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Abstract. Patients with advanced chronic myeloid leukemia 
(CML) have a poor prognosis, with the use of tyrosine kinase 
inhibitors (TKIs) to treat CML demonstrating poor results. 
The results of the present study revealed that, following Cell 
Counting Kit‑8 analysis, treatment of K562 cells with decitabine 
(DAC) combined with TKIs exhibits synergic effects. 
Co‑immunoprecipitation indicated that tyrosine‑protein phos-
phatase non‑receptor type 6 (SHP‑1) and BCR‑ABL fusion 
protein (BCR‑ABL) (p210) form a complex in the K562 cell 
line, and in the primary cells derived from patients with CML. 
These results suggested that SHP‑1 serves a role in regulating 
the tyrosine kinase activity of BCR‑ABL (p210). In addition, 
SHP‑1 expression increased, while BCR‑ABL expression 
decreased in the group treated with DAC and TKIs combined 
group compared with the TKI monotherapy group. Treatment 
with imatinib (IM) demonstrated no effect on SHP‑1 methyla-
tion in the K562 cell line; however, the methylation of SHP‑1 
was not determined in the combined IM and DAC therapy 
group. Treatment with DAC demonstrated the ability to acti-
vate the expression of silenced SHP‑1 through demethylation, 
thus decreasing BCR‑ABL tyrosine kinase activity, resulting 
in an improved therapeutic effect on CML. 

Introduction

Chronic myeloid leukemia (CML) is a clonal bone marrow 
stem cell disorder in which the proliferation of mature granulo-
cytes and their precursor myeloid cells occurs. CML accounts 
for 15% of all leukemia cases in adults (1). The global annual 
incidence rate of CML is between 1.6 and 2 cases/100,000 
people  (2), while epidemiological surveys demonstrate an 

annual incidence of 0.39‑0.55 cases/100,000 people in several 
areas of China (2). Patients with CML in China are younger 
compared with those in western countries (3).

CML is associated with the presence of the Philadelphia 
(Ph) chromosome. This chromosomal translocation is termed 
t(9, 22)(q34, q11). This translocation generates an oncogenic 
BCR‑ABL fusion gene, encoding the BCR‑ABL fusion protein 
(BCR‑ABL) of 210  kDa  (4). As the ABL gene encodes a 
domain that can add phosphate groups to tyrosine residues, 
BCR‑ABL possesses tyrosine kinase activity  (5,6). Other 
molecules typically control the activity of tyrosine kinases, but 
the mutant tyrosine kinase of the BCR‑ABL transcript encodes 
for a continuously activated protein, resulting in unregulated 
cell division and consequent tumor development. Therefore, 
tyrosine kinase inhibitors such as imatinib (IM), became the 
first‑line treatment against a variety of cancers, including CML. 
Although IM demonstrated a successful effect in the majority 
of patients, 10‑15% of patients developed drug resistance or 
exhibited disease progression into the CML accelerated phase 
due to a late and thus less effective treatment. Once the tumor 
progresses into the blast phase, the median progression‑free 
survival time of patients is 4 months with a median overall 
survival time of 7 months (7).

At present, allogenic stem cell transplantation, bone marrow 
transplantation and tyrosine kinase inhibitors (TKIs) represent 
the treatments available for patients with advanced CML. In 
addition to these treatments, other targeted drugs have been 
considered as potential candidates. The demethylating drug 
decitabine (DAC) has been successfully used in the treatment 
of myelodysplastic syndrome and acute myeloid leukemia in 
the elderly (8). Several clinical studies (9‑13) demonstrated that 
DAC monotherapy exhibits a substantial effect during all the 
phases of CML. DAC is a DNA methylation inhibitor, enabling 
the expression of silenced tumor suppressor genes (8). Src 
homology region 2 (SH2) domain‑containing tyrosine phospha-
tase‑1 (SHP‑1) is a gene primarily expressed in hematopoietic 
cells and is considered as a hematopoietic cell malignancy 
tumor suppressor gene (14,15). It serves an important role in 
the negative regulation of growth factor receptor‑mediated 
signal transduction processes. (14,15). The results of a previous 
study (16) demonstrated that there is a significant decrease in 
SHP‑1 expression in patients with advanced CML compared 
with chronic phase CML, suggesting that SHP‑1 serves a role 
in the onset of the blast crisis of CML. Previous studies have 
suggested that the decreased SHP‑1 expression in a variety of 
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hematologic malignancies is associated with the methylation 
of the SHP‑1 gene promoter (17‑21). A previous study demon-
strated that SHP‑1 forms a complex with BCR‑ABL through 
immunoprecipitation in immortalized myeloblast‑like 32D 
and fibroblast 3T3 cell lines, suggesting that SHP‑1 regulates 
BCR‑ABL (22). Imbalanced levels of tyrosine phosphatase 
and tyrosine kinase serve an important role in cell prolif-
eration and apoptosis. As BCR‑ABL is continuously activated, 
patients with CML‑blastic phase (CML‑BP) exhibit enhanced 
tyrosine kinase activity (23). As DAC enables the expression of 
silenced tumor suppressor genes due to its DNA methylation 
inhibitor function, it may possess a role in SHP‑1 expression 
and function. Therefore, the present study aimed to investigate 
the mechanism of action of DAC on restoring the expression 
of SHP‑1 in CML, compared with the effect of tyrosine kinase 
inhibitors, to provide a novel strategy to prevent the progres-
sion of CML and treat patients with CML.

Materials and methods

Drugs and reagents. IM and nilotinib were provided by 
Novartis International AG (Basel, Switzerland). DAC was 
purchased from Sigma‑Aldrich (Merck KGaA, Darmstadt, 
Germany). The Cell Counting kit‑8 (CCK‑8) was purchased 
from Dojindo Molecular Technologies, Inc. (Kumamoto, 
Japan).

Cell culture. The human immortalized myelogenous leukemia 
K562 cell line (Chinese Academy of Medical Sciences and 
Peking Union Medical College, Tianjin, China) was preserved 
in the Province Key Laboratory of Experimental Hematology 
(The Second Affiliated Hospital of Hebei Medical Univer-
sity, Shijiazhuang, China). The K562 cells were suspended 
in RPMI‑1640 medium containing 10% fetal bovine serum 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
and incubated at 37˚C with 5% CO2. Subsequently, cells were 
seeded into 96‑well plates at a density of 1x105 cells/well and 
incubated for 2‑3 days prior to treatment with 0.1 µM IM, 
5 nM nilotinib, 5 µM DAC, 0.1 µM IM + 5 µM DAC, or 5 nM 
nilotinib + 5 µM DAC at 37˚C for 48 h. Subsequently, the 
cells were incubated with 10 µl CCK‑8 reagent for 2 h at 37˚C 
and the optical density (UV‑visible NanoDrop 8000 spectro-
photometer; Thermo Fisher Scientific, Inc.) was measured 
at 450  nm. The % of cell proliferation was calculated as 
follows: (Untreated negative control group‑experimental 
group)/(untreated negative control group‑blank group)x100%.

Primary cell culture of mononuclear cells from patients with 
CML. A total of 10 patients (4 male, 6 female; median age, 
40.5 years; age range, 21‑60 years) with CML‑chronic phase 
(CML‑CP) and 6 patients (5 male, 1 female; median age, 
42.5 years; range, 35‑50 years) with CML‑BP were selected 
between October 2013 and October 2014 at The Second 
Affiliated Hospital of Hebei Medical University (Shijiazhuang. 
China). This study was approved by the ethics committee 
of The Second Hospital of Hebei Medical University. The 
definitions of chronic and blast phase CML were obtained 
from European Leukemia Net 2013  (24). A total of 4  ml 
fresh heparin marrow was taken from patients with chronic, 
accelerated or blast phase CML using an aseptic technique. An 

equal volume of RPMI‑1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.) was added to each sample, then mixed and 
dried. Subsequently, the bone marrow was diluted with 4 ml 
of lymphocyte separation medium (Beijing Solarbio Science 
& Technology Co., Ltd., Beijing, China) and centrifuged 
at 670.8 x g for 20 min at 4˚C. The middle layer containing 
the mononuclear cells was collected. Following joining the 
high‑pressure liquid PBS 167.7 (x g) rinsing 5 min at 4˚C. 
Subsequently, mononuclear cells were seeded into the flasks 
at a density of 1x106 in RPMI‑1640 medium containing 20% 
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.).

Measu r ing  SH P‑1  express ion  th rough  reverse 
transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) analysis. Following harvesting of each group, total 
RNA was extracted using the TRIzol method. Reverse tran-
scription was performed using the All‑in‑One™ First‑Strand 
cDNA Synthesis kit (GeneCopoeia Inc., Rockville, MD, 
USA), according to the manufacturer's protocol. The protocol 
was as follows: RNA degeneration at 65˚C for 10 min and 
reverse transcription at 37˚C for 60 min. Complementary (c)
DNA was synthesized in a total volume of 25 µl of working 
solution (5 µl 5X RT Reaction Buffer, 1 µl 250 µM random 
primers, 1 µl 25 mM dNTP, 1 µl 25 U/µl RNase inhibitor, 
1 µl 200 U/µl Moloney murine leukemia virus reverse tran-
scriptase, 1 µg total RNA and deionized H2O to make up to 
25 µl). The qPCR reaction was performed in a total volume 
of 20 µl of working solution [9 µl SYBR Green Real‑Time 
MasterMix (Invitrogen; Thermo Fisher Scientific, Inc.) solu-
tion, 0.5 µl SHP‑1 forward primer (AAC​AGC​CGT​GTC​ATC​
GTC​AT), 0.5 µl SHP‑1 reverse primer (ATC​AGG​TCT​CCA​
TTG​TCC​AGC), 2 µl cDNA, 8 µl deionized H2O] at 95˚C 
for 2 min, followed by 40 cycles of 95˚C for 15 sec, 60˚C for 
30 sec and 68˚C for 45 sec. The reaction was performed in 
a Rotor‑Gene Q 6000/3000 Quantitative PCR instrument 
(Qiagen GmbH, Hilden, Germany). Relative SHP‑1 expression 
in the treated and control groups was calculated using the 
2‑ΔΔCq method (25) using β‑actin (forward primer, GAG​CTA​
CGA​GCT​GCC​TGA​C; reverse primer, GGT​AGT​TTC​GTG​
GAT​GCC​ACA​G) as a reference gene.

RT‑qPCR determination of absolute BCR‑ABL gene expres‑
sion. Following harvesting each group of cells, RNA was 
extracted using the TRIzol method and the RNA concentration 
was measured using the NanoDrop 8000 spectrophotometer. 
The RT‑qPCR reaction to amplify the BCR‑ABL gene was 
performed in a total volume of 25 µl working solution using 
a BCR‑ABL210 Fusion Gene Detection kit (Shanghai YuanQi 
Biomedical Technology Co., Ltd., Shanghai, China), according 
to the manufacturer's protocol. The reaction was performed 
in a Rotor‑Gene Q 6000/3000 Quantitative PCR instrument. 
BCR‑ABL expression was calculated as follows: BCR‑ABL 
(p210) mRNA levels (%)=(BCR‑ABL copy number/ABL copy 
number)x100.

Immunoprecipitation and western blot analysis. A total of 
200 µl RIPA lysis buffer (150 mM NaCl, 50 mM Tris‑HCl, 
1% NP40, 0.5% sodium deoxycholate) and 2 µl phenylmeth-
ylsulfonyl fluoride were added to the CML and K562 cells, 
and incubated on ice for 30 min to obtain the cell lysate. Next, 
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the cells were centrifuged at 10,732.8 x g for 10 min at 4˚C, 
and the supernatant containing the proteins was collected. The 
protein was quantified using a Coomassie (Bradford) Protein 
Assay kit Nanjing Jiancheng Bioengineering Institute, China). 
Subsequently, 10 µl c‑ABL rabbit polyclonal IgG antibody 
(cat. no. sc‑131; dilution, 1:500; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA) was added to 100 µg of each protein 
sample. Intracellular pH (IPH) buffer [10 ml 1 M Tris‑HCl (pH 
8.0), 15 ml 2 M NaCl, 2 ml 0.5 M EDTA, 1 ml NP‑40, 172 ml 
triple‑distilled water] was added to reach a total volume of 
300 µl in 1.5 ml eppendorf (EP) tubes. The EP tubes were 
subsequently shaken for 1 h at 4˚C. Then, 25 µl protein A/G 
PLUS‑Agarose (cat. no. sc‑2003; Santa Cruz Biotechnology, 
Inc.) was added and the EP tubes were shaken overnight at 
4˚C. EP tubes were subsequently washed with IPH buffer 
3‑4 times.

The supernatant was discarded and 35 µl 2X SDS buffer 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) was 
added, centrifuged at 24148.8 x g for 1 min at 4˚C, boiled 
at 100˚C for 7‑8  min, and separated on an 8% gel using 
SDS‑PAGE (300 mA) for 2 h, prior to being transferred onto 
a polyvinylidene difluoride (PVDF) membrane. The PVDF 
membrane was removed and blocked in 5% bovine serum 
albumin (Roche Diagnostics, Basel, Switzerland) for 1 h at 4˚C. 
The PVDF membrane was transferred to a hermetic bag, rabbit 
polyclonal IgG primary antibody directed against SHP‑1 (cat. 
no. sc‑287; dilution, 1:200; Santa Cruz Biotechnology, Inc.) 
was added and the membrane was incubated in the dark for 
1 h at 4˚C. The membrane was washed with 1X TBS‑Tween 
20 (TBS‑T) 3 times and incubated with goat anti‑rabbit IgG 
HRP‑conjugated secondary antibody (cat. no. sc‑2004; dilu-
tion, 1:5,000; Santa Cruz Biotechnology, Inc.) for 1 h at 4˚C. 
Finally, the membrane was washed with 1X TBS‑T 3 times, 
and the fluorescence was developed using Potent ECL kit 
[Multi Sciences (Lianke) Biotech Co., Ltd., Hangzhou, China]. 
The software used to analyze the protein band density was 
Image‑ProPlus (version 6.0; Media Cybernetics, Inc., Rock-
ville, MD, USA).

Methylation‑specific PCR (MSP). The following SHP‑1 
primers  (26) were used: SHP‑1 methylated MSP forward, 
5'‑GAA​CGT​TAT​TAT​AGT​ATA​GCG​TTC‑3' and SHP‑1 meth-
ylated MSP reverse, 5'‑TCA​CGC​ATA​CGA​ACC​CAA​ACG‑3'; 
SHP‑1 demethylation MSP forward, 5'‑GTG​AAT​GTT​ATT​
ATA​GTA​TAG​TGT​TTG​G‑3' and SHP‑1 demethylation MSP 
reverse, 5'‑TTC​ACA​CAT​ACA​AAC​CCA​AAC​AAT‑3'. MSP 
was performed according to the EZ‑DNA Methylation kit 
(Zymo Research Corp, Irvine, CA, USA) protocol. The total 
PCR reaction volume was 25 µl and consisted of the following: 
5 µl bisulfite‑converted DNA; 2 µl forward primers; 2 µl 
reverse primers; 12.5 µl Green PCR system (Thermo Fisher 
Scientific, Inc.); and 3.5 µl ddH2O. PCR thermocycling condi-
tions were as follows: Initial denaturation at 94˚C for 5 min; 
40 cycles of denaturation at 94˚C for 45 sec; annealing at 54˚C 
for 45 sec; extension at 72˚C for 45 sec; and a final extension 
at 72˚C for 10 min. A total of 10 µl of the PCR amplification 
product was collected from each group and the products were 
detected using GoldView™ nucleic acid dyes in a 2% agarose 
gel electrophoresis running at 90 V for 60 min, then visualized 
using a gel imaging system (Dinco Ltd., Tirat Carmel, Israel).

Calculation of combination index (CI). The CI of two drugs was 
calculated to evaluate their potential synergistic effect, using 
the calculation previously described by Soriano et al (27): 
DA/ICX, A + DB/ICX, B. A and B represent two drugs sepa-
rately; ICX, A and ICX, B are the concentrations of two drugs 
used alone to achieve the drug growth inhibition rate X; and 
DA and DB are the combinations of two drugs that achieve 
growth inhibition rate X. According to Soriano et al (27) the 
synergistic effect is classified as follows: 0.9≤CI≤1.1, additive 
effect; 0.8≤CI<0.9, slight synergism; 0.6≤CI<0.8, moderate 
synergism; 0.4≤CI<0.6, synergism; 0.2≤CI<0.4, strong 
synergism.

Statistical analysis. Each experiment was repeated ≥3 times. 
All data are presented as the mean ± standard deviation, and 
the statistical analysis was performed using GraphPad Prism 
software (version 5.0; GraphPad Software, Inc., La Jolla, CA, 
USA). The one‑way analysis of variance with Tukey's post hoc 
test was used for multiple comparisons. The Student's t‑test 
was used to compare two groups. P<0.05 was considered to 
indicate a statistically significant difference.

Results

K562 cell proliferation inhibition rate is significantly increased 
in the DAC+TKI groups (IM+DAC, and nilotinib+DAC) 
compared with the TKI monotherapy group. OD values of 
K562 cells following 48 h drug treatment were measured 
using a CCK‑8, and the EC50 values were calculated (DAC, 
6,457 nM, Fig. 1A; nilotinib EC50, 10.55 nM, Fig. 1B; IM 
EC50, 227.5 nM, Fig. 1C). K562 cells treated with 5 µM DAC 
combined with 0.1 µM IM (P<0.0001; vs. IM monotherapy) or 
5 nM nilotinib (P=0.0015; vs. nilotinib monotherapy) demon-
strated a significant inhibition in proliferation compared with 
the corresponding IM or nilotinib monotherapy treatment 
groups (Fig. 1D). According to the Chou and Talalay calcu-
lation method, the results of the present study revealed that 
the drug combinations used exhibited a synergistic effect as 
follows: IM+DAC CI=(0.1/0.625)+(5/20)=0.41, synergism; 
nilotinib+DAC CI=(0.01/0.1)+(5/22)=0.33, strong synergism.

Determination of SHP‑1 protein expression in K562 cells, and 
CML‑CP and CML‑BP mononuclear cells through immuno‑
precipitation. The immunoprecipitation analysis revealed that 
SHP‑1 protein was expressed in K562 cells, and CML‑CP 
and CML‑BP mononuclear cells (Fig. 2A). The expression of 
SHP‑1 was significantly lower in K562 cells compared with 
CML‑CP mononuclear cells (P<0.001), and significantly lower 
in CML‑BP compared with CML‑CP cells (P<0.01; Fig. 2B). 
These results indicate that decreased SHP‑1 expression is 
associated with CML disease progression.

SHP‑1 protein expression is significantly increased in the 
TKI+DAC group compared with the TKI monotherapy group 
in K562 cells. SHP‑1 protein expression was significantly 
increased in the IM+DAC group compared with the IM 
monotherapy group (P<0.01; Fig. 2C and D). SHP‑1 protein 
expression was significantly increased in the nilotinib+DAC 
group compared with the nilotinib monotherapy group 
(P<0.05). No significant difference was identified in SHP‑1 
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protein expression between the control and IM monotherapy 
group (Fig. 2C and D).

SHP‑1 and BCR‑ABL mRNA expression in K562 cells. 
RT‑qPCR results revealed no significant difference in SHP‑1 
gene expression between IM and nilotinib monotherapy 
treatment groups and the control group (Fig. 3A). The DAC 
group demonstrated a marked increase in SHP‑1 expression 
compared with the control group. IM+DAC group demon-
strated a significant increase in SHP‑1 expression compared 
with IM monotherapy group, while BCR/ABL mRNA expres-
sion decreased in a marked manner in the combined group 
compared with the IM monotherapy group. The nilotinib+DAC 
group revealed a significant increase in the expression of 
SHP‑1 compared with in the nilotinib monotherapy group, 
while BCR‑ABL and ABL copy number ratio levels decreased 
in a significant manner in the combined group respect nilotinib 
monotherapy group. No significant differences were identi-
fied in the nilotinib monotherapy BCR‑ABL and ABL copy 
number ratio compared with in the DAC+IM group (Fig. 3A).

SHP‑1 and BCR‑ABL gene and protein expression in patients 
with CML 48 h following drug treatment. SHP‑1 gene expres-
sion was measured using RT‑qPCR analysis in patients with 
CML (control), IM, DAC and IM+DAC groups. The results 
revealed that SHP‑1 gene expression was significantly increased 
in the IM+DAC group compared with the IM monotherapy 
group (P<0.001; Fig. 3B), while BCR‑ABL gene expression 
was significantly decreased in IM+DAC group compared with 
the IM monotherapy group (P<0.05; Fig. 3C). SHP‑1 protein 
expression was measured through immunoprecipitation in 

patients with CML (control group), IM, DAC and IM+DAC 
groups. SHP‑1 protein expression was markedly increased and 
BCR‑ABL (p210) protein expression was markedly decreased 
in the IM+DAC group compared with the IM monotherapy 
group (Fig. 4).

SHP‑1 gene methylation levels in K562 cells 48 h following 
drug treatment. SHP‑1 gene methylation levels of K562 cells 
were measured using MSP analysis in the control, IM, DAC 
and IM+DAC groups. The results demonstrated the presence 
of SHP‑1 gene methylation in the control and IM monotherapy 
group, while no methylation was demonstrated in the IM+DAC 
and DAC monotherapy group (Fig. 5).

Discussion

K562 cells are derived from Philadelphia chromosome‑positive 
chronic myelogenous leukemia blast erythro‑megakaryo-
blastic leukemia cell lines (28). A CCK‑8 assay was used to 
investigate the proliferative ability of the K562 control and the 
IM, nilotinib, DAC, IM+DAC, and nilotinib+DAC treatment 
groups. DAC demonstrated a proliferation inhibition, which 
was dosage‑dependent. A significant difference in cell prolif-
eration was identified between 0.1 µM IM and IM + 5 µM 
DAC, in addition to between 10 nM nilotinib and nilotinib + 
5 µM DAC. Therefore, the combinations of these drugs possess 
high synergy. The concentration of DAC used was according 
to the results obtained through CCK‑8 analysis, and confirmed 
by a previous study by Momparler et al (29). The concentration 
of IM and nilotinib used was according to the result obtained 
through CCK‑8 analysis, and confirmed by a previous study by 

Figure 1. Optical density values of K562 cells following 48 h drug‑treatment with (A) DAC (EC50, 6457 nM), (B) nilotinib (EC50, 10.55 nM) and (C) IM 
(EC50, 227.5 nM) were measured using a Cell Counting Kit‑8. (D) K562 cells treated with 5 µM DAC combined with 0.1 µM IM or 5 nM nilotinib exhibited 
proliferation inhibition that was statistically significant compared with the IM or nilotinib monotherapy treatment groups. ***P<0.001. DAC, decitabine; IM, 
imatinib; EC50, half maximal effective concentration.
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Figure 2. Western blotting analysis of SHP‑1 expression. (A) Representative image and (B) quantitative analysis of SHP‑1 expression in K562 cells, and 
CML‑CP and CML‑BP mononuclear cells through immunoprecipitation. (C) Representative image and (D) quantitative analysis of SHP‑1 expression in 
K562 cells through immunoprecipitation following 48 h drug‑treatment. *P<0.05, **P<0.01, ***P<0.001. DAC, decitabine; IM, imatinib; CML, chronic myeloid 
leukemia; CP, chronic phase; BP, blastic phase; SHP‑1, tyrosine‑protein phosphatase non‑receptor type 6.

Figure 3. RT‑qPCR analysis of SHP‑1 and BCR/ABL mRNA expression. (A) SHP‑1 and BCR/ABL mRNA expression in K562 cells following 48 h drug‑treated 
through RT‑qPCR analysis. Expression of (B) SHP‑1 and (C) BCR/ABL mRNA expression in chronic myeloid leukemia‑chronic phase mononuclear cells 
following 48 h drug treatment through RT‑qPCR analysis. *P<0.05, ***P<0.001. SHP‑1, tyrosine‑protein phosphatase non‑receptor type 6; RT‑qPCR, real‑time 
quantitative polymerase chain reaction; mRNA, microRNA; DAC, decitabine; IM, imatinib; BCR/ABL, BCR‑ABL fusion protein.
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Savage and Antman (30). The effects of TKIs in combination 
with low dose DAC were more effective than monotherapy in 
the K562 cell line.

DAC is a hypomethylating cytosine analogue used in 
the treatment of myeloid malignancies due to its ability 
to activate silent tumor suppressor genes through demeth-
ylation. SHP‑1 is a non‑transmembrane protein tyrosine 
phosphatase containing two N‑terminal SH2 domains that is 
primarily expressed in hematopoietic cells (31). It has been 

demonstrated to be associated with the negative regulation 
of signaling pathways mediated by growth factor, cytokine 
and antigen receptors (31). Several studies have demonstrated 
that the expression of SHP‑1 is decreased in lymphoma (17), 
leukemia (18), multiple myeloma (19), cervical cancer (20) and 
colorectal cancer (21) due to the methylation of the promoter 
region of the SHP‑1 gene. In a previous study, SHP‑1 was 
identified in a complex with BCR‑ABL in 3T3 cells and 
32D/Bcr‑Abl cells through immunoprecipitation analysis, and 
an association between SHP‑1 and Bcr‑Abl expression was 
demonstrated (22). The results of the present study obtained 
through immunoprecipitation demonstrated that SHP‑1 forms 
a complex with BCR‑ABL in K562 cells and primary cells 
derived from patients with CML. SHP‑1 may be a type of 
tyrosine phosphatase, which control the activity of BCR/ABL 
(p210) tyrosine kinase since in the present study, the expres-
sion of SHP‑1 was demonstrated to be significantly decreased 
in K562 cells compared with in patients with CML‑CP. A 
previous study revealed that there was no expression of SHP‑1 
in K562 cells (32). The expression of SHP‑1 was restored by 
drug induced differentiation, therefore inactivation of SHP‑1 
may serve a role in the progression to blast crisis in CML. 
The results of the present study revealed that the expression 
of SHP‑1 is low as opposed to non‑existent. The conflict 
between the two results may be due to the sensitivity of 
the test methods used. In addition, the expression of SHP‑1 
was identified to be decreased in CML‑BP compared with 
CML‑CP primary cells, thus it may be associated with 
CML disease progression and is consistent with the studies 

Figure 4. Western blotting analysis of SHP‑1 and BCR/ABL expression. (A) Representative image and (B) quantitative analysis of SHP‑1 expression in 
CML‑CP mononuclear cells following 48 h drug treatment through immunoprecipitation. (C) Representative image and (D) quantitative analysis of SHP‑1 
expression in CML‑BP mononuclear cells following 48 h drug treatment through immunoprecipitation. SHP‑1 protein expression increased in the combined 
groups compared with the monotherapy groups, while BCR‑ABL expression decreased. CML, chronic myeloid leukemia; CP, chronic phase; BP, blastic phase; 
SHP‑1, tyrosine‑protein phosphatase non‑receptor type 6; DAC, decitabine; IM, imatinib; BCR/ABL, BCR‑ABL fusion protein.

Figure 5. SHP‑1 gene methylation levels of K562 cells were measured 
through methylation‑specific PCR in the control, IM, DAC, and IM combined 
with DAC group. The results demonstrated the presence of SHP‑1 gene 
methylation in the control and IM monotherapy group, while no methyla-
tion was demonstrated in the IM+DAC and DAC monotherapy group. DAC, 
decitabine; IM, imatinib; SHP‑1, tyrosine‑protein phosphatase non‑receptor 
type 6.
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of Amin et al (16). The results of the present study revealed 
that SHP‑1 mRNA expression increased while BCR‑ABL 
expression decreased in the IM+DAC treated group compared 
with the IM group. This was confirmed through analysis of 
SHP‑1 and BCR‑ABL protein expression. SHP‑1 mRNA and 
protein expression increased, while BCR‑ABL expression 
decreased in the nilotinib+DAC compared with the nilotinib 
group. No significant difference was identified in SHP‑1 and 
BCR‑ABL expression between the nilotinib and IM+DAC 
treatment groups. These results demonstrated that treatment 
with DAC combined with TKIs possesses an improved 
ability to enhance SHP‑1 mRNA and protein expression, and 
decreasing BCR‑ABL expression. This suggests that DAC 
restores SHP‑1 expression by demethylation, which enhances 
TKIs anti‑tumor effect. A previous study revealed that SHP‑1 
expression is significantly lower in TKI‑resistant compared 
with TKI‑sensitive cell lines (33). In KCL22‑R cells, SHP‑1 
ectopic expression restores responsiveness to imatinib 
(IM) (33). Data from the present study demonstrated that the 
increase in SHP‑1 and decrease in BCR‑ABL expression in 
response to IM+DAC, as compared with IM monotherapy, 
in K562 cells was consistent with that in primary cells from 
patients with CML in vitro.

In conclusion: i) DAC was demonstrated to inhibit the 
proliferation of K562 cells in a dose‑dependent manner. 
ii)  IM+DAC and nilotinib+DAC exhibited high synergy. 
iii)  Immunoprecipitation demonstrated that SHP‑1 and 
BCR‑ABL (p210) proteins form a complex in K562 cells and in 
the primary cells derived from patients with CML, suggesting 
there is an interaction between SHP‑1 and BCR‑ABL (p210) 
protein. Therefore, SHP‑1 may be considered a tyrosine phos-
phatase that controls the activity of BCR‑ABL (p210) tyrosine 
kinase. SHP‑1 expression was identified to be decreased in 
K562 cells and CML‑BP primary cells compared with the 
expression in CML‑CP primary cells, suggesting that it is also 
associated with CML disease progression. iv) SHP‑1 mRNA 
and protein expression increased in the combined groups 
(IM+DAC/nilotinib+DAC) compared with the monotherapy 
groups, while BCR‑ABL expression decreased. Methylation of 
SHP‑1 was observed in K562 cells, although it was not iden-
tified in the IM+DAC therapy group. Hence, it is suggested 
that DAC recovers SHP‑1 expression through demethylation, 
thereby enhancing the therapeutic effect of TKIs. The results 
of the present study suggest that DAC combined with TKIs 
provide a novel strategy for managing TKI tolerance and the 
progression of CML in patients.
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