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Abstract
Imatinib mesylate is a selective Bcr/Abl kinase  
inhibitor and an effective anticancer agent for 
Bcr/Abl-positive chronic myelogenous leukemia. 
Most patients in chronic phase maintain durable  
responses; however, many in blast crisis fail to  
respond, or relapse quickly. Mutations within the  
BCR/ABL kinase domain are the most commonly  
identified mechanism associated with relapse. To  
overcome the imatinib resistance in CML, many 
investigators have tried to clarify molecular mecha-
nism for imatinib resistance in cells of patients who  
failed to respond to imatinib. Our aim was to inve-
sitigate underlying mechanism for imatinib resi-
stance in SR-1 cells, which were derived from a CML 
patient in blast crisis. We detected the new mutation  
of BCR/ABL, resulting in premature termination and  
loss of BCR/ABL fusion protein expression, which  
might be possible mechanism for the resistance to  
imatinib in SR-1 cells. 
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Introduction
Chronic myelogenous leukemia (CML) is a hemato-
poietic stem cell malignancy characterized by the t 
(9;22) chromosomal translocation resulting in the 
formation of the BCR/ABL fusion gene. The BCR/ 
ABL gene is known to be essential to the patho-
genesis of CML. The BCR/ABL gene product de-
monstrates constitutively activated tyrosine kinase 
activity. CML invariably progresses from an initial 
chronic phase to an accelerated phase and terminal 
blast crisis (Lugo et al., 1990). 
  Imatinib mesylate (STI571) is a 2-phenylamine pyri-
midine that targets the ATP-binding site of the kinase 
domain of Abl (Schindler et al., 2000). Imatinib has 
known to be highly effective in the treatment of CML 
(Kantarjian et al., 2002). However, the emergence of 
resistance to imatinib has been the unresolved 
problems in treating CML. 
  The most common mechanisms of acquired resis-
tance to imatinib are BCR/ABL amplification at the 
genomic or transcript level and point mutations in the 
kinase domain (Gorre et al., 2001). To overcome the 
imatinib resistance in CML, the investigation to cla-
rify molecular mechanism for imatinib resistance in 
cells of patients who failed to respond to imatinib are 
needed. Previously, we established and characteri-
zed STI571-resistant human myelogenous leukemia 
cell (SR-1), which was derived from a CML patient in 
blast crisis (Kwon et al., 2004). To clarify the mole-
cular mechanism underlying imatinib resistance in 
SR-1 cells, RT-PCR and sequencing were per-
formed. Here, we report the new mutation of BCR/ 
ABL in SR-1 cells, which may be one explanation for 
the resistance to imatinib in SR-1 cells.

Materials and Methods
Cell lines and cell culture
SR-1 and K562 cells were cultured in RPMI1640 
medium supplemented with 10% fetal bovine serum 
(FBS), 100 U/ml penicillin and 100 g/ml strepto-
mycin. Cultures were maintained in a humidified 
atmosphere of 95% air/5% CO2 at 37oC.

RT-PCR and sequencing
RNA was extracted by using Ultraspec II RNA isola-
tion kit (Biotecx Laboratories, Houston, TX) accord-
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ing to the manufacturer’s recommendations. Com-
plementary DNA was generated by reverse trans-
cription using translocation specific primer (5'- 
gctgccattgat-3') (Pallisgaard et al., 1998). To achi-
eve maximal sensitivity, a nested PCR protocol was 
used. One microgram of total RNA was incubated at 
65oC for 5 min with translocation specific cDNA 
primer (2.5 pmol) and then reverse transcribed by 
incubation at 37oC for 45 min in a total volume of 25 

l containing 20 U RNase inhibitor, 1 mmol/L of each 
dNTP, 10 mmol/L dithiothreitol, 50 mmol/L Tris-HCl, 
pH 8.3, 75 mmol/L KCl, 3 mmol/L MgCl2, and 400 U 
Moloney murine leukemia virus reverse transcrip-
tase. After the incubation, the cDNA reaction mixture 
was diluted with ddH2O to 50 l. Five microliters of 
diluted cDNA reaction was added to each of 20 l 
mixtures that contained 11 mmol/L MgCl2, 0.2 mmol/ 
L of each dNTP, a mixture of oligonucletide primers 
(BCR:3060U23 5'-GAGTCACTGCTGCTGCTTATG-
TC-3'; ABL:661L20 5'-TTTTGGTTTGGGCTTCAC-
AC-3', 5 pmol of each primer), and 1.5 U AmpliTaq- 
Gold polymerase (Perkin Elmer). The first PCR 
consisted of an initial activation of the polymerase at 
95oC for 15 min, followed by 25 cycles of PCR 
amplification (denaturation at 95oC for 30 seconds, 
annealing at 58oC for 30 seconds, and elongation at 
72oC for 1 min). After the first PCR, 1 l of PCR 
reaction was transferred to 24 l second-round 
mixtures containing 10 mmol/L Tris-HCl, pH 8.3, 50 
mmol/L KCl, 1.5 mmol/L MgCl2, 0.2 mmol/L of each 
dNTP, 5 pmol of each primer (BCR:3128U22 5'-CA-
CGTTCCTTGATCTCCTCTGAC-3’; ABL:642L23 5’- 
ACACCATTCCCCATTGTGATTAT-3’), and 1.5 U Am-
pliTaq-Gold polymerase. The second PCR consisted 
of an initial activation of the polymerase at 95oC for 
15 min, followed by 20 cycles of PCR amplification 
(denaturation at 95oC for 30 seconds, annealing at 
58oC for 30 seconds, and elongation at 72oC for 1 
min), and finally by 10 minutes of extension of 72oC. 
Fifteen microliters of each PCR reaction was elec-
trophoresed in a 1.5% agarose gel for 60 min at 100 
V and stained with ethidium bromide. To identify 
-actin mRNA, the following primers were used: 

sense primer, 5'-TCCATCGTCCACCGCAAATG-3'; 
antisense primer, 5'-CAGGGAGACCAAAAGCCTT-
CATAC-3'. The DNA sequencing was performed 
using agarose gel-purified PCR fragment as a tem-
plate and a DYEnamicTMET Dye Terminator kit (GE 
Healthcare Biosciences). The product was analyzed 
using an automated MegaBACE 1000 DNA analysis 
system (GE Healthcare Biosciences). 

Western blot analysis
SR-1 and K562 cells were cultured in RPMI1640 
medium plus 10% FBS for 24 h. Cells were then 

washed with cold phosphate-buffered saline (PBS) 
and lysed in buffer containing 0.5% Nonidet P-40 
and 0.5% sodium deoxycholate and supplemented 
with protease and phosphatase inhibitors. Protein 
extracts (30 g) were resolved by electrophoresis on 
7.5% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) gels, transferred to nitro-
cellulose membranes, blocked with 5% skim milk in 
PBS and 0.1% Tween 20, incubated with an appro-
priate dilution of anti-ABL, anti-BCR, or anti- -actin 
antibody (Cell Signaling Technology). After wash-
ing, blots were incubated with horseradish pero-
xidase-conjugated secondary antibody (Sigma). Blots 
were further washed and bound antibody was vi-
sualized using the ECL kit (Amersham) according to 
the manufacturer’s instructions. 

Cell counts and MTT assay
K562 and SR-1 cells were seeded at a density of 1

104/well in a six-well plate and treated with es-
calating imatinib doses (0-5 M) for 24, 48, and 72 h. 
After culture, cells were stained with trypan blue and 
the vital cells were counted under the microscope. 
Three independent experiments were carried out.
  The methyl-thiazol-tetrazolium (MTT) assay was 
performed as described previously (Mosmann et al., 
1983). Cells were plated in quadruplicate at 5 103 
cells per well and exposed to escalating imatinib 
doses (0-5 M) and growth inhibition was analyzed 
at 48 h.

Results and Discussion  
Despite the success of imatinib mesylate in BCR/ 
ABL-positive CML, the development of resistance to 
this agent remains a continuing problem. Imatinib 
resistance can be caused by mutations in the BCR/ 
ABL kinase domain resulting in interference with 
imatinib binding, and BCR/ABL amplification and/or 
increased Bcr/Abl protein expression (Gorre et al., 
2001; Shah et al., 2002). There was discrepancy 
between mechanism of in vivo resistance and that of 
in vitro resistance. Therefore, it is necessary to get 
more data about the mechanism for imatinib resis-
tance from imatinib-refractory patients after initial 
response to imatinib.
  Previously, we established SR-1 cells from a CML 
patient in blast crisis. However, it has not been 
evaluated the molecular mechanism for imatinib 
resistance in SR-1 cells. In this study, we aimed to 
clarify the molecular mechanism for imatinib resis-
tance in SR-1 cells. First, we confirmed BCR/ABL 
mRNA by RT-PCR (Figure 1B) and purified and 
sequenced the RT-PCR product for BCR/ABL. As 
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shown in Figure 1A and 1C, SR-1 cells have single 
nucleotide insertion of the BCR, resulting in pre-
mature termination in front of Abl kinase region. To 
verify no expression of BCR/ABL fusion protein in  
SR-1 cells, we performed Western blot analysis  

using anti-ABL and anti-BCR antibodies. As shown 
in Figure 2, SR-1 cells did not express BCR/ABL 
fusion protein. We used K562 cells as positive 
control for BCR/ABL fusion protein. The sequencing 
data was correlated to no expression of BCR/ABL 
fusion protein. These data suggest that the growth of 
SR-1 cells is independent on BCR/ABL pathway. 
However, we don’t know which pathway is involved in  
the growth of SR-1 cells. Further studies to investigate  
other pathways in this cell growth are warranted. 
  To examine whether the unresposiveness to imati-
nib in a patient reflects the in vitro  resistance to im-
atinib of SR-1 cells, K562 and SR-1 cells were treat-
ed with various concentrations of imatinib for 24-72 
h. After indicated incubation, we determined the cell 
viability of both cells by cell c ounts and MTT assay. 
As shown in Figure 3, the growth of SR-1 cells was 
not inhibited by imatinib treatment, whereas that of 
K562 cells was inhibited in dose- and time-depend-
ent manner by imatinib treatment. This result sug-
gested that in vitro  resistance to imatinib reflects in  
vivo  resistance. From our observation that in vitro  
resistance to imatinb reflects in vivo  resistance, it is  
suggested that imatinib resistance in SR-1 cells is  
cell-intrinsic. This is the first report of an association 

Figure 1.  Single nucleotide insertion of BCR/ABL region in SR-1 cells. (A) Structure of BCR/ABL. BCR/ABL contains multiple domains, incl uding the oli-
gomerization domain (OD), the serine/threonine kinase domain (p-S/T), the rho-guanine exchange factor (rho-GEF), the regulatory  src-homology re-
gions (SH3, SH2), kinase domain (SH1), the nuclear localization signal (NLS), and the DNA- and actin-binding domains (DB and AD ). Amino acid se-
quence of BCR/ABL analyzed is shown. Corresponding nucleotide s equence was aligned with sequences obtained from SR-1 cells. (B)  Expression of 
BCR/ABL mRNA in SR-1 and K562 cells. Total RNA was extracted and RT-PCR was performed as described in Materials and Methods. Th e size of 
RT-PCR products of BCR/ABL and -actin was 472 bp and 487 bp, respectively. (C) Partial sequences of 472 bp of RT-PCR product for BCR/ABL. 
Single nucleotide insertion results in premature termination in front of ABL region. * indicates an inserted nucleotide.   

Figure 2.  Analysis of BCR/ABL expression in SR-1 and K562 cells. 
Expression of BCR/ABL fusion protein in SR-1 and K562 cells. Cells  
were lysed and 30 g of total cellular proteins were separated on 
SDS-PAGE, probed with anti-BCR antibody and anti-ABL antibodies. 
-actin was used as the loading control. 



510   Exp. Mol. Med. Vol. 37(5), 507-511, 2005

between imatinib-resistant CML after initial near- 
complete response to treatment and the mutation in 
BCR region by imatinib treatment.
  We demonstrated that single nucleotide insertion of 
BCR/ABL in SR-1 cells, resulting in premature ter-
mination and loss of BCR/ABL protein expression, 
may be one explanation for resistance to imatinib. 
However, we cannot exclude the other mutations of 
BCR/ABL kinase domain in SR-1 cells. Further stu-
dies to examine the mutations of BCR/ABL kinase 
domain in this cell line are needed. In general, the 
responsiveness of imatinib treatment is determined 
by BCR/ABL mRNA level. However, based on this 
observation, we should consider the loss of BCR/ 
ABL protein by imatinib treatment, even though the 
expression of BCR/ABL mRNA was detectable, in 
evaluating the unresponsiveness of imatinib in 

clinical practice. 
  In summary, we demonstrated for the first time that 
imatinib resistance of SR-1 cell might be caused by 
single nucleotide insertion, resulting in premature 
termination and loss of target protein for imatinib. 
Further studies to establish and characterize more 
imatinib resistant cells and to understand the specific 
mechanisms contributing to relapse should be ex-
tremely useful in deciding treatment options for re-
lapsed patients. 
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Figure 3. Sensitivity of K562 and SR-1 cells to imatinib. (A) Viable cell counts: K562 and SR-1 cells were cultured for 24, 48, and 72 h in the absence 
(control) or presence of the indicated concentrations of imatinib. After incubation, cells were stained with trypan blue and the viable cells were counted 
under the microscope. Data are the mean standard deviation (SD) from three independent experiments. (B) MTT assay: K562 and SR-1 cells were 
cultured for 48 h in the absence (control) or presence of the indicated concentrations of imatinib. After incubation, cell viability was determined by MTT 
assay as described in Materials and Methods. Data were expressed as a percentage of viability under control culture conditions. These data represent 
the mean SD of three independent experiments.
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