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Abstract

Introduction: Myelodysplastic syndromes (MDS) are a group of heterogeneous bone marrow

clonal diseases characterized by the abnormal differentiation and development of bone marrow

cells. Src homology region 2 domain-containing phosphatase (SHP)-1 is an important tumor

suppressor gene that regulates the signal transducer and activator of transcription (STAT)

pathway.

Methods: Survival analysis was performed to evaluate the function of decitabine (5-Aza) in

treating MDS patients with and without SHP-1 methylation. The effects of 5-Aza treatment on

SHP-1 expression and methylation and STAT3 phosphorylation were investigated in MDS cells by
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methylation-specific PCR, reverse transcription PCR, and western blotting. Cell viability and

apoptosis were similarly evaluated by MTT assay and flow cytometry.

Results: High-risk MDS patients showed significant SHP-1 hypermethylation compared with low-

risk patients, and patients with no SHP-1 methylation had longer overall survival. SHP-1 expres-

sion was significantly increased at mRNA and protein levels following 5-Aza treatment, while the

phosphorylation of STAT3 protein was significantly decreased. Apoptosis increased significantly in

MDS cells treated with higher doses of 5-Aza while cell viability decreased significantly.

Conclusion: SHP-1 hypermethylation was associated with poor prognosis in HR patients with

MDS, suggesting it could be used as a prognostic indicator.
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Introduction

Myelodysplastic syndromes (MDS) are a

group of heterogeneous myeloid clonal dis-

eases originating from hematopoietic stem

cells, which are characterized by the abnor-

mal differentiation and development of

myeloid cells. Patients present with ineffec-

tive hematopoiesis, refractory cytopenia,

hematopoietic failure, and an increased

risk of developing acute myeloid leukemia

(AML). According to the International

Prognostic Scoring System (IPSS), MDS

patients can be divided into four groups:

low-risk (LR), intermediate (Int)-1-risk,

Int-2-risk, or high-risk (HR).1 However,

the molecular differences between higher

and lower risk groups are unclear.
It was previously demonstrated that the

mRNA expression of Src homology region

2 (SH2) domain-containing phosphatase-1

(SHP-1) was negatively correlated with an

increased risk of transformation, and that

its expression was significantly lower in

HR MDS patients than LR patients

(P< 0.01).2SHP-1 is an important tumor

suppressor that regulates the Janus kinase

(JAK)/signal transducer and activator of
transcription (STAT) signaling pathway.
Aberrant SHP-1 expression increases
STAT protein phosphorylation which pro-
motes cell proliferation and represses apo-
ptosis.3–5 The most likely cause for the
observed decrease in SHP-1 expression in
leukemia and several hematopoietic cell
lines is hypermethylation in the promoter
region.6,7 However, this mechanism is yet
to be validated in patients with MDS.

Decitabine [also known as 5-aza-20-deox-
ycytidine (5-Aza)], a type of hypomethylat-
ing agent, has been widely used to treat HR
patients with MDS. It incorporates itself
into DNA molecules during synthesis and
irreversibly binds to DNA methyltransfer-
ases to promote several cellular processes
such as apoptosis.8–10 However, treatment
outcomes differ markedly between patients.
SHP-1 expression was previously reported
to be useful as an indicator to predict the
efficacy of vincristine, doxorubicin, and
dexamethasone treatment in patients with
multiple myeloma; the group with high
mRNA levels had a significantly improved
drug response compared with the low
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mRNA level group (P< 0.01).11 However,

it has not been determined whether SHP-1

expression or its methylation status could

be used as a prognostic marker for decita-

bine treatment in HR patients with MDS.
In the current study, SHP-1 methylation

in LR patients was compared with that in

HR patients to identify the cause of

decreased gene expression. SHP-1 methyla-

tion was also investigated to determine

whether it affected decitabine treatment

outcome, and its potential value as a prog-

nostic indicator for HR patients with MDS

was evaluated. Three different concentra-

tions of decitabine were used to treat the

MDS skm-1 cell line, and variations in

SHP-1 mRNA and protein expression

were assessed to determine its effect on

STAT3 protein phosphorylation and to

investigate why SHP-1 methylation influen-

ces the efficacy of decitabine treatment.

Materials and methods

Patient information

The current study was approved by the

Ethics Committee of Tianjin Medical

University (Tianjin, China) and was con-
ducted according to the protocol of the
Ethics Committee for the Conduct of
Human Research. Ninety-three patients
with MDS and 20 healthy controls who
attended Tianjin Medical University
General Hospital were enrolled between
2013 and 2018. All patients provided writ-
ten informed consent. MDS was diagnosed
based on World Health Organization clas-
sification, including cell morphology
analysis, cytogenetic evaluation, and cyto-
chemistry analysis. Of the 93 cases, 22 had
refractory anemia (RA), 37 had RA with
excess blasts, 19 had ringed sideroblasts,
and 15 had refractory cytopenia with mul-
tiple dysplasia. Patients with IPSS scores of
<1.5 were grouped into the LR group, and
patients with scores of �1.5 were classified
as the HR group. Patient characteristics are
presented in Table 1.

Measurement of decitabine efficacy

The 45 patients in the HR group were sep-
arated into two sub-groups on the basis of
their SHP-1 promoter methylation status.
Methylation-specific polymerase chain
reaction (MSP) was used to identify

Table 1. Clinical characteristics of patients with MDS and control subjects.

Characteristic

Low-risk group

(n¼ 48)

High-risk group

(n¼ 45)

Control

(n¼ 20)

Sex, male/female, n 28/20 26/19 12/8

Median age (range), years 47 (11–75) 45 (12–77) 45 (14–72)

Median WBC (range), count �109 cells/L 3.4 (2.2–9.8) 2.8 (1.6–13.9) 5.9 (4.2–10.0)

Median PLT count (range), �109 cells/L 103.5 (16–351) 57 (6–155) 244 (112–308)

Median HB level (range) g/L 80 (45–120) 77.5 (40–115) 112 (105–127)

Median IPSS score (range) 0.5 (0–1.0) 2.5 (1.5–3.0) N/A

WHO classification N/A

RA 23 0

RARS 17 0

RCMD 8 7

RAEB 0 38

MDS, myelodysplastic syndromes; WBC, white blood cell; PLT, platelet; HB, hemoglobin; IPSS, International Prognostic

Scoring System; N/A, not applicable; WHO, World Health Organization; RA, refractory anemia; RARS, refractory anemia

with ringed sideroblasts; RCMD, refractory cytopenia with multiple dysplasia; RAEB, refractory anemia with excess blasts.
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methylation as described below. Twenty-
nine patients were placed in the methylated
(Me) group and the remaining 16 were cat-
egorized into the unmethylated (UnMe)
group. All patients were treated with 20
mg/m2 decitabine once daily for 5 consecu-
tive days via intravenous injection. The
conditions of all patients were determined
following each course of treatment, and
objective response rates (ORR) were calcu-
lated and compared between the two
groups.

Survival analysis in patients in the
HR group

A 3-year survival curve was created using
Kaplan–Meier analysis to assess whether
SHP-1 methylation could be used as a
prognostic indicator for HR patients with
MDS. The primary endpoint was the devel-
opment of AML or mortality.

Cell culture

The MDS skm-1 cell line was purchased
from the Cell Collection of the Chinese
Academy of Sciences (Shanghai, China).
Cells were maintained in RPMI-1640
medium with 10% fetal bovine serum
(Thermo Fisher Scientific, Inc., Waltham,
MA, USA) and incubated at 37�C with
5% CO2. Cells were only used for experi-
ments when they had reached the exponen-
tial growth phase.

5-Aza treatment

5-Aza was purchased from Sigma-Aldrich
Merck KGaA (Darmstadt, Germany) and
three concentrations (0.5, 2, and 5 lmol/L)
were prepared using deionized water. After
1 day of direct treatment with 5-Aza,
5� 106 skm-1 cells were collected and
washed prior to SHP-1, STAT3, and phos-
phorylated STAT3 (p-STAT3) expression
analysis, MTT colorimetric assay, and
flow cytometry analysis as described

below. Untreated cells were used as

controls.

SHP-1 promoter methylation analysis

The genomic DNA of all 113 enrolled indi-

viduals was extracted from blood samples

using a DNeasy Blood & Tissue kit (Qiagen

GmbH, Hilden, Germany), then treated

using an EpiTect Bisulfite kit (Qiagen

GmbH) according to the manufacturer’s
protocol. The SHP-1 methylation status

was determined using MSP with the follow-

ing primers amplifying the methylated

allele: forward, 50-GAACGTTATTATA

GTATAGCGTTC-30 and reverse, 50-TCA
CGCATACGAACCCAAACG-30. Primers
for unmethylated allele amplification were:

forward, 50-TCACGCATACGAACCCAA

ACG-30 and reverse, 50-TTCACACATA

CAAACCCAAACAAT-30.12 PCR condi-

tions were an initial denaturation at 95�C
for 5 minutes, followed by 35 cycles of
denaturation at 95�C for 30 s, annealing at

55�C for 45 s, and primer extension at 72�C
for 1 minute, followed by a final extension

at 72�C for 10minutes. PCR products were

separated by electrophoresis on a 5% aga-

rose gel with ethidium bromide staining,
and were 158 bp for both methylated and

unmethylated products. .

Real-time reverse transcription

quantitative PCR (RT-qPCR)

Total RNA of the skm-1 cell line was

extracted using TRIzolVR RNA Isolation

reagent (Invitrogen, Thermo Fisher

Scientific, Inc.) according to the manufac-
turer’s protocol. RNA was then reverse-

transcribed using the RevertAid First

Strand cDNA Synthesis kit (Thermo

Fisher Scientific, Inc.) and the cDNA was

amplified three times using a three-step

method with the CFX96 TouchTM Real-
Time PCR Detection system (Bio-Rad

Laboratories Inc., Hercules, CA, USA)

4 Journal of International Medical Research



and SYBRVR Green qPCR Master mix.
qPCR conditions were a hot-start DNA
polymerase activation at 95�C for 5
minutes, followed by 40 cycles of denatur-
ation at 95�C for 15 s, annealing at 56�C for
30 s, and extension at 72�C for 1 minute,
with a final extension at 72�C for 10
minutes. Glyceraldehyde 3-phosphate dehy-
drogenase (GADPH) was amplified as the
control and the Cq readings of SHP-1
amplification were normalized to those of
GADPH to calculate the DCq. Finally, the
relative expression of SHP-1 was obtained
by relating DCq to that of the control gene
using the 2-DDCq method. The primers
used for this analysis were as follows:
SHP-1 forward, 50-GCGGCAGTACTAT
GC-30 and reverse, 50-CAGTTCCAACA
CTCGGTTCTCA-30; and GADPH for-
ward, 50-CGGGAAGCTTGTCATCAAT
GG-30 and reverse, 50-GGCAGTGATGG
CATGGACTG-30.

Western blot analysis

Antibodies against SHP-1, phosphorylated
(p)-STAT3, STAT3, and GAPDH
were purchased from Santa Cruz
Biotechnology, Inc., (Dallas, TX, USA)
and western blot analysis was performed
as previously described.12 In brief, cells
were collected and lysed with sodium
dodecyl sulfate (SDS) lysis buffer, and cen-
trifuged for 15 minutes at 12,000� g.
Following denaturation, proteins were sep-
arated by 8% to 12% SDS-pulsed field gel
electrophoresis and electrotransferred onto
polyvinylidene difluoride membranes
(EMD Millipore, Billerica, MA, USA).
The membranes were blocked overnight
with 10% bovine serum albumin at 4�C,
then incubated with anti-SHP-1, anti-
STAT3, anti-p-STAT3, and anti-GAPDH
antibodies at 1:1,000 dilution for 40 minutes
at room temperature. Horseradish
peroxidase-labeled immunoglobulin second-
ary antibody (Santa Cruz Biotechnology,

Inc.) was diluted 1:2,000 and incubated
with the membranes for 30 minutes.
Enhanced Chemiluminescence Western
Blotting Detection reagent (GE Healthcare,
Chicago, IL, USA) was used for visualiza-
tion and the membranes were exposed to an
X-ray film (Kodak, Rochester, NY, USA).
ImageJ software (National Institutes of
Health, Bethesda, MD, USA) was used for
the densitometric analysis of SHP-1,
STAT3, and p-STAT3 protein expression,
which was normalized against that of
GAPDH protein. Three biological repeats
were performed for all samples.

Evaluation of apoptosis using flow
cytometry

The apoptosis rate of treated skm-1 cells
was evaluated using an annexin V/propi-
dium iodide (PI) apoptosis kit from
MultiSciences Biotech (Zhejiang, China)
according to the manufacturer’s protocol.
For each drug concentration, 1 to 3� 106

cells were used on the BD FACSCanto II
platform (BD Biosciences, San Jose, CA,
USA). Intact cells were marked as annexin
V–/PI–, whereas early apoptotic cells and
late apoptotic/necrotic cells were marked
as annexin Vþ/PI– and annexin Vþ/PIþ,
respectively.

3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT)
cell viability assay

Skm-1 cells (5� 104) were plated in 96-well
plates for 24 hours and treated with differ-
ent concentrations of 5-Aza for an addi-
tional 24 hours. Cell viability was assessed
using the MTT assay. In brief, 0.5 mg MTT
was added to each well 4 hours before the
end of 5-Aza treatment. Following removal
of the supernatant, 100 lL of dimethyl sulf-
oxide was added to each well and incubated
for 10 minutes. The optical density of each
well was determined at 490 nm using a
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Polarstar Optima microplate reader (BMG

Labtech GmbH, Ortenberg, Germany).

Statistical analysis

Data were assessed for normal distribution

before being compared by two-tailed

Student’s t-tests. The v2 test was used to

compare the decitabine response rate

between HR and LR patients. The relation-

ship between methylation levels and STAT3

protein phosphorylation was analyzed by

Pearson’s correlation coefficient. One-way

analysis of variance with the least signifi-

cant difference post-hoc test was performed

on the data of skm-1 cell model-based

experiments following the homogeneity of

variance test and linear correlation analysis,

which assessed the correlation between

STAT3 protein phosphorylation and

SHP-1 methylation. Statistical analysis

was performed using SPSS Software

(version 19.0; IBM Corp., Armonk, NY,
USA) and P< 0.05 was considered to indi-
cate a statistically significant difference.
Survival analysis was performed using the
Kaplan–Meier method and hazard ratios.
The 95% confidence interval (CI) and P-
values were also calculated to assess differ-
ences between two groups using GraphPad
Prism Software (version 7.0; GraphPad
Software, Inc., La Jolla, CA, USA).

Results

SHP-1 promoter methylation status
of HR and LR patients with MDS

MSP revealed that the SHP-1 promoter
region was methylated in 22.9% of samples
(11/48) in the LR group compared with
64.4% in the HR group (29/45). The con-
trol group exhibited no methylation
(P< 0.001; Figure 1a). Western blot

Figure 1. (a) Methylation-specific polymerase chain reaction of the methylation status in the SHP-1 pro-
moter region in LR, HR, and healthy control samples. (b) Western blot analysis of p-STAT3 protein
expression in LR, HR, and control groups. (c) Western blot analysis of STAT3 protein expression in LR, HR,
and control groups. Lanes LR1–LR3, LR patient samples; lanes HR1–HR3, HR patient samples; lanes C1–C3,
healthy control samples.
U, unmethylated; M, methylated; SHP-1, Src homology region 2 domain-containing phosphatase-1; LR, low-
risk; HR, high-risk; p-STAT3, phosphorylated signal transducer and activator of transcription 3; STAT3, signal
transducer and activator of transcription 3.
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analysis of p-STAT3 protein expression

also revealed the same significant differen-

ces (P< 0.001), with 30/45 (66.7%) of

patients in the HR group having detectable

p-STAT3 protein, compared with 10/48 in

the LR group (20.8%; Figure 1b).

Correlation analysis showed that the phos-

phorylation level of STAT3 protein was

positively associated with SHP-1 methyla-

tion (r¼ 0.57; P< 0.001), whereas STAT3

protein expression was indistinguishable

between samples in different groups

(Figure 1c). Pearson’s correlation coeffi-

cient was calculated based on the entire

cohort of 93 cases; Pearson’s R index was

>0.5, indicating a significant difference.

SHP-1 gene expression was not measured

as samples had been stored for >5 years,

making the quantity and quality of the

extracted total RNA unsuitable for RT-

qPCR analysis.
MDS HR patients with SHP-1 methyla-

tion showed significantly improved decita-

bine response rates compared with those

without methylation. In the Me group of

HR patients with MDS, 34.5% (10/29)

had a complete response (CR) following 1

to 6 courses of treatment and 3.4% (1/29)

had a partial response (PR). The ORR for
this group was therefore 37.9% (CRþPR).
By comparison, the ORR was only 25.0%
(4/16) in the UnMe group, with 18.8%
having a CR (3/16) and 6.3% a PR (1/16).
The significant difference between groups
(P< 0.05; Figure 2a) indicates that a lack
of SHP-1 methylation is one factor that
impaired the effect of decitabine in MDS
patients.

Kaplan–Meier analysis revealed that the
time taken to develop AML or mortality
was significantly shorter in the Me group
compared with the UnMe group. The
median overall survival time for the Me
group was 18 months compared with the
UnMe group, which had not yet reached
50% survival. The hazard ratio for overall
survival was 4.85 (Me/UnMe) with a
95% CI of 1.332 to 8.195 and P< 0.01
(Figure 2b).

Effects of 5-Aza on SHP-1 and p-STAT3
expression in MDS SKM-1 cells

SHP-1 methylation in skm-1 cells decreased
in a dose-dependent manner following
treatment with 0.5, 2, and 5 mmol/L 5-Aza
(Figure 3a). No SHP-1 mRNA expression

Figure 2. Comparison of decitabine treatment efficacy and survival analysis between methylated and
unmethylated groups. (a) CR, PR, and ORR of patients. (b) Kaplan–Meier analysis of overall survival for
45 HR patients with MDS. Continuous lines represent the event-free fraction; the broken line represents
the 50% survival mark.
ME, methylated group; UnMe, unmethylated group; CR, complete response; PR, partial response;
ORR, objective response rate; HR, high-risk; MDS, myelodysplastic syndromes.
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was detected in the 5-Aza-untreated control
group, but its expression was positively
associated with the 5-Aza concentration
(Figure 3b). SHP-1 expression in 0.5-, 2-,
and 5 mmol/L 5-Aza-treated cells was signif-
icantly higher than that of untreated
cells (P< 0.05, P< 0.001, and P< 0.001,

respectively). Additionally, significant dif-
ferences were detected in 2- and 5mmol/L
5-Aza-treated cells compared with
0.5 mmol/L 5-Aza-treated cells (P< 0.05),
and between 2- and 5 mmol/L 5-Aza-treated
cells (P< 0.05). These data indicate
that 5-Aza markedly influences SHP-1

Figure 3. SHP-1 methylation and SHP-1, p-STAT3, and STAT3 expression in 5-Aza-treated skm-1 cells.
(a) Changes in SHP-1 methylation in skm-1 cells treated with 0.5, 2, and 5 mmol/L 5-Aza. Control cells were
untreated. (b) Relative expression levels of SHP-1 mRNA as assessed by real-time reverse transcription
quantitative PCR. Horizontal lines represent the relative expression of SHP-1 in various 5-Aza concentration
groups. Significant differences in SHP-1 mRNA expression in 2 and 5 mmol/L 5-Aza-treated cells are seen
compared with 0.5 mmol/L 5-Aza-treated cells (P< 0.05 and P< 0.01, respectively). (c) Protein expression of
SHP-1, p-STAT3, and STAT3 in three 5-Aza concentration groups and the untreated group. (d) Relative
expression of SHP-1 protein normalized to GAPDH. SHP-1 expression is positively correlated with 5-Aza
concentration. (e) Relative expression of p-STAT3 protein normalized to GAPDH. p-STAT3 expression is
positively correlated with 5-Aza concentration. (f) Relative expression of STAT3 protein normalized to
GAPDH. STAT3 expression is negatively correlated with 5-Aza concentration. *, P< 0.05; **, P< 0.01; ***,
P< 0.001; ****, P< 0.0001.
U, unmethylated; M, methylated; SHP-1, Src homology region 2 domain-containing phosphatase-1; p-STAT3,
phosphorylated signal transducer and activator of transcription 3; STAT3, signal transducer and activator of
transcription; 5-Aza, 5-aza-20-deoxycytidine.
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re-expression, possibly by regulating the
methylation status in the promoter region.

Western blot analysis produced similar
results. No SHP-1 protein expression was
detected in untreated skm-1 cells, but it was
re-expressed following the addition of 5-Aza
to culture medium (Figure 3c and d). SHP-1
expression gradually increased in line with
the drug concentration, with significant dif-
ferences observed between the different con-
centration groups (all P< 0.05). However,
the opposite was observed for p-STAT3
expression. STAT3 protein levels were unde-
tectable in cells across all 5-Aza-treated
groups (Figure 3c and f), while untreated
cells had the highest p-STAT3 expression,
and phosphorylation decreased significantly
with rising SHP-1 expression (P< 0.001,
Figure 3c and e). This suggested that
STAT3 phosphorylation was negatively reg-
ulated by SHP-1 protein in MDS skm-1 cells.

Biological response of skm-1 cells
following 5-Aza treatment

Cell viability and apoptosis were measured
using an MTT colorimetric assay and flow
cytometric analysis, respectively. Flow

cytometry revealed the lowest apoptosis

rate of 3.2% in the control group, which

was significantly different from the 4.54%

seen in the 0.5mmol/L 5-Aza group

(P< 0.05). In cells treated with 2 and

5mmol/L 5-Aza, apoptosis increased signifi-

cantly to 9.31% and 16.58%, respectively

(P< 0.01 and P< 0.0001, Figure 4a). In

comparison, cell viability was shown to be

negatively associated with drug concentra-

tion (Figure 4b). The difference in relative

absorbance between the 0.5mmol/L group

and control group was not substantial

(median absorbance values 1.04 vs. 0.96,

respectively). However, significant differen-

ces were detected between 2mmol/L and

5mmol/L groups and the control (P< 0.01

and P< 0.0001, respectively).

Discussion

MDS consist of a number of types of cancer

involving the abnormal differentiation and

development of myeloid cells in the bone

marrow. Approximately 30% of patients

have a high risk of developing AML.

Each year, MDS affects 7 in every 100,000

Figure 4. Cell viability and apoptosis rate in 5-Aza-treated skm-1 cells. (a) Apoptosis rate as measured by
flow cytometry in control, 0.5, 2, and 5 mmol/L groups. Significant differences are seen in the apoptosis rate
of 2 and 5 mmol/L 5-Aza-treated cells compared with the control (P< 0.01 and P< 0.0001, respectively).
(b) Cell viability of skm-1-treated cells assessed via the MTT assay. Significant differences are seen in the
relative absorbance of 2 and 5 mmol/L 5-Aza-treated cells compared with the control (P< 0.01 and
P< 0.0001, respectively). *, P< 0.05; **, P< 0.01; ***, P< 0.001; ****, P< 0.0001.
5-Aza, 5-aza-20-deoxycytidine; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.
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people, and is newly acquired in 4 in every
100,000.13 The prognosis of MDS is poor,
and the survival rate following diagnosis is
typically 2.5 years. Aberrant DNA methyl-
ation has been intensively studied in
MDS14,15 and the hypomethylating agent
decitabine used regularly outside of chemo-
therapy. However, although this has dem-
onstrated promising effects compared with
chemotherapy, the CR rate in several clini-
cal trials was typically <30%.16–18

Previous studies have demonstrated that
the anti-oncogene SHP-1 is downregulated
in several hematological diseases, such as
acute or chronic leukemia, lymphoma, mul-
tiple myeloma, and MDS.2,6,19–21 In the cur-
rent study, reduced expression of SHP-1 was
caused by abnormal methylation in its pro-
moter region, and the proportion of patients
with methylated SHP-1 differed among LR
and HR groups. This indicates that SHP-1
methylation could be a factor that increases
the risk of mortality or of MDS developing
into AML. This was corroborated when
patients were divided into subgroups
depending on the presence or absence of
methylation, with an observed 18-month
overall survival for the SHP-1 methylated
group. Therefore, the SHP-1 methylation
status should be considered as a potential
prognostic factor for HR patients with
MDS. It can also be used as an indicator
to predict the efficacy of decitabine treat-
ment. Although the CR rate in the present
study had not reached optimal results (trial
ID-03-0180; CR 39%) compared with previ-
ously reported clinical trials,22 the methylat-
ed group had a better than average CR value
of 34.5%16–18 compared with the unmethy-
lated group with a CR of 18.8%. As shown
in Figure 2, SHP-1 hypermethylation
patients in the HR group had a worse prog-
nosis than controls even though they had
higher decitabine sensitivity.

To investigate the efficiency of removing
DNA methylation with decitabine and the
effect this had on the downstream protein

regulation of SHP-1, the MDS cell line
skm-1 was used as a cell model. Following
only 1 day of treatment, 0.5 mmol/L 5-Aza-
treated skm-1 cells showed a significant
increase in SHP-1 expression at mRNA
and protein levels, which increased with
drug dose. This demonstrated that decita-
bine use is both efficient and dose-
dependent for SHP-1 methylation removal.

SHP-1 has been shown to be associated
with regulation of the JAK/STAT pathway
in hematopoietic malignancies and other
types of cancer. The two SH2 domains at
the N-terminus of the protein together with
the phosphatase domain allows for the neg-
ative regulation of JAKs via dephosphoryla-
tion.3,23 STAT3 hyperphosphorylation was
reported to downregulate SHP-1 expression
in several cancer types, including multiple
myeloma and lymphoma.24,25 However,
little is known about its role in MDS. The
present study revealed that the level of p-
STAT3 was closely correlated with the
expression of SHP-1. With increased expres-
sion of SHP-1 protein, phosphorylated
STAT3 levels were significantly decreased
in decitabine-treated (2 and 5mmol/L) cells,
suggesting that SHP-1 protein also dephos-
phorylates STAT3 in MDS skm-1 cells, sim-
ilar to other types of cancer.26,27

To investigate the effect of STAT3
dephosphorylation on the skm-1 cell biolog-
ical response, possible changes in cell viabil-
ity and apoptosis were assessed. A higher
concentration of 5-Aza was associated with
decreased cell viability and increased apopto-
sis, which is consistent with other reports.12,28

This suggests that one possible mechanism
underlying the decitabine response in
patients with MDS is the regulation of
STAT3 phosphorylation via SHP-1 protein.
Once decitabine enters an abnormal cell in
patients with MDS, it reduces methylation
at the SHP-1 promoter region to initiate
SHP-1 protein expression. Subsequently,
SHP-1 regulates the JAK/STAT signaling
pathway by dephosphorylating p-STAT3
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and p-JAKs. In the presence of sufficient 5-

Aza, abnormal cells begin to lose viability

and increase their apoptosis rate. However,

because 5-Aza is not a specific DNA meth-

yltransferase inhibitor, its treatment may

promote the expression of other genes.

Thus, additional influences that may be

important for STAT3 signaling pathways

and subsequent biological responses caused

by the increased expression of different

genes cannot be ruled out. Further investiga-

tion is required to evaluate the precise role of

SHP-1 in the STAT3 pathway by SHP-1

knockdown in 5-Aza-treated skm-1 cells.
In conclusion, the present study indicat-

ed that methylation of the SHP-1 promoter

region is associated with a higher risk of

developing AML in patients with MDS,

and that it could be used to classify MDS

prognosis. It also demonstrated that decita-

bine affected SHP-1 re-expression and

showed that patients with methylated

SHP-1 had an improved CR rate compared

with the unmethylated group. MDS skm-1

cells were used as a model to demonstrate

that 5-Aza could remove SHP-1 methyla-

tion and increase SHP-1 protein expression

in a dose-dependent manner. The STAT3

phosphorylation level was shown to be neg-

atively correlated with SHP-1 expression,

and cell viability and apoptosis rates were

significantly altered in skm-1 cells treated

with higher 5-Aza concentrations.
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