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Abstract: There is growing evidence suggesting that cancer stem cells (CSCs) are playing critical roles in tumor pro-
gression, metastasis and drug resistance. However, the role of CSCs in non-small cell lung cancer (NSCLC) remains
elusive. In this study, we enriched for stem-like cells from tumor spheres derived from NSCLC cell line A549 cultured
in serum-free medium. Our results showed that sphere-derived cells expressed various stem cell markers such as
CD44, CD133, Sox2 and Oct4. Compared with the corresponding cells in monolayer cultures, sphere-derived cells
showed marked morphologic changes and increased expression of the stem cell markers CD133. Furthermore, we
found that sphere-derived cells exhibited increased proliferation, cell-cycle progression as well as drug-resistant
properties as compared to A549 adherent cells. Consistently, expression of several drug resistance proteins, includ-
ing lung resistance-related protein (LRP), glutathion-S-transferase-m (GST-m) and multidrug resistance proteins-1
(MRP1) were all significantly enhanced in sphere-derived cells. These results indicate the enrichment of CSCs in

sphere cultures and support their role in regulating drug resistance in NSCLC.
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Introduction

Lung cancer is the leading cause of cancer-
related mortality in the world with 1.3 million
deaths worldwide annually [1, 2]. In spite of cur-
rent developments in multidisciplinary treat-
ment strategies and an expanding panel of che-
motherapy agents, the chemoresistance of
lung cancer remains a major unresolved clinical
and scientific problem. Data from the research-
es reveals that chemoresistance to carboplatin
and cisplatin was documented in 68% and 63%
in non-small cell lung cancer (NSCLC), respec-
tively [3], and often recurs with a chemoresis-
tance phenotype shortly in approximately 80%
of small cell lung cancer (SCLC) cases [4].
Although some patients have a good initial
response, all lung cancers will eventually devel-
op resistance to the chemotherapeutic agents
to which they are exposed [5]. Taking into

account the chemoresistance is a ringleader to
the tumor relapse after chemotherapeutic ther-
apy, refined investigation on the mechanisms of
chemoresistance is urgently desired in lung
cancer to improve survival rate.

Recently, increasing evidence indicates that
cancer stem cells (CSCs) are initiators of the
occurrence, development and recurrence of
malignant tumors [6]. According to this CSCs
model, CSCs have been hypothesized to be
resistant to conventional chemotherapy and
radiation therapy and are thought to be the
responsible for tumor survival and re-growth
post chemotherapy [1]. In recent years, some
drug resistance-related features have been
studied by an increasing number of researchers
in CSCs derived from a variety of tumor types,
including glioma [7], leukemia [8, 9], hepatocel-
lular carcinoma [10], prostate [11], thyroid [12],
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colorectal and ovarian carcinoma [13, 14].
According the reports, the mechanisms respon-
sible for the multidrug resistance in these CSCs
was involved in increasing efflux of drug,
enhancing repair/increasing tolerance to DNA
damage, high antiapoptotic potential, decreas-
ing permeability and enzymatic deactivation. In
addition, some molecular characterizations
associated with drug resistance, such as over
expression ABCA2 and ABCG2 of the ATP-
binding cassette (ABC) transporters, and heat
shock proteins (Hsps), were also revealed in
side population or stem-like cells derived from
lung cancer by researchers over the few years
[15-17]. However, Apart from these important
results, the actual mechanisms underlying the
chemoresistance of lung cancer stem or initia-
tion cells are not fully understood thus far. Due
to the central role performed by CSCs in the
recurrence of cancer after chemotherapy,
Understanding the mechanisms of drug resis-
tance in this lung cancer subpopulation may
improve the results of treatment.

In this study, after the isolation and identifica-
tion of clusters of lung stem-like cells growing
as floating tumorospheres from the A549 lung
cancer cell line, some of these features, such
as the capability of cell proliferation and resist
apoptosis, the half-maximal inhibitory concen-
tration (IC50) study to first-line chemotherapy
agents (cisplatin, DDP; and gemcitabine, GEM),
the Cell Cycle and the expression of multidrug
resistance-associated protein 1 (MRP1) mRNA,
Lung resistance-related protein (LRP) mRNA
and glutathion-S-transferase-nm (GST-m) protein
were examined. Our results indicate that, com-
paring to A549 lung cancer cell line, lung can-
cer stem cells (LCSCs) have more capability of
anti-apoptotic and drug resistance. Selective
targeting of LCSCs could help to improve the
development of novel therapeutics for lung
cancer.

Materials and methods
Cells lines and tumorsphere culture

A549 human lung carcinoma cells (ATCC) were
grown in Dulbecco’s modification of eagle’s
medium (DMEM, Hyclone, USA) supplemented
with 10% fetal bovine serum (FBS, Gibco, USA),
in a 37°C humidified atmosphere with 5% CO,,.
To generate suspended and stem-like sphere
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growing cells, adherent cells were dissociated
into a single-cell and seeded in 6-well plates at
1 x 103 cells/well with DMEM supplemented
with 10% fetal FBS for 2 weeks. Thereafter,
holoclones [18] (50-200 cells) were isolated
using cloning cylinders (Corning, USA) and cul-
tured with serum-free stem cell medium con-
taining DMEM/F12 (Gibco), B27 (1%, Gibco),
recombinant human epidermal growth factor
(rhEGF, 20 ng/ml; Sigma, USA), basic fibroblast
growth factor (bFGF, 20 ng/ml; Upstate, USA),
and insulin (4 U/I; Sigma) for another 2-3 weeks.
The medium is referred to as ‘Cancer Stem Cell
medium’ (CSM). After primary tumor spheres
reached approximately 100-200 cells/sphere,
the spheres were dissociated and single cells
were cultured for another 1-2 weeks with CSM
until form secondary spheres. The secondary
spheres were collected before initiating the
characterization experiments.

Detection of the CD133 expression

Cells of A549 cell line and A549 spheres
expressing CD133 antigen were identified by
direct immunofluorescent staining using
CD133/1 (AC133) antibody (Miltenyi Biotec,
Auburn, CA, Germany) directly conjugated with
phycoerythrin (PE). Cells were trypsinized by
0.25% trypsin and rinsed in 0.01% phosphate-
buffered saline (PBS pH 7.4), at least 500,000
cells were first treated with FcR blocking
reagent (Miltenyi Biotec, Auburn, CA) and then
incubated in the dark at 4°C for 10 minutes
with CD133/1 fluorescent-labelled monoclonal
antibody. After washing steps, the expression
of CD133 was evaluated by flow cytometry
(Beckman, USA).

Cell proliferation analysis

Cells dissociated from the A549 cell line, A549
secondary spheres were prepared into single
cell suspension and seeded into 96-well plates
at a density of 4000/ml, 200 ul/well, 37°C,
incubation for 1-7 days. 10 pyl MTT (Beyotime,
Jiangsu, China) was added, The cells were incu-
bated for 4 h and then each well by adding 100
ul formanzan lysate (Beyotime). After the plates
were incubated for 4 h, the optical density of
the solution in the wells was measured at 570
nm in an enzyme-linked immunosorbent moni-
tor (U-Quat, USA). Each with three-wells, the
cell growth curve was drew by average value. At
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Figure 1. Isolation and identification of LCSCs. A. Three types of colonies formed by A549 cells. (400x%). B. Immu-
nostaining of stem cell markers in secondary spheres. Nuclei were stained using DAPI (blue). LCM, scale bar = 25

10, 50, 75, 10, 30 um (left to right).

the same time established a well of only medi-
um without cells as blank control. The experi-
ment was repeated 3 times.

Viability study

Cells dissociated from the A549 cell line and
A549 secondary spheres were injected to a
96-well plate at a cell density of 1 x 10* cells/
well and incubated overnight. On the next day,
old medium was removed and fresh medium
supplemented with various concentrations
(1.5-24 pg/ml) of DDP (Sigma, St. Louis, MO,
USA) and (80-400 ug/ml) of GEM (Sigma,).
Control cells received fresh medium without
anticancer drugs. Three wells were prepared
for each group. After 24 h of incubation at 37°C
in 5% CO,, Cell viability was determined by the
MTT cell viability/cytotoxicity assay kit (Bey-
otime) according to the manufacturer’s instruc-
tions. Absorbance was then measured with an
Enzyme-linked immunosorbent (U-Quat) at 570
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nm. The IC50 value, defined as the drug con-
centration required to reduce cell survival to
50% as determined by the relative absorbance
of MTT, was assessed by probit regression
analysis using SPSS11.5 statistical software.

Cell cycle and apoptosis analysis

Cells dissociated from the A549 cell line, A549
secondary spheres were injected into 6-well
plates at the cell density of 10° cells/well cul-
tured in serum-free DMEM. The cells were
treated with IC50 concentrations of chemo-
therapeutic drugs (DDP and GEM) for 48 h.
Then, cells were collected for cell cycle and
apoptosis analyses. Control A549 cell line and
control A549 spheres were not treatment by
drugs.

For cell cycle analyses, the collected cells fixed

in 75% cold ethanol for 1 day at -20°C. Later,
the cells were washed in cold PBS and incubat-
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Figure 2. A549 cancer spheres have high express CD133 and more self renewal capability. A. The morphology of
tumor spheres. a. Primary tumor spheres formed in the CSM medium. b. Secondary spheres derived from single
parental cells of primary tumor spheres under microscopy. a and b. 200x. B. Flow cytometry analysis of CD133 in
A549 cancer spheres (left) and A549 cells lines (right). Cells were labeled with fluorescent anti-CD133 antibody,
which are shown as black areas. The white area on each box represents the corresponding negative control label-
ing, and the line denotes a positive gate. Numbers are the percentage of positive cells. Data are representative
of three independent experiments. C. Detection of CD133 positive rate among four groups cells. The results are
expressed as the mean + SD of three experiments (n = 3). #P<0.05, compared to A549 cells. D. Growth curves 1.
A549 cancer spheres cultured in DMEM with 10% FBS; 2. A549 cancer spheres cultured in serum-free Cancer Stem
Cell medium; 3. A549 cells line cultured in DMEM with 10% FBS. *P < 0.05, compared to Tumor stem cells in serum-

free stem cell culture medium. #P < 0.05, ##P < 0.01, compared to A549 cells line cultured in DMEM with 10% FBS.

ed with PI (50 ug/ml) containing RNase at 37°C For apoptosis analyses, the collected cells were
for 30 min in darkness. Cell cycle was analyzed washed with the collected culture medium, and
by flow cytometry (Beckman, USA). suspended in PBS. Then, the cells were incu-
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Figure 3. Measurement of the sensitivity of A549 cancer spheres and A549 cells line to anticancer drugs (DDP and
GEM). A. The lethal doses (IC50) of DDP (left) and GEM (right) in A549 cancer spheres and A549 cells line, The data
shown represent the mean + SD of three independent experiments(n = 3). #P<0.05, compared to A549 cells line.
B. Graphs shows flow cytometry of the apoptotic induced by DDP and GEM. The cells were stained with annexin
V-FITC and Propidium lodideed. a. A549 cells line; b. A549 cancer spheres; ¢c. A549 cells line/DDP; d. A549 can-
cer spheres/DDP; e. A549 cells line/GEM; f. A549 cancer spheres/GEM. C. Histograms represent the percents of
Apoptotic of DDP and GEM in A549 cancer spheres and A549 cells line. The data shown represent the mean + SD
of three independent experiments (n = 3), #P < 0.05, compared with A549 spheres/DDP; %P < 0.05, compared

with A549 spheres/GME.

bated with the Human Annexin V-FITC Apoptosis
Kit (Bender MedSystems, Vienna, Austria)
according to the manufacturer’s instructions
before analysis by flow cytometry (Beckman)
analysis.

Western-blot analysis

Protein extracts of A549 cells line, A549 sec-
ondary spheres and HBE were resolved by 12%
SDS-PAGE and transferred on PVDF (Millipore,
USA) membranes using ECL Semi-dry Blotters
(TE7TOPWR, USA) electro transfer system. After
blocking, the PVDF membranes were washed
three times with TBST at room temperature and
incubated with primary antibodies for GST-n
(1:1500, Booster, China), MRP1 (1:1000,
Abcam, UK) and LRP (1:1000, Abcam, UK) at
4°C overnight. After extensive washing, mem-
branes were incubated with secondary peroxi-
dase-labelled goat anti-rabbit IgG (Santa Cruz,
USA) for 1 h. After washing four times for 15
min with TBST at room temperature once more,
the bands were detected by a Chemilumi-
nescence detection kit (ECL) (Beyotime Biotech,
Jiangsu, China). The films were scanned and
quantitation was carried out with Optiquant
software (GBOX/CHEM, USA).

Immunofluorescence staining

Immunofluorescence staining was used for
detecting the expression of some stem cell-
related markers in tumor spheres, GST-T in
tumor spheres and A549 cells. The cells were
fixed in 4% paraformaldehyde-PBS for 15 min
and permeabilized in 0.2% Triton X-100 in PBS
for 30 min at room temperature, and incubated
with 3% BSA for 30 min at room temperature to
block nonspecific binding. Then, cells were
incubated with primary antibodies against,
CD133 (mouse monoclonal IgG1, Abcam, Great
Britain), stem cell antigen-1 (Sca-1, goat poly-
clonal, R&D, USA), CD44s (mouse monoclonal
1gG1, Neo Markers, USA), Oct4 (mouse mono-
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clonal 1gG1, Abcam), Nanog (mouse monoclo-
nal IgG1, Abcam), Sox2 (sex determining region
Y-box 2, Novus Biologicals, USA), GST-11 (1:200,
Boster). The appropriate secondary antibodies
(TRITC red goat anti-rabbit, Cy3 red donkey
anti-goat and Cy3 red rabbit anti- mouse;
Molecular Probes, USA) were used. The cells
were counterstained with 4, 6-diamidino-2-phe-
nylindole (DAPI, Sigma) to visualize cell nuclei
and examined under a LCM (Leica, Germany).
The mean fluorescence intensity of GST-mm in
cells was measured using the Leica Confocal
Software (Image-Pro Plus 10.0).

Statistical analysis

All experiments were repeated at least three
times and representative results are present-
ed. Where applicable, quantitative data were
presented as means + SD. P < 0.05 was con-
sidered significant. Tumor sphere formation
and growth curves were analyzed by ANOVA
with a SPSS11.5 statistical software.

Results

Generation of A549 tumor spheres from A549
cell line

A549 cells formed three morphologically differ-
ent colonies (Figure 1A): holoclone, meroclone
and paraclone by using single-cell cloning cul-
ture. Then, the holoclones were dissociated
and directly incubation with CSM. Cells started
to lose their characteristic epithelial morpholo-
gy within 48-72 hours. Some adherent cells
typically lost a rhomboidal epithelial shape and
became floating cells or cell clusters. The small
spheres/well each containing 5-10 cells were
observed after 5-6 days. In 2 weeks, the diam-
eter of these Primary spheres increased by 10-
to 30-fold (Figure 2A). Many adherent non-
sphere forming cells could be seen in the bot-
tom of the wells. Single cell suspension pre-
pared from primary tumor spheres was exam-
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Table 1. Cell cycle distribution of A549 cells line and A549

tumor spheres cells in each groups (%)

nificantly increased than A549
cells line in DMEM with 10% FBS

Cell GO/G1 S

G2/M on 3 days (Figure 2D, sphere, 0.16

Control A549 cell line 38.4+1.28 52.1+2.36

Control A549 spheres 36.5+1.46 45.8+ 1.87

A549 cell line/DDP 70.61 +£2.32 18.25 + 1.03°
A549 spheres/DDP 31.43+1.15 31.75+2.05 35.82+ 1.95°
A549 cell line/GEM  63.71 + 2.55 28.94 + 1.54°
A549 spheres/GEM  48.29 + 1.74 30.52+1.95 20.46 + 1.31

4.75 £ 0.35
17.2 £ 0.54°
594 +0.31

12.52 + 0.27

+ 0.01, cells line, 0.09 + 0.01; n =
3, P < 0.05). Meanwhile, Optical
density of dissociated A549 tumor
spheres in CSM was also signifi-
cantly increased than A549 cells
line in DMEM with 10% FBS on 4
days (Figure 1D, sphere, 0.20 *

2P < 0.05, comparing with control A549 cell line with significant high propor-
tion in the G2/M phase. °P < 0.05, comparing with control A549 cell line
with significant decrease in S phase; °P < 0.05, comparing with control A549

spheres with significant increase in G2/M phase.

ined for the capacity to form secondary spheres
by single parental cells in fresh CSM. The result
shows that secondary spheres (Figure 2A) were
formed in the 75-ml flask seeded with cells
from Primary tumor spheres. The tumor spheres
could be passaged every 2-3 weeks for many
generations in fresh CSM.

Expression of stem cell-related markers mark-
er in A549 tumor spheres

In order to investigate the expression of CD133
(one of the widely accepted CSCs marker) in
A549 cancer sphere-growing cells, the single
cell suspensions of A549 cells and A549 tumor
spheres were analyzed by flow cytometry. Our
results showed that the fractions of CD133*
expressing cells in AB49 tumor spheres was
significantly high than A549 cells line (Figure
2B and 2C, sphere, 66 + 1.23%; sphere control,
3.5 + 1.12%; cell line, 10.2 + 0.83%; cell line
control, 1.79 £ 0.56%; n = 3, P < 0.05). These
results indicate a good enrichment of CD133*
subpopulations in the A549 tumor spheres. In
addition, fluorescent immunostaining revealed
that some stem cell-related markers, such as
CD133, Sca-1 (A normal bronchioalveolar stem
cell or LCSCs marker), CD44s (A stem cell
marker of some epithelium-derived tumors,
such as breast CSCs), Oct4, Sox2 and Nanog
[Embryonic stem cell (ES)/induced pluripotent
stem cell (iPS) or CSCs markers] were positive
in these secondary tumor spheres (Figure 1B).

Proliferation capability of A549 tumor spheres
cells

To evaluate A549 tumor spheres proliferation
capability, We examined the growth of A549
tumor spheres cells and A549 cells line by the
MTT assay. Optical density of dissociated A549
tumor spheres in DMEM with 10% FBS was sig-
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0.02; cells line, 0.11 + 0.01; n =3,
P < 0.05). The doubling time of
A549 tumor spheres cells in DMEM
with 10% FBS was 46.71h com-
pared to 53.96 h in CSM. However,
A549 cells line more quiescent in DMEM with
10% FBS, These cells proliferated with a dou-
bling time of 75.6 h (Figure 2D).

A549 tumor spheres express more drug resis-
tant capability

Viability study revealed that the growth and
inhibition of DDP or GEM to A549 cells line and
A549 tumor spheres cells. The results of IC50
shown that A549 tumor spheres cells have sig-
nificantly high drug resistant than A549 cells
line (Figure 3A). DDP inhibited the growth of
A549 tumor spheres cells and A549 cells line
with an IC50 of 18.25 + 0.66 mg/L and 3.8 +
0.36 mg/L respectively. GEM inhibited the gro-
wth of A549 tumor spheres cells and A549
cells line with an IC50 of 280.38 + 8.2 mg/L
and 189.47 + 5.65 mg/L respectively. Mean-
while, under the pressure of DDP or GEM, The
apoptotic percentages of A549 tumor spheres
cells and A549 cells line had increase com-
pared with controls, and A549 cells line was
more significant increasing the apoptotic per-
centages than A549 tumor spheres in DDP or
GEM (Figure 3B and 3C, sphere control, 7.16 +
1.12%; cell line control, 11.83 + 1.56%; sph-
ere/DDP, 14.64 + 1.23%; cell line/DDP, 72.16
+ 5.63%; sphere/GEM, 34.38 *+ 2.94%; cell
line/DDP, 77.32 + 6.73%; n =3, P < 0.05). It al-
so suggested that A549 tumor spheres cells
have stronger drug resistant than A549 cells
line.

Cell cycle distribution of A549 cells line and
A549 tumor spheres on effects of chemother-
apeutic drugs

Due to previous studies on the cell cycle distri-
bution of cultured stem cells reported diverse

Int J Clin Exp Pathol 2015;8(6):6287-6300
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Figure 4. Effect of the IC50 concentration of Cisplatin (DDP) and Gemcitabine (GEM) on the cell cycle profile of A549
cells line and A549 spheres. A. A549 cells line; B. A549 cells line/DDP; C. A549 cells line/GEM; D. A549 cancer
spheres; E. A549 cancer spheres/DDP; F. A549 cancer spheres/GEM. This experiment was repeated three separate
times, and similar results were obtained. The representative flow cytometry pattern is shown.

results. We investigated whether the cell cycle
distribution was related to “stemness” or “drug
resistant” of cells. As shown in Table 1 and
Figure 4, cell cycle analysis revealed that the
number of A549 spheres cells in the GO/G1
phase and S phase similar to A549 cells line
cells. However, an increase in the number of
A549 spheres cells in the G2/M phase was
apparent. Both DDP and GME can block cells
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from G1 to S phase of the progress and initiate
apoptosis. When treated with the two kinds of
chemotherapy drugs for 48 h, both the treated
A549 cells line (A549 cell line/DDP and A549
cell line/GME) at the S phase significantly
decreased as compared to control group,
accompanied by an increase in the percentage
of cells in the GO/G1 phase. Nevertheless, With
regard to the A549 spheres, the DDP and GME

Int J Clin Exp Pathol 2015;8(6):6287-6300
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Figure 5. Enhanced expression of GST-m,
MRP1 and LRP in A549 spheres. A. West-
ern-blot of GST-m, MRP1 and LRP in HEB,
A549 cells and A549 spheres. B. Immuno-
fluorescence of GST-m expression in HEB,

S . 520 cells and AS49 spheres using confo-

cal microscopy. Scale bars: 25 pym.
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treated groups (A549 spheres/DDP and A549
spheres/GME) had no significant changes in
the GO/G1 phase and S phase were seen as
compared to the control group. In addition, the
percentages of G2/M phase significant increas-
ing in A549 spheres/DDP group and a little
accumulation in spheres/GME group compared
their control group.
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Upregulation of drug resistant proteins GST-,
MRP1 and LRP in A549 tumor spheres

One possible mechanism for chemoresistance
in A549 tumor spheres is enhanced expression
of drug resistant proteins. To test this possibili-
ty, we use western-blot to examine expression
of several drug resistant proteins, including

Int J Clin Exp Pathol 2015;8(6):6287-6300
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GST-, MRP1 and LRP, in HEB, A549 cells and
A549 tumor spheres. As expected, expression
of all three proteins was enhanced in A549
tumor spheres with the most dramatic change
occur for GST-r (Figure 5A). We further validat-
ed this result using Immunofluorescence stain-
ing of GST-1m in these cells. As shown in Figure
5C, in line with western-blot, robust expression
of GST-mm expression is observed in A549 cells
and tumor spheres but not HEB cells. Moreover,
GST-m expression is significantly enhanced in
A549 tumor spheres shown higher than that of
A549 cells line (average signal intensity:
sphere, 35.4 + 2.32; cell ling, 27.76 + 2.24; n =
20, P < 0.05).

Discussion

CSCs are thought to play multiple roles in
tumorigenesis. Previous studies selected CSCs,
which can grow as spheres in the serum-free
medium, from many human lung cancer cell
lines and tumors by magnetic activated cell
sorting (MACS) or fluorescence-activated cell
sorter (FACS) methods depend on some stem
cell markers [15, 16, 19-22]. As some studies
have demonstrated that cell lines derived from
prostate carcinoma and glioma can form mor-
phologically heterogeneous colonies in vitro,
due to the intrinsic stem cell hierarchies of their
parental cells. The holoclones consist of CSCs,
while the meroclone and paraclone show non-
CSCs properties [18, 23-26]. Therefore, in this
current study, we chose A549 holoclones cells
cultured with serum-free medium in the pres-
ence of EGF and FGF2 for obtaining tumor
spheres. Some LCSC markers (such as CD133,
Sca-1 and CD34), many embryonic stem (ES)-
and induced pluripotent stem (iPS) - related
core transcription factors (such as Sox2, Oct4
and Nanog) are overexpressed in these small
subset of stem cell-like cells.

More interestingly, it has previously been shown
that the expression of these markers and fac-
tors is not only related to the stemness but also
to drug resistance. For example, CD133 cur-
rently serves as a useful marker for the isola-
tion of CSCs in various tumors, including lung
cancer [16, 27-29]. In this study, our results
show that A549 spheres considerably higher
expression of CD133 than A549 cell line. It con-
sistent with the previous reports that CD133*
fractions varied from 1.4% in A549 cells,
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whereas 31.7% in A549-derived tumor spheres
and nearly 100% positive in H82 (Small-cell
lung cancer lines) side population cells [19, 30].
Moreover, this molecule also performs an
important role in sustaining the resistance to
chemo- or radiotherapy of CSCs in various
tumors [31-33], such as NSCLC and glioma
cells. Possible mechanisms may involve unreg-
ulated expressing of multiple drug resistance
transporters, detoxifying enzymes, activated
DNA repair machinery and resistance to apop-
tosis. Additionally, while Nanog, Sox2 and Oct4
are key transcription factors in maintaining ES
cell pluripotency, they also influence CSCs’
resistance property. Knock down of Sox2 in gli-
oma stem-like cells resulted in loss of the acti-
vation of ATP-binding cassette (ABC) transport-
ers [34-36]. These resistance characteristics
inhibitions are also accompanied by the down-
regulation of Oct4 and Nanog in LCSCs and
prostate cancer stem cell [37-39]. In addition,
there is some evidence to indicate that other
factors, such as CD44s and Sca-1, can also
influence radiation resistance [40, 41]. Thus, it
is possible that LCSCs, which commonly over-
express either the surface markers or tran-
scriptional factors mentioned previously, may
also possess some resistance phenotype. In
this study, the results suggest that A549
spheres cells are exhibited more extensive pro-
liferative potential and significantly resistant to
the two tested chemotherapeutic agents. It
was high IC50 and low apoptosis rat of A549
spheres cells to DDP or GEM than A549 cells,
which is coincidence with the literatures [14,
16].

It is well known that cellular sensitivity to che-
motherapeutic agents relies on cell cycle kinet-
ics that allows lethal cellular damage in highly
proliferating cells [42]. In the process, chemo-
therapeutic agents generally cause DNA dam-
age and interfere cell cycle resulting in apopto-
sis, such as DDP crosslinks DNA interfering
with cell division by mitosis [43] and GEM major
anti-DNA synthesis phase [44]. It remains
undefined how the cell cycle changed in CSCs
when chemotherapeutic intervention, elucida-
tion of DNA damage response in isolated CSCs
would enable targeting DNA damage check-
point response in CSCs [45]. Intriguingly, we
found the proportion of cells in the G2 phase of
A549 spheres cells was both significantly high-
er than the A549 cells at before and after treat-
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ment with DDP or GEM. This data in line with
recently findings that normal and malignant
stem-like cells have an extended G2 cell cycle
phase, the phase of the cell cycle associated
with DNA repair, which is associated with apop-
totic resistance. Targeting G2 checkpoint pro-
teins releases these cells from the G2-block
and makes them more prone to apoptosis [46].
This novel finding suggests that G2 phase con-
tribute to drug resistance of A549 spheres and
might be an attractive target for CSCs therapy.

Proposed mechanisms of multidrug resistance
(MDR) in CSCs include enhanced expression of
multidrug resistance transporters, anti-apop-
totic factors, or increased levels of DNA dam-
age repair proteins [47, 48]. In our research,
there are illustrated a significant increase in
MRP1 (ABCC1), LPR and GST-mm expression in
A549 spheres cells. MRP1 belongs to ATP-
binding cassette (ABC) proteins, involved in
export pumps that hamper the accumulation of
anionic conjugates and oxidized glutathione in
cytoplasm, and therefore play a critical role in
reduces the formation of platinum-DNA
adducts, detoxification and development of
platinum-based drug resistance [49]. A series
of studies has reported that MRP1 up-regula-
tion in CD133 positive glioblastoma stem-like
cells and SP lung cancer cells [15, 48, 49].
Likewise, LPR, another important MDR-
associated protein, vaults act by effuxing drugs
from the nucleus and/or the sequestration of
drugs into exocytotic vesicles [50, 51]. Recently
study demonstrate that it can high expression
of those genes in leukemic stem cell [52], but
not involve in A549 CSCs so far. In addition,
GST-m, the cytosolic detoxifcation protein, is
generally accepted that the MRP1 is act in syn-
ergy with GST-11 to confer resistance to the che-
motherapeutic agents, especially platinum
drugs [53-55]. Expression of GST-m varies
between different CSCs, being high in human
fetal liver hematopoietic stem cells [56], but
low in human bone marrow mesenchymal stem
cells and prostate CSCs [57, 58]. In A549
spheres, we presumed the overexpression of a
GST-m in concert with MRP1 and/or LRP would
give optimal resistance to chemotherapeutic
agents. The available evidence, presented
above, suggests that stem-like cell populations
in A549 spheres could play an important role in
drug resistance, possibly through activation of
cell membrane drug effux transporters, and
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altered expression of detoxifying enzymes.
Moreover, the concomitance increase of the
genes and protein, MRP1, LPR and GST-m, sug-
gested that lung CSCs was not the solo factor
to maintain resist apoptosis and to pump the
anti-tumor drugs out of cells.

In conclusion, the present work suggests that
549 spheres, which derived from 549 cells line
directly, has enriched cancer stem-like cells
and elevated capability of proliferation, anti-
apoptotic and drug resistance than 549 cells.
In addition, the combined working of MRP1,
LPR and GST-m might responsible for the fact
that lung CSCs may be spared by traditional
chemotherapy and be rapidly recurrence.
These observations have potentially important
implications for future therapeutic approaches
that target the lung CSCs and correlated drug
resistance mechanisms.
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