
 

 

Introduction 
 
Lung cancer, with ~ 1.3 million annual deaths 
worldwide, is the leading cause of cancer-
related death. Small cell lung cancer (SCLC), 
which accounts for ~ 15% of all lung cancer 
cases, is the most aggressive metastatic form of 
lung cancer. Since SCLC does not respond well 
to surgery or radiotherapy [1], chemotherapy 
remains the primary mode to treat SCLC pa-
tients. The standard treatment of SCLC is the 
administration of chemotherapy, such as cis-
platin and etoposide, along with thoracic radio-
therapy [2]. Although there is a good initial re-
sponse to chemotherapeutic treatment, most 
SCLC patients develop MDR. MDR is responsi-
ble for relapse in SCLC patients. Thus, virtually 
no curative treatment for SCLC exists to date, 

leading to 5-year survival less than 5% [3].  
 
H69 is a drug sensitive SCLC cell line derived 
from the pleural fluid of a 55-year-old Caucasian 
male [4]. Upon treatment with increasing con-
centration of adriamycin the surviving cells, 
named as H69AR, become MDR [1]. Thus, this 
phenotype is an acquired MDR [5]. Over-
expression of ATP-binding cassette (ABC) trans-
porters, such as ABCB1 [6], ABCG2 [7, 8], 
MRP1 (ABCC1) [1, 9] and/or other factors, such 
as anti-apoptotic factor Bcl2 [10], confers ac-
quired MDR. Although how many factors in-
volved in MDR in H69AR cell is still not clear, 
over-expression of MRP1 definitely contributes 
to the MDR phenotype in this cell line [9]. In this 
report, the drug sensitive H69 cells and the 
drug resistant H69AR cells were used as model 
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Abstract: Incubation of the drug-sensitive H69, a small cell lung cancer cell line, with increased concentrations of 
adriamycin yielded multidrug resistant (MDR) H69AR cells that over-express multidrug resistance-associated protein 
(MRP1). MRP1 co-transports its substrate with glutathione (GSH), leading to lower intracellular GSH. In this report we 
tested whether depleting intracellular GSH in MRP1-expressing cells could hyper-sensitize them to anticancer drugs 
or not. We have found that the GSH contents in MRP1-expressing cells are significantly lower than their correspond-
ing control cells. The treatment with MRP1 substrate verapamil or the GSH synthetase inhibitor buthionine sulfoxi-
mine significantly reduced the intracellular GSH contents in MRP1-expressing cells. Interestingly, depleting intracellu-
lar GSH contents can hyper-sensitize the MRP1-cDNA transfected BHK cells to daunomycin, but not the adriamycin-
selected H69AR cells. Further analyses indicated that anti-apoptotic factor Bcl2 might be a factor responsible for the 
fact that depleting intracellular GSH could not hyper-sensitize H69AR cells to daunomycin. We hypothesized that 
knocking down the expression of Bcl2 could hyper-sensitize H69AR cells to daunomycin. Interestingly, infection of 
H69AR cells with retroviral particles harboring Bcl2 interfering RNAi not only reduced the expression of Bcl2, but also 
many factors that contribute to MDR, such as Bcl-xL, MRP1 and ABCC3, etc., leading to the MDR H69AR cells more 
sensitive to daunomycin than the parental H69 cell. Thus, although the mechanisms of the down-regulation of the 
genes contributing to MDR remain to be elucidated, retroviral particles harboring Bcl2 interfering RNAi could be used 
as an alternative way to sensitize the MDR cancer cells to anticancer drugs.  
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system to reverse the MDR phenotype in SCLC 
cells. 
 
Materials and methods 
 
Materials 
 
Verapamil, daunomycin, buthionine sulfoximine 
(BSO), GSH, glutathione reductase, α-nicotin-
amide adenine dinucleotide phosphate 
(NADPH), 5,5’-dithiobis-2-nitrobenzoic acid 
(DTNB), 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl
-tetrazolium bromide (MTT) and ethylenediami-
netetraacetic acid (EDTA) were from Sigma-
Aldrich. DMEM/F-12 and RPMI-1640 medium 
were from GIBCO. Fetal bovine serum (FBS) was 
from Gemini Bio-Products. ABT-737 and its en-
antiomer were gifts from Abbott Pharmaceuti-
cals. 
 
Cell lines and cell culture  
 
Human CFTR-cDNA transfected baby hamster 
kidney (BHK/CFTR) cell [11] and MRP1-cDNA 
transfected BHK (BHK/MRP1) cell [12] were 
grown in DMEM/F-12 medium containing 5% 
FBS and 100 μM methotrexate. H69 and 
H69AR cells (from American Type Culture Col-
lection) were grown in RPMI-1640 medium con-
taining 10% FBS. 
 
RNAi construction, retroviral particle prepara-
tion, viral infection and green fluorescent pro-
tein (GFP) positive cell sorting 
 
Small interfering RNAi molecules (shown in S1) 
were designed by using the siRNA design soft-
ware (http://www.oligoengine.com), synthesized 
by Mayo Molecular Biology Core, annealed in 
vitro, digested with BamHI and HindIII (shown in 
S1) and used to replace the BamHI-HindIII frag-
ment encoding the human Pyk2/RNAi in 
pGFP.U6.Pyki [13] to produce plasmid DNA con-
taining pGFP.U6.Con, pGFP.U6.Bcl2/630 and 
pGFP.U6.Bcl2/846, respectively. Retroviral 
stocks were prepared by co-transfecting the 
GP2-293 packaging cell with the plasmid DNA 
mentioned above and the helper pVSV-G. Viral 
particles were collected according to the 
method described [13] and used to infect H69 
or H69AR cells. The GFP-positive cells were col-
lected by fluorescence-activated cell sorting 
(FACS) on a BD FACSAria flow cytometer.    
 
Sample preparation and western blot analysis 
 
Cell lysates were prepared by treatment with 2% 

SDS. Genomic DNA in the cell lysates was 
sheared by sonication. Protein concentrations 
were determined by using the "Coomassie-Plus-
Protein-Assay-Reagent" from Pierce. Western 
blot analysis was performed according to the 
method described previously [14].  
 
Chemosensitivity assay  
 
IC50 value of daunomycin was determined by 
employing the MTT assay [15]. Briefly, 2,000 
cells (for BHK/CFTR and BHK/MRP1) or 20,000 
cells (for H69 and H69AR) were plated in a vol-
ume of 100 μl per well in 96-well plates and 
processed with varying concentrations of dauno-
mycin. 
 
Determination of glutathione content  
 
Determination of total intracellular GSH was 
performed according to the method described 
[16]. Briefly, GSH was determined by using a 
reaction mixture containing 50 μl of cell lysates 
(or controls to set up standard curve), 50 μl of 
2.4 mM DTNB, and 50 μl of 10.64 mU/μl glu-
tathione reductase in the assay buffer (pH7.5) 
containing 153 mM sodium phosphate and 8.4 
mM EDTA. After 5 min incubation at 23 °C, the 
reaction was started by addition of 50 μl NADPH 
solution (0.6944 mg/ml) in assay buffer. Ab-
sorbance at 412 nm was monitored for 4 min-
utes by the μQuant Universal Microplate Spec-
trophotometer (BIO-TEK). 
 
PCR array 
 
Total RNA was isolated from the drug-sensitive 
H69, the MDR H69AR cells and the RNAi 
treated H69AR cells, including H69AR/con, 
H69AR/630 and H69AR/846, by using the 
RNeasy Mini kit (Qiagen) and treated with 
RNase-free DNase (Turbo DNA-free kit from Am-
bion). The integrity of the RNA was determined 
by the denaturing formaldehyde agarose gel 
electrophoresis and microanalysis (Agilent Bio-
analyzer). The isolated total RNA was used to 
determine the expression profiles of the genes 
associated with MDR by employing the "Cancer 
Drug Resistance & Metabolism PCR Array" kit, 
according to the procedure recommended by 
the supplier (Super Array Biosciences). 
 
Statistical analysis 
 
The results in Tables were presented as means 
± S.D. The two-tailed P values were calculated 
based on the unpaired t test from GraphPad 
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Software Quick Calcs. By conventional criteria, if 
P value is less than 0.05, the difference be-
tween the two samples is considered to be sta-
tistically significant. 
 
Results  
 
MRP1-expressing cells are more resistant to 
daunomycin than their corresponding control 
cells  
 
The results in Figure 1 showed that neither the 
CFTR-cDNA transfected BHK cells nor H69 cells 
have detectable amounts of MRP1, whereas the 
MRP1-cDNA transfected BHK cells or the adria-
mycin-selected H69AR cells expressed high lev-
els of MRP1. The results in Table 1 indicate that 
the IC50 values of daunomycin for MRP1-
expressing BHK/MRP1 or H69AR cells are ~ 7 
or 16 fold higher than their corresponding con-
trol cells, suggesting that high levels of MRP1 in 
these cells are responsible for drug resistance. 
 
MRP1-expression has significant effect on the 
intracellular GSH content  
 
It has been reported that the GSH contents in 
MRP1-expressing cells are significantly lower 
than that in their control cells [17-19]. In order 
to test whether this is the consequence of 
MRP1-mediated substrate-GSH co-transport, 
the GSH contents in BHK cells expressing hu-
man CFTR, human MRP1 and K1333L-mutated 
MRP1 were determined. The results in Figure 
2A clearly indicate that the GSH content in 
BHK/K1333L cell is similar to that of BHK/
CFTR, but significantly higher than that in BHK/
MRP1 cell, suggesting that wt MRP1 constantly 
pumps the GSH out of the cell whereas the 
functionally inactive K1333L mutant [14] can-
not. The above conclusion is further confirmed 
by the results showing that the GSH content in 
MRP1-expressing H69AR cell is significantly 
lower than that in its parental H69 cell (Figure 
2A). It has been shown that MRP1 cannot effi-
ciently transport the reduced GSH out of cell 
[20], but can efficiently transport the reduced 
GSH out of cell in the presence of verapamil 

[21, 22]. Thus, the endogenous GSH must be co
-transported out of the cell with MRP1 sub-
strates, such as GSH-dependent flopping of 
phosphatidylcholine [23].    
 
We have found that exogenous MRP1 substrate 
verapamil further reduced the GSH content in 
MRP1-expressing BHK/MRP1 cell, but not in 
parental BHK cell [24]. We decided to test 
whether verapamil would also significantly re-
duce the GSH content in MRP1-expressing 
H69AR cell. The results shown in Figure 2B 
clearly indicate that 10 µM verapamil, which is 
~ 1/5 of their IC50 values (Table 1), had minimal 
effect on the GSH content in H69 cell, but sig-
nificantly further decreased the GSH content in 
MRP1-expressing H69AR cell.  
 
To test whether the GSH synthetase inhibitor 
should also have differential effects on the 
MRP1-expressing cells and their corresponding 
control cells, the γ-glutamylcysteine synthetase 
inhibitor BSO was used to treat the two pairs of 
cells, i.e., BHK/CFTR versus BHK/MRP1 and 
H69 versus H69AR. The IC50 value of BSO for 
MRP1-expressing BHK/MRP1 cell is slightly 
lower than that of BHK/CFTR cell (Table 1) 
whereas the effects of BSO on the intracellular 
GSH content in BHK/MRP1 cell is higher than 
that in BHK/CFTR cell (Figure 2C). For un-known 

Figure 1. High level of MRP1 protein in H69AR cell. 
Cells were lysed with 2% SDS and 2 or 4 μg of these 
cell lysates were resolved on a 7% SDS-PAGE, electro
-blotted to a nitrocellulose membrane and probed 
with MRP1-specific antibody 42.4 [14]. Molecular 
weight markers (kDa) are indicated on the left. 

Table 1.  IC50 of daunomycin (DNM), buthionine sulfoximine (BSO) and verapamil (VRP) 
  BHK/CFTR BHK/MRP1 H69 H69AR 
DNM (nM)   1.9 ± 0.1* 13.9 ± 0.8   85.3 ± 7.0 1362.2 ± 262.1 
BSO (µM) 21.5 ± 3.5 20.8 ± 9.6 290.8 ± 30.8     11.3 ± 1.4 
VRP  (µM) 35.4 ± 6.6   3.1 ± 0.8   55.5 ± 6.6     42.4 ± 3.6 

 *The experiments were performed in triplicate and repeated twice.   
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reason, the IC50 value of BSO for H69 cell is ~ 
26 fold higher than for H69AR (Table 1). Inter-
estingly, the effect of BSO on the intracellular 
GSH content in H69AR cells is significantly 
higher than in their parental H69 cells (Figure 
2D), suggesting that the synergetic effects of 
BSO on GSH synthetase and the MRP1-
mediated GSH transport are significantly higher 
than that the effect of BSO on GSH synthetase. 
This result also explains why the IC50 value of 
BSO for H69 cell is significantly higher than for 
H69AR cell.  
 
Since MRP1-expressing cells, such as BHK/
MRP1 or H69AR, are more resistant to dauno-
mycin than their corresponding control cells 
(Table 1), daunomycin must be the substrate of 
MRP1. Thus, treatment with daunomycin might 
also significantly reduce the GSH content in 
MRP1-expressing cells. To test this hypothesis, 
GSH contents were determined in the presence 
or absence of daunomycin. As shown in Figure 

2E and 2F, the GSH contents, upon treatment 
with daunomycin, in control cells, such as BHK/
CFTR or H69, were not significantly reduced, 
whereas ~ 25% or ~ 20% of GSH was depleted 
in MRP1-expressing BHK/MRP1 or H69AR cells, 
indicating that verapamil is a more potent 
MRP1 substrate than daunomycin in depleting 
the intracellular GSH. 

 
Treatments with the combination of verapamil 
and BSO hyper-sensitized the MRP1-expressing 
BHK/MRP1 cells to daunomycin  
 
Since either verapamil or BSO can efficiently 
decrease the intracellular GSH contents in 
MRP1-expressing cells, these treatments might 
significantly sensitize the MRP1-expressing cells 
to anticancer drugs. Indeed, in the absence of 
verapamil and BSO, the MRP1-expressing BHK/
MRP1 cells are more resistant to daunomycin 
than the control BHK/CFTR cells (Figure 3A and 
Table 2). Upon treatment with 0.1 µM verapa-

Figure 2. GSH contents in 
MRP1-expressing cells. GSH 
contents in MRP1-expressing 
cells. A. GSH contents in 
MRP1-expressing cells are 
significantly lower than in 
their corresponding control 
cells. Total intracellular GSH 
was determined in triplicate 
[n = 55 (CFTR), 4 (K1333L), 
65 (MRP1), 50 (H69) and 50 
(H69AR)] according to the 
method described in Materi-
als and Methods. ** indi-
cates that the P value is less 
than 0.0001. B. Effects of 10 
μM verapamil on the intracel-
lular GSH contents. C and D. 
Effects of 10 μM BSO on the 
intracellular GSH contents. E 
and F. Effects of 2 μM dauno-
mycin on the intracellular 
GSH contents. 106 cells were 
plated out in each 35 mm 
dish and incubated over-
night. The agents mentioned 
above were added to the 
media and incubated at 37 °
C for varying durations. 
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mil, the IC50 value of daunomycin for either 
BHK/CFTR or BHK/MRP1 was not significantly 
affected (Table 2). However, upon treatment 
with 10 µM BSO, 10 µM BSO + 0.1 µM verapa-
mil, or 1 µM verapamil, the IC50 values of 
daunomycin for BHK/CFTR cells were not signifi-
cantly affected (Table 2), whereas these values 
decreased from 14 nM to 4.4, 3.7 or 4.8 nM 
(Table 2). Of note, the IC50 value for BHK/CFTR 

cell, upon treatment with 10 µM BSO + 1µM 
verapamil, was not significantly affected, 
whereas this value for BHK/MRP1 cells was 
decreased from 13.92 to 0.03 nM (Table 2 and 
Figure 3B), suggesting that depleting intracellu-
lar GSH content by BSO and verapamil signifi-
cantly inhibits the MRP1-mediated daunomycin 
transport. These results also indicate that de-
pleting intracellular GSH content can hyper-

Table 2.  IC50 of Daunomycin (DNM) in the presence of buthionine sulfoximine (BSO) and/or verapamil 
(VRP) 
Drug combination BHK/CFTR 

(nM)b 
BHK/MRP1 

(nM) 
RFa H69 (nM) H69AR (nM) RFa 

DNM 
 

1.92 ± 0.08 13.92 ± 0.76 7.25 85.32  ±  6.95 1362.23 ± 262.13 15.97 

DNM + 10 µM BSO 
 

2.12 ± 0.29 4.42 ± 0.15 2.08 92.26  ±  1.52 133.82 ±    3.53 1.45 

DNM + 0.1 µM 
VRP 

2.37 ± 0.57 16.90 ± 4.69 7.19 94.83  ±  4.78 1216.15 ±   63.85 12.82 

DNM + 1 µM VRP 
 

2.50 ± 0.07 4.81 ± 0.10 1.92 82.85  ±12.22 477.35 ±   11.21 5.76 

DNM + 10 µM BSO 
+ 0.1 µM VRP 

2.12 ± 0.32 3.69 ± 0.31 1.74 92.84  ±  2.43 143.51 ±   15.86 1.55 

DNM + 10 µM BSO 
+ 1 µM VRP 

2.05 ± 0.08 0.03 ± 0.00 0.01 87.82  ±  2.52 147.11 ±   28.53 1.68 

DNM + 10 µM VRP 
 

      81.83  ±  4.83 182.70 ±     4.70 2.23 

DNM + 10 µM VRP 
+ 10 µM BSO 

      76.73  ±  5.11 34.36 ±     5.61 0.45 

a RF = Resistance Factor             b The experiments were performed in triplicate and repeated twice. 

 

Figure 3. Effects of verapamil and BSO 
on the sensitivity of MRP1-expressing 
cells and their corresponding control 
cells to daunomycin. Effects of verapamil 
and BSO on the sensitivity of MRP1-
expressing cells and their corresponding 
control cells to daunomycin. A and C. 
Cells were incubated with varying con-
centrations of daunomycin. B and D. 
Cells were incubated with varying con-
centrations of daunomycin in the pres-
ence of 10 μM buthionine sulfoximine 
(BSO) and 1 μM verapamil (VRP). Cell 
survival was determined by MTT assay 
according to the method described in 
Materials and Methods. 
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sensitize the MRP1-expressing BHK/MRP1 cells 
to anticancer drug daunomycin.    
 
Treatments with verapamil + BSO can reverse 
the drug resistance of the MRP1-expressing 
H69AR cell, but cannot hyper-sensitize them to 
anti-cancer drug 
 
The above results implied that MRP1-expressing 
cancer cells could, upon treatment with 10 µM 
BSO + 1µM verapamil, be selectively killed by 
anticancer drug daunomycin. To test this possi-
bility, the MRP1-expressing H69AR cells and 
their control H69 cells were treated with either 
BSO, verapamil or the combination of BSO and 
verapamil (in the presence of varying concentra-
tion of daunomycin). As expected, the MRP1-
expressing H69AR cells are more resistant to 
daunomycin than their control H69 cells (Figure 
3C and Table 2). Similar to BHK/CFTR control 
cells, the treatments with BSO, verapamil or 
BSO + verapamil did not have a significant ef-
fect on the IC50 value of daunomycin for H69 
control cells (Table 2 and Figure 3D). In con-
trast, the treatments with either 10 µM BSO or 
1 µM verapamil decreased the IC50 value of 
daunomycin for H69AR cells from 1362 nM to 
134 nM or 477 nM (Table 2). Of note, upon 
treatment with 10 µM BSO + 1 µM verapamil, 
the IC50 value of daunomycin for H69AR cells 
was similar to that the treatment with 10 µM 
BSO alone (Table 2 and Figure 3D), indicating 
that depleting intracellular GSH content by BSO 
+ verapamil can reverse the MDR in H69AR 
cells, but cannot hyper-sensitize them to dauno-
mycin. We then tested whether higher concen-
tration of verapamil would hyper-sensitize them 
to daunomycin or not. Interestingly, upon treat-
ment with 10 µM verapamil or 10 µM verapamil 
+ 10 µM BSO, the IC50 values of daunomycin for 

MRP1-expressing H69AR cell decreased from 
1362 nM to 183 nM or 34 nM (Table 2), indicat-
ing that depleting intracellular GSH content by 
BSO + verapamil cannot hyper-sensitize them to 
daunomycin. The different response (to these 
treatments) between the MRP1-expressing 
BHK/MRP1 cells and H69AR cells implies that 
some other factors might also contribute to 
MDR phenotype in H69AR cells.  
 
Anti-apoptotic factor Bcl2 may be another factor 
that contributes to MDR phenotype in MRP1-
expressing H69AR cells 
 
In order to determine which factor(s) may also 
contribute to MDR phenotype in MRP1-
expressing H69AR cells, total RNA was isolated 
from the parental H69 and the MDR H69AR cells 
and used to determine the gene expression pro-
files by employing the "Cancer Drug Resistance 
and Metabolism PCR Array" kit. As shown in Table 
3, ABCC1 (MRP1), ABCC2, ABCC3, ABCC6, GSTP1 
and many other genes were highly over-expressed 
in H69AR cell in comparing to H69 cell, whereas 
the expression of TOP1, TOP2A, TOP2B, SULT1E1, 
APC, BRCA1, BRCA2, XPA, ERBB4, IGF1R, IGF2R, 
NFKB1 or TNFRSF11A in H69AR cell was signifi-
cantly lower than in H69 cell. Since anti-apoptotic 
factors, such as Bcl2 or Bcl-xL, play an important 
role in MDR, we paid particular attention to 
these factors. However, Bcl-xL was not included 
in this kit and the expression of Bcl2 was not 
accurately determined. In order to determine 
the expression levels of these factors, whole cell 
lysates were used to do western blot analysis. 
The results in Figure 4A indicated that the ex-
pression level of Bcl-xL in H69AR is slightly 
lower than in H69 cell, whereas the expression 
level of Bcl2 in H69AR is ~ 3 fold higher than in 
H69 (Figure 4B). 

Table 3.  Comparison of gene expression in H69 and H69AR cells 
Genes H69 H69AR Genes H69 H69AR Genes H69 H69AR Genes H69 H69AR 
ABCC1 1.00 15.95 CYP1A2 1.00 5.62 APC 1.00 0.17 IGF2R 1.00 0.25 
ABCC2 1.00 5.62 CYP2B6 1.00 5.62 BRCA1 1.00 0.25 AR 1.00 5.62 
ABCC3 1.00 5.43 CYP2C8 1.00 5.62 BRCA2 1.00 0.09 ESR1 1.00 5.62 
ABCC5 1.00 0.18 CYP2C9 1.00 5.62 XPA 1.00 0.06 PPARD 1.00 5.59 
ABCC6 1.00 33.89 CYP2C19 1.00 5.62 CCND1 1.00 7.94 PPARG 1.00 5.62 
ABCG2 1.00 5.62 CYP2E1 1.00 5.62 CDKN2A 1.00 5.44 RARG 1.00 3.94 
RB1 1.00 5.62 CYP3A4 1.00 5.62 EGFR 1.00 8.34 AHR 1.00 3.98 
TOP1 1.00 0.12 GSTP1 1.00 15.97 ERBB2 1.00 5.62 NFKB1 1.00 0.25 
TOP2A 1.00 0.12 NAT2 1.00 5.62 ERBB4 1.00 0.09 NFKB1B 1.00 5.29 
TOP2B 1.00 0.17 SULT1E1 1.00 0.17 IGF1R 1.00 0.25 TNFRSF11A 1.00 0.12 
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Bcl2 inhibitor ABT-737 might be the substrate 
of MRP1  
 
Thus, anti-apoptotic factor Bcl2 was considered 
as another major factor affecting drug resis-
tance in H69AR cell. If that would be the case, 
inhibition of Bcl2 function might, upon treat-
ment with verapamil and BSO, hyper-sensitize 

the MRP1-expressing H69AR cells to daunomy-
cin. To test this possibility, Bcl2 family protein 
inhibitor ABT-737 [25] and its enantiomer were 
used to treat the H69 control cells and the 
MRP1-expressing H69AR cells. The results in 
Table 4 indicate that ABT-737 enantiomer did 
not have a significant effect on the IC50 values 
of daunomycin for either H69 or H69AR, 
whereas 0.1 µM Bcl2 inhibitor ABT-737 de-
creased the IC50 values of daunomycin for H69 
from 86 nM to 21 nM. Furthermore, 1 µM or 10 
µM Bcl2 inhibitor ABT-737 completely killed the 
H69 control cells (Table 4). In contrast, 10 µM 
ABT-737 did not have any additional effect on 
the IC50 value of daunomycin for MRP1-
expressing H69AR cell (Table 4), implying that 
ABT-737 might be the substrate of MRP1. Actu-
ally, our preliminary results indicated that ABT-
737 did inhibit the MRP1-mediated leukotriene 
C4 transport (data not shown).  

 
Infection of H69AR with retroviral particles har-
boring RNAi molecule completely reversed the 
drug resistance  
 
If the above conclusion is correct, we cannot 
inhibit Bcl2 by ABT-737 and then take the ad-
vantage of MRP1-mediated substrate-GSH co-
transport to hyper-sensitize the MRP1-
expressing H69AR cells to anticancer drugs. 
Thus, we decided to test whether knocking 
down the expression of Bcl2 would, upon treat-
ment with verapamil and BSO, hyper-sensitize 
the MRP1-expressing H69AR cells to anticancer 
drugs. Infection of H69AR cells with retroviral 
particles harboring Bcl2-specific RNAi, including 
Bcl2/630 and Bcl2/846, partially knocked 
down the expression of Bcl2 [Figure 5, 49 ± 
28% (n = 6) and 49 ± 27% (n = 6)]. For un-
known reasons, infection of H69AR cells with 
retroviral particles harboring control RNAi also 
slightly knocked down the expression of Bcl2 
[Figure 5, 89 ± 37% (n = 6)]. Unexpectedly, in-

Figure 4. Bcl2 expression is significantly up-regulated 
in H69AR cell. Bcl2 expression is significantly up-
regulated in H69AR cell. 100 μg of whole cell lysates 
were resolved on a 10% polyacrylamide gel, electro-
blotted to a nitrocellulose membrane and probed 
with either mouse anti-human Bcl2, Bcl-xL or β-actin 
(used as a loading control) monoclonal antibody (A). 
The intensities of the Bcl2 bands were measured by a 
densitometer and the ratio of the corresponding band 
intensities were calculated based on the intensity of 
the β-actin band (B). 

Table 4. IC50 of Daunomycin (DNM) in the presence of Bcl-2 inhibitor ABT-737 
  H69 (nM) H69AR (nM) 

DNM alone 86.64 1331.40 
DNM + 10 µM BSO + 1 µM VRP 85.68 127.95 
DNM + 10 µM BSO + 1 µM VRP + 0.1µM ABT-737 21.33 131.27 
DNM + 10 µM BSO + 1 µM VRP + 1µM ABT-737 0.01 118.87 
DNM + 10 µM BSO + 1 µM VRP + 10µM ABT-737 0.00 134.90 
DNM + 10 µM BSO + 1 µM VRP + 0.1µM ABT-737 enantiomer 81.72 101.95 
DNM + 10 µM BSO + 1 µM VRP + 1µM ABT-737 enantiomer 85.51 111.48 
DNM + 10 µM BSO + 1 µM VRP + 10µM ABT-737 enantiomer 53.90 77.15 
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fections of H69AR cells with retroviral particles 
harboring either control RNAi or Bcl2-specific 
RNAi completely knocked down the expression 
of Bcl-xL (Figure 5). We then tested whether 
infection of H69AR cells with retroviral particles 
harboring RNAi molecules would affect the drug 
sensitivity or not. As shown in Figure 6, the IC50 
values of daunomycin for viral infected H69AR 
cells, including H69AR/Con, H69AR/630 and 
H69AR/846, were significantly less than the 
parental H69AR cell, implying that the genes 
associated with MDR, such as ABCC1 (MRP1) 
and ABCC6 shown in Table 3, in H69AR cells 
might be knocked down by retroviral infection. 
              
Retroviral particle infection significantly 
knocked down the expression of MRP1  
 
If above conclusion is correct, the amount of 
MRP1 protein in retroviral particle infected 
H69AR cells should be significantly less than in 
their parental H69AR cells. In order to test this 
possibility, whole cell lysates from H69AR, 
H69AR/Con, H69AR/630 and H69AR/846 were 
used to do western blot analyses. As shown in 
Figure 7F, infection of H69AR cells with viral 
particles harboring Bcl2/630 or Bcl2/846, after 
29th passage in vitro, completely knocked down 

the expression of MRP1, whereas the cells in-
fected with viral particles harboring control RNAi 
remained trace amount of MRP1. We wondered 
whether the freshly harvested samples should 
also contain much less MRP1 protein than the 
parental H69AR cells. Interestingly, when the 
FACS-sorted H69AR/Control, H69AR/630 or 
H69AR/846 cells were lysed after 2nd passages 
in vitro, the samples contained similar amount 
of MRP1 as the parental H69AR cell (Figure 7A). 
However, the amount of MRP1 in retroviral par-
ticle infected cells is gradually decreased along 
with incubation time in vitro (Figure 7B to 7F).  
 
Retroviral particle infection also affects other 
gene expression 
 
We wondered how the control RNAi, Bcl2/630 
or Bcl2/846 RNAi molecules affect the expres-
sion of Bcl-xL or MRP1. Blast search found no 
identical sequence between the control RNAi 
and the human Bcl-xL mRNA (S3) or the human 
MRP1 mRNA (S4). Yet, infection of H69AR cell 
with viral particles harboring the control RNAi 
molecule completely knocked down the expres-
sion of Bcl-xL (Figure 5) or MRP1 (Figure 7F). 
Thus, knocking down the expression of Bcl-xL or 
MRP1 by control RNAi must be directly related 
to retroviral particle infection, but not to the 

Figure 5. Retroviral particle harboring Bcl2 small in-
terfering RNAi molecule not only affects the expres-
sion of Bcl2 but also Bcl-xL. 80 μg of whole cell lys-
ates were resolved on a 10% polyacrylamide gel, 
electro-blotted to a nitrocellulose membrane and 
probed with mouse anti-human Bcl2 mAb, Bcl-xL mAb 
or β-actin mAb. 

Figure 6. Retroviral particle infection reversed the 
daunomycin resistance of H69AR cell. IC50 value of 
daunomycin was determined by MTT assay and the 
IC50 value for H69 cell was considered as 100%. The 
samples are: H69 or H69AR (un-infected H69 or 
H69AR); H69/Con or H69AR/Con (H69 or H69AR 
cells infected with retroviral particles harboring con-
trol interfering RNAi); H69/630 or H69AR/630 (H69 
or H69AR cells infected with retroviral particles har-
boring Bcl2-specific RNAi 630); H69/846 or 
H69AR/846 (H69 or H69AR cells infected with retro-
viral particles harboring Bcl2-specific RNAi 846).  
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RNAi sequence. If this will be the case, retroviral 
particle infection may also affect other gene 
expression. To test this possibility, total RNA 
was isolated from H69AR, H69AR/con, 
H69AR/630 and H69AR/846 cells and used to 
determine the expression profiles of the genes 
associated with MDR and drug metabolism. As 
shown in Table 5, the mRNA levels of BRCA2, 
CYP2E1, CYP3A5, DHFR, EGFR, ESR2, FOS, 
GSK3A, IGF1R, NFKB1, RB1, TNFRSF11A, TP53 
and XPA in H69AR/con, H69AR/630 and 
H69AR/846 cells are significantly higher than in 
their parental H69AR cells, whereas the mRNA 
levels of ABCC1 (MRP1), ABCC3, ABCC6, 
CCND1, CDK4, CYP1A2, CYP2D6, ELK, ERBB3, 
NIF1A, IGF2R, MET, MVP, NFKB1E, PPARD, 
RARB, RXRA, TOP1 and TPMT in H69AR/con, 

H69AR/630 and H69AR/846 cells are signifi-
cantly lower than in their parental H69AR cells. 
Thus, retroviral particle infection has significant 
effect on the expression of genes associated 
with MDR and drug metabolism, suggesting that 
retroviral particle infection could be used as an 
alternative approach to overcome the MDR in 
SCLC or other cancer cells.  
 
Discussion 
 
Chemotherapy remains the primary mode of 
SCLC treatment. However, occurrence of MDR 
limits the success of chemotherapeutic treat-
ment of cancers. Over-expression of MRP1 in 
cancer cells confers them resistant to multiple 
anticancer drugs, presumably due to MRP1-
mediated co-transport of anticancer drugs with 
GSH. GSH is one of the major reducing agents 
inside the cancer cells. If the rate of endoge-
nous de novo GSH synthesis could not counter-
balance the rate of export catalyzed by MRP1-
mediated transport, the GSH concentration in-
side the MRP1-expressing cell should be de-
creased. Indeed, exposure of the MRP1-
expressing cells to either arsenate [26] or vera-
pamil [24] greatly decreased the intracellular 
GSH. Thus, it may be possible to selectively kill 
the MRP1-expressing cancer cells by altering 
the redox state inside the cancer cells. The re-
sults in Figure 2 clearly indicate that cells ex-
pressing high levels of MRP1 have significantly 
less GSH than in their corresponding control 
cells and treatments with verapamil and/or BSO 
further decrease the intracellular GSH and re-
sult in hyper-sensitizing the MRP1-cDNA trans-
fected BHK cells to daunomycin (Figure 3B and 
Table 2), implying that the MRP1-over-
expressing cancer cells could be selectively 
killed by depleting the intracellular GSH. Unfor-
tunately, however, the same treatment did de-
crease the IC50 value of daunomycin for MRP1-
expressing H69AR cells, but did not hyper-
sensitize these drug-selected H69AR cancer 
cells to daunomycin (Table 2), presumably due 
to the long term adriamycin selection [1] en-
hanced the expression of MRP1 and other fac-
tors associated with MDR. 
 
Indeed, many factors associated with MDR, 
such as anti-apoptotic factor Bcl2 (Figure 4), 
MRP1, ABCC6, ABCG2, GSTP1 and other factors 
listed in Table 3, were significantly up-regulated 
in H69AR cells. Thus, even though the treat-
ments with MRP1 substrate verapamil and/or 

Figure 7. Retroviral particle infection knocked down 
the expression of ABC transporter MRP1 in a time-
dependent manner. 80 μg of whole cell lysates were 
resolved on a 7% polyacrylamide gel and performed 
western blot assay as described in Figure 1. A. The 
FACS-sorted H69AR/Control, H69AR/630 or 
H69AR/846 cells were lysed after 2nd passages in 
vitro. B. The FACS-sorted cells were lysed after 4th 
passages in vitro. C. The FACS-sorted were lysed after 
6th passages in vitro. D. The FACS-sorted cells were 
lysed after 17th passages in vitro. E. The FACS-sorted 
cells were lysed after 24th passages in vitro. F. The 
FACS-sorted cells were lysed after 29th passages in 
vitro. 
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GSH synthetase inhibitor BSO can deplete the 
intracellular GSH contents and overcome the 
drug resistance caused by over-expression of 
MRP1, these treatments cannot hyper-sensitize 
the MRP1-over-expressing cancer cells to 
daunomycin.  In other words, in order to hyper-
sensitize the MRP1-over-expressing cancer cells 
to anticancer drugs, one has to knock-down the 
expression of other factors, such as Bcl2, asso-
ciated with MDR.  
 
Since Bcl2 is a major factor that contributes to 
MDR, we hypothesized that knocking down the 

expression of Bcl2 might hyper-sensitize the 
MRP1-expressing H69AR cells to daunomycin. 
Interestingly, infection of H69AR cells with retro-
viral particles harboring Bcl2/RNAi not only re-
duced the expression of Bcl2 (Figure 5), but 
also knocked down the expression of Bcl-xL 
(Figure 5) and MRP1 (Figure 7F). Although we 
cannot take the advantage of depleting the in-
tracellular GSH content to hyper-sensitize them 
to anti-cancer drugs, retroviral infection did 
knock down many genes associated with MDR 
(Table 5) and sensitize them to anti-cancer 
drugs (Figure 6), suggesting that retroviral infec-

Table 5.  Comparison of gene expression for H69AR and RNAi treated H69AR 

Genes H69AR 
H69AR/

Con 
H69AR/ 

630 
H69AR/ 

846 Genes H69AR 
H69AR/ 

Con 
H69AR/ 

630 
H69AR/ 

846 

ABCC1 1.00 0.01 0.01 0.01 ERCC3 1.00 0.99 0.69 0.93 
ABCC2 1.00 1.86 1.32 1.34 ESR1 1.00 1.39 0.88 0.41 
ABCC3 1.00 0.01 0.01 0.01 ESR2 1.00 7.56 2.56 3.46 
ABCC5 1.00 0.74 0.55 0.71 FGF2 1.00 1.64 0.56 0.78 
ABCC6 1.00 0.07 0.03 0.03 FOS 1.00 36.75 7.19 21.73 
AHR 1.00 0.95 1.19 0.72 GSK3A 1.00 6.76 4.67 5.97 
AP1S1 1.00 0.68 0.33 0.44 GSTP1 1.00 0.81 0.81 0.77 
APC 1.00 0.82 0.93 0.87 NIF1A 1.00 0.33 0.24 0.31 
ARNT 1.00 0.96 0.79 0.67 IGF1R 1.00 2.29 2.11 1.54 
ATM 1.00 1.10 0.84 1.24 IGF2R 1.00 0.37 0.24 0.43 
BAX 1.00 1.34 0.88 1.14 MET 1.00 0.44 0.23 0.41 
BCL2 1.00 1.03 0.42 0.59 MSH2 1.00 0.97 1.31 1.14 
BCL2L1 1.00 0.23 0.10 0.18 MVP 1.00 0.47 0.28 0.31 
BLMH 1.00 0.90 1.03 0.82 NFKB1 1.00 2.78 2.30 2.01 
BRCA1 1.00 1.60 0.83 1.36 NFKB2 1.00 1.23 0.60 0.85 
BRCA2 1.00 9.64 3.94 8.68 NFKB1B 1.00 1.62 0.59 0.96 
CCND1 1.00 0.23 0.26 0.12 NFKB1E 1.00 0.49 0.52 0.49 
CCNE1 1.00 1.44 1.25 1.41 PPARA 1.00 2.08 0.96 1.52 

CDK2 1.00 0.85 0.67 0.76 PPARD 1.00 0.22 0.23 0.32 
CDK4 1.00 0.35 0.31 0.34 RARA 1.00 0.95 0.63 0.85 
CDKN1A 1.00 1.15 0.40 0.67 RARB 1.00 0.38 0.31 0.33 
CDKN1B 1.00 0.86 0.46 0.73 RARG 1.00 0.93 0.39 0.43 
CDKN2A 1.00 0.70 0.68 0.65 RB1 1.00 2.15 1.60 2.19 
CDKN2D 1.00 1.25 0.93 0.92 RELB 1.00 2.85 0.28 0.51 
CLPTM1L 1.00 0.78 0.38 0.59 RXRA 1.00 0.54 0.60 0.54 
CYP1A1 1.00 4.06 3.68 4.18 RXRB 1.00 0.78 0.79 0.70 
CYP1A2 1.00 0.15 0.12 0.07 SOD1 1.00 0.80 1.31 0.90 
CYP2D6 1.00 0.57 0.44 0.63 SULT1E1 1.00 1.13 0.76 0.55 
CYP2E1 1.00 6.21 3.68 2.54 TNFRSF11A 1.00 19.67 9.83 17.25 
CYP3A5 1.00 3.34 1.85 2.30 TOP1 1.00 0.34 0.46 0.35 
DHFR 1.00 4.54 4.60 4.85 TOP2A 1.00 1.03 0.61 0.84 
EGFR 1.00 30.58 7.52 15.76 TOP2B 1.00 1.00 0.71 0.84 
ELK 1.00 0.62 0.61 0.70 TP53 1.00 18.33 7.32 14.12 
EPHX1 1.00 0.71 0.78 0.89 TPMT 1.00 0.47 0.44 0.44 
ERBB3 1.00 0.45 0.11 0.34 XPA 1.00 2.87 2.74 2.78 

ERBB4 1.00 1.03 0.37 0.82 XPC 1.00 2.11 1.00 1.56 
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tion could be used to treat SCLC and other MDR 
cancer cells. However, whether this is a com-
mon feature in other MDR cancer cells is not 
clear yet. Further experiments to test this possi-
bility in other MDR cancer cells are required. In 
addition, understanding the molecular mecha-
nism of the down-regulation of the genes asso-
ciated with MDR may also facilitate the develop-
ment of a novel therapeutic approach. 
 
 What is the molecular mechanism of the down-
regulation of the genes associated with MDR? 
Blast search found that 630/RNAi or 846/RNAi 
not only has the identical sequence at the posi-
tion of 630 or 846 in Bcl2 mRNA, but also sev-
eral short stretches of identical sequence within 
the coding region and the non-coding region of 
Bcl2 mRNA (S2). We speculated that the short 
stretches of the identical sequences within the 
coding region might play a role in destabilizing 
the Bcl2 mRNA. This hypothesis is supported by 
the fact that: 1) 630/RNAi or 846/RNAi has 
several short stretches of identical sequences 
within the coding region of Bcl-xL mRNA (S3); 2) 
630/RNAi or 846/RNAi has several short 
stretches of identical sequences within the cod-
ing region of MRP1 mRNA (S4). However, 
whether the short stretches of identical se-
quences within the non-coding region will also 
play a role in destabilizing the mRNA is not 
known yet. Blast search found that control RNAi 
has one short stretch of identical sequence 
within the non-coding region of Bcl2 mRNA (S2). 
Infection of H69AR cells with retroviral particles 
harboring control RNAi moderately reduced the 
expression of Bcl2 (Figure 5), implying that the 
short stretches of identical sequences within 
the non-coding region may also play a role in 
destabilizing the mRNA. This conclusion may be 
supported by the fact that 630/RNAi and 846/
RNAi have several short stretches of identical 
sequences within the non-coding region of Bcl-
xL mRNA (S3) or MRP1 mRNA (S4). However, 
although blast search found no identical se-
quence between the control RNAi and the hu-
man Bcl-xL mRNA (S3) or the human MRP1 
mRNA (S4), infection of H69AR cells with viral 
particles harboring the control RNAi completely 
knocked down the expression of Bcl-xL (Figure 
5) and MRP1 (Figure 7F). Thus, knocking down 
the expression of Bcl-xL or MRP1 by control 
RNAi must be directly related to retroviral parti-
cle infection, but not to the RNAi sequence. In 
fact, as shown in Table 5, the mRNA levels of 
BRCA2, CYP2E1, CYP3A5, DHFR, EGFR, ESR2, 

FOS, GSK3A, IGF1R, NFKB1, RB1, TNFRSF11A, 
TP53 and XPA in retroviral particle infected 
cells, including H69AR/con, H69AR/630 and 
H69AR/846, are significantly higher than in 
their parental H69AR cells, whereas the mRNA 
levels of ABCC1 (MRP1), ABCC3, ABCC6, 
CCND1, CDK4, CYP1A2, CYP2D6, ELK, ERBB3, 
NIF1A, IGF2R, MET, MVP, NFKB1E, PPARD, 
RARB, RXRA, TOP1 and TPMT in retroviral parti-
cle infected cells, including H69AR/con, 
H69AR/630 and H69AR/846, are significantly 
lower than in their parental H69AR cells. Thus, 
retroviral particle infection not only affects the 
expression of Bcl-xL and MRP1, but also many 
other genes associated with MDR and drug me-
tabolism. What is the molecular mechanism of 
the up- or down-regulation of the genes associ-
ated with MDR? One possible mechanism could 
be that the proviral DNA inserted into chromo-
some might strongly bind many transcription 
factors or repressors and compete these factors 
with the promoter regions of the genes associ-
ated with MDR, resulting in up- or down-
regulation of these genes. Another possible 
mechanism could be that retroviral particle in-
fection might generate stress that forces the 
infected cells responding to this pressure by 
regulating their gene expression profiles. Re-
gardless of which mechanism is used, under-
standing the molecular mechanism of the gene 
regulations by retroviral infection may facilitate 
the development of a novel therapeutic ap-
proach to treat MDR cancers.   
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S1. Sequences of small interfering RNAi. 
 
1. Oligonucleotide sequences of control RNAi (underlined) 
 
GGA AAG GAC GCG GGA TCC ATA CTC GCT CGC GCT CTT TCA AGA GAA GAG CGC GAG CGA GTA  
CCT TTC CTG CGC CCT AGG TAT GAG CGA GCG CGA GAA AGT TCT CTT CTC GCG CTC GCT CAT 
                BamH I 
 
TGT TTT TTG GAA AAA GCT TGG 81 bases 
ACA AAA AAC CTT TTT CGA ACC                     
                 Hind III 

 
 
2. Oligonucleotide sequences of Bcl2/630 (underlined) 
 
GGA AAG GAC GCG GGA TCC GGG CAT CTT CTC CTC CCA TTC AAG AGA TGG GAG GAG AAG ATG  
CCT TTC CTG CGC CCT AGG CCC GTA GAA GAG GAG GGT AAG TTC TCT ACC CTC CTC TTC TAC 
                BamH I 
 
CCC GTT TTT TGG AAA AAG CTT GG 83 bases 
GGG CAA AAA ACC TTT TTC GAA CC                     
                    Hind III 

 
3. Oligonucleotide sequences of Bcl2/846 (underlined) 
 
GGA AAG GAC GCG GGA TCC GCT GCA CCT GAC GCC CTT CTT CAA GAG AGA AGG GCG TCA 
GGT  
CCT TTC CTG CGC CCT AGG CGA CGT GGA CTG CGG GAA GAA GTT CTC TCT TCC CGC AGT CCA 
                BamH I 
 
GCA GCT TTT TTG GAA AAA GCT TGG 84 bases 
CGT CGA AAA AAC CTT TTT CGA ACC                     
                     Hind III 
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S2. Identical sequences between small interfering RNAi and human Bcl2 cDNA 
(Open reading frame 494-1213) 
 
1. Identical sequences between the control RNAi (1 CATACTC GCTCGCGCTCT 
18) and human Bcl2 cDNA 
 
Control RNAi: 5 CTCGCTC    11 
Bcl2 cDNA: 5902 CTCGCTC    5908 
 
2. Identical sequences between the Bcl2/630 RNAi (1 CGGGCA 
TCTTCTCCTCCCA 19) and human Bcl2 cDNA 
 
630 RNAi:  1 CGGGCATCTTCTCCTCCCA  19 
Bcl2 cDNA: 630 CGGGCATCTTCTCCTCCCA  648 
 
630 RNAi:  9 TTCTCCTC    16 
Bcl2 cDNA: 4143 TTCTCCTC    4150 
 
630 RNAi:  8 CTTCTCC    14 
Bcl2 cDNA: 802 CTTCTCC    808 
 
630 RNAi:  9 TTCTCCT    15 
Bcl2 cDNA: 1127 TTCTCCT    1133 
 
630 RNAi:  11 CTCCTCC    17 
Bcl2 cDNA: 2254 CTCCTCC    2260 
 
630 RNAi:  5 CATCTTC    11 
Bcl2 cDNA: 2844 CATCTTC    2850 
 
630 RNAi:  4 GCATCTT    10 
Bcl2 cDNA: 4236 GCATCTT    4242 
 
630 RNAi:  13 CCTCCCA    19 
Bcl2 cDNA: 4400 CCTCCCA    4406 
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3. Identical sequences between the Bcl2/846 RNAi (1 GCTGCA 
CCTGACGCCCTTC 19) and human Bcl2 cDNA 
 
846 RNAi:  1 GCTGCACCTGACGCCCTTC  19 
Bcl2 cDNA: 847 GCTGCACCTGACGCCCTTC  865 
 
846 RNAi:  5 CACCTGAC    12 
Bcl2 cDNA: 773 CACCTGAC    780 
 
 
846 RNAi:  4 GCACCTG    10 
Bcl2 cDNA: 1042 GCACCTG    1048 
 
846 RNAi:  13 GCCCTTC    19 
Bcl2 cDNA: 2468 GCCCTTC    2474 
 
846 RNAi:  6 ACCTGAC    12 
Bcl2 cDNA: 2732 ACCTGAC    2738 
 
846 RNAi:  1 GCTGCAC    7 
Bcl2 cDNA: 4043 GCTGCAC    4049 
 
846 RNAi:  1 GCTGCAC    7 
Bcl2 cDNA: 4414 GCTGCAC    4420 
 
846 RNAi:  3 TGCACCT    9 
Bcl2 cDNA: 5971 TGCACCT    5977 
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S3. Identical sequences between small interfering RNAi and human Bcl-xL cDNA 
(Open reading frame 367-1068) 
 
1. Identical sequences between the control RNAi (1 CATACTC GCTCGCGCTCT 
18) and human Bcl-xL cDNA 
 
No short stretch of identical sequence has been found between the control RNAi 
and Bcl-xL cDNA. 
 
2. Identical sequences between the Bcl2/630 RNAi (1 CGGGCA 
TCTTCTCCTCCCA 19) and human Bcl-xL cDNA 
 
630 RNAi:  2 GGGCATCT    9 
Bcl-xL cDNA: 2450 GGGCATCT    2457 
 
630 RNAi:  13 CCTCCC    18 
Bcl-xL cDNA: 2461 CCTCCC    2466 
 
630 RNAi:  3 GGCATCTT    10 
Bcl-xL cDNA: 1911 GGCATCTT    1918 
 
630 RNAi:  1 CGGGCAT    7 
Bcl-xL cDNA: 673 CGGGCAT    679 
 
630 RNAi:  9 TTCTCCT    15 
Bcl-xL cDNA: 796 TTCTCCT    802 
 
630 RNAi:  13 CCTCCCA    19 
Bcl-xL cDNA: 1093 CCTCCCA    1099 
 
3. Identical sequences between the Bcl2/846 RNAi (1 GCTGCA 
CCTGACGCCCTTC 19) and human Bcl-xL cDNA 
 
846 RNAi:  1 GCTGCACCTG   10 
Bcl-xL cDNA: 199 GCTGCACCTG   208 
 
846 RNAi:  4 GCACCTG    10 
Bcl-xL cDNA: 537 GCACCTG    543 
 
846 RNAi:  6 ACCTGAC    12 
Bcl-xL cDNA: 686 ACCTGAC    692 
 
846 RNAi:  7 CCTGACG    13 
Bcl-xL cDNA: 1008 CCTGACG    1014 
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S4. Identical sequences between small interfering RNAi and human MRP1 cDNA 
(Open reading frame 197-4792) 
 
1. Identical sequences between the control RNAi (1 CATACTC GCTCGCGCTCT 
18) and human MRP1 cDNA 
 
No short stretch of identical sequence has been found between the control RNAi 
and MRP1 cDNA. 
 
2. Identical sequences between the Bcl2/630 RNAi (1 CGGGCA 
TCTTCTCCTCCCA 19) and human MRP1 cDNA 
 
630 RNAi:  11 CTCCTCCCA    19 
MRP1 cDNA: 2432 CTCCTCCCA    2440 
 
630 RNAi:  4 GCATCTTC    11 
MRP1 cDNA: 3129 GCATCTTC    3136 
 
630 RNAi:  2 GGGCATC    8 
MRP1 cDNA: 535 GGGCATC    541 
 
630 RNAi:  11 CTCCTCC    17 
MRP1 cDNA: 1027 CTCCTCC    1033 
 
630 RNAi:  13 CCTCCCA    19 
MRP1 cDNA: 2168 CCTCCCA    2174 
 
630 RNAi:  8 CTTCTCC    14 
MRP1 cDNA: 2191 CTTCTCC    2197 
 
630 RNAi:  11 CTCCTCC    17 
MRP1 cDNA: 2944 CTCCTCC    2950 
 
630 RNAi:  11 CTCCTCC    17 
MRP1 cDNA: 2947 CTCCTCC    2953 
 
630 RNAi:  8 CTTCTCC    14 
MRP1 cDNA: 3421 CTTCTCC    3427 
 
630 RNAi:  12 TCCTCCC    18 
MRP1 cDNA: 3602 TCCTCCC    3608 
 
630 RNAi:  13 CCTCCCA    19 
MRP1 cDNA: 4877 CCTCCCA    4883 
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3. Identical sequences between the Bcl2/846 RNAi (1 GCTGCA 
CCTGACGCCCTTC 19) and human MRP1 cDNA 
 
846 RNAi:  1 GCTGCACC    8 
MRP1 cDNA: 1336 GCTGCACC    1343 
 
846 RNAi:  11 ACGCCCTT    18 
MRP1 cDNA: 1862 ACGCCCTT    1869 
 
846 RNAi:  13 GCCCTTC    19 
MRP1 cDNA: 1584 GCCCTTC    1590 
 
846 RNAi:  6 ACCTGAC    12 
MRP1 cDNA: 2074 ACCTGAC    2080 
 
846 RNAi:  1 GCTGCAC    7 
MRP1 cDNA: 3352 GCTGCAC    3358 
 
846 RNAi:  5 CACCTGA    11 
MRP1 cDNA: 4415 CACCTGA    4421 
 
846 RNAi:  13 GCCCTTC    19 
MRP1 cDNA: 4436 GCCCTTC    4442 
 
846 RNAi:  2 CTGCACC    8 
MRP1 cDNA: 4630 CTGCACC    4636 
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