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Abstract: Hypermethylation of GPX3 (glutathione peroxidase 3) promoter has been identified in various cancers.
However, the pattern of GPX3 promoter methylation in chronic myeloid leukemia (CML) remains unknown. Our
study was aimed to investigate the methylation status of GPX3 promoter and its clinical relevance in CML. Real-
time quantitative methylation-specific PCR and bisulfite sequencing PCR was performed to detect the level of GPX3
methylation in 80 CML patients and 44 controls. GPX3 promoter in CML patients was significantly methylated com-
pared with controls (P = 0.007). GPX3 highly methylated patients showed significantly older age than GPX3 lowly
methylated patients (P = 0.037). However, patients with GPX3 methylation had significantly lower white blood cells
than those with low GPX3 methylation (P = 0.006). BCR-ABL transcript in GPX3 highly methylated patients was a
little lower than that in GPX3 lowly methylated patients (P = 0.161). No significant differences were observed in the
frequency of GPX3 methylation in the different stages of CML (P = 1.000). Significantly negative correlation was
observed between GPX3 expression and GPX3 methylation (R =-0.442, P = 0.004). GPX3 mRNA level in K562 cell
line was significantly increased after 5-aza-2’-deoxycytidine treatment, and GPX3 methylation level was decreased.
GPX3 hypermethylation is frequent in CML and is negatively associated with its expression.
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Introduction (TSGs) have been found to be involved not only
in the pathogenesis but also in the disease pro-

Chronic myeloid leukemia (CML) is a clonal dis- gression of CML [8-10].

order of the leukemic stem cells characterized
by excessive proliferation of stem cells in hema-
topoietic tissues [1]. The main feature of CML is
the Philadelphia chromosome (Ph) originating
from a reciprocal translocation between chro-
mosome 9 and 22 that gives rise to the BCR-
ABL fusion gene [2-4]. Although the molecular
pathogenesis of CML is well understood, the
underlying mechanism that leads to the gene
translocation is remains poorly understood [1].
Genomic DNA methylation plays a crucial role
in affecting chromosomal stability and influ-
ences euchromatin-heterochromatin interac-

GPX3 (glutathione peroxidase 3), located at the
chromosome 5, is most studied member of GPX
family [11]. GPX3 is well known to reduce redun-
dant reactive oxygen species (ROS) against oxi-
dative damages to host cells [11]. Down-
regulation of GPX3 expression has been found
in a variety of malignant tumors [12-22].
Moreover, hypermethylation of GPX3 promoter
with its role in regulating GPX3 expression has
been identified in several cancers [15-22].
However, the methylation pattern of GPX3 pro-

tions [5]. Aberrant DNA methylation has been
identified in various hematopoietic malignan-
cies including CML [6, 7]. Moreover, hypermeth-
ylation of quiet a few tumor suppressor genes

moter is rarely investigated in CML. Our study
was intended to detect GPX3 promoter methyl-
ation status and analyze its clinical relevance in
CML patients.
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Table 1. Association between GPX3 promoter methylation and clinical features in CML patients

Patient’s parameters

Status of GPX3 promoter methylation

Low (n = 68) High (n = 12) Total (n = 80) P value
Sex, male/female 41/27 7/5 48/32 1.000
Median age, years (range) 48.5 (15-83) 57 (35-75) 51 (15-83) 0.037
Median WBC, x10°%/L (range) 63.9 (0.9-321.9) 7.7 (1.5-35.7) 58.5 (0.9-321.9) 0.006
Median hemoglobin, g/L (range) 97.5 (47-146) 103 (93-152) 101 (47-152) 0.183
Median platelets, x10°/L (range) 363.5 (30-1175) 186.5 (22-870) 359.5 (22-1175) 0.376
Cytogenetics 1.000
1(9;22) 32 (47%) 6 (50%) 38 (48%)
1(9;22) with additional alteration 8 (12%) 1 (8%) 9 (11%)
Normal karyotype 6 (9%) 1 (8%) 7 (9%)
No data 22 (32%) 4 (33%) 26 (32%)
Staging 1.000
CP 54 (79%) 10 (83%) 64 (80%)
AP 4 (6%) 0 (0%) 4 (5%)
BC 10 (15%) 2 (17%) 12 (15%)
BCR/ABL transcript 211.0 (0.0-6375.8) 89.2(32.4-809.4) 118.5(0.0-6375.8) 0.161

WBC: white blood cells; CP: chronic phase; AP: accelerated phase; BC: blast crisis.

Materials and methods
Patients

80 CML patients treated at the Affiliated
People’s Hospital of Jiangsu University as well
as 44 healthy donors were included in the cur-
rent study. The diagnosis and clinical stages of
CML were established according to WHO crite-
ria [23]. Bone marrow (BM) was collected form
all the patients and healthy donors after written
informed consents were obtained. Karyotypes
were analyzed on R-banded metaphases.
Chromosomal abnormalities were described
according to the International System for
Human Cytogenetic Nomenclature. BCR-ABL
MRNA level detection was quantified using
RQ-PCR established previously [24]. The clini-
cal and laboratory characteristics of the CML
patients were shown in Table 1.

Cell line, cell culture and 5-aza-dC treatment

Human leukemic cell line (K562) was cultured
in IMDM medium containing 10% fetal calf
serum and grown at 37°C in 5% CO, humidified
atmosphere. 5-aza-2’-deoxycytidine (5-aza-dC)
(Sigma-Aldrich, Steinheim, USA) diluted in
dimethyl sulfoxide (DMSO) was added in four
flasks of K562 cells once a day at different final
concentrations of O uM, 0.1 uyM, 1 uM, 10 uyM
and 50 pM. All cells were cultured until harvest-
ed for extraction of RNA and DNA.
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RNA isolation, reverse transcription and RQ-
PCR

BM mononuclear cells (BMMNCs) were extract-
ed by Lymphocyte Separation Medium (TBD
sciences, Tianjin, China). Total RNA was isolat-
ed using Trizol reagent (Invitrogen, Carlsbad,
CA, USA). Reverse transcription (RT) was per-
formed on iCycler Thermal Cycler (Eppendorf,
Hamburg, Germany) with a 40 yL volume com-
posed of 5x buffer 10 mM, dNTPs 10 mM, ran-
dom hexamers 10 uyM, RNAsin 80 U, and 200 U
of MMLV reverse transcriptase (MBI Fermentas,
Hanover, USA). The RT system was incubated
for 10 min at 25°C, 60 min at 42°C, and then
stored at -20°C.

GPX3 mRNA level was detected by real-time
quantitative PCR (RQ-PCR) on a 7300 Thermo
cycler (Applied Biosystems, CA, USA). RQ-PCR
reaction with a volume of 20 uL consisted of
cDNA 20 ng, 10 uM of AceQ gPCR SYBR Green
Master Mix (Vazyme Biotech Co., Piscataway,
NJ, USA), 0.4 pM of ROX Reference Dye 1
(Invitrogen, Carlsbad, CA, USA), and 0.8 pM of
primers(forward 5’-GCCGGGGACAAGAGAAGT-3’
and reverse 5-GAGGACGTATTTGCCAGCAT-3’)
[16]. The RQ-PCR reaction was carried out at
95°C for 5 min, followed by 45 cycles at 95°C
for 10s,63°Cfor30s, 72°Cfor 30 s,and 80°C
for 30 s to collect fluorescence, finally followed
by 95°C for 15 s, 60°C for 60 s, 95°C for 15 s,
and 60°C for 15 s. Both positive and negative
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Figure 1. Relative methylation levels of GPX3 in con-
trols and CML patients.

controls were included in each assay. Relative
GPX3 transcript levels were calculated by the
following equation: N, . = (E ,,,)"CT ¢ (controtsam-
ple) - (EABL)ACT ABL (control—sample). The parameter effi-
ciency (E) was counted by the formula E = 10
siore) (the slope referred to CT versus cDNA con-

centration plot).

DNA isolation, chemical modification and RQ-
MSP

Genomic DNA was isolated using genomic DNA
purification kit (Gentra, Minneapolis, MN, USA)
and was modified using the CpGenome DNA
Modification Kit (Chemicon, Ternecula, Canada)
according to the manufacturer’s instructions.
The primers used for the methylated (M)
[5-TATGTTATTGTCGTTTCGGGAC-3'  (forward);
5’-GTCCGTCTAAAATATCCGACG-3’ (reverse)] and
unmethylaed (U) [5-TTTATGTTATTGTTGTTTT-
GGGATG-3’ (forward); 5-ATCCATCTAAAATATCC-
AACACTCC-3’ (reverse)] GPX3 promoters were
reported previously [20]. Real-time quantitative
methyaltion-specific PCR (RQ-MSP) reaction
contained 0.8 uM of primers, 10 uM of AceQ
gPCR SYBR Green Master Mix (Vazyme Biotech
Co., Piscataway, NJ, USA), 0.4 uM of ROX
Reference Dye 1 (Invitrogen, Carlsbad, CA,
USA), and 20 ng of modified DNA was also per-
formed a 7300 Thermo cycler (Applied
Biosystems, CA, USA). The reaction condition
was 95°C for 5 min, 40 cycles for 10 s at 95°C,
30 s at 64°C (M) or 58°C (U), 72°C for 30 s,
and 80°C (M) or 76°C (U) for 30 s, eventually a
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melting program of one cycle at 95°C for 15 s,
60°C for 60 s, 95°C for 15 s, and 60°C for 15
s. The normalized ratio (N, .,.,) was applied to
assess the level of GPX3 promoter methylation
in samples. N, ... was calculated using the fol-

H . = ACT M-GPX3 (control-
lowing formula: N, ... = (B, oxs)

sample) - (E )ACT ALU (control-sample)
ALU )

BSP

Bisulfite sequencing PCR (BSP) reaction sys-
tem was composed of 1xPCR buffer (KCl 0.25
mM), dNTP Mixture 6.25 uM, primers 0.5 uM,
hot start DNA polymerase 0.75 U (Takara,
Tokyo, Japan), and modified DNA 20 ng. The
primers for bisulfite modified GPX3 promoter
were 5-ATTTTGGAGTTAAAAGAGGAAG-3' (for-
ward) and 5-CTACCTAATCCCTAACCACC-3’
(reverse). The program was carried out at 98°C
for 10 s, 40 cycles for 10 s at 98°C, 30 s at
56°C, 72°C for 30 s, and followed by a final 7
min extension step at 72°C. The PCR products
were analyzed on 2% agarose gels. Each puri-
fied product was cloned into pMD19-T Vector
(Takara, Tokyo, Japan), and was transfected
into DH5A competent cells (ExCell Bio,
Shanghai, China). Eight clones from each sam-
ple were sequenced (BGI Tech Solutions Co.,
Shanghai, China).

Statistical analysis

SPSS 18.0 software package (SPSS, Chicago,
IL) was applied to perform statistical analyses.
Mann-Whitney’'s U test was used to compare
the difference of continuous variables in two
groups. Pearson Chi-square analysis or Fisher
exact test was employed to compare the differ-
ence of categorical variables. Correlation analy-
sis between GPX3 expression and its promoter
methylation was performed by spearman rank
correlation test. For all analyses, a two-tailed P
value less than 0.05 was determined as statis-
tically significant.

Results

GPX3 promoter methylation in controls and
CML patients

According to the results of RQ-MSP, GPX3 pre-
sented lowly methylated promoter in 44 con-
trols with median level of 0.005 (range 0.000
to 1.000). However, GPX3 promoter was signifi-
cantly methylated in 80 CML patients (median
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GPX3Y cases (P = 0.037).
Moreover, GPX3“ patients
had lower white blood cells
than GPX3Y patients (P =
0.0006).

GPX3 methylation correlated
with its expression

GPX3 expression was detect-

Figure 2. Electrophoresis results of RQ-PCR and RQ-MSP products in controls ed in 40 CML patients as
and CML patients. 1: Gene Ruler™ 100bp DNA ladder; 2-3: controls; 4-7: CML  well as 44 controls with
patients; 8: positive control; 9: negative control. A: GPX3 expression; B: GPX3 available mRNA. GPX3 tran-

methylation; C: GPX3 unmethylation.

0.019, range 0.000-11.919) compared with
controls (P = 0.007, Figure 1). The representa-
tive electrophoresis results of RQ-MSP prod-
ucts were shown in Figure 2.

To confirm the RQ-MSP results and further
investigate the methylation density of GPX3
promoter, BSP was performed in two controls
and four CML patients (two GPX3 methylated
patients and two GPX3 unmethylated patients).
Both the two controls and the two unmethyl-
ated CML patients showed extremely low den-
sity of GPX3 promoter, while the two methylat-
ed CML patients presented higher density of
GPX3 promoter methylation (Figure 3).

Correlation between GPX3 methylation and
clinical characteristics in CML patients

GPX3 methylation ratio more than the value of
0.184 (defined as the mean + SD in controls)
was set to determine GPX3 promoter methyla-
tion in CML patients. According to the value of
0.183 (defined as mean + SD in normal con-
trols), the whole CML patients were divided into
two groups: high GPX3 methylation (GPX3Y)
and low GPX3 methylation (GPX3Y). Only 2%
(1/44) normal controls presented methylated
GPX3 promoter. While, methylation of GPX3
promoter was identified in 15% (12/80) CML
patients. There were no significant differences
in sex, hemoglobin, platelets, and cytogenetics
between the GPX3“ and GPX3' patients (P >
0.05, Table 1). BCR-ABL transcript in GPX3M
patients was a little lower than that in GPX3Y
patients (median 89.2 vs 211.0, P =0.161). No
significant difference was observed in the fre-
quency of GPX3 methylation among the differ-
ent stages of CML (P = 1.000). However, GPX3"
cases presented significantly older age than
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script level in CML patients

(median 0.286, range 0.000-
9.114) was decreased compared to normal
controls (median 0.348, range 0.069-9.258) (P
= 0.169). Significantly negative correlation was
observed between GPX3 expression and its
promoter methylation in CML patients (R =
-0.442, P=0.004, Figure 4).

Epigenetic mechanism regulating GPX3 ex-
pression in leukemic cell line

K562 cell line treated by 5-aza-dC was select-
ed to further verify the epigenetic mechanism
regulating GPX3 expression in CML. Before
5-aza-dC treatment, K562 showed weakly
GPX3 expression and fully methylated GPX3
promoter (Figure 5). As expected, GPX3 expres-
sion was significantly up-regulated after 5-aza-
dC treatment, meanwhile, GPX3 promoter
methylation level was decreased (Figure 5).

Discussion

Abnormal expression of various TSGs and/or
oncogenes plays a vital role in the process of
carcinogenesis. Epigenetic mechanisms includ-
ing alterations in DNA methylation, histone
modifications and small noncoding microRNAs
refer to the mechanism that regulate gene
expression without changing the primary DNA
sequence. Aberrant epigenetic alterations
probably occur at an early stage in cancer
development, and they are widely described as
essential factors in cancer progression [25].
DNA methylation, the most common and stud-
ied epigenetic alteration, is considered as a
stable gene-silencing mechanism during DNA
replication [25]. Silencing of TSGs by methyla-
tion of promoter-associated CpG islands has
been reported in many kinds of human cancers
[25]. Recent advances in epigenetics provide

Int J Clin Exp Pathol 2015;8(6):6450-6457
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Figure 3. Methylation density of GPX3 promoter in controls and CML patients. White cycle: unmethylated CpG di-
nucleotide; Black cycle: methylated CpG dinucleotide. A, B: controls; C, D: hypomethylated CML patients; E, F: meth-

ylated CML patients.
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Figure 4. The association between GPX3 expression
and its promoter methylation.

new insight into the discovery of putative can-
cer biomarkers for early detection, disease
monitoring, prognosis, and risk assessment
[25].

Tumor suppressor role of GPX3 has been identi-
fied in several cancers [26-28]. The epigenetic
mechanism regulating GPX3 expression has
been preliminarily studied. GPX3 expression
regulated by its promoter methylation has been
identified a host of solid tumors [15-21].
Moreover, a recent study has also revealed the
mechanism in the regulation of GPX3 expres-
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sion in multiple myeloma [22]. Our investigation
not only observed the significant correlation
between GPX3 expression and its promoter
methylation in CML patients but also verified
that GPX3 expression could be reactivated by
5-aza-dC treatment in the leukemic cell line
K562. These results confirmed that hypermeth-
ylation of GPX3 promoter-associated CpG
islands was one of the epigenetic mechanisms
in silencing GPX3 expression in CML.
Accordingly, the application of demethylation
chemical agents could reactivate silenced
tumor suppressors, which may be a novel ther-
apeutic strategy for the clinical treatment of
CML.

Clinical significance of GPX3 promoter hyper-
methylation has been abundantly demonstrat-
ed in various solid tumors. Li et al indicated the
early diagnostic value of GPX3 promoter meth-
ylation in esophageal squamous cell carcinoma
[29]. Peng et al demonstrated that GPX3 pro-
moter methylation was associated with lymph
node metastasis in gastric carcinomas [16].
Chen et al revealed that GPX3 promoter hyper-
methylation correlated with head and neck

Int J Clin Exp Pathol 2015;8(6):6450-6457
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Figure 5. GPX3 expression and methylation in K562 cell line before and after 5-aza-dC treatment. A: GPX3 relative
expression levels. B: Electrophoresis results of RQ-PCR and RQ-MSP products. 1: Gene Ruler™ 100bp DNA ladder;
2:0 uM; 3: 0.1 uM; 4: 1 uM; 5: 10 uM; 6: 50 uM. a: GPX3 expression; b: GPX3 methylation; c: GPX3 unmethylation.
C: GPX3 methylation density before treatment. D: GPX3 methylation density after treatment (50 pM).

cancer (HNC) chemoresistance and served as a
potential prognostic indicator for HNC patients
treated with cisplatin-based chemotherapy
[18]. Moreover, Kaiser et al also disclosed the
prognostic value of GPX3 promoter methylation
in multiple myeloma [22]. In the current study,
we investigated the status of GPX3 promoter
methylation in CML patients and demonstrated
that GPX3 promoter hypermethylation is a fre-
quent event in CML patients. However, our
study failed to reveal the contribution of GPX3
promoter hypermethylation to the progression
of CML, which suggests that aberrant GPX3
methylation might be an early event in CML.
Recently, accumulating studies have disclosed
that aberrant DNA methylation of numerous
TSGs/oncogenes contributed to the progres-
sion of CML [8-10]. Li et al demonstrated SHP-1
promoter hypermethylation by dysregulating
AKT, MAPK, MYC and JAK2/STATS signaling
played a key role in the progression of CML [8].
Roman-Gomez et al indicated that the crucial
role of LINE-1 promoter hypomethylation in the
progression of CML by the activation of both
sense and antisense transcriptions [9].

In conclusion, our study reveals that GPX3
hypermethylation is frequent in CML and is neg-
atively associated with its expression.
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