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Conditioned medium mimicking the tumor microenvironment
augments chemotherapeutic resistance via ataxia-telangiectasia
mutated and nuclear factor-kB pathways in gastric cancer cells
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Abstract. The tumor microenvironment affects the processes
involved in the development of gastric cancer and contributes
to multidrug resistance (MDR). Although the metabolism
of gastric cancer cells is known to be associated with the
development of the tumor microenvironment, the exact role
of metabolism in microenvironment-induced MDR formation
remains unclear. In the present study, conditioned medium
(CM) formed through the metabolism of SGC-7901 gastric
carcinoma cells was used to mimic the tumor microenviron-
ment. The effects of CM on drug resistance were evaluated in
gastric carcinoma cells. The results revealed that CM was not
only able to upregulate the expression levels of ATP-binding
cassette subfamily G member 2 (ABCG2) and MDR-associated
protein 2 (MRP2), but also upregulated the expression of
certain anti-apoptotic proteins in SGC-7901 cells. In addition,
CM activated the ataxia-telangiectasia mutated (ATM)
and NF-«B pathways, while CM-induced ABCG2, MRP2 and
anti-apoptotic protein upregulation was impaired by ATM and
NF-kB inhibitors. The results of the present study indicated
that CM augmented chemotherapeutic resistance by activating
the ATM and NF-«xB pathways in gastric cancer cells, and that
these pathways may be potential therapeutic targets for cases
of chemotherapeutic resistance in gastric cancer.

Introduction

Gastric cancer, which is a leading cause of cancer-associated
mortality (1), does not respond well to surgery or radiation
therapy due to tumor metastases and high recurrence rates (2,3).
In the initial stages of the disease, a relatively good response
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can be achieved with chemotherapy; however, the formation of
multidrug resistance (MDR) alongside treatment presents a chal-
lenge (4,5). MDR has been primarily ascribed to functional gene
mutations, or to epigenetic changes at the cellular level that influ-
ence the uptake, metabolism and/or export of anticancer drugs
from individual tumor cells (6). However, substantial evidence
has suggested that tumor cells that are sensitive to anticancer
drugs in a tissue culture may be resistant when grown in contact
with each other as a tumor (7,8). Hence, numerous studies have
focused heavily on how the tumor microenvironment influences
the resistance of solid tumors to chemotherapy (5).

Tumor tissues comprise cancer cells, fibroblasts and immune
cells (9,10), which not only secrete a number of soluble factors,
including growth factors, cytokines and chemokines (11,12),
but also contribute to the presence of hypoxia and acidity (13).
It is reported that each of these components varies in different
tumor types (14,15), and has the potential to influence drug
resistance (10,16-18). Gastric cancer, as a solid tumor, is mainly
composed of gastric cancer cells (3). The metabolism of gastric
cancer cells is a dominant factor affecting the properties of the
tumor microenvironment (6). However, to date, few studies have
been performed to evaluate the effect of tumor cell metabolism
on the microenvironment with regard to MDR formation. To
investigate the effect of the tumor microenvironment, as formed
by gastric cancer cell metabolism, on drug resistance, the present
study developed a predictive simulation model in the form of a
conditioned medium (CM) in vitro (15,19). The factors secreted
by tumor cells in CM include metabolites, cytokines and growth
factors, which have good interactions with gastric cancer cells
(6), and are similar to the levels present in the in vivo micro-
environments. Thus, CM simulates tumor cell metabolism to
form the tumor microenvironment, and provides a convenient
experimental system to study the association between the
tumor microenvironment formed by tumor cell metabolism and
inherent resistance (15).

CM contains a large number of factors, and is likely to
simultaneously stimulate various cellular pathways involved in
the drug resistance of patients with cancer (10,19-22). Ataxia-
telangiectasia mutated (ATM), as a nuclear serine-threonine
kinase, is involved in cell cycle checkpoints and DNA
double-strand break (DSB) repair (23). It has been reported
that ATM was able to upregulate MDR-associated gene and
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protein expression, and contributed to chemoresistance (24).
For instance, Yang et al (25) reported that DNA damage
induced by chemotherapy resulted in the formation of a large
cytosolic complex, namely ATM/NEMO/RIPI1, which medi-
ated the NF-kB (p65/p50) heterodimer by activating the IKK
complex (26). It has also been reported that NF-xB activation
mediated the expression of drug efflux pumps, including
MDR-associated protein 2 (MRP2) and ATP-binding
cassette subfamily G member 2 (ABCG?2), and initiated
anti-apoptotic protein expression, contributing to chemore-
sistance (27). Furthermore, it has been identified that ATM
can be activated by treatment with interleukin (IL)-6 without
apparent DNA damage. For example, in lung cancer, IL-6 can
increase the phosphorylation of ATM and NF-«kB in order to
elevate the expression levels of ABCG2, B-cell lymphoma 2
(Bcl-2), myeloid cell leukemia 1 (Mcl-1) and Bcl-extra large
(BclxL) (16). However, information in the literature regarding
the involvement of ATM/NF-kB signaling in CM-induced
MDR formation is currently limited. Therefore, the question is
raised of whether ATM can be activated by treatment with CM,
which, in turn, augments MDR-associated protein expression
and contributes to MDR in gastric cancer.

In the present study, CM was utilized to simulate tumor
cell metabolism in order to construct the tumor microenviron-
ment, and observed the effects on inherent resistance in gastric
cancer cells. It was revealed that CM was able to upregulate
ABCG2, MRP2 and anti-apoptotic protein expression levels
by activating the ATM and NF-«xB pathways, thus augmenting
SGC-7901 cell chemotherapeutic resistance.

Materials and methods

Reagents. Camptothecin and cisplatin were purchased
from EMD Millipore (Calbiochem; Billerica, MA, USA).
Anti-phospho- IKKa/p (1:1,000; cat. no. 2697), anti- IKKfp
(1:1,000; cat. no. 2678), anti-p65 (1:1,000; cat. no. 6956),
anti-phospho-p65 (1:1,000; cat. no. 13346), anti-ATM (1:1,000;
cat. no. 92356), anti-phospho-ATM (1:1,000; cat. no. 4526),
anti-ABCG?2 (1:1,000; cat. no. 4477S), anti-MRP2 (1:1,000;
cat. no. 4446), anti-Bcl-2 (1:1,000; cat. no. 15071S), anti-Bcl-xL
(1:1,000; cat. no. 2764), anti-Mcl-1 (1:1,000; cat. no. 94296S),
HRP-conjugated anti-rabbit IgG (1:3,000; cat. no. 7074) and
HRP-conjugated anti-mouse IgG (1:3,000; cat. no. 7076)
were acquired from Cell Signaling Technology, Inc. (Beverly,
MA, USA). The ATM phosphorylation inhibitor CGK was
purchased from Sigma-Aldrich (Merck KGaA, Darmstadt,
Germany). The p65 phosphorylation inhibitor BAY was
purchased from Cayman Chemical (Ann Arbor, MI, USA).
An Annexin V/propidium iodide (PI) detection kit was
obtained from Nanjing KeyGen Biotech Co., Ltd., (Nanjing,
China). DAPI was purchased from Vector Laboratories, Inc.
(Burlingame, CA, USA). Dulbecco's modified Eagle's medium
(DMEM) and fetal bovine serum (FBS) were acquired from
GE Healthcare Life Science (Hyclone Laboratories; Logan,
UT, USA). Cell Counting Kit-8 (CCK-8) was obtained from
Dojindo Molecular Technologies, Inc. (Kumamoto, Japan).

Cell culture and collection of conditioned media
Cell line and culture conditions. Human gastric cancer
(SGC-7901) cells were kindly provided by the Assistant
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Professor Zeng Fu Xue (The First Affiliated Hospital of
Xiamen University, Xiamen, China). Cells were maintained
in our laboratory and grown in DMEM supplemented with
10% FBS at 37°C and 5% CO,.

Obtaining CM. According to a previously described
method (15), the SGC-7901 cells (1x10%) were seeded in a
90-mm culture dish (Corning Inc., Corning, NY, USA) in
10 ml complete medium for 48 h. The medium was collected
from these cultures under sterile conditions, followed by
centrifugation at 1,500 x g for 10 min at 25°C, and then the
supernatant was collected as the CM and stored at -20°C until
required for further use. In the present study, CM is defined as
a conditioned medium collected from SGC-7901 cells and used
for experiments in the same cells. Plain medium (PM), which
consisted of complete medium without cell incubation, served
as the control under the same experimental conditions (19).

Cell apoprosis assay. SGC-7901 cells (1x10° cells/well) were
seeded in 6-well plates in 2 ml of PM or increasing % of CM
(25, 50, 75 and 100%) at 37°C for 6 h. Next, the cells were
treated with cisplatin (2 pg/ml) for 12 h, and the medium was
then replaced with new respective CM and PM without the
drug. After 24 h, cells were trypsinized, rinsed with PBS,
and incubated with 2 ul Annexin V-FITC and 2 ul PI for
20 min prior to FACS analysis. The data were analyzed with
CellQuest Pro software (BD Biosciences, San Jose, CA, USA).

Cell viability assay. Cell proliferation was determined using
a CCK-8 assay. Briefly, SGC-7901 cells (5,000 cells/well)
were seeded into 96-well plates containing 100 ul of PM or
increasing % of CM (25, 50,75 and 100%) at 37°C for 6 h. Next,
the cells were treated with cisplatin (2 yg/ml) or camptothecin
(50 pg/ml) for 12 h, following which the medium was replaced
with new respective CM and PM without drugs. After 36 h of
incubation, 10 ul of CCK-8 reagent was added to each well and
incubated at 37°C for 2 h. Finally, the optical density (OD) of
each well was measured at 450 nm using a spectrophotometer.

Cell clonogenicity assay. SGC-7901 cells (5,000 cells/well)
were seeded in 6-well plates in 2 ml of PM or increasing % of
CM (25, 50,75 and 100%) at 37°C for 6 h. Next, the cells were
treated with cisplatin (2 ug/ml) or camptothecin (50 pg/ml) in
PM and respective CM for 12 h. The medium was replaced
with new PM and respective CM without drugs every 2 days.
After 10 days, when colony formation was observed, the cells
were fixed in formaldehyde and stained with crystal violet
solution (10). Excess crystal violet solution was removed
by rinsing the plate under running tap water. Subsequent to
drying, each well was destained with 1 ml 33% acetic acid, and
the optical density (OD) of the resulting colored solution was
measured at 595 nm using a spectrophotometer (19).

Confocal fluorescence microscopy analysis. The effect
of ATM and p65 phosphorylation were investigated by
confocal fluorescence microscopy. Briefly, SGC-7901 cells
(5,000 cells/well) were cultured in FBS-free medium on glass
coverslips and incubated for 12 h. The SGC-7901 cells were
treated with CM or PM for a desired period of incubation
(0, 1 and 3 h). The cells were then fixed and permeabilized
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Figure 1. Treatment with CM contributes to chemotherapeutic resistance in SGC-7901 gastric cancer cells. SGC-7901 cells were incubated with the indicated
concentrations of CM or control PM, followed by treatment with 2 yg/ml DDP or 50 ug/ml CPT for 12 h, and replacement of the medium with PM and CM
without drugs. (A) Cell apoptosis was determined using Annexin-V/PI staining and flow cytometry after 24 h of incubation. (B) DDP-treated and (C) CPT-treated
cells were subjected to cell viability measurement with a Cell Counting Kit-8 assay after 36 h of incubation. (D) DDP-treated and (E) CPT-treated cells were
subjected to cell clonogenicity examination by crystal violet staining and quantification after 10 days of incubation. Data are presented as the mean + standard
error of the mean, and are representative of three independent experiments (n=3). “P<0.05, “P<0.01 and “"P<0.001 (one-way analysis of variance with post hoc
Newman-Keuls test). CM, conditioned medium; PM, plain medium; DDP, cisplatin; CPT, camptothecin; PI, propidium iodide.
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Figure 2. Treatment with CM upregulates the expression levels of MDR and anti-apoptotic proteins in SGC-7901 cells. SGC-7901 cells were grown in plain
medium overnight, and then treated with CM. The MDR proteins ABCG2 and MRP2 were examined by western blotting in cells treated with (A) CM (50%)
for the indicated periods, or (B) the indicated percentage of CM for 8 h. Anti-apoptotic Bcl-2, Bel-xL and Mcl-1 protein levels were determined by western
blotting in cells treated with (C) CM (50%) for the indicated periods, or (D) the indicated percentage of CM for 8 h. $-actin was used as the loading control.
Data shown are representative of three independent experiments (n=3). CM, conditioned medium; ABCG2, ATP-binding cassette subfamily G member 2;
MRP2, MDR-associated protein 2; Bcl-2, B-cell lymphoma 2; Bel-xL, Bel-extra large; Mcl-1, myeloid cell leukemia 1.

with 100% methanol at 25°C for 15 min. Subsequently, the
cells were blocked with 10% non-fat milk for 3 h at 25°C
and then incubated with primary antibodies (phospho-p65
or phospho-ATM) overnight at 4°C, followed by staining
with goat anti-rabbit IgG-PE (1:1,000 dilution; Abcam,
San Francisco, CA, USA) for 1 h at 37°C. Finally, cells were
stained with DAPI to visualize the nuclei. Images were
captured using a confocal fluorescence microscope (Olympus
Corp., Tokyo, Japan) at 546 nm. The ATM phosphorylation
inhibitor CGK (20 #M) and the p65 phosphorylation inhibitor
BAY (20 uM) were respectively used to pretreat the cells for
1 h prior to CM treatment to observe the effects of ATM and
p65 phosphorylation on the expression of MDR proteins and
anti-apoptotic proteins.

Western blotting. To investigate the effects of CM on
MDR-associated gene expression, the proteins of SGC-7901
cells treated with CM were obtained using RIPA buffer
(Beyotime Institute of Biotechnology, Shanghai, China),
and then their expression was determined via western blot
analysis. The protein concentration was determined by BCA
assay (Micro BCA Protein Determination kit; Thermo Fisher
Scientific Inc., Waltham, MA, USA). Protein lysates were
resolved via 8% SDS-PAGE and then transferred to polyvi-
nylidene difluoride membranes. The membranes were blocked
with 5% fat-free milk for 2 h at 25°C, and then they were incu-
bated with the primary antibodies (ATM, p-ATM, p65, p-p65,
p-IKKa/p, ABCG2, MRP2, Bcl-2, Bel-X1 and Mcl-1) at 4°C
for 12 h, followed by the appropriate peroxidase-conjugated
secondary antibodies (HRP-conjugated anti-rabbit IgG and
HRP-conjugated anti-mouse IgG) at 25°C for 1.5 h. The bound

antibodies were detected by enhanced chemiluminescence
(ECL; Beyotime Institue of Biotechnology). $-actin was used
as the loading control.

Statistical analysis. All data are expressed as the
mean + standard error of the mean. The results were statisti-
cally analyzed using GraphPad Prism (version 6.0; GraphPad
Software, Inc., La Jolla, CA, USA) by one-way analysis of
variance with a post hoc Newman-Keuls test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Treatment with CM contributes to chemotherapeutic
resistance in SGC-7901 gastric cancer cells. To explore
the role of CM in the development of innate resistance
to therapy in gastric cancer, SGC-7901 cells were treated
with camptothecin or cisplatin in CM and then compared
with the PM-treated controls. The effects of CM on gastric
cancer cell viability, apoptosis and growth were observed.
The results revealed that 50% CM significantly reversed
SGC-7901 cell apoptosis induced by cisplatin, as determined
by Annexin V staining (Fig. 1A). A CCK-8 assay also
confirmed that CM reversed the trend of reduced SGC-7901
cell viability induced by camptothecin or cisplatin in a
concentration-dependent manner (Fig. 1B and C). Analysis of
the percentage of microcolonies also indicated that CM effi-
ciently increased the SGC-7901 cell survival and growth rates
following cisplatin treatment in a concentration-dependent
manner (Fig. 1D and E). Collectively, these data indicated that
CM was able to reverse the apoptosis induced by camptothecin
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Figure 3. Treatment with CM induces ATM phosphorylation in SGC-7901
cells. SGC-7901 cells were treated with CM (50%) for the indicated
periods. ATM phosphorylation was determined via (A) western blotting and
(B) confocal fluorescence microscopy (magnification, x60). Data shown are
representative of three independent experiments (n=3). -actin was used as
the loading control. CM, conditioned medium; ATM, ataxia-telangiectasia
mutated; p-ATM, phosphorylated ATM.

and cisplatin, contributing to the chemotherapeutic resistance
of gastric cancer.

CM upregulates the expression of MDR proteins and
anti-apoptosis proteins in SGC-7901 cells. To investigate
the effects of CM on the expression of MDR proteins and
anti-apoptotic proteins in SGC-7901 cells, the cells were
treated with CM, and the expression levels of ABCG2, MRP2,
Bcl-2, Bel-xL and Mcl-1 were determined via western blot-
ting. The results demonstrated that CM stimulation increased
ABCG2 and MRP2 expressions in a time-(4-16 h) (Fig. 2A)
and concentration-dependent manner (25-75%) (Fig. 2B),
which reach the maximum at 8 h and 75% CM, respectively.
markedly increased ABCG2 expression, and slightly increased
MRP?2 expression (Fig. 2A and B). CM stimulation (50%)
markedly increased Bcl-2 and Bcl-xL expression levels in
a time-dependent manner, and slightly increased Mcl-1
expression (Fig. 2C). CM stimulation also increased Bcl-2,
Bcl-xL and Mcl-1 expression in a concentration-dependent
manner (Fig. 2D), which reached the maximum at 50%
CM. Collectively, these data indicated that CM was able to
upregulate the expression of MDR proteins and anti-apoptotic
proteins, contributing to drug resistance in SGC-7901 cells.

CM activates ATM in SGC-7901 cells. ATM, as a serine/
threonine protein kinase, may be activated by DNA DSBs,
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Figure 4. CM induced IKKo/f and p65 phosphorylation in SGC-7901 cells
treated with CM (50%) for the indicated time periods. IKKa/p and p65
phosphorylation was determined via (A) western blotting and (B) confocal
fluorescence microscopy (magnification, x60). Data shown are representa-
tive of three independent experiments (n=3). $-actin was used as the loading
control. CM, conditioned medium; p-, phosphorylated.

which are induced by certain chemotherapy drugs. In addi-
tion, activated ATM regulates distinct downstream pathways
to repair damaged DNA and contributes to MDR (23,27).
To investigate whether CM activated ATM in gastric cancer
cells, SGC-7901 cells were treated with CM, and the level
of ATM phosphorylation was determined via western blot-
ting (Fig. 3A) and confocal fluorescence microscopy (Fig. 3B).
It was observed that CM markedly increased ATM phosphory-
lation in SGC-7901 cells in a time-dependent manner, and that
ATM phosphorylation reached a maximum at 1 h following
exposure to CM. These results indicated that CM activated the
ATM pathway in gastric cancer cells.

CM activates the NF-xB signaling pathway in SGC-7901 cells.
The importance of NF-«xB in the chemotherapy resistance of
tumor cells is increasingly acknowledged, and it is well-estab-
lished that phosphorylated IKK o/ is an important prerequisite
for NF-«xB activation (28). To determine the effect of CM on
IKKa/p and p65 activation in gastric cancer, SGC-7901 cells
were treated with CM, and the phosphorylation of IKKa/p
and p65 was observed using western blotting (Fig. 4A). The
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Figure 5. CM upregulates the expression of ABCG2, MRP2 and anti-apoptotic proteins by activating the ATM and nuclear factor-kB pathways. SGC-7901 cells
were pretreated with the inhibitors BAY and CGK at the indicated concentrations 1 h prior to CM (50%) 8-h stimulation. (A) ATM and (B) p65 phosphoryla-
tion was determined by confocal fluorescence microscopy (magnification, x60). (C) Anti-apoptotic proteins (Mcl-1, Bel-xL and Bcl-2) and (D) ABCG2 and
MRP?2 proteins were determined by western blotting. Data shown are representative of three independent experiments (n=3). $-actin was used as the loading
control. CM, conditioned medium; PM, plain medium; ATM, ataxia-telangiectasia mutated; ABCG2, ATP-binding cassette subfamily G member 2; MRP2,
MDR-associated protein 2; Mcl-1, myeloid cell leukemia 1; Bel-xL, Bel-extra large; Bcl-2, B-cell lymphoma 2.

results revealed that the phosphorylation of IKKo/p and p65
was increased in a time-dependent manner in SGC-7901 cells.
These results were validated by observing p65 phosphoryla-
tion using confocal fluorescence microscopy (Fig. 4B). Taken
together, these findings indicated that CM also activated the
NF-«B pathway in gastric cancer cells.

Inhibition of ATM and NF-kB activation abolishes the
effects of CM on ABCG2, MRP2 and anti-apoptotic protein
expression. To explore whether the ATM and NF-«B pathways
are involved in CM-mediated drug resistance in gastric cancer
cells, the ATM phosphorylation inhibitor CGK and NF-xB
inhibitor BAY were used to pretreat SGC-7901 cells for 1 h
prior to CM stimulation. Subsequently, the phosphorylation of
ATM and p65 was analyzed by confocal fluorescence micros-
copy (Fig. 5A and B), while the expression levels of ABCG2,
MRP2, Bcl-2, Bel-xL and Mcl-1 were determined via western
blotting (Fig. 5C and D). The results demonstrated that CGK
and BAY effectively inhibited ATM and p65 phosphoryla-
tion, and that the inhibition of ATM and p65 phosphorylation

effectively blocked ABCG2, MRP2, Bcl-2, Bel-xL and Mcl-1
upregulation induced by CM. These results indicated that the
ATM and NF-xB pathways participated in the CM-induced
upregulation of ABCG2, MRP2, Bcl-2, Bcl-xL and Mcl-1 in
SGC-7901 cells.

Inhibition of ATM and p65 effectively reverses CM-induced
drug resistance. To further evaluate the roles of ATM and
p65 activation in the development of CM-mediated drug
resistance in gastric cancer cells, the ATM phosphorylation
inhibitor CGK and the NF-kB inhibitor BAY were used prior
to cisplatin stimulation in CM. The results revealed that the
usage of CGK and BAY effectively eliminated the increased
cancer cell viability induced by CM, as determined by a
CCK-8 assay (Fig. 6A). Meanwhile, microscopic observation
also demonstrated that the inhibition of ATM and p65 activa-
tion reversed the anti-apoptotic effect elicited by CM (Fig. 6B).
Taken together, these findings indicated that CM-induced
chemotherapeutic resistance in gastric cancer cells occurs, at
least in part, via ATM and NF-«B activation.
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Figure 6. Inhibition of ataxia-telangiectasia mutated and p65 effectively reversed CM-induced drug resistance. SGC-7901 cells were pretreated with the inhibi-
tors BAY and CGK at the indicated concentrations 1 h prior to CM (50%) addition. Cells were treated with 2 gzg/ml DDP in CM (50%) or control PM for 12 h,
following which the medium was replaced with PM and CM without DDP. (A) Cell viability was measured by a Cell Counting Kit-8 assay, and (B) the patterns
of microcolonies formed and cell morphology were observed under a microscope (magnification, x60). Data are presented as the mean + standard error of
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the mean, and are representative of three independent experiments (n=3).
conditioned medium; PM, plain medium; DDP, cisplatin.

Discussion

Recently, the effect of the tumor microenvironment on drug
resistance has received considerable attention (5,29). Although
certain studies have evaluated the regulation of tumor drug
resistance in response to a few specific factors within the tumor
microenvironment, including IL-6, IL-8, hypoxia and low
pH (10,16,30-32), systematic evaluations of the overall effect
of the tumor microenvironment on innate resistance to therapy
are limited. In the present study, CM was used to simulate the
tumor microenvironment in vitro. Compared with single factor
analysis, CM is more consistent with the multi-factorial and
complex situation in the body, and the levels and ratios of all
factors in CM are closer to the true state in the body. Thus, CM
provides a convenient microenvironment system for studying
drug resistance. The effects of CM on cell viability, apoptosis
and growth, as well as on the expression of MDR-associated
proteins, and activation of ATM and NF-«B, were investigated
in the present study. The results indicated that CM efficiently
upregulated the expression of ABCG2, MRP2 and anti-apop-
totic proteins via phosphorylation of ATM and NF-«kB kinases,

P<0.001 (one-way analysis of variance with a post hoc Newman-Keuls test). CM,

and resulted in MDR in gastric cancer. Notably, ATM and
NF-«B inhibitors abolished the CM-increased drug resistance
phenotype, indicating that ATM and NF-«xB inhibitors may be
useful for overcoming MDR in gastric cancer.

A number of reports from different tumor studies indicated
that several tumor types are capable of producing and
secreting a variety of factors in vitro and in vivo (19,33-35).
Desai et al (19) have analyzed the cytokine profile of CM
from human cancer cell lines of diverse origin, including
lung adenocarcinoma (A549), fibrosarcoma (HT-1080) and
glioblastoma (U373MG) cells in vitro. The authors examined
the secretion of pro-inflammatory cytokines (TNF-a, IL-1p
and IL-6), chemokines (fractalkine, IL-8, MCP-1 and IP-10)
and growth/pro-angiogenic factors (PDGF-AA, TGF-f and
VEGEF) from A549,HT-1080 and U373MG cells during normal
culture conditions. They also demonstrated the qualitative and
quantitative changes in the cytokine profile of CM from the
three types of human tumor cell lines compared with the PM
control. IL-6, IL-8 and VEGF levels were markedly different
among the three cell lines, with the highest values observed in
HT-1080 cells, and were also significantly different compared
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with the PM control levels. These values were significantly
different compared with those in the PM control (P<0.05) (15).
The fact that tumor tissues are composed of tumor cells,
fibroblasts and immune cells cannot exclude the possibility
that other components of the tumor tissue may also contribute
to the elevation of cytokines in vivo, thus, this requires
further exploration. However, CM has provided a convenient
microenvironment system to consider all cytokines as a whole
for studying drug resistance in vitro.

ATM serves a pivotal role in repairing DNA DSBs by
chemotherapeutic agents, contributing to chemoresistance in a
variety of tumors arising from the lung, endometrium, kidney
and melanoma (26). However, it was recently demonstrated that
ATM could be activated by IL-6 and hypoxia treatment without
DNA damage (16). In the present study, the data showed that CM
was able to activate ATM kinase without apparent DNA damage,
and that inhibition of ATM activation abolished the effect of CM
on the anti-apoptotic phenotype. All of these results indicate
that CM activated ATM kinase to upregulate chemotherapeutic
resistance under the conditions of without apparent DNA
damage. However, the exact interactions between ATM and
specific factors in CM that promote chemotherapeutic resis-
tance require further exploration.

NF-kB is an intracellular transcription factor that is
important in regulating apoptosis, inflammatory responses,
cell survival and immune responses (36). It is also a key
inhibitor of apoptotic proteins and a regulator of pro-survival
factors (37). A previous study demonstrated that, in camp-
tothecin or cisplatin treatment conditions, NF-kB activation
upregulated ABCG2 and MRP2 expression in small cell
lung cancer (27). In the present study, CM treatment acti-
vated the IKK complex without DNA damage and increased
the phosphorylation of p65 to initiate downstream target
gene transcription. Furthermore, inhibition of ATM and
NF-kB activity eliminated the effect of CM on ABCG2 and
anti-apoptotic protein expression, indicating that the ATM and
NF-«kB pathways are potential therapeutic targets for gastric
cancer chemotherapy. However, it remains unclear whether
CM-induced NF-kB activation depends on ATM phosphoryla-
tion, and this requires further investigation.

High expression levels of MDR transporters are often
involved in drug resistance. ABCG2 and MRP2 are important
efflux transporters on the tumor cell surface (27,38), which are
able to regulate the intracellular drug concentration by ATP
hydrolysis, thereby determining cell sensitivity to chemothera-
peutic agents and conferring drug resistance (39-41). In the
current study, evidence was obtained that CM upregulated
ABCG2 and MRP?2 expression levels. In addition, ABCG2
was recently recognized as cancer stem cell marker (16). The
present study revealed that CM treatment increased ABCG2
expression, indicating that CM treatment facilitates gastric
cancer cells to acquire cancer stem cell-like phenotypes.
However, the exact effects of various CM compositions on
gastric cancer stem cell marker expression profiles are complex
and require further investigation.

In conclusion, the present study utilized CM to mimic the
tumor microenvironment in order to explore the association
between the tumor microenvironment and drug resistance.
The results demonstrated that CM was able to upregulate the
expression levels of ABCG2,MRP2 and anti-apoptosis proteins
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in vitro by activating the ATM and NF-«kB pathways, inducing
drug resistance. With this line of understanding, future work
should be aimed at validating these findings in vivo to delineate
the roles of ATM and NF-kB in determining drug resistance
induced by the tumor microenvironment. Nevertheless, the
results of the present study indicated that ATM and NF-kB
are potential therapeutic targets to circumvent drug resistance
induced by the tumor microenvironment in the treatment of
gastric carcinoma.
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