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Honokiol combined with curcumin sensitizes multidrug-resistant
human lung adenocarcinoma A549/DDP cells to cisplatin
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Abstract. The aim of the present study was to discuss the
effects and underlying mechanisms of honokiol (HNK) and/or
curcumin (CUR) in sensitization of multidrug-resistant human
lung adenocarcinoma A549/DDP cells to cisplatin (DDP). An
MTS assay was performed to detect the cytotoxicity of HNK,
CUR and DDP in A549 and A549/DDP cells and compare
their sensitivity. The A549/DDP cells were then divided
into 8 groups: Control, HNK, CUR, DDP, HNK + CUR,
HNK + DDP, CUR + DDP and HNK + CUR + DDP. Cell
proliferation was measured by MTS assay and colony forma-
tion assay, cell apoptosis was detected by flow cytometry, cell
invasion was evaluated by Transwell assay and cell migration
was determined by a wound healing assay. In order to inves-
tigate the possible mechanisms, P-glycoprotein (P-gp) protein
expression was measured by western blotting and immunofluo-
rescence assays. The mRNA expression levels of AKT, Erk1/2,
cyclin-dependent kinase inhibitor 1 (P21), caspase 3, cleaved
caspase 3, caspase 9, cleaved caspase 9, poly (ADP-ribose)
polymerase (PARP), cleaved PARP, matrix metalloproteinase
(MMP)-2 and MMP-9 were examined by reverse transcrip-
tion-quantitative (RT-q) PCR assay, and the protein expression
levels of phosphorylated (p)-AKT, p-Erk1/2, P21, caspase 3,
cleaved caspase 3, caspase 9, cleaved caspase 9, PARP, cleaved
PARP, MMP-2 and MMP-9 proteins expression by western
blot assay. The MTS assay demonstrated that HNK (5 #g/ml),
CUR (10 pg/ml) and DDP (5 pg/ml) had no obvious toxicity
to A549/DDP cells, and HNK, CUR and DDP were more
sensitive in A549 cells compared with A549/DDP cells. The
optimal concentrations of HNK (5 pg/ml), CUR (10 pg/ml)
and DDP (5 ug/ml) were chosen to carry out the further
experiments. Compared with the control group, no significant
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change was observed in cell proliferation, apoptosis, migration,
invasion and related mRNA and protein expression in HNK,
CUR, DDP and HNK + CUR groups. The cell proliferation
rate in the HNK + DDP and CUR + DDP groups was signifi-
cantly suppressed with cell apoptosis significantly increased,
respectively. The invasion cell number and wound healing rate
of HNK + DDP and CUR + DDP groups were significantly
depressed compared with the control group, respectively.
Immunofluorescence demonstrated that the nuclear volume of
P-gpin HNK + DDP and CUR + DDP groups were significantly
downregulated compared with the control group, respectively.
The RT-qPCR assay demonstrated that the AKT, Erk1/2 and
P21 mRNA expression levels were significantly decreased and
cleaved caspase 3, cleaved caspase 9 and cleaved PARP were
increased in HNK + DDP and CUR + DDP groups compared
with the control group. The western blotting results were
consistent with the RT-qPCR results. NK + CUR + DDP had
improved effects on A549/DDP compared with HNK + DDP
or CUR + DDP group, respectively. HNK and/or CUR could
improve the sensitivity of DDP to A549/DDP cell by the regu-
lation of P-gp, inducing apoptosis, and inhibiting migration
and invasion via AKT/ERK signal pathway in an in vitro study.

Introduction

The incidence of lung cancer in China is increasing at
~1.63% per year (1) and the total number of patients with lung
cancer is expected to reach 1 million, which would be the
largest population of lung cancer patients in the world (2-4).
Although new therapeutic techniques for lung cancer are
continuously being developed, the 5-year survival for patients
with non-small cell lung cancer (NSCLC) remains below
15% (5). Platinum-based chemotherapy is the first-line treat-
ment for advanced NSCLC patients with no or unknown driver
mutations and programmed death-ligand 1 <1% or unknown,
but unfortunately, 70-80% of the patients are resistant to it (6).

Cisplatin (DDP) enters cancer cells by cell surface trans-
porters, such as high affinity copper uptake protein 1 and they
form positively charged molecules that bind to DNA to form
cross-linked adducts, which inhibit transcription and replica-
tion and induce apoptosis of the cancer cells (6). Studies have
shown that resistance to DDP in NSCLC cells was mainly
represented by deletion of the DDP transporter or reduced
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activity of metallothionein and glutathione-related metabolic
enzymes (such as glutathione), which convert DDP into posi-
tively charged compounds, which loses its ability to inhibit
DNA repair (7). Several targeted drugs aiming at this pathway
have been developed in previous years, for example picoplatin,
which was expected to increase the activity of glutathione (8).
However, the efficacy of these drugs for DDP-resistant tumors
remained poor and none of them can effectively reverse DDP
resistance in NSCLCs.

Honokiol (HNK), mainly derived from the traditional
Chinese medicine Magnolia, is a representative of the biphenyl
lignans (9). It has various pharmacological effects, including
anti-infection, anti-anxiety and anti-oxidation, and previous
studies have shown that HNK may regulate signaling pathways
involved in stemness maintenance of tumor stem cells, such as
the Notch signaling pathway (10-13).

Curcumin (CUR) is an acidic polyphenolic substance and
is a diketone compound, widely found in the root and stem of
various plants such as turmeric, medlar and calamus. CUR has
a wide range of pharmacological effects, such as anticoagula-
tion, hypolipidemic effects, anti-oxidation, anti-inflammatory,
anti-atherosclerosis, antitumor and antirheumatic effects, and
liver, biliary and stomach-protecting effects. CUR shows
very limited toxic side effects. Therefore, its anticancer effect
has attracted increasing attention and the National Cancer
Institute of USA has listed it as one of the third-generation
cancer chemopreventive drugs (14).

P-glycoprotein (P-gp) is a high molecular weight glyco-
protein encoded by the multidrug resistance (MDR)1 gene
and belongs to the classical ATP-binding cassette transporter
family. Overexpression of P-gp is one of the most important
causes of MDR. P-gp has been shown to regulate the AKT/ERK
signaling pathway (15,16). Caspase-3, caspase-9 and poly(ADP
ribose) polymerase (PARP) are the key proteases about cell
apoptosis. P21 is a cyclin-dependent kinase inhibitor to
regulate cancer progression (17). Matrix metalloproteinases
(MMPs) are a big family of proteinases that are involved in
numerous pathophysiological processes (18). Thus far, the role
and possible mechanisms of HNK combined with CUR on
resistance of lung cancer cells to DDP has not been elucidated.
The present study investigated the effects of HNK combined
with CUR to reverse drug resistance of A549/DDP cell lines
and explored the underlying mechanisms in vitro experiments.

Materials and methods

Reagents and instruments. Human lung cancer A549 and
A549/DDP cell lines were provided by ATCC. A549 cell culture
medium RPMI-1640 and A549/DDP cell culture specific
medium (RPMI-1640 + 10% FBS + 1-2 yg/ml DDP + 1% peni-
cillin/streptomycin) were purchased from Gibco (ThermoFisher
Scientific, Inc.). HNK, CUR and DDP were purchased from
Sigma-Aldrich (Merck KGaA). Transwell chambers were
purchased from BD Biosciences; Becton, Dickinson and
Company. Non-radioactive cell proliferation assay (MTS)
reagent and reverse transcription-quantitative (RT-q) PCR kit
were purchased from Promega Corporation. The Apoptosis
assay kit was purchased from BD Biosciences; Becton,
Dickinson and Company. The specific primary antibodies
against p-gp (cat. no. ab262880),p21 (cat.no.ab80633;), MMP-2

(cat. no. ab2462), MMP-9 (cat. no. ab119906), phosphorylated
(p)-AKT (cat. no. ab38449), p-Erk1/2 (cat. no. ab214362), AKT
(cat. no. ab18785), ERK (cat. no. ab109282), Cleaved-caspase-3
(cat.no.ab2302),Caspase-3 (cat.no.ab4051),Cleaved-caspase-9
(cat. no. ab2324), Caspase-9 (cat. no. ab52298), Cleaved-PARP
(cat. no. ab32561), PARP (cat. no. ab74290) and GAPDH
(cat. no. ab181602). All of these antibodies were purchased
from Abcam. ECL immunoblot substrate was purchased
from EMD Millipore. Flow cytometry was performed with
a BD FACSCalibur™ machine (BD Biosciences; Becton,
Dickinson and Company). Microplate reader and PCR instru-
ment were from Thermo Fisher Scientific, Inc.

Cell culture and grouping. A549 and A549/DDP cells (1x10%)
were cultured in a 10 cm culture dish in a 37°C, 5% CO, and
humidified incubator with 90% Eagle's minimum essential
medium (EMEM; Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% fetal bovine serum (FBS; Gibco;
Thermo Fisher Scientific, Inc.). Cells were digested with
0.25% trypsin-EDTA for passage. The cells were divided
into 8 groups: Control group of normally cultured A549/DDP
cells, HNK group treated with 5 pg/ml of HNK, CUR group
treated with 10 ug/ml of CUR, DDP group treated with
5 ug/ml DDP and HNK + CUR, HNK + DDP, CUR + DDP
and HNK + CUR + DDP groups that received combinations
of drugs implied by the group names at the same doses as the
single drug groups.

MTS assay. Each group of A549/DDP cells was cultured
and treated as described above for 24, 48 and 72 h, then the
medium was aspirated, MTS reagent was added according
to the manufacture's protocol, then optical density value was
measured at 490 nm by a microplate reader and the prolifera-
tion rate of each group of A549/DDP cells was calculated.

Colony formation assay. The proliferation of cells was detected
by colony formation assay. Briefly, cells (200 cells/well) were
cultured in 6-well plates for 12 h and then treated with the drugs
as described above and incubated for two weeks. Cells were
immobilized for 15 min with 95% methanol at room tempera-
ture and then stained with hematoxylin at room temperature
for 1 min. The clones were stained by 0.1% crystal violet at
room temperature and were counted by light microscopy
(magnification, x40). The clone formation rate was calculated
by using >50 cell colonies as one clone (Clone formation
rate = number of clones/number of inoculated cells x100%).

Flow cytometry for apoptosis. Each group of A549/DDP
cells (3x10%) was treated as described above for 48 h before
20 pl of PI and 20 ul of Annexin V-FITC (BD Biosciences)
were added to each group and incubated for 15 min, the cells
were then collected and adjusted to 1x10%/ml for flow cytom-
etry to determine apoptosis of each group. Cell apoptosis was
assessed using flow cytometry (FACScan™; BD Biosciences)
and analyzed using FlowJo 10.06 software (FlowJo LLC).

Wound healing assay for migration. After counting, the cells
were seeded to 6-well plate at 5x10° cells/well and cultured
with 10% serum at 37°C. When the cells reached confluence,
a straight line was scratched using a 200 ul tip on the cell
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monolayer and the width of the scratch was recorded under
a microscope. The cells were washed 3 times with PBS,
serum-free medium added and then treated as described above
for 0,24 or 48 h. Cells were observed and images were captured
under a light microscope (magnification, x200; Olympus
Corporation). A total of three parallel wells were used for each
group and the experiment was carried out in triplicate.

Transwell assay for invasion. Matrigel was diluted with
serum-free EMEM at 1:3 and 35-45 pl of the solution was
added to the Transwell chambers and incubated at 37°C for
4-5 h. Cell density was adjusted to 1x10°/ml with medium
containing 5% FBS. Then, 0.2 ml of the cell suspension was
added the upper Transwell chambers of each group and treated
accordingly. Afterwards, 350 ul EMEM containing 20% FBS
was added to the lower chambers and cultured at 37°C,
5% CO, for 48 h. Cells on the upper surface of the chamber
was wiped off and the culture solution in the lower chamber
was replaced with 350 pl 0.5% Wright-Giemsa dye solution so
that the dye solution was just in contact with the lower surface
of the chamber. The lower surface of the chamber was brought
into contact with the surface of the dye solution and stained
at room temperature for 5 min. Then 175 ul of the dye was
removed and 175 ul of ddH,O was added. After 10 min of
incubation, 4 fields of view were imaged under a light micro-
scope (magnification, x400) and the number of invading cells
counted using ImageJ software V1.8.0.112 (National Institutes
of Health).

RT-gPCRassay. A549/DDPcells (1x10°) in logarithmic growth
phase were treated for 48 h and total RNA was extracted by
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. The cDNA was
reverse transcribed by SuperScript™ IV CellsDirect™ cDNA
Synthesis Kit (Thermo Fisher Scientific, Inc.) according
the following temperature protocol: 42°C for 60 min, 70°C
for 15 min and chilling at 4°C. qPCR was performed using
a SYBR® Premix Ex Taq™ (cat. no. DRRO41A, Takara Bio,
Inc.) on an Applied Biosystems thermal cycler (Applied
Biosystems; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol: The parameters for gPCR assays
were denaturation at 94°C for 3 min; 40 cycles of 95°C for
5 sec, 65°C for 35 sec and 72°C for 60 sec; and finally, 72°C
for 5 min. Fold changes were calculated using the 244
method (19). Primer sequences used were as follows: AKT
forward, 5'-GGACAACCGCCATCCAGACT-3' and reverse,
5'-GCCAGGGACACCTCCATCTC-3", Erkl1/2 forward,
5'-CTAAACCACATCGGGAACCT-3' and reverse, 5'-TAC
TTCCGGGCTTTGATGGA-3'; P21 forward, 5'-CAGAGC
CACAGGCACCAT-3' and reverse, 5-GCGAAGTCAAAG
TTCCACC-3'; Caspase 3 forward, 5'-ATGGAGAACAAT
AAAACCT-3" and reverse, 5'-CTAGTGATAAAAGTAGAG
TTC-3"; PARP forward, 5-GGCATCGGAACTGGACGA
GG-3' and reverse, 5'-CCCCACGAACGGAACAACCA-3".
P-gp forward, 5'-CGCAGGCAGGTGATAAGGGG-3' and
reverse, 5-GCAATGCGGTCTGCGTTCTG-3'. MMP-2
forward, 5'-CAGGACATTGTCTTTGATGGCATCGC-3'
and reverse, 5'-CAGGACATTGTCTTTGATGGCATCGC-3;
MMP-9 forward, 5'-CAGGACATTGTCTTTGATGGCATC
GC-3"and reverse, 5'-CAGGACATTGTCTTTGATGGCATC

GC-3' and GAPDH forward, 5-GGACCTGACCTGCCGTCT
AG-3' and reverse, 5-GTAGCCCAGGATGCCCTTGA-3'.
GAPDH was used as an internal standard.

Immunofluorescence. The cells were permeabilized for
30 min in 0.5% Triton X-100 and incubated for 1 h at room
temperature with a primary antibody diluted in PBS supple-
mented with 3% bovine serum albumin (Beyotime Institute of
Biotechnology). The cells were rinsed with PBS and incubated
with 2 pg/ml Alexa Fluor® 488-conjugated goat anti-rabbit
IgG antibody (secondary antibody; ab150085; 1:5,000) for
2 h at room temperature. Nuclei were counterstained with
DAPI with 5 min incubation at room temperature. After
washing with PBS, the slides were mounted in the Vectashield
mounting medium and examined under a FluoView FV1000
confocal microscope (Olympus Corporation) and analyzed
with the Olympus FluoView ver. 1.7b viewer (Olympus
Corporation).

Western blotting for protein levels of P-gp, p-AKT, p-Erkl/2,
P21, MMP-2, MMP-9 and apoptosis related proteins. Each
group of A549/DDP cells in the logarithmic growth phase was
treated with the corresponding treatment for 48 h and lysed
using cell lysis buffer (Beyotime Institute of Biotechnology)
to extract total protein. Protein concentrations of the lysate
were measured by the Bicinchoninic acid Protein Assay kit
(Beyotime Institute of Biotechnology) and equal amounts
(5 pg) of the protein loaded on a 12% SDS-PAGE for electro-
phoresis separation. The protein bands were then transferred
to PVDF membrane. The membranes were then blocked with
5% non-fat milk in TBS-0.1% Tween buffer at room tempera-
ture, following which they were incubated with specific
primary antibodies at 4°C overnight, washed, incubated
with horseradish peroxidase-conjugated secondary antibody
(cat. no. ab97040; 1:1,000; Abcam) at room temperature for
1 h, washed again and developed with enhanced chemilumi-
nescence (EMD Millipore). GAPDH was used as the internal
reference. ImageJ software (ver. 1.48, National Institutes of
Health) was used for quantification of the band intensity. The
dilutions used for each of the specific primary antibodies were
as follows: P-gp (1:1,000), p21 (1:1,000), MMP-2 (1:1,000),
MMP-9 (1:1,000), p-AKT (1:1,000), p-Erk1/2 (1:1,000),
AKT (1:1,000), ERK (1:1,000), Cleaved-caspase-3 (1:1,000),
Caspase-3 (cat. no. ab4051; 1:1,000), Cleaved-caspase-9
(1:1,000), Caspase-9 (1:1,000), Cleaved-PARP (1:1,000), PARP
(1:1,000) and GAPDH (1:1,000).

Statistical analysis. All assays were repeated at least three
times and statistical analysis was performed using SPSS
ver. 19.0 (IBM Corp.) statistical software. Measurement data
was expressed as mean + standard deviation and the differ-
ence between the groups was compared by one-way analysis
of variance followed by Tukey's post hoc test. P<0.05 was
considered to indicate a statistically significant difference.

Results
Effects of HNK, CUR and DDP on A549/DDP cell viability.

The MTS assay was performed to assess the effect of HNK,
CUR and DDP on the viability of A549 and A549/DDP cells,
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Figure 1. Effect of HNK, CUR and DDP on the A549 and A549/DDP cells viability. The viabilities of A549 and A549/DDP cells treated with (A) HNK,
(B) CUR and (C) DDP were assessed by MTS assay. The results were expressed as the mean + standard deviation of three independent experiments and each
was performed in triplicate. "P<0.05 and “P<0.01 vs. A549 cells. HNK, honokiol; CUR, curcumin; DDP, cisplatin; OD, optical density.

and the optimal concentrations of HNK, CUR and DDP were
selected for further studies. A549 and A549/DDP cells were
treated with increasing concentrations of HNK (0, 5, 10, 20, 40
and 80 pug/ml), CUR (0, 5, 10, 20, 40 and 80 pxg/ml) and DDP
(0, 5, 10, 20, 40 and 80 pg/ml) for 48 h. From the results of
Fig. 1A-C, A549 cells were more sensitive to HNK, CUR and
DDP with increasing concentrations than A549/DDP cells, in
accordance with previous studies (15,20). It was found that
HNK (5 ug/ml), CUR (10 ug/ml) and DDP (5 pg/ml) displayed
no significant cytotoxicity in A549/DDP cells compared with
that in A549 cells. Therefore, HNK (5 pg/ml), CUR (10 ug/ml)
and DDP (5 ug/ml) were chosen as the optimal concentrations
for further experimentation.

Effects of HNK or/and CUR on activity and proliferation
of A549 cells and A549/DDP cells. The activity and prolif-
eration of A549 cells and A549/DDP cells was respectively
detected by MTS assay and colony-forming assay. Compared
with the control group, all groups could inhibit cell activity
in A549 (Fig. 2A). However, as shown in Fig. 2B, compared
with the control group, the cell activity of HNK, CUR, DDP
and HNK + CUR groups was not significantly changed in
A549/DDP cells. In contrast, the cell activity in HNK + DDP
and CUR + DDP groups was significantly suppressed.
Meanwhile, the cell activity rate of HNK + CUR + DDP
group was significantly depressed compared with that of
HNK + DDP or CUR + DDP groups. The results of cell
proliferation were consistent with MTS assay (Fig. 2C). The
data revealed that HNK or/and CUR could reverse resistance
to DDP in A549/DDP cells.

Effects of HNK or/and CUR on apoptosis of A549/DDP cells
by flow cytometry assay. The results of Fig. 3 indicated that

after treatment with HNK, CUR, DDP and HNK + CUR, the
cell apoptosis rate was as same as that in the control group.
While A549/DDP cells were treated with HNK + DDP
and CUR + DDP, the apoptosis rate of A549/DDP
cells was obviously enhanced. Further, compared with
HNK + DDP or CUR + DDP groups, the cell apoptosis rate
of HNK + Cur + DDP group was significantly upregulated.

Effects of HNK or/and CUR on migration of A549/DDP cells
by wound healing assay. Following wound healing assay, the
results of Fig. 4 suggested that there was no difference between
the control group and HNK, CUR, DDP and HNK + CUR
groups. In addition, the wound healing rates were significantly
depressed with HNK + DDP and CUR + DDP treatment in
24 and 48 h compared with wound healing rate of the control
group. The results identified that the wound healing rate of
HNK + CUR + DDP group was significantly downregulated
compared with that of HNK + DDP or CUR + DDP groups in
24 and 48 h, respectively.

Effects of HNK or/and CUR on invasion of A549/DDP cells by
Transwell assay. The data from Fig. 5 demonstrated that the
invading cell numbers of HNK, CUR, DDP and HNK + CUR
groups were the same as the control group. After treatment
with HNK + DDP and CUR + DDP, the invading cell numbers
were significantly suppressed compared with the control
group. Compared with HNK + DDP or Cur + DDP groups, the
invading cell numbers of the HNK + CUR + DDP group was
significantly decreased.

Effects of HNK or/land CUR on P-gp protein nuclear
volume of A549/DDP cells by immunofluorescence assay.
Following immunofluorescence, the results of Fig. 6
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Figure 2. Effects of HNK or/and CUR on activity and proliferation of A549/DDP cells. The activity of (A) A549 and (B) A549/DDP cells administered
HNK, CUR, DDP, HNK + CUR, HNK + DDP, CUR + DDP and HNK + CUR + DDP were examined by MTS assay. "P<0.05 and “P<0.01 vs. Control
group, “P<0.05 vs. HNK + DDP group, $P<0.05 vs. CUR + DDP group. (C) The proliferation of A549 and A549/DDP cells administered with HNK, CUR,
DDP, HNK + CUR, HNK + DDP, CUR + DDP and HNK + CUR + DDP were examined by colony formation assay. Quantification of (D) A549 and
(E) A549/DDP cell colony formation. Magnification, x40. The results were expressed as the mean + standard deviation of three independent experiments and
each was performed in triplicate. "P<0.05 and “P<0.01 vs. control group, “P<0.05 vs. HNK + DDP group, *P<0.05 vs. CUR + DDP group. HNK, honokiol;

CUR, curcumin; DDP, cisplatin; OD, optical density.

demonstrated that the P-gp nuclear volume of HNK, CUR,
DDP and HNK + CUR groups was similar to that of the
control group. In addition, the P-gp nuclear volume of
HNK + DDP and CUR + DDP groups were significantly
inhibited compared with the control group, and the P-gp
nuclear volume of HNK + CUR + DDP group was signifi-
cantly downregulated compared with that of HNK + DDP
or CUR + DDP groups.

Effects of HNK or/and CUR on the mRNA expression of
the AKT/Erk signaling pathway by RT-gPCR assay. As
demonstrated in Fig. 7, the mRNA expression of P-gp, p21,
MMP-2, MMP-9, AKT, Erkl/2, caspase-3, caspase-9 and
PARP in HNK, CUR, DDP and HNK + CUR groups was
not obviously upregulated or downregulated compared with
the control group. Conversely, the P-gp, MMP-2, MMP-9,
AKT and Erk1/2 mRNA expression of HNK + DDP and
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Figure 3. Effects of HNK or/and CUR on apoptosis of A549/DDP cells by flow cytometry. (A) A549/DDP cells treated with HNK, CUR, DDP, HNK + CUR,
HNK + DDP, CUR + DDP and HNK + CUR + DDP for 48 h were harvested for flow cytometry analysis. (B) Annexin V/PI-stained cells were analyzed
with the percentages of apoptosis cells. “P<0.01 vs. control group, #P<0.01 vs. HNK + DDP group or CUR + DDP group. HNK, honokiol; CUR, curcumin;

DDP, cisplatin.

CUR + DDP groups was significantly downregulated and the
p21, caspase-3, caspase-9 and PARP mRNA expression of
the HNK + DDP and CUR + DDP groups was significantly
upregulated compared with those of control group. The effects
of HNK + CUR + DDP on the mRNA expression of P-gp,
MMP-2, MMP-9, AKT and Erk1/2 was increased compared
than those of HNK + DDP or CUR + DDP groups. P21,
caspase-3, caspase-9 and PARP mRNA expression were
enhanced in HNK + CUR + DDP group.

Effects of HNK or/land CUR on the protein levels of
AKT/Erk signal pathway by western blot assay. The results
of Fig. 8 demonstrated that there was no significant differ-
ence in protein expression of P-gp, p21, MMP-2, MMP-9,

p-AKT, AKT, p-Erk1/2, ERK, caspase-3, cleaved-caspase-3,
caspase-9, cleaved caspase-9, PARP and cleaved PARP
between the control group and HNK, CUR, DDP and
HNK + CUR groups. Following treatment with HNK + DDP,
the protein levels of P-gp, MMP-2, MMP-9, p-AKT and
p-Erk1/2 were respectively decreased by 54, 26, 38, 28 and
33%, and the protein expression of p21, cleaved-caspase-3,
cleaved caspase-9 and cleaved PARP was respectively
increased by 35, 21, 29 and 23%, compared with the control.
Following treatment with CUR + DDP, the protein expression
of P-gp, MMP-2, MMP-9, p-AKT and p-Erk1/2 was respec-
tively decreased by 58, 30, 36, 27 and 34%, and the protein
expression of p21, cleaved-caspase-3, cleaved caspase-9 and
cleaved PARP was respectively increased by 39, 20, 31 and
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Figure 4. Effects of HNK or/and CUR on migration of A549/DDP cells by wound healing assay. (A) The migration abilities of A549/DDP cells treated
with HNK, CUR, DDP, HNK + CUR, HNK + DDP, CUR + DDP and HNK + CUR + DDP for 24 or 48 h were examined by wound healing assay.

Magnification, x200. (B) Wound healing percentage are shown in chart. "P<0.05 and “P<0.01 vs. control group, “P<0.05 vs. HNK + DDP group or CUR + DDP
group. HNK, honokiol; CUR, curcumin; DDP, cisplatin.

Invasive cells

Figure 5. Effects of HNK or/and CUR on invasion of A549/DDP cells by Transwell assay. (A) The invasion abilities of A549/DDP cells treated with
HNK, CUR, DDP, HNK + CUR, HNK + DDP, CUR + DDP and HNK + CUR + DDP for 48 h were evaluated Transwell invasion assay and (B) analyzed.
Magnification, x200. The results were expressed as the mean =+ standard deviation of three independent experiments and each was performed in triplicate.
"P<0.01 vs. control group, “P<0.05 vs. HNK + DDP group or CUR + DDP group. HNK, honokiol; CUR, curcumin; DDP, cisplatin.
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Figure 6. Effects of HNK or/and CUR on P-gp protein nuclear volume of A549/DDP cells by immunofluorescence assay. (A) The P-gp protein nuclear volume
of A549/DDP cells treated with HNK, CUR, DDP, HNK + CUR, HNK + DDP, CUR + DDP and HNK + CUR + DDP for 48 h were determined by immuno-
fluorescence assay and (B) analyzed. Magnification, x200. “P<0.01 vs. control group, “P<0.05 vs. HNK + DDP group or CUR + DDP group. HNK, honokiol;

CUR, curcumin; P-gp, P-glycoprotein; DDP, cisplatin.

26%, compared with the control. Following treatment with
HNK + CUR + DDP, the protein expression of P-gp, MMP-2,
MMP-9, p-AKT and p-Erk1/2 was respectively decreased by
65, 45, 51, 40 and 50%, and the protein expression of p21,
cleaved-caspase-3, cleaved caspase-9 and cleaved PARP was
respectively increased by 58, 34, 47 and 48%, compared with
the control.

Discussion

HNK is a natural compound that not only shows antibacte-
rial, anti-inflammatory and anti-anxiety effects, but also
promotes the apoptosis of tumor cells (21). Relevant studies
have confirmed that HNK can reverse drug resistance of both
solid tumors (such as breast cancer) and hematopoietic tumors
(such as myeloma) (22-24). Li et al (25) found that HNK inhib-
ited the expression of ZEB2 by upregulating microRNA-141,
thereby reducing the stemness of renal cancer cells. Treatment
of oral cancer stem cells with magnolol induced stem cell
apoptosis and inhibited the Wnt/B-catenin signaling pathway,
which is also important for stemness maintenance (26). In
colon cancer cells, HNK significantly inhibited activity of the
Notch signaling pathway (27). HNK can also damage glioma
stem cells and reverse drug-resistance of glioma cells (28).
CUR is a phenolic pigment extracted from Curcuma longa, a
plant of the ginger family. CUR shows strong effects to induce

apoptosis of tumor cells and to inhibit tumor cell proliferation
and invasion (29). Previous studies have demonstrated that
CUR can also effectively reverse MDR of multiple types of
tumors (30-32). Almanaa et al (33) found that CUR treatment
not only kills normal esophageal cancer cells, but also kills
esophageal cancer stem cells. CUR can induce apoptosis
of colorectal cancer stem cells by binding to CD44 antigen
on the surface of colorectal cancer stem cells (34). The
E-cadherin/f-catenin negative feedback signal in breast
cancer cells can be amplified by CUR, which leads to the
obstruction of tumor stem cell migration (35). The results of
the present study indicated that HNK or CUR reversed drug
resistance of A549/DDP cells to DDP alone and combination
of HNK and CUR demonstrated stronger drug resistance
reversal effects.

P-gp binds to the chemotherapeutic drug molecules after
they enter the tumor cells and pumps the drugs out of the
cell using energy derived from ATP hydrolysis, thus reducing
intracellular drug concentration, hence overexpression of
P-gp causes resistance to the drug (36). The results of the
present study demonstrated that HNK or CUR combined
with DDP reduced P-gp expression and reduced nuclear
import of P-gp, which are considered an important part in
reversing drug resistance of A549/DDP cells. HNK and CUR
combined with DDP had a stronger inhibitory effect on P-gp
expression.
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Figure 7. Effects of HNK or/and CUR on the related mRNA expressions of AKT/Erk signal pathway by RT-qPCR. The mRNA expression of (A) P-gp, (B) P21,
(C) MMP-2, (D) MMP-9, (E) Akt, (F) Erk1/2, (G) caspase-3, (H) caspase-9, (I) and PARP in A549/DDP cells treated with HNK, CUR, DDP, HNK + CUR,
HNK + DDP, CUR + DDP and HNK + CUR + DDP for 48 h were evaluated by RT-qPCR assay. The results were expressed as the mean + standard deviation
of three independent experiments and each was performed in triplicate. “P<0.01 vs. control group, “P<0.05 vs. HNK + DDP group or CUR + DDP group.
HNK, honokiol; CUR, curcumin; RT-qPCR, reverse transcription-quantitative PCR; P-gp, P-glycoprotein; MMP, matrix metalloproteinase; PARP, poly

ADP-ribose polymerase; DDP, cisplatin; p, phosphorylated.

Activation of the AKT/ERK signaling pathway is closely
related to enhanced tumor activity and reducing P-gp expres-
sion has been shown to effectively inhibit occurrence and
progression of tumors (37-39). In the present study, HNK or
CUR combined with DDP decreased activation of p-AKT and
p-ERK1/2 compared with the control in A549/DDP cells, and
the effect of HNK and CRU was more evident. Caspase-3 and
caspase-9 are the key proteases concerned with cell apoptosis.
Activated caspase-3 and caspase-9 can be split into cleaved
caspase-3 and cleaved caspase-9, and then hydrolyze cell
structural proteins to promote the disintegration of apoptotic
cells. Furthermore, PARP is split into cleaved-PARP, which
ultimately leads to apoptosis. Cleavage levels of caspase-3,

caspase-9 and PARP can reflect the level of apoptosis (40,41).
The present study demonstrated that the ratios of cleaved
caspase-3/caspase-3, cleaved caspase-9/caspase-9 and
cleaved PARP/PARP were increased following activation of
AKT/ERK signal pathway in A549/DDP cells. The results
revealed that HNK or CRU combined with DDP inhibited
cell proliferation, induced apoptosis and increased the ratios
of cleaved caspase-3/caspase-3, cleaved caspase-9/caspase-9
and cleaved PARP/PARP in A549/DDP cells, and the effect
of HNK and CRU was clear. A previous study found that
p21 is also involved in the migration and invasion of cancer
cells (42). MMP-2/9 has been shown to be involved in tumor
invasion and migration (43). MMPs are the main rate-limiting
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Figure 8. Effects of HNK or/and CUR on the related protein expression of the AKT/Erk signal pathway by western blot assay. (A) The protein expression
of P-gp and (B) analysis. (C) The protein expression of P21, MMP-2 and MMP-9 and (D) analysis of in A549/DDP cells treated with HNK, CUR, DDP,
HNK + CUR, HNK + DDP, CUR + DDP and HNK + CUR + DDP for 48 h were evaluated by western blot assay. (E) Protein levels of p-AKT, AKT, p-Erk1/2,
Erk1/2, caspase-3, cleaved caspase-3, caspase-9, cleaved caspase-9, PARP and cleaved PARP and (F) densitometry analysis. The band intensity was quantified
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enzymes regulating the metabolism of the extracellular matrix
and are named for their ability to degrade extracellular matrix
and their need for metal ions such as Ca**and Zn?*as cofac-
tors (44). MMP-2 and MMP-9 can degrade gelatin, laminin
and type IV collagen, and play an important role in invasion
and metastasis of various malignant tumors (45,46). The
results of the present study demonstrated that HNK or/and
CUR inhibited invasion and metastasis of A549/DDP cells,
and decreased the expression of p21, MMP-2 and MMP-9.
These effects could reverse the resistance of A549/DDP cells
to DDP by increasing P-gp expression, by inhibiting cell
proliferation and promoting apoptosis, and by inhibiting cell
migration and invasion.

HNK and CUR are extracts in traditional Chinese medi-
cine, which possess low toxicity, and have been shown to
have antitumor effects. Although the reversal effect of the two
drugs is weak when they are used alone, the effect is enhanced
when they are used together. The present study demonstrated
that the combination of the two low-toxicity drugs with syner-
gistic effect can significantly enhance the reversal effect. This
provides a strong theoretical and experimental basis for the
clinical application of new drugs to reverse tumor MDR. In
summary, the results of the present study demonstrated that
HNK and CUR could reverse drug resistance of lung cancer
cells and the two in combination demonstrated synergistic
effects and could significantly reverse the drug resistance of
lung cancer cell lines. The present study described the inhibi-
tory effects of HNK or/ and CUR on lung cancer resistance
in vitro, but not in vivo. Moreover, some of the images are of
poor quality.
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