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Silencing of MDR 1 Gene in Cancer Cells by siRNA

E. B. Logashenko,>X< A. V. Vladimirova, M. N. Repkova,
A. G. Venyaminova, E. L. Chernolovskaya, and V. V. Vlassov

Institute of Chemical Biology and Fundamental Medicine, Novosibirsk, Russia

ABSTRACT

Inhibition of p-glycoprotein (PGP) expression and reverse of multidrug resistance
(MDR) phenotype in KB-8-5 cells by synthetic 21-bp double-stranded oligoribonu-
cleotides were investigated. siRNA constructs for the efficient down regulation of
MDRI1 that are active in nanomolar concentrations and cause reversal of MDR
phenotype in cells were developed.
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INTRODUCTION

The phenomenon of multiple drug resistance restricts considerably the possibilities
of anticancer chemotherapy. The MDR phenotype associated with overexpression of
the PGP/MDRI1 gene is clinically the most significant form of multidrug resistance.
The MDRI1 gene encodes PGP, a transmembrane protein, which acts as an unspecific
efflux-pump involved in the control of the intracellular drugs accumulation.!!

Chemical agents capable of circumventing the MDR are known, however, the
clinical use of such compounds is limited by their toxicity and poor specificity.
Attempts have been made to control expression of the MDRI1 gene using antisense
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approach. However, oligonucleotides developed failed to show the needed inhibiting
activity.>"!

Recent studies on the regulation of gene expression led to the discovery of a potent
mechanism that suppresses gene expression when double-stranded RNAs with
nucleotide sequences identical to those of the corresponding genes are introduced into
cells." It was shown that treatment of mammalian cells by 21-22 nt RNA duplexes
with two nucleotides protruding at the 3’ ends (siRNA) leads to degradation of cognate
mRNAs."!

We investigated effect of different 21-bp double-stranded oligoribonucleotides on
expression of the MDR1 gene in KB-8-5 cells in order to identify the constructs
capable of efficient silencing the gene.

EXPERIMENTAL
RNA Preparation

21-Nucleotide oligodeoxyribonucleotides were synthesized using 5-O-dimethoxy-
trityl-2'-O-tert-butyl-dimethylsilyl phosphoramidite chemistry and automatic synthesizer
““ASM-102U" (Biosset, Russia). Deprotected oligoribonucleotides were purified by
non-denaturing PAGE. Ribooligonucleotides (10 pM) were annealed in annealing
buffer (100 mM potassium acetate, 30 mM HEPES-KOH at pH 7,4, 2 mM magnesium
acetate) for 3 min at 90°C followed by 1 h incubation at 37°C. siRNA species were
designed to target different sites within human MDR1 mRNA (accession no. M14758).

Cell Culture and Transfection

Human KB-3-1 cells were grown at 37°C in IMDM supplemented with 10% FBS
and antibiotic antimycotic solution (100 units/ml penicillin, 0,1 mg/ml streptomycin
and 0,25 pg/ml amphotericin) (‘‘Sigma’’). For KB-8-5 cells, 0,01 mkg/ml PMA and
300 nM vinblastine were added to the culture medium for the maintenance of the MDR
phenotype. Cells were regularly passaged to maintain exponential growth. The day
before transfection, cells were trypsinized, fresh medium without antibiotics was added
and the cells were transferred to 24 or 96 well plates. Transfection of siRNA was
carried out using Oligofectamine™ (“‘Invitrogen’’) according to the manufacturer’s
protocol. MDR1 gene silencing and restoration of the KB-8-5 cells sensitivity to
vinblastine were examined 48—-96 h after transfection.

MTT Assay

Cells were transferred in 96-well plate, treated by siRNAs and incubated at 37°C
in a humidified atmosphere containing 5% CO,/95% air for 4 days in the presence of
300 nM vinblastine. Cell number was assessed at the end of the incubation period with
a colorimetric assay based on reduction of the dye 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) by living cells.!®’ Absorbance of samples was
measured at 570 nm using Multiscan RC (Labsystems). Results are expressed as a
percentage of living cells.
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Rhodamine Efflux

To investigate the accumulation of rhodamine-123 by the cells from the culture
medium, the day before treatment KB-3-1 cells activated by adding 1 nM vinblastine,
non-activated KB-3-1 cells and KB-8-5 cells were transferred on glass coverslips. The
treatment with siRNAs was carried out as described above. 48 h after the siRNA
treatment the cells were washed with PBS and incubated in the presence of 0,6 pg/ml
rhodamine-123 for 15 min at 37°C. Then the cells were washed with PBS, incubated in
PBS without rhodamine-123 (5% CO2, 37°C, 10 min) and fixed by 4% formaldehyde
solution for 10 min. The cells were stained with 200 ng/ml Hoechst 33258 in PBS for
nucleus visualization for 20 min. Then the cells were washed twice with PBS and were
mounted in PBS:glycerin (1:1) buffer and examined under fluorescence microscope
using Zeiss Axiophot camera with a 40 x lens and MetaMorph Imaging Software.

Efflux of fluorescent dye was measured by quantitative computerized fluorescent
imaging in individual cells. Efficacy of the cells phenotype conversion was counted
using the following equation:

_ Rcell/Scell — Rbgr/Sbgr
~ Bcell/Scell — Bbgr/Sbgr

R/B

R, red (rhodamine-123 signal); B, blue (Hoechst 33258 signal)
Rcell, Bcell, red and blue signal intensities in the cell; Scell, cell area; Sbgr,
background area; Rbgr, Bbgr, background of red and blue signals intensities.

RESULTS AND DISCUSSION

We tested six siRNAs targeted to different sequences of MDR1 mRNA (Table 1).

The constructs siE, siB and siD were chosen taking into account the data of
experiments with antisense oligonucleotides.””! In these experiments oligonucleotide E
demonstrated high inhibitory effect on the mRNA MDR, oligonucleotide B was less
active and oligonucleotide D showed no effect (these oligonucleotides are shown in
Table 1 boldface). The results were in agreement with the hybridization properties of
the oligonucleotides. The constructs siU, siM and sil were chosen according to the
reported set of rules for the design of siRNA.!®

Restoration of KB-8-5 cells sensitivity to vinblastine after treatment with siRNAs
was examined by MTT assay (Fig. 1). In these experiment we used concentrations of
our constructs up to 150 nM. We found that the constructs siE, siM, siB and siD
delivered with Oligofectamine™ induced concentration dependent enhancement of the
cells sensitivity to vinblastin resulting in cell death. Constructs sil, siU and
Oligofectamine™ itself showed negligible effect on cells viability. Interestingly, that
oligonucleotide D did not show any antisense activity,”’”! but siD was almost as
effective as siE.

To investigate the effect of siRNA on the accumulation of foreign compounds in
the cells, we used KB-8-5 cell line. Rhodamine-123 accumulation in cytoplasm of the
cells was investigated using fluorescence microscope. Since rhodamine-123 is a
substrate for PGP, accumulation of this dye in the cell correlates with the drugs
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Table 1. Oligoribonucleotides for silencing MDR1 gene.

siB (corresponding to 403-423 nt of the exon 1)
5-UUCCAAGGAGCGCGAGGUCGG-3'
5-GACCUCGCGCUCCUUGGAACG-3’

siE (corresponding to 598-618 nt of the exon 4)
5-AUCAUCCAUGGGGCUGGACUU-3'
5-GUCCAGCCCCAUGGAUGAUGG-3’

siD (corresponding to 557-577 nt of the exon 4)
5-GGCUUGACAAGUUGUAUAUGG-3’
5'-AUAUACAACUUGUCAAGCCAA-3’

siM (corresponding to 3133-3143 nt of the exon 22)
5-CUUCCGAACCGUUGUUUCUUU-3
5-AGAAACAACGGUUCGGAAGUU-3'

siU (corresponding to 4141-4161 nt of the 3’ UTR region)
5-UGCAGACUUAAUAGUGGUGUU-3'
5'-CACCACUAUUAAGUCUGCAUU-3’

sil (corresponding to the intron 1)
5-GUGUCAGGCUUUCAGAUUUCC-3
5'-AAAUCUGAAAGCCUGACACUU-3'

accumulation and indicates the absence of p-glycoprotein activity. The results are
shown in Fig. 2.

It was found that treatment of the cells with 20 nM siE, siB, siD and siM
suppresses the mechanism removing the dye from the cytoplasm and results in
appearance of the stained ‘‘red’’ cells. Treatment with siU and sil did not cause efflux
reduction and the cells remained ‘‘blue.”’

Results of our experiments evidence that siRNA efficacy is less dependent on the
target position than the activity of antisense oligonucleotides. The tested siRNA

living cells, %

Figure 1. Restoration of KB-8-5 cells sensitivity to vinblastine. The restoration of KB-8-5 cells
sensitivity to vinblastine after 96 h of incubation after treatment with different siRNAs in the
presence of Oligofectamine™. Analyzing using MTT-assay.
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Figure 2. MDRI1 phenotype conversation. The following cells were used as controls: KB-3-1
(-Vb)—with non activated MDR1 gene, KB-3-1 (+Vb)—with MDR1 gene activated by vinblastine,
KB-8-5—-drug resistant cell line characterized by high level of MDR 1 expression The cells
phenotype conversion was analyzed using the method of rhodamine efflux. R/B—ratio of red signal
of rhodamine-123 to blue signal of hoechst 33258.

constructs are active in nanomolar concentrations and cause reversal of MDR
phenotype in the drug resistant cancer cells. These oligonucleotides can be considered
as prototype therapeutics increasing the efficacy of anticancer drugs.
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