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of the SHP1 gene during the progression
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Abstract. Tumor development is associated with the
methylation of cytosine-guanine (CpG) islands. The
occurrence of methylation requires several factors, such as
DNA methylation systems and polycomb group (PcG) proteins.
At present, novel drugs are needed for the treatment of chronic
myeloid leukaemia (CML), particularly considering the current
prognosis of CML. The methylation status of the Src homology 2
domain-containing tyrosine phosphatase 1 (SHP1) gene, a
negative regulator of signal transduction, has been identified
as being altered in numerous haematological malignancies.
DNA methyltransferase 1 (DNMT1) and the PcG protein
complex member enhancer of zeste homolog 2 (EZH2)
participate in a number of gene methylation processes. The
present study investigated the methylation status of the SHP1
gene in CML, and examined the association between DNMT1
and EZH?2 activity and the SHP1 gene methylation status to
develop novel strategies for the treatment of CML. The results
revealed that SHP1 gene methylation status was altered during
the progression of CML. These data indicated that SHP1
gene methylation is associated with the progression of this
disease. The associations of DNMT1 and EZH?2 activities with
the methylation status of the SHP1 gene were additionally
investigated via chromatin immunoprecipitation. DNMT1
and EZH?2 were revealed to be bound to the promoter region
of the SHPI1 gene, and were involved in the process of SHP1
methylation. Furthermore, DNMT1 and EZH?2 were associated
with disease progression. Thus, the findings of the present study
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suggest a new target for the treatment of CML, particularly for
future drug development.

Introduction

At present, tyrosine kinase inhibitors are often used for the
treatment of chronic myeloid leukaemia (CML). However,
certain patients with CML develop the acute phase of this
disease due to drug resistance (1). To develop a rational treat-
ment schedule and minimize drug resistance in the treatment
of CML, additional investigation with respect to the patho-
genic mechanism is required.

The tyrosine phosphatase SHP1 is a key negative regulator
of intracellular signalling. Numerous studies have revealed
that the expression of SHP1 is low in malignant lymphoma,
acute leukaemia, multiple myeloma and other haematological
malignancies, including myelodysplastic syndrome. However,
the SHP1 gene was predominantly observed to be in a highly
methylated state. Therefore, it was hypothesised that the
methylation of the SHP1 gene serves an important role in the
pathogenesis of malignant haematological diseases (2).

DNA methylation is an important epigenetic modification.
DNA methyltransferases serve a role in gene methylation. At
present, there are 3 known DNA methyltransferases (3): DNA
methyltransferase 1 (DNMTI), DNMT2 and DNMT3a/b.

EZH2is amember of the polycomb group (PcG) gene family.
Enhancer of zeste homolog 2 (EZH?2) has been identified as
key epigenetic regulator involved in transcriptional repression
in haematological diseases (4). In mantle cell lymphoma,
EZH2 has been identified to function in the regulation of
homeobox (HOX) genes, and EZH?2 activity may lead to high
methylation levels of the HOX gene promoter region and
extended gene silencing (5-7). This modification is associated
with the onset of mantle cell lymphoma.

At present, there is limited research on the associations
between DNMT1 and EZH?2 activity and SHP1 methylation in
CML. The present study investigated the association between
these factors and SHP1 methylation via chromatin immu-
noprecipitation (ChIP), to identify the roles of DNMTI1 and
EZH?2 in the process of blast crisis in CML.
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Materials and methods

Patients. A total of 60 patients with CML treated at the
Affiliated Hospital of Hebei University (Baoding, China) from
March 2014 to June 2015 were included in the present study.
Among these patients, 35 were male and 25 were female, and
the median age of the patients was 46 years with a range of
29-65 years. A total of 10 healthy donors were included as a
control group. Subsequent to informed consent being obtained
from all of the patients, mononuclear cells were collected by
bone marrow aspiration. This study was approved by the ethics
committee of the Affiliated Hospital of Hebei University
(Baoding, China).

Cell culture and treatment. The CML cell line K562 (Beijing
Institute for Cancer Research, Beijing, China) was maintained
in the laboratory of the Department of Hematology of the
Second Hospital of Hebei Medical University (Shijiazhuang,
China). The cells were cultured in RPMI-1640 medium supple-
mented with 100 U/ml penicillin, 100 U/ml streptomycin
and 10% foetal bovine serum. The cell lines were passaged
every 2 to 3 days. The K562 cells were seeded at a density
of 1x10° cells/ml in 25 cm? culture flasks, then treated with
5-aza-2'-deoxycytidine (decitabine; Sigma Aldrich; Merck
KGaA, Darmstadt, Germany) or the inhibitor 3-deazanepla-
nocin A (DZNep; Sigma-Aldrich; Merck KGaA) Subsequently,
the cells were harvested and used for western blot analysis,
reverse transcription quantitative polymerase chain reaction
(RT-gPCR), methylation-specific (MSP) PCR and ChIP.

Western blot analysis. The protein samples were separated
on a 7.5-15% SDS-PAGE gel, and transferred to a poly-
vinylidene fluoride membrane. Subsequent to blocking
of the non-specific binding sites with 5% non-fat milk in
TBS-Tween 20 (T; 20 mmol/l Tris-HCI, pH 7.4, 150 mmol/l
NaCl and 0.1% T) for 60 min, the membranes were incubated
overnight at 4°C, with primary antibodies at 1:1,000 dilu-
tion. Anti-DNMT1 (#ab13537) and anti-EZH2 (#ab3748)
antibodies were purchased from Abcam (Cambridge, UK) and
an anti-SHP1 (#sc52885) antibody was purchased from Santa
Cruz Biotechnology, Inc., (Dallas, TX, USA). The membranes
were then probed with a horseradish peroxidase-conjugated
secondary antibody (#sc2789; dilution, 1:5,000; Santa Cruz
Biotechnology, Inc.) for 60 min at 37°C. Subsequent to washing
3 times with TBS-T, the membranes were developed using
an enhanced chemiluminescence detection system (LI-COR
Biosciences, Lincoln, NE, USA).

RT-gPCR. The total RNA from the CML patient samples and
K562 cell lines was extracted using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the protocol of
the manufacturer. Then, complementary (c) DNA was synthe-
sized using an All-in-one™ First-Strand cDNA Synthesis kit
(GeneCopoeia Inc., Rockville, MD, USA) according to the
manufacturer's protocol.

gPCR was then performed using an ABI7500 real-time
PCR detection system (Applied Biosystems; Thermo Fisher
Scientific, Inc. Waltham, MA, USA) with gene-specific
primers. A f-actin cDNA fragment was used as an internal
control. The sequences of all primers used in the RT-qPCR
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are provided in Table I. The PCR reaction contained 12 ul of
Platinum SYBR-Green qPCR SuperMix-UDG (Invitrogen;
Thermo Fisher Scientific, Inc.), 1 1l cDNA and 0.5 ul of the
forward and reverse primers. The PCR protocol was: 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 procedure was repeated
3 times and the 2224 method (8) was performed to quantify
the gene expression level relative to the (3-actin cDNA.

MSP. Genomic DNA from K562 cells and patients with CML
isolated using the Rapid DNA Extraction kit (Bo Maide
Biotechnology Co., Ltd., Beijing, China) was modified, via
bisulphite treatment with a DNA methylation modification
kit (Zymo Research Corp., Irvine, CA, USA). The genomic
DNA was then amplified by PCR, using 2 sets of SHP1
promoter-specific primer pairs that recognized either a
methylated or an unmethylated CpG sequence. The sequences
of all primers used in the MSP PCR are provided in Table II.
The PCR reaction mixes contained 2.5 ul 10X Reaction
Buffer, 1 ul extracted DNA, 1 pul of 5 uM forward and reverse
primers, 2 ul of a 2.5 mM dNTP mix, 2 ul MgCl, and 0.5 U
of DNA polymerase (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The thermocycler settings were as follows:
95°C for 10 min, followed by 38 cycles of 95°C for 30 sec,
54°C for 30 sec and 72°C for 30 sec. The reaction products
were analysed by electrophoresis with an Invitrogen DNA
ladder (Thermo Fisher Scientific, Inc.) and 10,000X GelRed™
Nucleic Acid Gel Stain (Biotium, Inc., Hayward, CA, USA).

ChIP. The ChIP assay was performed using a SimpleChIP®
Enzymatic Chromatin Immunoprecipitation kit (Cell
Signaling Technology, Inc., Danvers, MA, USA) and anti-
bodies targeting DNMT1, EZH2 and rabbit IgG, as according
to the manufacturer's protocol. The K562 cells were seeded at
a density of 1x10° cells/ml in 25 cm? culture flasks, then incu-
bated alone, with decitabine (50 xM) or with DZNep (10 uM)
and grown to a final count of 5-10x107 cells for each ChIP
experiment. Formaldehyde was added to the cells to a final
concentration of 1% and the cells were re-suspended in SDS
lysis buffer and immunoprecipitated. The resulting complexes
were pelleted with protein A agarose and eluted with elution
buffer containing 50 mM Tris-HCI, 10 mM EDTA and
1% SDS. Histone-DNA crosslinks were reversed in 5 M
sodium chloride, and DNA was recovered via phenol/chlo-
roform extraction. The immunoprecipitated DNA and input
samples were analysed by PCR. The following primers for the
SHP1 gene promoter were used: Forward, 5-ATGATAAAG
ATAGCCCCTGTT-3" reverse, 5"-TCATCGAGTGAGTCC
TGCTG-3". The PCR mixes contained 2 ul DNA, 1 pul of 5uM
forward and reverse primers, 2 ul of a 2.5 mM dNTP mix, 2 ul
MgCl, and 0.5 U of DNA polymerase (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The thermocycler settings
were as follows: 94°C for 10 min, followed by 32 cycles of
94°C for 30 sec, 59°C for 30 sec and 72°C for 30 sec. The
reaction products were then analyzed by electrophoresis as
previously described.

Statistical analysis. The values were presented as the
mean + standard deviation. Significant differences were
assessed using SAS 9.1.3 statistical software (SAS Institute,
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Table I. Primers for reverse transcription quantitative
polymerase chain reaction amplification.
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Table II. Primers for methylation-specific polymerase chain
reaction.

Primers Sequence Primers Sequence Length
SHP1 M-MSP
Sense 5-CACCATCATCCACCTCAA GT-3' Sense 5-GAACGTTATTATAGTATA
Antisense 5-TCTCAGCACAAGAA ACGTC-3' GCGTTC-3'
DNMT1 Antisense 5-TCACGCATACGAACCCA 159 bp
Sense 5'-TACCTGGACGACCCTGACCTC-3' AACG-3'
Antisense 5'-CGTTGGCATCAAAGATGGACA-3' U-MSP
EZH2 Sense 5-GTGAATGTTATTATAGTAT
Sense 5-TTCATGCAACACCCA ACACT-3' AGTGTTTGG-3'
Antisense 5-GGGCCTGCTACTGTTATTGG-3' Antisense 5-TTCACACATACAAACCCA 162 bp
[-actin AACAAT-3'
Sense 5-TGACGTGGACATCCGCAAAG-3'
Antisense 5'-CTGGAAGGTGGACAGCGAGG-3'

Inc., Cary, NC, USA). First, normality and variance homoge-
neity tests of the count data were performed. The data were then
subjected to analysis of variance or the independent-samples
t test. The clinical variables were analysed using the %> test
and Fisher's exact test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Expression of SHPI and the methylation of the promoter
region of SHPI in patients with CML. The present study
detected the protein expression of SHPI in the mononuclear
cells from the bone marrow of patients with CML by western
blot analysis. The results demonstrated that the protein
expression of SHPI increased in patients with chronic
phase CML (CML-CP) and normal control (NC) subjects
compared to patients with accelerated phase CML (CML-A)
and patients with blast phase CML (CML-BP; P<0.05). There
was no significant difference in the levels of SHP1 protein
expression between NC subjects and patients with CML-CP
(P>0.05) or between CML-AP and patients with CML-BP, as
demonstrated in Fig. 1A. Methylation of SHP1 was detected in
7/33 patients with CML-CP, positive rate of 21.2%. However,
methylation of the SHP1 gene was detected in all patients
with advanced stage CML, including patients with CML-AP
and CML-BP. The positive rate for SHP1 gene methylation in
patients with advanced stage CML was significantly higher
compared with patients with CML-CP (P<0.01). Specifically,
4 patients with CML-AP (40%) and 8 patients with BP-CML
(47%) exhibited complete SHP1 promoter methylation, and
this difference was not statistically significant (P>0.05), as
illustrated in Fig. 1B.

High expression of EZH2 and DNMTI in K562 cells and in
patients with advanced CML. RT-qPCR analysis revealed
that the relative mRNA levels of DNMT1 were 3.54+1.23,
1.31+0.18, 1.75+0.53, 2.76+0.78, and 3.05+1.23 in the samples
from K562 cells, NC donors, and patients with CML-CP,
CML-AP and CML-BP, respectively. The mRNA levels of

DNMT1 were significantly higher in the samples from K562
cells and patients with CML-AP and CML-BP than in those
from NC subjects and patients with CML-CP (P<0.05). No
significant difference in the DNMT1 mRNA levels between
K562 cells and patients with CML-AP or CML-BP or between
NC subjects and patients with CML-CP was observed
(P>0.05), as demonstrated in Table III.

RT-qPCR analysis demonstrated that the relative mRNA
levels of EZH2 were 2.54+1.23, 1.12+0.08, 1.25+0.33,
1.99+0.78, and 2.15+1.01 in the samples from the K562
cells, NC donors, and patients with CML-CP, CML-AP, and
CML-BP, respectively. The mRNA levels of EZH2 were
significantly higher in samples from K562 cells and patients
with CML-AP and CML-BP compared with the samples from
NC subjects and patients with CML-CP (P<0.05). No signifi-
cant difference in the EZH2 mRNA levels between K562
cells and patients with CML-AP or CML-BP or between NC
subjects and patients with CML-CP was observed (P>0.05), as
demonstrated in Table III.

DNMTI and SHPI expression prior and subsequent to treat-
ment with decitabine. RT-qPCR analysis illustrated that the
relative mRNA levels of DNMT1 and SHP1 in K562 cells
were 3.54+1.23 and 0.18+0.08, respectively. Treatment with
decitabine led to a decrease in the DNMT1 mRNA level to
1.55+0.61 (P<0.05), but significantly increased the SHP1
expression level to 1.08+0.20 (P<0.05), as demonstrated in
Fig. 2A.

A similar pattern of the levels of SHP1 and DNMTI
expression was observed at the protein level, as demon-
strated in Fig. 2B. In addition, subsequent to the application
of decitabine, the methylation level of the SHP1 gene was
decreased in the K562 cells, from complete methylation to
partial methylation, as illustrated in Fig. 2C.

EZH?2 and SHPI expression prior and subsequent to treat-
ment with DZNep. RT-qPCR analysis demonstrated that the
relative mRNA levels of EZH2 and SHP1 in K562 cells were
2.54+1.23 and 0.18+0.08, respectively. Treatment with DZNep
led to a decrease in the EZH2 mRNA level to 1.80+0.62
(P<0.05) but a significant increase in the relative mRNA level
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Figure 1. Expression of SHPI protein and the methylation status of the SHP1 promoter in patients in different phases of chronic myelogenous leukaemia. (A) A
western blot analysis to illustrate the relative protein expression level of SHP1. (B) Extent of CpG methylation of the SHP1 promoter, as determined with PCR
using methylation-specific primers. U, unmethylated-specific primers; M, methylated-specific primers; AP, accelerated phase; BP, blast phase; CP, chronic
phase; NC, normal control; CpG, Cytosine-Guanine sequence; SHP1, Src homology 2 domain-containing phosphatase-1.

Table III. Relative expression of DNMT1 and EZH?2 in patients
with CML and normal control.

Relative levels Relative levels

Groups n of EZH2 RNA of DNMT1 RNA
NC 10 1.12+0.08 1.31+0.18
CML-CP 33 1.25+0.33 1.75+£0.53
CML-AP 10 1.99+0.78 2.76+0.78
CML-BP 17 2.15+1.01 3.05+1.23

NC, negative control; CML, chronic myelogenous leukemia; CP,
chronic phase; AP, accelerated phase; BP, blast phase; EZH2,
enhancer of zeste homolog 2; DNMT1, DNA methyltransferase 1.

of SHP1 to 0.75+0.18 (P<0.05), as illustrated in Fig. 3A. A
similar pattern of SHP1 and EZH2 expression was observed
at the protein level, as demonstrated in Fig. 3B. Furthermore,
treatment with DZNep led to the progressive demethylation of
SHPI, as illustrated in Fig. 3C. Overall, these data suggested
that decitabine and DZNep successfully reduced the level of
CpG hypermethylation, leading to a re-expression of SHP1
mRNA and protein.

DNMTI bound to the SHPI gene promoter region of K562
cells by ChIP. Subsequent to the addition of decitabine, the
interaction between DNMT1 and the SHP1 promoter region
was weakened. To demonstrate that DNMT1 is functionally
involved in the methylation of the SHP1 gene promoter and
the inhibition of SHP1 gene expression, ChIP assays using
anti-DNMT]1 antibodies were performed, and DNMT1 was
revealed to be enriched in the SHP1 promoter region of the
K562 cells. Next, drug intervention experiments on K562 cells
using the DNA methyltransferase inhibitor decitabine were
carried out. The expression of SHP1 increased in the K562
cell line subsequent to decitabine treatment. Under these
conditions, the interaction between DNMT1 and the SHP1
gene promoter region decreased based on ChIP, as illustrated
in Fig. 2D. The methylation of the SHP1 promoter region also
decreased subsequent to decitabine treatment.

EZH?2 bound to the SHPI gene promoter region in K562
cells by CHIP. Subsequent to the addition of DZNep, the
interaction between EZH2 and the SHP1 promoter region
was weakened. To identify the epigenetic control of SHP1
in K562 cells, the role of EZH2 in the regulation of SHP1

expression was investigated. To evaluate DNA methylation,
ChIP assays were performed. In K562 cells, the SHP1 core
region displayed enriched binding to EZH2. To confirm
that EZH?2 regulates SHP1 expression, K562 cells were
treated with DZNep. Treatment with DZNep was revealed to
increase SHP1 expression, and the results of the ChIP assay
demonstrated reduced binding efficiency of EZH2 to the
SHPI1 promoter in the DZNep-treated cells, as illustrated in
Fig. 3D. In addition, DZNep treatment led to decreased SHP1
methylation.

Discussion

CML is one of the most common types of malignant
haematological tumor. At present, imatinib is the first-line
drug for the treatment of CML. However, certain patients
cannot afford long-term imatinib therapy or are resistant to
second-generation kinase inhibitors. Therefore, it is necessary
to explore novel treatment approaches from the perspective of
CML pathogenesis.

Methylation in the promoter regions of tumor suppressor
genes leads to tumor formation (9,10). The tyrosine phosphatase
SHP1 is a key negative regulator of intracellular signalling and
is hypothesised to be a tumor suppressor gene. The methylation
status of the SHP1 promoter is associated with gene dormancy,
which is an important mechanism in the development of
lymphoma and leukaemia. SHP1 protein expression was
completely absent or partially reduced in the majority of types
of lymphoma and leukaemia cell lines, such as YS2, IWA3,
NK, TomJim, MTI, EDS, and ATLIK (11,12). The present
study demonstrated the lack of SHP1 expression in K562 cells.
However, the SHP1 gene promoter was highly methylated.
The degree of SHP1 promoter methylation increased with
decreasing SHP1 expression in patients with CML-BP. In
contrast, the degree of SHP1 promoter methylation decreased
with increasing SHP1 expression in patients with CML-CP.
These data suggested that the SHP1 gene methylation status
in patients with CML-BP may be associated with the disease
progression of CML.

Decitabine, a methyltransferase inhibitor, has been applied
to other haematological diseases, such as myelodysplastic
syndromes (MDS) and acute myelogenous leukaemia (AML).
Therefore, the present study investigated the activity of
methyltransferases in CML. The expression of DNMT1 was
revealed to be significantly increased in patients with CML-BP
and in K562 cells. The expression of DNMT1 decreased
subsequent to the application of decitabine. Additionally,
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Figure 2. Effect of decitabine on K562 cells. (A) Relative expression level of DNMT1 and SHP1 mRNA. Error bars represent standard deviation. (B) A western
blot to demonstrate the relative expression of SHP1 and DNMT] proteins. (C) Extent of CpG methylation of the SHP1 promoter, as determined with PCR using
methylation-specific primers. (D) The extent of DNMT]1 binding to the SHP-1 promoter. Cell lysates were examined in the chromatin immunoprecipitation
assay. U, unmethylated-specific primers; (C) M, methylated-specific primers; (D) M, marker; 1, input; 2, negative control; 3, prior to treatment with decitabine;
4, subsequent to treatment with 5-aza-2'-deoxycytidine (decitabine); decitabine, 5-aza-2'-deoxycytidine; SHP1, Src homology 2 domain-containing phospha-
tase-1; DNMT1, DNA methyltransferase 1.
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Figure 3. Effect of DZNep on K562 cells. (A) Relative expression level of EZH2 and SHP1 mRNA. Error bars represent standard deviation. (B) A western
blot to demonstrate the relative expression of SHP1 and EZH?2 proteins. (C) Extent of CpG methylation of the SHP1 promoter, as determined with PCR using
methylation-specific primers. (D) The extent of EZH2 binding to the SHP-1 promoter. Cell lysates were examined with a chromatin immunoprecipitation
assay. U, unmethylated-specific primers; (C) M, methylated-specific primers; (D) M, marker; 1, input; 2, negative control; 3, prior to treatment with DZNep;
4, subsequent to treatment with DZNep. DZNep, 3-deazaneplanocin A; SHPI, Src homology 2 domain-containing phosphatase-1; EZH2, enhancer of zeste

Relative expression level

homolog 2.

the degree of SHP1 promoter methylation decreased with
increasing SHP1 expression. Thus, it was hypothesised that
DNMTI1 may be associated with SHP1 gene methylation
and CML disease progression. In the present study, based
on ChIP assays, it was revealed that DNMT1 binds to the
SHP1 promoter region under control conditions and that the
interaction between DNMT1 and the SHP1 gene promoter
region and the methylation of SHP1 significantly decreased
following inhibitor treatment. These results indicated that a
methyltransferase interacts with the SHP1 gene promoter and
is involved in SHP1 gene methylation, thus affecting the blast
crisis of CML. The present study established a theoretical basis
for the treatment of CML with methyltransferase inhibitors.

In determining whether only the DNMT family partici-
pates in the methylation of SHP1, it was demonstrated that the
PcG protein was one of the most important types of epigenetic
regulators involved in the inhibition of gene activity. To support
the future development of additional therapeutic targets for the
treatment of CML, EZH?2 was investigated.

EZH?2 is a member of the PcG histone methyltransferase
complex, which is a group of proteins associated with histone
methyltransferases that are involved in the inhibition of
transcription. The overexpression of the EZH?2 gene is asso-
ciated with the progression of malignant tumors and poor
prognosis (13-15).

The EZH2 gene expression level in patients with high-risk
MDS or AML was significantly higher compared with patients
with low-risk MDS and in normal subjects (4). These results
suggested that EZH2 serves a role in the development of
myeloid malignancies. Similar to the observations in other
types of malignancy, in mantle cell lymphoma the chromatin
modifier EZH?2 is overexpressed in proliferating cells and is
associated with poor outcome (15-17).

EZH2 catalyses the trimethylation at lysine 27 of histone H3
(H3K27me3) (18), which serves as an anchorage point for the
recruitment of additional PcG proteins and contributes to
the formation of a repressive chromatin state. Consequently,
EZH2 may indirectly inhibit target gene expression. The
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majority of these target genes inhibit tumor formation and
regulate stem cell differentiation. Therefore, silencing these
genes may lead to tumor formation. Inhibiting EZH?2 activity
in mouse models has been demonstrated to completely inhibit
tumor growth (19). According to the transcriptional inhibi-
tion of PcG, there are 1,000 silencing target genes in human
embryonic fibroblasts, which contribute to embryonic develop-
ment, including members of the Notch, Hox, Hedgehog, Wnt,
transforming growth factor (TGF) and fibroblast growth factor
(FGF) signalling pathways (17,20).

In solid tumors, there were a number of studies concerning
EZH2. For example, it was reported that MYC and EZH2
function as potent suppressors of levels of macrophage
stimulating 1 (MST1) expression in human prostate cancer
cells Pharmacological and RNAi experiments revealed that
MYC and EZH2 inhibit the promoter activity of MST1 and
thus silence expression, and that EZH2 is a mediator of the
MYC-induced silencing of MST1 (21).

EZH2hasbeenreported todirectly control DNA methylation
by regulating the activity of DNA methyltransferases in
haematological malignancies. A ChIP study demonstrated
that DNMT1, DNMT3a, DNMT3b and EZH2 bound to
the promoter region of MYTI, and that the number of these
interactions correlated with the methylation status of MYT]I.
Similar experiments confirmed that WNT1, KCNAI, and
CNRI1 were targeted by EZH2 (22).

In addition, it was revealed that EZH2 and DNMT3a
localized to the PTEN promoter region in the EOL-1 cell
line, which is resistant to imatinib, thus, participating in
PTEN methylation. PTEN acts as a negative regulatory gene,
as decreasing PTEN expression may cause cells to become
drug-resistant (23). Additionally, in acute lymphoblastic
leukaemia, EZH2 and H3K27me3 were revealed to interact
with the PTEN promoter region, and these interactions
are associated with PTEN gene methylation. In summary,
these data indicate that the PcG family protein EZH2 may
be involved in CML pathogenesis by inhibiting the expres-
sion of the tumor suppressor gene PTEN (24). Therefore,
in haematological diseases, the PTEN, WTY1 and HOX
genes may be targets of EZH2. Gene silencing induced by
DNA methylation requires EZH2 and DNA methylation
enzymes (22,25).

At present, a small number of studies have focused on
the association between EZH2 and SHP1 gene methylation.
Previous studies have demonstrated that SHP1 is highly
methylated in diffuse large B cell lymphoma (DLBCL) (26,27).
The role of histone modifications was investigated via ChIP
assays, which demonstrated that the P2 region of SHP1 was
associated with the silencing of the histone mark H3K27me3
in DLBCL cells. Treatment with DZNep, an inhibitor of
EZH?2, decreased the levels of the H3K27me3 mark within
the P2 region of SHPI, resulting in re-expression of SHPI.
The previous studies revealed novel epigenetic mechanisms
of SHP1 suppression in DLBCL. However, additional studies
are required to establish the effect of histone modifications,
particularly the EZH2-mediated histone modifications on
SHP1 in CML.

Based on the aforementioned previous data, including the
high methylation of the SHP1 gene in patients with CML, it
was hypothesised that EZH?2 also participates in the process
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of SHP1 gene methylation. In the present study, a high level of
methylation of the SHP1 gene in patients with CML-BP was
detected. The methylation status of SHP1 decreased subse-
quent to the application of an inhibitor of EZH2. Therefore,
assays were performed on K562 cells prior and subsequent to
treatment with an inhibitor of EZH2. The SHP1 gene promoter
was revealed to enrich binding to EZH2. Subsequent to drug
intervention, the interaction of EZH2 with the promoter of
SHP1 weakened, and the methylation status of SHP1 reduced.
Therefore, it was hypothesised that EZH2 and DNMT1 are
involved in SHP1 gene methylation, which may be associated
with the progression of CML.

The present study demonstrates that EZH2 and DNMT1
interact with the SHP1 gene promoter and these interactions
are associated with the SHP1 gene methylation status, which
may lead to disease progression. The results of the present
study may provide novel therapeutic targets for CML treatment
in the future.
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