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The combination therapy of HIF1a inhibitor LW6 and cisplatin plays an
effective role on anti-tumor function in A549 cells
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Hypoxia-inducible factor 1a (HIF1la) has been demonstrated to be involved in the resistance of various human cancer
cells to chemotherapies. However, correlation between HIF1a and sensitivity of human non-small cell lung cancer (NSCLC)
cells to cisplatin has not been illuminated. The aim of present study was to investigate the effects of HIF1a on drug resistance
in NSCLC cells. A549 cells were incubated in 21% or 0.5% O, followed by the assessment of HIF1a level with qRT-PCR
and western blot, and ROS levels by DCFH-DA assays. Effects of hypoxia or HIF1a inhibitor LW6 on the proliferation and
apoptosis of A549 cells were evaluated via CCK-8 and flow cytometry assays. ICs, of A549 cells to cisplatin was determined
by MTT assay. The mitochondrial membrane potential (MMP) was measured via JC-1 staining. Moreover, the expression
of apoptosis related protein (Bcl-2, Bax) and drug resistance related proteins (MDR1, MRP1) were measured by western
blotting. Exposure of A549 cells to 1% O, significantly upregulated HIF1a expression, maintained cell viability to cisplatin
but decreased the ROS level, which promoted chemoresistance to cisplatin. LW6-treated A549 cells showed an increase
in ROS level that blocked the hypoxia induced resistance to cisplatin and in addition, decreased expression of MDR1 and
MRP1 in cisplatin-treated cells. This study revealed that hypoxia-improved cisplatin chemoresistance of NSCLC cells by
regulated MDR1 and MRP1 expression via HIF1a/ROS pathway is reversed by LW6, suggesting that LW6 may act as effec-

tive sensitizer in chemotherapy for NSCLC.
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Non-small cell lung cancer (NSCLC), characterized by
high resistance to chemotherapy and poor survival rate, is
accounting for more than 85 percent of all lung cancers [1,
2]. Despite the enormous progress in medical diagnostic and
therapeutic strategies, NSCLC remains one of the most lethal
diseases worldwide [3, 4]. Chemoresistance of NSCLS cells
to various anti-tumor agents is the leading cause of treatment
failure. Therefore, exploring the underlying mechanisms of
chemoresistance of NSCLC cells has become the most urgent
issue in the clinical therapy. Accumulating evidences have
revealed that hypoxia microenvironment exists in many
different types of tumors, suggesting that hypoxia may play a
critical role in the survival and metabolism of cancers [5-7].
Hypoxia inducible factor-1a (HIF1a), an important mediator
of cell adaption to hypoxia, was reported to be involved in the
progression of various cancers, including colorectal cancer,
bladder cancer and breast cancer [8-11]. However, the effects
of HIFla on non-small cell lung cancer (NSCLC) remain
controversial.

HIF1a, a heterodimer consists of O,-regulated a subunit
and O,-independent  subunit, was reported to promote
tumor growth by interacting with various cellular signaling
pathway, such as von Hippel-Lindau protein (pVHL), PI3K/
Akt/mTOR and RAS/RAF/MEK/ERK kinase cascade[12].
In addition, elevated HIFla expression was demonstrated
to correlate with tumor drug resistance, anti-apoptosis and
poor survival rate [13]. Recently, highly expressed HIF1a was
also revealed in NSCLC tissues [14], and previous studies
have suggested that polymorphisms of HIFla gene were
significantly associated with NSCLC outcomes in patients
with early stage disease [15], implying that HIF1a could be
an effective therapeutic target for NSCLC. LW6, as a HIF1a
inhibitor, has been reported to serve as a new potent inhib-
itor of various cancers, such as breast, colon and lung cancer
[16-18]. Thus, LW6 may be a potential new anti-tumor agent.

Cisplatin is one of the most widely used drugs in NSCLC
chemotherapy, however, the occurrence of chemoresis-
tance still scourged majority NSCLC patients. Evidences
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showed that cisplatin exposure in vivo could induce oxida-
tive damage in cancer tissues, implying that oxidative stress
may participate in the cisplatin anticancer effects [19, 20].
Therefore, reactive oxygen species (ROS), predominantly
produced by mitochondria, were considered to mediate the
cytotoxic effects of cisplatin [21]. However, whether hypoxia,
HIFla and ROS contribute to cisplatin induced cytotoxicity
in cancer remains undetermined.

In the present study, we demonstrated that highly expressed
HIFlainduced by hypoxia decreased cellular ROS level, which
prevented NSCLC cells apoptosis from the cytotoxic cispl-
atin exposure and increased the drug resistance of NSCLC.
Whereas, the application of HIFla inhibitor LW6 reversed
these effects under hypoxia which suggested that LW6 may be
an important sensitizer of tumor cells to cisplatin.

Materials and methods

Cell culture and treatment. The human NSCLC cell
line A549 was purchased from the American Type Culture
Collection (Manassas, VA, USA) and cultured at 37°C in
Dulbecco’s modified Eagle’s medium (DMEM, Gibco, USA)
with 1% penicillin/streptomycin and 15% fetal bovine serum
(FBS, Invitrogen, Carlsbad, USA) under normoxic (21% O,,
74% N, and 5% CO,) or hypoxic (1% O,, 94% N,, and 5%
CO,) condition.

LW6 (10 uM), an inhibitor of HIF1a, was purchased from
Merck Millipore (Darmstadt, Germany). The cells treated
with LW6 for 12 h were exposed to normoxia or hypoxia for
48 h and then analyzed. To verify that ROS are the mediators
for HIFla induced resistance to cisplatin, ROS scavenger,
N-acetyl-L-cysteine (NAC, purchased from Selleck, USA)
and its agonist, sanguinarine (Sigma-Aldrich, USA) were
both applied for following experiments.

Quantitative real-time PCR (qRT-PCR) assay. Total
RNA of A549 cells was extracted by using TRIzol reagent
(Takara, Japan). Then 1ug of total RNA was reversely
transcribed into cDNA by using Takara RT kit following the
instructions provided by the manufacturer. Real-time qPCR
for the cDNA products was carried out via an ABI Prism
7700 sequence detection system (PE Applied Biosystems)
with the following protocols: 95°C, 3 min; 40 cycles of 95°C,
20's,60°C 45 s, and 72°C 2 min; 72°C 10 min. The sequence
of GAPDH primers were: F, 5-TGTTCGTCATGGGTGT-
GAAC-3} R, 5°-ATG GCA TGG ACT GTG GTC AT-3’; the
sequences of HIF1a primers were: F, 5’-CTG ACC CTG CAC
TCA ATC AA-3,R,5-CTT TGC TTC TGT GTC TTC AGC
AGC A-3’ All primers were designed and obtained from
Shenggong, China and the mRNA expression of HIFla was
normalized to GAPDH.

Western Blot assay. Cellular protein extracts of A549
cells under normoxia or hypoxia were extracted by a cell
lysis buffer (0.5 M Tris, 250 mM NaCl, 0.1% Nonidet P-40,
0.2 M Na;VO,, 0.2 M NaF), supplemented with a protease
inhibitor. Protein concentration was determined by a BCA

kit (Pierce, Rockford) and 40 g of total proteins were then
separated by 10% SDS-PAGE. Subsequently, proteins were
electrophoretic transferred into polyvinylidene difluoride
(PVDF) membranes (Millipore, Bedfordshire, UK). After
blocking with 5% low fat dried milk at room temperature
for 2 h, membranes were incubated with primary antibodies
overnight. HIFla (Rabbit, ab51608, Abcam, 1:500), Bcl-2
(Rabbit, ab196495, Abcam, 1:1000), Bax (Rabbit, ab32503,
Abcam, 1:2000), MDRI1 (Rabbit, ab129450, Abcam, 1:2000),
MRP1 (Rabbit, ab233383, Abcam, 1:1000), Actin (Rabbit,
ab5694, Abcam, 1:5000). Then, the blots were incubated
with horseradish peroxidase conjugated donkey-anti-rabbit
secondary antibodies (IgG-HRP, ab6802, Abcam, 1:2000).
Finally, membranes were visualized by enhanced chemilumi-
nescent reagents (ECL, Germany).

Measurement of intracellular ROS (DCFH-DA assay).
Intracellular ROS levels of A549 cells under normoxia or
hypoxia were assessed by the OxiSelect™ Intracellular ROS
Assay Kit (Cell Biolabs, STA342, USA) according to the
protocols obtained from manufacturers. Briefly, A549 cells
were treated with a cell permeable fluorescent 2,7’-dichlo-
rodihydrofluorescin diacetate (DCFH-DA), which can be
degraded into non-fluorescent 2,7’-DCFH. The DCFH could
be oxidized by cellular ROS into fluorescent dichlorodihy-
drofluorescin (DCF). Therefore, the fluorescent intensity is
proportional to the intracellular ROS levels.

CCK-8 assay. The effects of normoxia or hypoxia on prolif-
eration of A549 cells were evaluated by Cell Counting Kit-8
(CCK-8) assay. Briefly, A549 cells were plated into 96-well
plates at a density of 2x10° cells/well under normoxia or
hypoxia,and cell proliferationat0,24,48,72and 96 hwasassess
using a CCK-8 detection kit (Beyotime Institute of Biotech-
nology, China) according to the manufacturer’s instructions.

Flow cytometry analysis. Following exposure to
normoxia, hypoxia or treatment with cisplatin, A549 cells
were harvested using trypsinization and then twice washed
with PBS. After staining with Annexin V-fluorescein isothio-
cyanate (FITC) and propidium iodide (PI) in the dark,
A549 cells were subjected to apoptosis analysis by a Becton-
Dickinson FACS Calibur Flow Cytometer.

MTT assay. MTT assay was performed to measure ICs,
value of cisplatin in A549 cells exposed under normoxia
or hypoxia. A549 cells were seeded into 96-well plates at a
density of 2 x 10° cells/well, followed by the incubation of
various concentration of cisplatin (0.001, 0.01, 0.1, 1, 10,
100 and 1000 uM) and cultured under normoxic or hypoxic
condition for 24 h. Then, cells were incubated with 20 ul of
5 mg/ml MTT reagent and cultured for a further 4 h. After
treatment with 200 pl dimethyl sulfoxide for 15 min, the
96-well plates were analyzed by a microplate reader (Thermo
Scientific, Waltham, MA, USA) at 450 nm.

Determination of mitochondrial membrane poten-
tial (MMP). The decline of MMP is a landmark event in
the early stage of cell apoptosis. In this study, JC-1 staining
was performed to measure the MMP of A549 cells under
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normoxic or hypoxic condition. Briefly, A549 cells were
collected and washed twice with PBS, and then incubated
with JC-1 (5uM) for 15 min at 37°C. Subsequently, the
signals of A549 cells were detected by a BZ-9000 fluorescence
microscope (Keyence, Osaka, Japan).

Statistical analysis. Statistical analysis was performed
using GraphPad Prism v5.01. Comparison between two
groups or multiple groups was analyzed with the Student’s
t-test or one-way analysis of variance (ANOVA) test. Differ-
ences between means were considered significant if p<0.05.
All experiments were repeated at least three times.

Results

Hypoxia increased HIF1a expression and cell viability,
while decreased ROS expression in A549 cells. To investigate
the effects of hypoxia with the connection to HIF1a expres-
sion, ROS level and cell viability, A549 cells were cultured
under normoxic (21% O,, 74% N, and 5% CO,) or hypoxic
(1% O,, 5% CO,, and 94% N,) conditions for indicated time.
qRT-PCR and western blot analysis showed that hypoxia
remarkably upregulated the mRNA and protein levels of
HIFla compared with normoxia group (Figures 1A and B).
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Figure 1. Hypoxia increased HIF1a expression and cell viability, while decreased ROS level in A549 cells. A) The relative mRNA expression or B)
protein expression of HIF1a in A549 cells under normoxia (21% O,, 74% N, and 5% CO,) and hypoxia (1% O,, 94% N,, and 5% CO,) was measured by
qRT-PCR or western blot, respectively, at 0, 48 and 96 h. *p<0.05 and **p<0.01 vs. Normoxia group. C) ROS level was detected in A549 cells following
0, 48, and 96 h exposure to hypoxia at 37 °C. *p<0.05 vs. Normoxia group. D) Cell proliferation and E) apoptosis was measured in A549 cells under
hypoxia by CCK8 assay and flow cytometry analysis, respectively. *p<0.05 vs. Normoxia group. The results are presented as the mean + standard error

of three independent experiments.
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DCEF-DA assay was performed to assess the level of reactive
oxygen species (ROS). In contrast to HIF1a, the intracellular
ROS level was inhibited under hypoxia (Figure 1C). Subse-
quently, CCK-8 assay and flow cytometry analysis was used
to evaluate cell viability and apoptosis, respectively. Results
showed that A549 cells incubated with hypoxia presented
better activity (Figure 1D) and less cell apoptosis (Figure 1E).
These results suggested that hypoxia could increase HIF1a
expression, decrease ROS level and maintain cell viability.
HIFla induced by hypoxia decreased the sensitivity
of A549 cells to cisplatin. Cisplatin is a common chemo-
therapy drug in the clinical therapy of NSCLC. However,
the therapeutic effects of cisplatin were trapped as a result

of chemoresistance in NSCLC. Since HIFla was reported
to be involved in the chemoresistance of various human
cancers, we assessed the role of HIFla in NSCLC cells to
cisplatin. The ICs, values of cisplatin in A549 cells exposed
under normoxic or hypoxic conditions were evaluated by
MTT assay, and the results showed that exposure to hypoxia
increased the ICs, value of cisplatin in A549 cells in contrast
to cells under normoxia (Figure 2A). CCK-8 assay and flow
cytometry analysis were performed to assess the effects of
cisplatin on A549 cells proliferation and apoptosis with
normoxia or hypoxia, respectively. Under normoxic condi-
tion, cisplatin treatment remarkably inhibited cell prolifera-
tion and promoted cell apoptosis. Whereas, hypoxia recov-
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Figure 2. Sensitivity of A549 cells to cisplatin was attenuated by HIF1la. A) A549 cells treated with various concentrations of cisplatin (0.001, 0.01,
0.1, 1, 10, 100 and 1000 uM) in normoxic or hypoxic conditions for 24 hours were subjected for MTT analysis to determine the IC;, value of cisplatin.

**p<0.01 vs. Normoxia. (Normoxia: IC;,was 6 pM; Hypoxia: IC;, was 24 uM)

. B) CCK8 analysis of cell viability in A549 cells under normoxia or hypoxia

with or without the presence of cisplatin. *p<0.05 vs. Normoxia group and #p<0.05 vs. Normoxia group. C) Flow cytometry analysis of apoptosis rate in
A549 cells under normoxia or hypoxia with or without cisplatin. *p<0.05 vs. Normoxia group. D) The effect of LW6 on the apoptosis of A549 cells ex-
posure to cisplatin under normoxia or hypoxia were subjected to flow cytometry analysis. *p<0.05 and **p<0.01 vs. Normoxia+cisplatin group, *p<0.05
vs. Hypoxia+cisplatin group. Values are expressed as the mean * standard error from three different experiments.
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ered A549 cells viability and reduced apoptosis (Figures 2B
and 2C). These results implied that hypoxia could enhance
chemoresistance of A549 cells to cisplatin. However, when
pre-treating A549 cells with HIF1a inhibitor LW6, the effects
of hypoxia on chemoresistance was reversed (Figure 2D).
Together, these findings suggested that hypoxia could
increase drug resistance to cisplatin by upregulating HIF1a
expression in A549 cells.

HIFla enhanced chemoresistance of A549 cells to cispl-
atin by downregulating ROS level. Several studies have
implied that the anti-tumor effects of cisplatin may be related
to ROS-mediated apoptosis. To further explore whether ROS
are the mediators for HIFla-induced resistance to cisplatin,
the following experiments were performed. A549 cells were
pre-treated with HIFla inhibitor (LW6) followed by an
exposure to normoxia or hypoxia, and then the ROS produc-
tion and MMP of A549 cells were assessed. The results showed
that LW6 treatment significantly increased the ROS level both
in normoxic and hypoxic conditions (Figure 3A). Similarly,
the MMP of JC-1 staining also indicated that LW6 treatment
resulted in a significant reduction of MMP (Figure 3B). In
addition, flow cytometry analysis was performed to evaluate
the effects of HIF1la inhibition on cell apoptosis caused by
cisplatin. As shown in Figure 3C, HIF1a inhibition induced
by LW6 promoted cell apoptosis both in normoxic or
hypoxic conditions. In addition, the ROS scavenger (NAC)
and its agonist (sanguinarine) were adopted for mechanistic
experiments. As expected, sanguinarine significantly caused
the promotion of ROS level, while NAC obviously increased
the ROS level (Figure 3D). Besides, the MMP and flow
cytometry analysis also implied that sanguinarine markedly
reversed the suppressive effects of LW6 on cell injury, while
NAC further promoted the function of LW6 (Figures 3E and
3F). Taken together, these findings suggested that upregu-
lation of HIFla induced by hypoxia may increase cisplatin
resistance by decreasing ROS level in A549 cells.

HIFlainhibitor LW6 combined with cisplatin promoted
the sensitivity of A549 cells. In order to investigate the
potential therapeutic effects of LW6 in NSCLC, we examined
the ICs, value of cisplatin under hypoxia with or without
LW6 by MTT assay which caused that the ICs, in A549 cells
under hypoxia without LW6 was significantly higher than
in cells pre-treated with LW6 (Figure 4A). Moreover, the
expression of apoptosis related proteins (Bcl-2 and Bax) and
drug resistance proteins (MDR1 and MRP1) were measured
by western blot assay in the A549 cells treated with cisplatin
or/and LW6 under normoxia or hypoxia. Results showed
that hypoxia increased the Bcl-2 expression, and decreased
the Bax expression following exposure to cisplatin, compared
with normoxia. This effect was reversed by the application
of LW6 (Figure 4B). In addition, the increased expression of
MDRI and MRP1 induced by hypoxia was also reversed by
the treatment of LW6 (Figure 4B). All these finding suggested
that LW6 may play a vital role in sensitivity of A549 cells to
cisplatin, which could block the progression of NSCLC.

Discussion

The present study focused the relationship of hypoxia,
HIF1a expression, ROS level and chemoresistance of NSCLC
to cisplatin. We found that hypoxia exposure could increase
the expression level of HIF1a, while decrease the level of ROS.
Meanwhile, hypoxia-induced HIFla upregulation resulted
in a significant chemoresistance of A549 cells to cisplatin.
However, these effects were obviously reversed by the appli-
cation of LW6, a novel HIF1a inhibitor. Mechanistically, our
data also implied that ROS were the mediators for HIFla
induced chemoresistance to cisplatin using ROS scavenger
or its agonist, to be involved in cell apoptosis. Altogether, our
study demonstrated that the combination therapy of LW6
and cisplatin could enhance the sensitivity of A549 cells to
cisplatin, providing a novel potential therapeutic strategy for
NSCLC patients.

As one of the typical features of tumor microenvironment,
hypoxia (low oxygen), caused by abnormal blood vessel
growth, is frequently observed in various types of human
cancers [22-24]. Previous studies in cancer cells and animals
have suggested that hypoxic condition may contribute to the
growth, metastasis and drug-resistance of tumors [22, 25].
HIFla, a critical transcription factor, was revealed to be
activated by the hypoxic condition in multiple human cancers.
For example, it was reported that HIF1a was upregulated in
pancreatic cancer (PC) cell lines, and transfected with HIF1a
could potentiate the survival and tumorigenesis of PC cells
in vitro and in vivo [26]. Moreover, Guo et al. have reported
that hypoxia exposure increased the levels of HIFla and
p53 of A549 cells [27], which was consistent with our result.

Cisplatin is one of the most common drugs used for
NSCLC treatment, however, its curative effects are limited by
the chemoresistance. Hypoxia of tumor microenvironment
has been considered to be the primary reason of chemoresis-
tance, and evidences have shown that HIF1a could regulate
the cellular response to hypoxic stress by mediating the
expression of target genes, which is associated with angio-
genesis, resistance, invasion and metastasis [28]. Moreover,
inhibition of HIF1a was demonstrated to attenuate metastasis
of breast cancer cells and increase the sensitivity of tumors to
chemotherapy [29]. Recently, panobinostat (histone deacety-
lase inhibitor) was shown to reduce hypoxia-induced cispl-
atin resistance of NSCLC cells by destabilizing HIF1a expres-
sion [1], implying that HIF1a may play a key role in the drug-
resistance of NSCLC. In the present study, we found that
hypoxia induced the upregulation of HIF1aq, cell viability and
chemoresistance was increased as compared with normoxia,
suggesting that hypoxia may enhance chemoresistance of
NSCLC cells via increasing HIF1a expression.

ROS are byproducts generated during the normal cellular
metabolism, however, excessive production of ROS may cause
detrimental effects in cells [30-32]. The cellular accumula-
tion of ROS could alter the MMP and impair the respira-
tory chain which then activates the apoptotic pathway [33].
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Recently, multiple studies have suggested that ROS accumu-
lation was considered to be one of the potential mechanisms
of cisplatin therapy in cancer cells [34]. In this present study,
we revealed that the decline of ROS level induced by hypoxia
was reversed by LW6 and increased ROS generation could
sensitize NSCLC cells to cisplatin which ultimately induced
apoptosis, implying ROS involvement in the cytotoxic effects
of cisplatin, consistent with previous findings.

In conclusion, we ensured that hypoxia enhanced chemo-
resistance of A549 cells to cisplatin by modulating the expres-
sion of HIF1a and ROS level. Thus, the combination therapy
of HIF1a inhibitor LW6 and cisplatin may improve the sensi-
tivity of A549 cells to chemotherapy and play an essential
anti-tumor function in NSCLC.
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