survivin regulating vincristine sensitivity in
A549 cells remains unclear and requires further investigation.

In conclusion, survivin is a critical regulator in the develop-
ment of vincristine resistance in A549 lung cancer cells. The
results of the present study demonstrated that gene treatment
targeting resistance-associated protein survivin combined
with chemotherapy may be a more effective way for improving
the sensitivity of lung cancer A549 cells to vincristine. To
verify the universality of the mechanism in lung cancer and
thus improve therapy efficiency, other lung cancer cell lines
should be investigated.
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