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siRNA-mediated silencing of MDR1 reverses the resistance to oxaliplatin in SW480/OxR 
colon cancer cells
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Abstract
One of the most challenging aspects of colon cancer therapy is rapid acquisition of multidrug resistant phenotype. The multidrug resistance gene 1 (MDR1) product, 
p-glycoprotein (P-gp), pump out a variety of anticancer agents from the cell, giving rise to a general drug resistance against chemotherapeutic agents.  The aim of this 
study was to investigate the effect of a specific MDR1 small interference RNA (siRNA) on sensitivity of oxaliplatin-resistant SW480 human colon cancer cell line 
(SW480/OxR) to the chemotherapeutic drug oxaliplatin. SW480 cells were made resistant by continuous incubation with stepwise serially increased concentrations 
of oxaliplatin over a 6-months period. Resistance cell were subsequently transfected with specific MDR1 siRNA. Relative MDR1 mRNA expression was measured 
by Quantitative real-time PCR. Western blot analysis was performed to determine the protein levels of P-gp. The cytotoxic effects of oxaliplatin and MDR1 siRNA, 
alone and in combination were assessed using MTT and the number of apoptotic cells was determined with the TUNEL assay. MDR1 siRNA effectively reduced 
MDR1 expression in both mRNA and protein levels. MDR1 down-regulation synergistically increased the cytotoxic effects of oxaliplatin and spontaneous apoptosis 
SW480/OxR. Our data demonstrates that RNA interference could down regulate MDR1 gene expression and reduce the P-gp level, and partially reverse the drug 
resistance in SW480/OxR cells in vitro. Therefore, the results could suggest that MDR1 silencing may be a potent adjuvant in human colon chemotherapy.
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Introduction

Colon cancer is among the major causes of morbidi-
ty and mortality in the world (1). Among available treat-
ment modalities for treatment of cancer in advanced 
stage, chemotherapy is the best (2-3). Oxaliplatin 
(LOHP) is the third generation of platinum-based drugs 
and is a first-line therapy for treatment of colon cancer. 
Oxaliplatin has been tested as the standard first-line drug 
in patients with the aggressive forms of colon cancer in 
a number of clinical trials (4). Although treatment has 
improved greatly in the recent decades, chemotherapy 
has often failed in long term due to the development 
of multi-drug resistance which renders chemotherapy 
ineffective and also due to the toxicity of the chemo-
therapeutic compounds that limits the dosage and dura-
tion of treatment (5-7). The presence or development of 
resistance to anticancer drugs remains the main cause of 
chemotherapy failure not only in colon cancer, but also 
in the majority of the most common forms of cancer 
e.g., lung and breast (8).

 In cancer cells with congenital or acquired multi-
drug resistance, the resistant cancer cells survive the 
chemotherapy and proliferate infinitely, finally resulting 
in patient death due to the lack of response. Therefore, 
it is necessary to investigate the mechanism of multiple 
drug resistance in cancer cells, to be able to possibly 
provide new methods of overcoming this resistance in 

clinical setting (9). Multiple drug resistance in cancer 
cells is mainly associated with an increased cellular 
drug efflux accumulation and a reduced intracellular 
drug (10). The overexpression of P-gp is a causing of 
both acquired or/and intrinsic drug resistance in many 
tumor cells (11). By inhibiting P-gp, it seems that drug 
resistance could be reduced and cancer cells eliminated. 
RNA interference (siRNA) is a specific and straight-
forward approach for blocking the expression of spe-
cific genes in post-transcriptional level and can lead to 
specific endonucleolytic cleavage of mRNA (12-14).

In this study, we specifically investigated the effects 
of MDR1 silencing in oxaliplatin-resistant human colon 
cancer cell line SW480. We have shown that MDR1 si-
lencing can increase the sensitivity of colon cancer cells 
to oxaliplatin and can be considered as a potential stra-
tegy for overcoming drug resistance in cancer patients.

Materials and methods

Cell culture
RPMI1640 culture medium and fetal bovine serum 

(FBS) were purchased from Gibco BRL Company. 
SW480 cell line was obtained from Pasture Institute, 
Tehran, Iran. SW480 cells were grown in RPMI1640 
supplemented with 10% (v/v) FBS, penicillin (100 U/
ml), Simga-Alderich,st.louis, MO ,USA, and strepto-
mycin (100 µg/ml) and maintained at 37ᵒC in humidi-
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fied 5% CO2 atmosphere.
Oxaliplatin-resistant (OxR) SW480 cells generation 

SW480/OxR cell line was generated by continuous 
incubation of SW480 cells with stepwise increases in 
oxaliplatin (Cayman Chemicals, Ann Arbor, MI, USA) 
concentration over a 6-months period. SW480 cells 
were seeded into two flasks, 1 × 106 cells per 25 cm2 
flask. When the cells were in logarithmic growth phase, 
oxaliplatin was added to the medium to a final concen-
tration of 0.1 µM. After 24 h incubation, the old medium 
was discarded and fresh medium was added. Cells were 
subcultured when they were 80% confluent and oxa-
liplatin of 0.1 µM was then added. The concentration 
of oxaliplatin was gradually increased after the cells 
had stably grown. Finally, cells resistant to oxaliplatin 
in IC50 concentration were generated. It is important 
to subculture the untreated parental cells alongside the 
treated cells as a control, since continuous cell culture 
can result in alterations in cellular characteristics, inclu-
ding drug resistance. After 6 months of treatment, the 
resistant cells formed.

siRNA transfection
siRNA was purchased from Thermo Sientefic Com-

pany. Before siRNA transfection, the SW480/OxR were 
seeded  at a density of 2×105 cells/well in 6-well plates 
(untraetment cells were kept as controls) in serum- and 
antibiotic-free RPMI-1640 medium. All transfections 
were performed using Lipofectamine™2000 reagent 
(Invitrogen, Carlsbad, CA, USA) following the manu-
facturer’s recommendations. Briefly, lipofectamine (4 
μl/ml of transfection medium) and siRNA (at a final 
concentration of 80 nM) were diluted in Opti-MEM I 
medium (Invitrogen) separately and mixed gently. After 
incubation for 20 min at ambient temperature, the dilu-
ted solutions were combined and incubated for another 
15 min at ambient temperature.  Afterwards, the mix-
tures were added to each well (the cells incubated only 
with lipofectamine were considered as controls). The 
cell culture plates were then incubated for 6 hours at 
37°C in a CO2 incubator. The cells incubated under the 
above mentioned conditions were added in RPMI1640 
medium containing FBS antibiotics (concentration 
of 2X normal growth medium) and oxaliplatin with 
IC50concentration without removing the transfection 
mixture.

qRT-PCR
MDR1 mRNA levels were measured by qRT-PCR 

Total RNA was isolated from cells using AccuZolTM 
reagent (Bioneer, Daedeok-gu, Daejeon, Korea) accor-
ding to the manufacturer’s instructions. Complementary 
DNA (cDNA) was synthesized by cDNA synthesis Bio-
neer kit from 1 μg of total RNA.  Following on, qRT-
PCR was performed in the Rotor-GeneTM 6000 system 
(Corbett Life Science, Australia). The PCR reaction 
conditions: 3 μl of cDNA template, 0.5 μM of each pri-
mer, 12 μl of SYBR green reagent and 9 μl of nuclease-
free distilled water. The MDR1 primer sequences were 
as follows: forward, 5’-AGC TAT CGT GGT GGC 
AAA C-3’, reverse, 5’-ATG GTC AGT GTT GAT GGA 
CAG-3’. Cycling conditions were as follows: 94°C for 
5 min for cDNA and primer denaturing, followed by 35 
cycles at 94°C for 30 sec, 56°C for 30 sec, and 72°C for 

40 sec. Relative MDR1 mRNA expression was deter-
mined with the 2 - (ΔΔCt) method using 18s rRNA as the 
reference gene.

Western blot analysis
Following treatments, the cells were washed twice 

with PBS and  resuspended in lysis buffer (50 mMTris-
HCl, pH 7.4, 1% SDS, 1% Triton X-100, 150 mM-
NaCl, 1mM EDTA, pH 8) containing protease inhibitor 
(Roche Diagnostics GmbH) for 20 min, then the lysates 
were centrifuged at 12,000 rpm for 15 min at 4°C. Sub-
sequently, 50 µg of each protein sample  was separated 
on 10% SDS-PAGE and electrotransferred to PVDF 
membranes GE Healthcare, Amersham, Buckingham-
shire, UK). The membranes were blocked with 5% 
nonfat milk in PBS for 1 h at room temperature, then 
incubated overnight at 4˚C with  monoclonal antibodies 
against MDR1/ABCB1  (1:500, Abcam, Cambridge, 
MA, UK)    and  β-actin (1:5,000, Abcam, Cambridge, 
MA, UK)  overnight.  After three 5 min washes with 
PBS/T, membranes were incubated with appropriate 
horseradish peroxidase-linked goat anti-mouse secon-
dary antibody (1:2,000, Abcam) for 1 h at room tempe-
rature. After rinsing, the protein bands were visualized 
using the ECL chemiluminescence system (GE Health-
care). Protein bands intensity were measured by ImageJ 
1.6 software (National Institues of Health, Maryland, 
USA) and normalized to its β-actin.

Cell cytotoxicity assay
The effect of MDR1 siRNA on the chemosensi-

tivity of cells was measured using 3-(4, 5-Dimethyl-
thiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) 
assay.Briefly, SW480/OxR cells and SW480 as control 
were seeded in 96-well plates (8,000 cells/well), each 
containing 0.2 ml of medium. After 24 h, siRNA trans-
fection was performed and oxaliplatin was added 6 h 
after transfection. Then cells were incubated at 37˚C in 
5% CO2.  After 24h or 48h, MTT solution (5 mg/mL in 
PBS) was added to the wells and incubated for 4 h at 37 
°C. Live cells reduce the tetrazulium-based compound 
to a purplish formazan. Optical density (OD) values 
were read on a Synergy HT multi-detection microplate 
reader (Bio-Tek Instruments, Inc., Winooski, VT) at 
λ=570 nm. The amount of formazan dye was determi-
ned by quantifying its absorbance (A) at 570 nm by mi-
croplate reader (Awareness Technology, Palm City, FL, 
USA). The survival rate (SR) was assessed by following 
equation: SR(%)=(A Treatment /A Control)×100%. The 
concentration that produced 50% cytotoxicity (IC50) 
was determined using GraphPad Prism 6.01 software.

Apoptosis assay
The TUNEL assay (Roche Molecular Biochemicals) 

was carried out following the manufacturer’s instruction 
for assessment of apoptosis. Briefly, cells were cultiva-
ted in 96-well plates (8,000 cells/well), and subsequent-
ly, transfection and drug treatment were performed as 
described above. After 48h, cells were fixed with 4% 
paraformaldehyde solution (Sigma-Aldrich, St. Louis, 
MO, USA) at room temperature in PBS, then treated 
with 0.3% H2O2-methanol solutionandpermeabilized 
with 0.1% Triton X-100 in 0.1% sodium citrate solution 
for 2 min on ice. 
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resistant SW480 cells was evaluated by Western blot 
analysis. As shown in Figure 3, treatment with siRNA 
could successfully reduce the levels of ABCB1 protein 
in 24 h. The effect was even more prominent after 48 h.

MDR1 silencing increased the apoptotic cells 
The TUNEL assay is extensively used to detect 

apoptosis in individual cells and this method enables en-
zymatic labeling and detection of genomic DNA breaks. 
Subsequently, apoptotic cells can be quantified by fluo-
rescence or light microscopy. Since the TUNEL assay is 

Combination effect analysis
To explore the interaction between survivin siRNA 

and etoposide, combination effect analysis was perfor-
med, based on the principles described by Chou and 
Talalay (Chou and Talalay, 1984). The value of coeffi-
cient of drug interaction (CDI) was calculated using the 
following formula: CDI=SAB /(SA×SB), where SA and SB 
are the survival rate of oxaliplatin and MDR1 siRNA 
relative to the corresponding control, SAB is the survival 
rate of the combination treatment relative to the control. 
CDI<1, CDI=1 and CDI>1 indicate synergistic, additive 
and antagonistic effects, respectively.

Results

Oxaliplatin IC50 in SW480 cells 
The IC50 values were determined by MTT assay. 

SW480 cells that could tolerate up to 3.5 µM oxaliplatin 
were obtained by induction of resistance with increasing 
the concentration of oxaliplatin in a period of 3 month. 
The IC50 for oxaliplatin in SW480 cells was 3.8 ± 0.6 
µM in 48 h. Figure 1, demonstrates that MDR1 mRNA 
levels in SW480/OxR cells was increased 2.6 fold com-
pared with parental cells.

Figure 1. MDR1 mRNA levels in parental and oxaliplatin-resistant  
cells (resistant  to 3.5 µM).

siRNA down-regulated MDR1 mRNA in cells
MDR1 mRNA expression was measured by qRT-

PCR. MDR1 mRNA expression was investigated in oxa-
liplatin-resistant colon cancer transfected with MDR1 
siRNA in 24 and 48 h as well as in oxaliplatin-resis-
tant   cells. The MDR1 gene expression was inhibited 
in oxaliplatin-resistant cellstransfected with MDR1 
siRNA both after 24 h and 48 h. Overall, MDR1 siRNA 
induced a 50% inhibition of the MDR1 mRNA expres-
sion as assessed by qRT-PCR 24 h after transfection in 
the oxaliplatin-resistant cells. MDR1 siRNA caused a 
65% inhibition in MDR1 mRNA 48 h after transfection. 
Therefore, the inhibition rate of MDR1 in SW480 was 
time dependent (Figure 2).

siRNA suppressed P-gp protein levels in cells
The P-gp protein expression in siRNA transfected 

Figure 2. MDR1 siRNA could down-regulate the expression of 
MDR1 in oxaliplatin-resistant SW480 cells. Cell line was trans-
fected with siRNA and treated with oxaliplatin.  Subsequently, 
MDR1 mRNA expression was measured 24 h and 48 h after addition 
of oxaliplatin and siRNA. The inhibition of MDR1 mRNA expres-
sion was more significant in 48h. p=0.02. 

Figure 3. A. Western blotting analysis showing p-gp expression in 
SW480/OxR cells as control (1), SW480/OxR cells transfected with 
MDR1 siRNA after 24 h (2), and SW480/OxR cells transfected with 
MDR1 siRNA after 48 h (3). B. The inhibition of MDR1 protein 
expression was more significant 48 h after treatment of SW480/OxR 
cells with siMDR1.
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MDR1 siRNA enhanced the cytotoxic effect of oxali-
platin

To investigate whether reduced MDR1 expression 
could enhance the sensitivity of SW480 cells to oxa-
liplatin, a combination treatment with MDR1 siRNA 
and oxaliplatin was performed. As shown in Figure 6, 
single treatment with oxaliplatin reduced survival. Also, 
results showed that combination therapy synergistically 
lowered the cell survival with the CDI values of less 
than 1 (p<0.05).

Discussion
Despite the recent improvements in the production 

of new anticancer agents, chemotherapy has often failed 
to treat certain cancer types.One of the major reasons 
can be the overexpression P-gp on the membrane of 
cancer cells (14), which makes them chemo-resistant by 
pumping the drug out of the cancer cell cytoplasm. siR-
NA technology has proved to be very promising in gene 
knockdown studies. Tuschl and colleagues (2001) have 

prone to false negative and positive results, TUNEL test 
interpretation was done with the color reaction. Based 
on TUNEL staining, a higher number of brown-stained 
cells were found in cells transfected with MDR1 siRNA 
group compared to those of the control group (P<0.01) 
(figure 4).

Down-regulation of MDR1 sensitizes cells to oxalipla-
tin

The MDR1 siRNA-mediated reversal of the oxalipla-
tin-resistant phenotype was evaluated by comparison of 
oxaliplatin cytotoxicity using MTT assay. Cytotoxicity 
was measured 48 h after treatment with siRNA and oxa-
liplatin in siRNA treated and untreated resistant control 
cells. As measured by MTT assay, the cytotoxicity of 
oxaliplatin was higher in siRNA-treated oxaliplatin-re-
sistance SW480 cells than in untreated resistant cells, 
suggesting that MDR1 siRNA inhibits P-gp expression 
and partially restores the sensitivity of these resistant 
cell lines to oxaliplatin (Figure 5).

Figure 4. A. 20x magnification and B. 40x magnification; in posetive control group (SW480 cells treatmented with oxaliplatin), a higher number 
of brown-stained cells were observed. C. 20x magnification and D. 40x magnification; in negative control group (SW480/OxR cells), a higher 
number of cells without brown-staining were found. E. 20x magnification and F. 40x. magnification; In SW480/OxR cells transfected with MDR1 
siRNA after 48 h.   

Figure 5. Effect of MDR1 down-regulation on cell viability (48 h). 
* p= 0.0001,**p<0.001, versus control.

Figure 6. Effect of siRNA on the chemosensitivity of the SW480 
Cells.  The cells were treated with MDR1 siRNA, oxaliplatin and 
their combination (oxaliplatin IC50) for 48 h and then the cytotoxi-
city was measured with MTT assay. The interaction effect between 
siRNA and oxaliplatin was determined by calculating the CDI va-
lues. CDI< 1.
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according to Dong and colleagues, siRNA treatment 
could enhance the therapeutic effect of neoadjuvant che-
motherapy using paclitaxel or epirubicin in the MCF-7 
cells, by significantly enhancing the sensitivity of the 
cells to drugs and apoptosis (23). 

The stability of the complexed formed between siR-
NA and mRNA is a determinant factor influencing siR-
NA efficacy (24,25). The clinical application of MDR1 
siRNA could be limited by the fact that non-malignant 
normal cells such as the peripheral blood cells and he-
matopoietic progenitors found in human bone marrow 
also have a relatively low level of MDR1 expression 
and P-gp protects these rapidly dividing cells from ac-
cumulation of toxic compounds inside the cells. Thus, if 
the MDR1 siRNA is to be used on humans in a clinical 
setting, it would be necessary to confine siRNA expo-
sure only to MDR1/P-gp-expressing multidrug-resistant 
cancer cells. One proposed strategy is the delivery of 
MDR1 siRNA using targeted vector systems such as 
functionalized liposomes (26).

Although the clinical application of MDR1 siRNA 
has a number of obstacles to overcome, MDR1 siRNAs 
have shown efficacy in sensitizing various resistant cell 
lines to different chemotherapeutics. In this study, we 
demonstrated that a MDR1 siRNA can sensitize SW480 
colon cancer cells to the first line chemotherapeutic 
agent oxaliplatin.
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