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Abstract

Multidrug resistance is one of the most common causes of relapse in cancer chemotherapy. Inhibition of ABC transporters to
reverse MDR is a prominent approach to enhance the efficacy of cancer chemotherapy. We investigated the effect of resveratrol
(RSV) on the membrane transport function and the expression of proteins involved in the multidrug resistance in NCI-H460 cells.
The molecular interactions of RSV with P-gp were analyzed by Schrodinger software. The membrane transport function and cell
cycle distribution were measured using flow cytometry. The mRNA expression level of MDR1, LRP, MRP2, ABCC1, ABCC2
and ABCC3 genes were detected by qRT-PCR and BCRP expression was detected by western blot analysis. In silico docking
studies revealed that RSV possesses greater binding affinity with TMD region of P-gp. In this study, RSV pretreatment significantly
enhanced Paclitaxel (PTX) antiproliferative effect in NCI-H460 cells. The rhodamine 123 drug efflux studies revealed that there
was a significant transport function inhibition by RSV treatment and moderate transport function inhibition by PTX. Further, RSV
treatment significantly decreased the mRNA expression levels of various ABC transporters genes. Furthermore, expression of
BCRP was found to be down-regulated during RSV treatment. It was also found that this enhanced anticancer efficacy of RSV
was associated with PTX-induced cell arrest in the G2/M phase of cell cycle. Interestingly, we observed significantly enhanced
antiproliferative effect, transport function inhibition and downregulation of ABC transporters in RSV-PTX combination group. This
might be due to additive or synergistic effect of RSV with PTX in NCI-H460 cells. Thus, the present findings illustrate the modulatory

role of RSV on PTX sensitization in relatively resistant NCI-H460 cells.
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Introduction

Lung cancer is the leading cause of cancer-related deaths
throughout the world, with a higher annual death rate than prostate,
colon and breast cancers combined and a dismal 5-year survival
rate of 15% [1]. Non-small cell lung cancer (NSCLC) comprises
approximately 75-80% of all lung cancers. It is well known that
MDR is a major obstacle in the chemotherapy of NSCLC. It has been
reported that several ABC transporters are involved in resistance to
known anticancer drugs such as doxorubicin, paclitaxel, vincristine
and etoposide [2]. A number of reports have shown that MDR results
due to over expression of ATP-binding cassette (ABC) transporters,
such as P-gp (ABCBI1/P-gp), multidrug resistance associated proteins
(ABCC1, 2 and 3/MRPs) and breast cancer resistant protein (ABCG2/
BCRP). These ABC transporters promote the active efflux of the
structurally and functionally diverse amphipathic anticancer drugs
from cancer cells, which can result in chemoresistance [3]. Clinically,
several resistance proteins, including P-gp, lung resistance protein
(LRP) and MDR associated protein, are proved to be simultaneously
involved in MDR of NSCLC [4,5]. High expression level of LRP was
detected at the nuclear envelope and cytoplasm in lung cancer cells [6].

The inhibition of ABC transporters to reverse MDR in cancer
cells might be a prominent approach to enhance the efficacy of cancer
chemotherapy. A number of modulators have been identified for the
down-regulation MDR related proteins. However, currently available
MDR modulators non-selectively inhibit ABC transporters and
adversely accumulate chemotherapeutic drugs in brain and kidney [7].
Utilizing natural products for the development of next generation ABC
modulators, especially after the disappointing results obtained from the

first three generation ABC modulators at the clinical trial stage, gains
much more importance [8]. Systematic high-throughput screening of
traditional natural products will be the first step in the discovery of non-
toxic, potent and selective inhibitors. Many phenolic and flavonoids
are excellent modulators of major ABC drug transporters [9-12].
Flavonoids can change the overall pharmacokinetics, including drug
absorption, penetration and elimination by modulating the functions
of ABC transporters [13,14]. Flavonoids are also reported to modulate
(rather than inhibit) the function of ABC transporters, depending
on the substrate of interest [15]. Resveratrol (RSV) trans-3,5,4-
trihydroxystilbene, a phytoalexin, from the skin and seeds of grapes
and a component of red wine, has been reported to possess antioxidant
[16], antiinflammatory [17,18] and cancer chemopreventive [19-
21] properties. Reports show that RSV can mediate the activities of
many important signaling molecules involved in cancer cell death
and survival, such as NF-kB [22], activator protein-1 (AP-1), Akt,
tumor suppressor gene p53, growth factors signaling, chemokines
and metatasis, tumor necrosis factor (TNF), signal transducer and
activator of transcription, cyclooxygenase-2 (COX-2), inducible nitric
oxide synthase (iNOS), mitogen-activated protein (MAP) kinases, and
angiogenesis [23,24]. Furthermore, RSV increases sensitivity of mice
hepatoma cells to 5-flurouracil action. Moreover, RSV has been found
to sensitize 5-FU effects on tumor xenograft in vivo [25]. Additionally,
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RSV mediates reversal of doxorubicin resistance in acute myeloid
leukemia cells via downregulation of MRP1 expression [26]. Paclitaxel
(PTX), a known anticancer drug, works by interfering with normal
microtubule breakdown during cell division. PTX has been considered
one of the most successful anticancer drugs and has shown potency
against a broad spectrum of cancers [27,28]. However, lung cancer
shows significant resistance to PTX treatment [29]. As RSV increases
the efficacy of anticancer drugs in several experimental models [25,26],
in the present study, we investigated the modulatory role of RSV on
PTX sensitization in resistant human non small cell lung cancer
(NCI-H460) cells in vitro.

Materials and Methods

Chemicals

Resveratrol, Paclitaxel, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), Rhodamine 123 (Rh-123), Heat
inactivated fetal calf serum (FCS), RPMI-1640 medium, Glutamine-
penicillin-streptomycin solution, Trypsin-EDTA, qRT-PCR primers,
Monoclonal antibodies for BCRP, anti-B-actin antibody mouse and
goat anti-mouse IgG-HRP polyclonal antibody were purchased from
Sigma Chemicals Co., St. Louis, USA. Analytical grade acetone, ethanol,
dimethyl sulfoxide (DMSO) were bought from SRL, India.

Molecular docking studies

The 3D structure of the P-gp was downloaded from Protein Data
Bank (PDB) and modified. The modification included removal of water
molecules from the cavity, stabilizing charges, filling in the missing
residues, generation of side chains etc, according to the parameters
available. After modification the transporter was biologically active
and stable. Using chemdraw software the structure of the drugs and
analogs were sketched drawn and generated their MOL structure. RSV
was docked at each of the generated grids (sites 1 to 4 and the ATP
binding site of P-gp by using the “Extra Precision” (XP) mode of Glide
program v5.0 (Schre¢dinger, Inc., New York, NY, 2009) with the default
functions. The top scoring ligand’s conformation was used for graphical
analysis. All computations were carried out on a Dell Precision 470n
dual processor with Linux OS (Red Hat Enterprise WS 4.0).

Cell lines, culture conditions and experimental groups

The present work was carried out in NCI-H460 cell line. NCI-H460
cells were obtained from National Centre for Cell Science (NCCS),
Pune, India. Cells were cultured as monolayers in RPMI-1640
medium, supplemented with 10% fetal bovine serum (FBS), penicillin
and streptomycin in a humidified atmosphere of 95% air and 5% CO,
at 37 °C. They were grown to exponential growth phase and treated
with different concentration of PTX (0-10 ug/mL) and RSV (0-20 pg/
mL). Cytotoxicity was observed after 24 h incubation by MTT assay
according to the method of Moshmann [30]. IC,; values of the drug
were determined and the optimum dose was used for further study.
The NCI-H460 cells were divided into 4 experimental groups. Group 1:
Untreated control cells, Group 2: RSV alone (10 ug/mL) treated, Group
3: PTX alone (5 pg/mL) treated, Group 4: RSV (10 ug/mL) treatment 1
h before PTX (5 ug/mL) exposure.

Cell viability assay

NCI-H460 cells were incubated with RSV and/or PTX for 24 h at
37 °C, at the end of the incubation period, MTT solution was added
to each well and allowed to develop color for additional 4 h. The cell
suspension was centrifuged and formazan crystals were dissolved in an

equal volume of DMSO to solubilize the formazan crystals. Absorbance
was measured in a microplate reader at 540 nm.

Measurement of drug accumulation

The accumulation of PTX was determined by rhodamine 123,
a fluorescent substrate of P-gp, in cancer cells as has been previously
described [31]. Briefly, cells (5x10° per sample) were treated with
RSV, PTX and RSV-PTX for 60 min and then incubated with 20 uM
rhodamine 123 for 1 h (in the dark, 37 °C in a 5% CO,). Following
rhodamine 123 accumulation, cells were washed twice with ice-cold
PBS. Fluorescence intensity of rhodamine 123 in individual cells was
measured immediately by a FACScalibur excitation at 488 nm and
emission at 530 + 15 nm (BD Biosciences, San Jose, CA).

Western blot analysis

NCI-H460 cells were cultured in 60 mm dishes at 60% confluency
and treated with RSV-PTX with desired concentration. Whole cell
proteins were extracted with RIPA lysis buffer (150 mM NaCl, 0.5%
Triton X-100, 50 mM Tris-HCI, pH 7.4, 25 mM NaF, 20 mM EGTA, 1
mM DTT, 1 mM Na3VO4, 0.1% SDS, and protease inhibitors cocktail)
for 30 min on ice followed by centrifugation at 12,000 rpm for 15 min.
The protein concentration of the supernatant was measured by using
the BCA reagent. Proteins (30-40 pg) were electrophoresed on 12%
gradient Tris-HCI gel (Bio-Rad, semi-dry, USA) and electrotransferred
onto polyvinylidene difluoride (PVDF) membrane in Tris-glycine
buffer (pH 8.4) containing 20% methanol. The membrane was then
blocked in 5% fat-free dry milk in phosphate-buffered saline with 0.1%
Tween-20 (PBS-T) for 1 h. Membranes were probed with monoclonal
anti-BCRP antibody and horseradish peroxidase-conjugated secondary
antibody by standard western blot procedures. Then, the membranes
were washed with TBST thrice for 10 min, after extensive washes in
TBST; the bands were visualized by treating the membranes with 3,
3’-diaminobenzidine tetrahydrochloride (Western blot detection
reagent). Densitometry was done using ‘Tmage J analysis software.

mRNA studies of the ABC transporters

The total RNA was extracted from the NCI-H460 cells using
RNeasy Mini kit (Qiagen, USA) as per the protocol recommended
by the manufacturer. The mRNA expression of ABCBI1/MDRI,
MDR3, LRP, ABCC1, ABCC2 and ABCC3 in NCI-H460 cells was
determined using real-time PCR (Eppendorff, Thermocycler, USA)
and the primer sequences are given in Table 1. Samples were run in
triplicate to ensure amplification integrity. Manufacturer-supplied
(Sigma Aldrich, Bangalure, India) primer pairs were used to measure
the mRNA expression. For cDNA synthesis, PCR cyclic condition used
were 25 °C for 10 min; 42 °C for 50 min; 75 °C for 15 min. The cyclic
condition used for cDNA amplification was 95 °C for 2 sec; 55 °C for
15 sec; and 68 °C for 20 sec, as recommended by the manufacturer.
The expression levels of genes were normalized to the expression level
of the 185 mRNA in each sample. The threshold for positivity of real-
time PCR was determined based on negative controls. The calculations
for determining the relative level of gene expression were made using
the cycle threshold (Ct) method. The mean Ct values from triplicate
measurements were used to calculate the expression of the target gene
using the 2724¢ formula.

Cell cycle analysis

NCI-H460 cells (3.5x10°) seeded on the 6-well plates were treated
with RSV, PTX and their combination group at 37°C for 24 h. For
analyzing DNA content, 2 x10° cells were fixed in 90% ethanol in PBS
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Gene name Primer sequence
MDR1 F: 5 TGGAGGTAAGTGACCCAGGGCTG 3
R: 5 AGGCAATCCGATGCAGAGCCCA 3’
MDR3 F: 5 TCCCACCCGAGCAAACGTGC 3
R: 5 CCCCGCCAAGGGGTCGTAGA 3
LRP1 F: 5 CAATGCACGGAGGCAGCCCA 3
R: 5 GCCCCCATTGCGACAGTGCT 3
ABCC1 F: 5 GTGGCTATCAAGGGCTCCGTGG 3
R: 5 TCCGCGTCTTCTCGCCAATCT 3’
ABCC2 F: 5 GTCTTCGTTCCAGACGCAGTCC 3
R: 5 CACGTGGAGAAGCTGCCAGGG 3
ABCC3 F: 5GGCATGGCCAGGGCTCATTGG 3’
R: 5 GGTCCACGTACACGTACACCCA &
18S rRNA F: 5 AGGAATTCCCAGTAAGTGCG 3

R: 5 GCCTCACTAAACCATCCAA 3

Table 1: List of various ABC transporters primer sequence.

at 4 °C. After 12 h, the fixed cells were pelleted, gently resuspended
in ice cold PBS and stained with 0.5 mg/mL Propidium iodide plus
50 pg/mL RNAase. The samples were then incubated at 37°C for 30
min, stored in the dark at 4°C. The red fluorescence of the individual
cells was measured at an excitation wavelength of 540 nm and an
emission wavelength at 610 nm in a FACScaliber flow cytometer (BD
Biosciences, San Jose, CA). A minimum of 10,000 events were analyzed
per each samples using CellQuest software.

Statistical analysis

Data are expressed as means + standard error of the mean (SE).
Statistical differences were determined by one-way analysis of variance
(ANOVA). P values less than 0.05 were considered significant.
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Results

In silico molecular interaction of RSV with TMD region of
P-gp

In the work presented here, we explored the binding affinity (in
terms of the docking energy in kcal/mol, docking score and hydrogen
bond score) of RSV, a polyphenol towards P-gp target. The molecular
interaction of RSV (PubChem CID: 445154) with P-gp (PDB ID:
3G61) were analyzed by Schrodinger software (Figure la-d). The
results were analyzed at the best orientation of the ligand RSV with
P-gp and the docking images were documented for representation of
ligand-receptor interaction. Table 2 shows the values of docking score
(-8.343297), glide score (-8.3433) and hydrogen bond score (-1.21375)
which indicate that RSV possessed a significant binding affinity with
P-gp. It has also been found that RSV forms hydrogen bonding with
Tyr'* and Tyr* residues which are located within the helical TMD
region of P-gp shown in UniPort Database (UniPort ID: P21447).

Dose fixation study

Selection of optimum RSV and PTX concentration for the study:
The antiproliferative effect of RSV was found to be concentration
dependent and 100% cell death was observed at 20 ug/mL in NCI-H460
cells (Table 3a). Table 3b showed the percentage cytotoxicity of PTX
on NCI-H460 cells. About 100% cell death was observed at 10 ug/mL
concentration of PTX. Based on these findings 10 ug/mL of RSV and
5 pg/mL of PTX (the IC_ values) were chosen for chemosensitizing
experiments.

Figure 1: Predicted bonded interactions (pink and yellow dashed lines) between RSV and TMD region of P-gp (a) (b) and (c) 2D and (d) 3D structure.
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Table 2: Molecular interaction of RSV (Pubchem CID: 445154) with TMD region of
P-gp (PDB ID: 3G61).

RSV Conc. (pg/mL) Percentage of cytotoxicity
0 5.02+0.22
5 3212+ 1.9°
10 53.24 £ 2.6°
15 78.56 + 3.2¢
20 99.75 + 3.4°

Table 3a: Cytotoxicity of RSV on relatively resistant NCI-H460 cells (Dose fixation
study). RSV was incubated with cells for 24 h and % cytotoxicity was observed by
MTT assay. Cell death was observed in a concentration (0-20 ug/mL) dependent
manner in NCI-H460 cells. 10 ug/mL RSV showed 50% cell death (IC,) in
NCI-H460 cells.

PTX Conc. (pg/mL) Percentage of cytotoxicity
0 2.12+0.12
0.5 18.10 £ 1.2°
1 2542 +1.8°
25 32.53 +2.0¢
5 49.58 + 2.5°
7.5 72.32+3.1°
10 98.91 +3.39

Table 3b: Cytotoxicity of PTX on NCI-H460 cells (Dose fixation study). PTX was
incubated with cells for 24 hand % cytotoxicity was observed by MTT assay. Cell death
was observed in a concentration (0—10 ug/mL) dependent mannerin NCI-H460 cells.
5 pg/mL PTX showed 50% cell death (IC,)) in NCI-H460 cells. IC,; values are
indicated as the mean + S.D. of three independent experiments performed. (S.D=
standard deviation).

Effect of RSV, PTX and RSV-PTX on cell proliferation in
NCI-H460 cells

NCI-H460 cells were treated with RSV (10 pg/mL) 1 h before
PTX (5 ug/mL) exposure and incubated for 24 h. Figure 2a shows
photomicrographs of MTT reduction capability of RSV and RSV-PTX
in NCI-H460 cells. Purple colored crystal formation was observed to be
more in control group compared with RSV, PTX and RSV-PTX treated
groups. Figure 2b shows the effect of RSV, PTX and RSV-PTX on
percentage cell viability. It was found that RSV alone treatment showed
54% cell viability and PTX alone treatment showed 50% cell viability in
NCI-H460 cells. The combination of RSV-PTX treatment showed only
10% cell viability.

Effect of RSV-PTX on accumulation of rhodamine 123 in
NCI-H460 cells

Figure 3 shows the accumulation of rhodamine 123 in NCI-H460
cells. Control cells showed diminished accumulation of rhodamine 123
whereas RSV treated cells showed significantly enhanced rhodamine
123 accumulations. PTX alone treated cells also showed minimum
accumulation of rhodamine 123 in NCI-H460 cells when compared to
control cells. Thus, the RSV-PTX combination treatment has shown
rhodamine 123 accumulation was increased 2.1-fold compared to 7.8-
fold at PTX alone treatments in NCI-H460 cells.

BCRP protein expression in NCI-H460 cells

Figure 4a and b show the effect of RSV and PTX on the expression
pattern of BCRP in NCI-H460 cells. Treatment with RSV alone or PTX
alone resulted in 6.2-fold and 3.4-fold decrease in the expression level
of BCRP protein in NCI-H460 cells. BCRP protein levels in RSV-PTX
treated group was reduced 1.8-fold compared with PTX alone treated
cells.

Effect of RSV-PTX on ABC transporters mRNA expression
pattern in NCI-H460 cells

Figure 5 shows the effect of RSV and PTX on the relative mRNA
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Figure 2: Microscopic images show MTT reduction capability of NCI-H460 cells. (a) Microscopic images show the purple colored crystal formation, which is an
indication of cell viability. (b) Effect of RSV and PTX on NCI-H460 cells viability. Values are given as means + S.D. of six experiments in each group. Values not sharing
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Figure 3: Accumulation of rhodamine 123 in NCI-H460 cells. Accumulation of rhodamine 123 in NCI-H460 cells in the absence or presence of RSV, PTX and RSV-PTX
was analyzed by FACS flow cytometry.
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Figure 4: Western blot analysis of BCRP and B-actin expression in NCI-H460 cells. (a) Lane 1.Control 2.RSV 3.PTX and 4.RSV-PTX and band intensities were
scanned by densitometer. Histogram of densitometry analysis represents the ratio of BCRP/B-actin expression. (b) Effect of RSV and PTX on BCRP protein expression
in NCI-H460 cells. The graph represents the quantification results normalized to B-actin levels. Values not sharing a common marking (a, b, c) differ significantly at
P<0.05 (DMRT).

expressions of ABCBI/MDR1, MDR3, LRP, ABCC1, ABCC2 and cells. Incubation of cells with RSV-PTX combination showed a further

ABCC3 in NCI-H460 cells. The mRNA levels of these genes were down enhancement of G2/M apoptotic cells (55.33%) than all other treatment

regulated under RSV alone or PTX alone treatment condition when  modalities.

compared to untreated control group. RSV-PTX combination resulted ] .

in a further down regulation of ABCB1/MDR1, MDR3, LRP, ABCC1, ~ Discussion

ABCC2 and ABCC3 genes in NCI-H460 cells. It has been reported that, lung cancer cells show significant

resistance to PTX treatment [29]. Recently, there has been an increased

interest in the use of natural compounds for the treatment of cancer
Figure 6a and b show the effect of RSV and PTX on cell cycle patients, who constitutively express P-gp and are resistant to many

modulation. Incubation of cells with RSV alone or PTX alone resulted ~ chemotherapeutic agents. Some of these phytochemicals are nontoxic

in 43.91% and 49.95% increase of G2/M cell population in NCI-H460  to animals. Previous studies have suggested that these compounds

Cell cycle analysis
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Figure 5: Effect of RSV-PTX on relative mRNA expression patterns of MDR1, MDR3, LRP ABCC1, ABCC2 and ABCC3 in NCI-H460 cells. The graph represents the
quantification results normalized to 18S rRNA. Values not sharing a common marking (a, b, c) differ significantly at P<0.05 (DMRT).
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Figure 6: Effect of RSV-PTX on cell cycle and apoptosis (a) NCI-H460 cells were treated with RSV, PTX or RSV-PTX. RSV-PTX was able to increase the proportion
of cells in G2/M as compared to RSV alone or PTX alone treated cells. (b) The bar graphs show the cell cycle distribution and the percentage of cells in each phase;
these were obtained by calculation using the CellQuest software. Values not sharing a common marking (a, b, c) differ significantly at P<0.05 (DMRT).

increase the accumulation and efficacy of chemotherapeutic agents
through two potential mechanisms: (1) functional inhibition of P-gp
mediated transport [32,33] and/or (2) a reduction of P-gp expression
[34,35]. In this work, we investigated the chemosensitizing potential
of RSV to PTX treatment to overcome MDR in NCI-H460 cells. The
molecular interaction of RSV with P-gp was analyzed by Schrodinger
software. The results were analyzed at the best orientation of the
ligand RSV with P-gp and the docking images were documented for

representation of ligand-receptor interaction. The values of docking
score glide score and hydrogen bond score indicate RSV possesses
significant binding affinity with P-gp. It has been also found that RSV
forms hydrogen bonding with Tyr'** and Tyr* residues which are
located within the helical transmembrane domains of P-gp. These
results indicate that RSV may have significant inhibitory effect on P-gp
and thereby it may prevent the drug efflux mechanism mediated by this
transporter.
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RSV (10 pg/mL) treatment 1 h before to PTX (5 ug/mL) exposure
greatly inhibited the NCI-H460 cells proliferation. The present study
also illustrated the superior anticancer effect of RSV-PTX combination
than PTX alone or RSV alone treatment. Similar to our present
findings, RSV inhibits cell growth and enhances the cytotoxicity of
vincristine, paclitaxel and adriamycin in KBv200 cells [36]. Hence,
it can be postulated that RSV could reverse multidrug resistance
in NCI-H460 cells. Measurement of rhodamine 123 accumulation
illustrates a direct measurement of the inhibition of P-gp function [36].
The cellular accumulation of rhodamine 123 was increased during RSV
and PTX treatment. The increase in the accumulation of rhodamine
123 in multidrug-resistant cells after the addition of RSV indicates
that this compound causes a modulation of resistance by inhibiting
the pump function of P-gp. A pervious study has shown that RSV
increased the intracellular concentrations of doxorubicin in myeloid
leukemia cells by inhibiting membrane transport function [26]. Taken
together, the present results indicate that RSV has inhibitory effects on
P-gp function in NCI-H460 cells.

One of the major mechanisms of MDR is the enhanced ability
of tumor cells to efflux drugs leading to a decrease in cellular drug
accumulation below toxic levels. Active drug efflux is mediated by
several members of the ABC superfamily of membrane transporters.
The classical MDR is attributed to the elevated expression of P-gp,
MRP1, and BCRP/ABCG2 [35]. Combined treatment of RSV-PTX has
shown a significant decrease in the expression level of BCRP protein
in NCI-H460 cells. Similar to our present findings, RSV increased the
susceptibility of the doxorubicin-resistant cells to apoptotic cell death
and downregulated the expression levels of MRP1 in acute myeloid
leukemia-2/DX300 cells at both mRNA and protein levels [26]. RSV-
PTX treatment further significantly decreased the mRNA expression
levels of ABCB1/MDR1, MDR3, LRP and ABCC2 in NCI-H460 cells.
Overexpression of P-gp is the most frequent event in causing multidrug
resistance. It has been reported that RSV can inhibit the expression of
MDRI1/ P-gp and Bcl-2 [37]. Incubation of KBv200 cells with RSV
caused an increase of vincristine-induced apoptosis by inhibiting Bcl-2
expression and downregulating P-gp [36]. Recent report showed that
RSV inhibits genistein-induced MRP2 protein synthesis and its mRNA
expression [38]. In this study, RSV sensitized NCI-H460 cells to PTX
action by inhibiting MDR1/P-gp, LRP, MRP2 and ABCC2 expression.
Therefore, downregulation of ABC transporters expressions may be
involved in the chemosensitizing effect of RSV in non-small cell lung
cancer cells.

It has been reported that PTX exerts cytotoxicity by inhibiting
tubulin polymerization resulting in unstable microtubules which
interferes with mitotic spindle function and ultimately arrests cells in
the G2-M phase of mitosis [39]. Drug-induced G2/M arrest is associated
with double-strand DNA breakage and extensive chromosome damage
[40]. Therefore, the increased G2/M phase arrest indicates cell division
inhibition and cell growth restrain [41]. In this study, RSV-PTX
combination was investigated to understand whether this combination
could induce the cell cycle arrest in NCI-H460 cells. When NCI-H460
cells were treated with RSV-PTX, a reduction in the fraction of cell in
the GO/GI and S phase, and a higher accumulation of cells in the G2/M
phase were found. These data suggest the boosted cytotoxicity observed
for RSV-PTX combination and this might be as a result of enhanced
intracellular PTX concentration.

In summary, we have investigated the chemosensitizing potential
of RSV to enhance the antitumor efficacy of PTX in NCI-H460 cells.
The molecular interactions of RSV possess significant binding affinity
with helical transmembrane region of P-gp. It was found that RSV with

PTX had superior antiproliferation activity against NCI-H460 cells
compared with PTX alone. RSV treatment is able to increase rhodamine
123 accumulations in NCI-H460 cells which suggest that this
compound may act by inhibiting membrane transport activity. RSV-
PTX treatment further significantly decreased the mRNA expression
levels of ABCB1/MDR1, MDR3, LRP and ABCC2 in NCI-H460 cells.
Further the protein level of BCRP was down-regulated during RSV
pretreatment. Furthermore, an enhanced anticancer efficacy of RSV-
PTX treatment was observed which might be associated with PTX-
induced cell arrest at the G2/M phase. Therefore, the present result
illustrates chemosensitizing potential of RSV in a NCI-H460 cells
which may be due to its membrane transport function inhibition and
down regulation of MDR associated ABC transporters. Moreover, the
possibility of numerous substitute activities for ABC transporters also
exists, thus warranting further investigations on the identification of
MDR modulators from natural sources, for treatment as well as long
term goal of development of effective chemomodifier to be applicable
in health care and clinical oncology.
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