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Abstract: Hypermethylation of GPX3 (glutathione peroxidase 3) promoter has been identified in various solid tu-
mors. However, the pattern of GPX3 promoter methylation in acute myeloid leukemia (AML) remains poorly known. 
The current study was intended to investigate the clinical significance of GPX3 promoter methylation in de novo 
AML patients and further determine its role in regulating GPX3 expression. GPX3 promoter methylation status 
in 181 de novo AML patients and 44 normal controls was detected by real-time quantitative methylation-specific 
PCR and bisulfite sequencing PCR. Real-time quantitative PCR was carried out to assess GPX3 expression. GPX3 
promoter was significantly methylated in 181 AML patients compared with normal controls (P=0.022). The patients 
with GPX3 methylation presented significantly older age than those with GPX3 unmethylation (P=0.011). GPX3 
methylated patients had significantly lower frequency of C/EBPA mutation and higher incidence of FLT3-ITD muta-
tion (P=0.037 and 0.030). The non-M3 patients with GPX3 methylation had significantly lower overall survival than 
thoes with GPX3 unmethylation (P=0.036). No significant correlation was observed between GPX3 expression and 
its promoter methylation (R=0.110, P=0.284). However, GPX3 mRNA level was significantly increased after 5-aza-2’-
deoxycytidine treatment in leukemic cell line THP1. GPX3 methylation predicts adverse clinical outcome in non-M3 
AML patients. Moreover, GPX3 expression is regulated by its promoter methylation in leukemic cell line THP1.

Keywords: GPX3, methylation, prognosis, regulation, acute myeloid leukemia

Introduction

Acute myeloid leukemia (AML) is a clonal hema-
tological malignancy with diverse clinical out-
come, characterized by a block in differentia-
tion of hematopoiesis and growth of a clonal 
population of neoplastic cells or blasts [1, 2]. 
Genetic alterations play crucial roles not only in 
the pathogenesis but also in the prognosis of 
AML [3-5]. Recently, epigenetic modifications 
such as aberrant DNA methylation have been 
identified to contribute to the pathogenesis of 
AML [3]. Moreover, abnormal methylation of 
numerous oncogenes/tumor suppress genes 
(TSGs) has been found as potential biomarker 
for the prognosis of AML [6, 7]. These give new 
insights into disease pathogenesis and provide 
opportunities for therapeutic advances.

GPX (glutathione peroxidase) family is com-
posed of 8 members (GPX1-GPX8) with their 
role in reducing redundant reactive oxygen spe-
cies (ROS) against oxidative damages to host 
cells [8]. GPX3, locates on chromosome 5q23, 
accounts for nearly all of the GPX activity in 
plasma [8]. Tumor suppressor role of GPX3 has 
been identified in quite a few tumors [9-11]. 
Accumulating studies have revealed the pattern 
of GPX3 promoter hypermethylation in a variety 
of cancers [12-19]. Moreover, the prognostic 
value of GPX3 promoter hypermethylation has 
also been revealed in several cancers [17-19]. 
However, little is known about the pattern of 
GPX3 promoter methylation and its clinical rel-
evance in AML by far. The present study was 
aimed to investigate the clinical significance of 
GPX3 promoter methylation in de novo AML 

http://www.ajcr.us


GPX3 methylation in AML

1787	 Am J Cancer Res 2015;5(5):1786-1794

Table 1. Association between GPX3 promoter methylation and clinical parameters in AML patients

Patient’s parameters
Status of GPX3 promoter methylation

Unmethylated (n=134) Methylated (n=47) P value
Sex, male/female 77/57 31/16 0.388
Median age, years (range) 48 (3-93) 59 (15-87) 0.011
Median WBC, ×109/L (range) 16.4 (0.8-528.0) 16.3 (0.9-185.4) 0.742
Median hemoglobin, g/L (range) 74 (32-131) 74.5 (33-138) 0.834
Median platelets, ×109/L (range) 40 (3-264) 40.5 (6-119) 0.859
BM blasts, % (range) 43.5 (5.0-97.5) 51.5 (3.0-94.5) 0.259
FAB 0.541
    M0 1 (1%) 0 (0%)
    M1 13 (10%) 7 (15%)
    M2 49 (37%) 17 (36%)
    M3 21 (16%) 7 (15%)
    M4 27 (21%) 12 (26%)
    M5 14 (10%) 4 (8%)
    M6 9 (7%) 0 (0%)
WHO 0.294
    AML with t (8; 21) 15 (11%) 4 (9%)
    APL with t (15; 17) 21 (16%) 7 (15%)
    AML with 11q23 1 (1%) 1 (2%)
    AML without maturation 10 (7%) 7 (15%)
    AML with maturation 36 (27%) 13 (28%)
    Acute myelomonocytic leukemia 26 (19%) 13 (28%)
    Acute monoblastic and monocytic leukemia 14 (10%) 2 (4%)
    Acute erythroid leukemia 9 (7%) 0 (0%)
    No data 2 (1%) 0 (0%)
Karyotype classification 0.563
    Favorable 36 (27%) 11 (23%)
    Intermediate 76 (57%) 24 (57%)
    Poor 15 (11%) 8 (17%)
    No data 7 (5%) 4 (9%)
Karyotype 0.834
    normal 59 (44%) 18 (38%)
    t(8;21) 15 (11%) 4 (9%)
    t(15;17) 20 (15%) 7 (15%)
    11q23 1 (1%) 1 (2%)
    complex 12 (9%) 6 (13%)
    others 20 (15%) 7 (15%)
    No data 7 (5%) 4 (9%)
Gene Mutation
    C/EBPA (+/-) 24/97 3/43 0.037
    NPM1 (+/-) 15/106 5/41 1.000
    FLT3-ITD (+/-) 10/111 10/36 0.030
    c-KIT (+/-) 6/115 2/44 1.000
    N/K RAS (+/-) 12/109 6/40 0.581
    IDH1/2 (+/-) 8/113 1/45 0.447
    DNMT3A (+/-) 8/113 4/42 0.738
    U2AF1 (+/-) 3/118 2/44 0.616
    CR (+/-) 42/43 20/22 1.000
WBC, white blood cells; FAB, French-American-British classification; AML, acute myeloid leukemia; CR, complete remission.
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patients and further determine its role in regu-
lating GPX3 expression.

Materials and methods

Patients

A total of 181 patients with a diagnosis of AML 
as well as 44 healthy donors were included into 
the study approved by the Institutional Review 
Board of the Affiliated People’s Hospital of 
Jiangsu University. The diagnosis and classifi-
cation of the patients were based on the 
revised French-American-British (FAB) classifi-
cation and the 2008 World Health Organization 
(WHO) criteria [20, 21]. Treatment protocol for 
AML patients was described previously [22]. 
The parameters of AML patients were summa-
rized in Table 1. Bone marrow (BM) specimens 
were collected form all the patients and healthy 
donors after written informed consents were 
obtained. BM mononuclear cells were extract-
ed from BM specimens by gradient centrifuga-
tion using Lymphocyte Separation Medium 
(TBD sciences, Tianjin, China).

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

Human leukemic cell line THP1 cells were cul-
tured in IMDM medium containing 10% fetal 
calf serum and grown at 37°C in 5% CO2 humid-
ified atmosphere. For demethylation studies, 
cells were incubated with a final concentration 
of 0 μM, 0.1 μM, 1 μM, 10 μM, and 50 μM 

5-aza-2’-deoxycytidine (5-aza-dC) (Sigma-Ald- 
rich, Steinheim, USA) for 72 h. All cells were cul-
tured until harvested for extraction of RNA and 
DNA.

RNA isolation, reverse transcription and RQ-
PCR

Total RNA was isolated using Trizol reagent 
(Invitrogen, Carlsbad, CA, USA). Reverse tran-
scription reaction with 40 μL volume was com-
posed of 5×buffer 10 mM, 10 mM of dNTPs, 10 
μM of random hexamers, 80 U of RNAsin, and 
200 U of MMLV reverse transcriptase (MBI 
Fermentas, Hanover, USA). The reaction condi-
tions were incubated for 10 min at 25°C, 60 
min at 42°C, and then stored at -20°C.

Real-time quantitative PCR (RQ-PCR) was per-
formed on a 7300 Thermo cycler (Applied 
Biosystems, CA, USA). The primer sequences 
for GPX3 expression were 5’-GCCGGGGACAA-
GAGAAGT-3’ (forward) and 5’-GAGGACGTATTT- 
GCCAGCAT-3’ (reverse) [17]. The reaction sys-
tem with 20 μL volume consisted of cDNA 20 
ng, 0.8 μM of primers, 10 μM of AceQ qPCR 
SYBR Green Master Mix (Vazyme Biotech Co., 
Piscataway, NJ, USA), and 0.4 μM of ROX 
Reference Dye 1 (Invitrogen, Carlsbad, CA, 
USA). The RQ-PCR reaction conditions were 
95°C for 5 min, followed by 45 cycles at 95°C 
for 10 s, 63°C for 30 s, 72°C for 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 
controls were included in each assay. Relative 
GPX3 transcript levels were calculated by the 
formulas NGPX3=(EGPX3)

ΔCT GPX3 (control-sample)÷(EABL)
ΔCT 

ABL (control-sample) and E=10(-1/slope) (the slope referred 
to CT versus cDNA concentration plot).

Figure 1. Relative methylation levels of GPX3 in nor-
mal controls and AML patients.

Figure 2. Electrophoresis results of RQ-PCR and RQ-
MSP products in normal controls and AML patients. 
1: Gene RulerTM 100bp DNA ladder; 2, 3: controls; 
4-7: AML patients; 8: positive control; 9: negative 
control. a: GPX3 expression; b: GPX3 methylation; c: 
GPX3 unmethylation.
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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 recommenda-
tions. The primer sequences for the methylated 
(M) GPX3 promoter were 5’-TATGTTATTGTCG- 
TTTCGGGAC-3’ (forward) and 5’-GTCCGTCTAA- 
AATATCCGACG-3’ (reverse), and for the unmeth-
ylated (U) GPX3 promoter were 5’-TTTATGTTA- 
TTGTTGTTTTGGGATG-3’ (forward) and 5’-ATC- 
CATCTAAAATATCCAACACTCC-3’ (reverse) [15]. 
Real-time quantitative methyaltion-specific 
PCR (RQ-MSP) was performed for M-MSP reac-
tion composed of primers 0.8 μM, 10 μM of 
AceQ qPCR SYBR Green Master Mix (Vazyme 
Biotech Co., Piscataway, NJ, USA), 0.4 μM of 
ROX Reference Dye 1 (Invitrogen, Carlsbad, CA, 
USA), and 20 ng of modified DNA. The program 
for amplification was 95°C for 5 min, 40 cycles 

for 10 s at 95°C, 30 s at 64°C, 72°C for 30 s, 
and 80°C for 30 s, finally a 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. While, U-MSP reac-
tion using the same reagent was incubated for 
95°C for 5 min, 40 cycles for 10 s at 95°C, 30 
s at 58°C , and 30 s at 72°C followed by a final 
7 min extension step at 72°C. Both positive 
and negative controls were included in each 
assay. The normalized ratio (NM-GPX3) calculated 
relative to the reference ALU was used to 
assess the level of GPX3 promoter methylation 
in samples. NM-GPX3 was calculated using the 
equation: NM-GPX3=(EM-GPX3)

ΔCT M-GPX3 (control-sample)÷ 
(EALU)

ΔCT ALU (control-sample).

Bisulfite sequencing

The primer sequences for bisulfite modified 
GPX3 promoter were 5’-ATTTTGGAGTTAAAA- 
GAGGAAG-3’ (forward) and 5’-CTACCTAATCCC- 
TAACCACC-3’ (reverse). Bisulfite sequencing 
PCR (BSP) reaction system contained 10×PCR 

Figure 3. Methylation density of GPX3 promoter in normal controls and AML patients. White cycle: unmethylated 
CpG dinucleotide; Black cycle: methylated CpG dinucleotide. 1, 2: controls; 3, 4: unmethylated AML patients; 5, 6: 
methylated AML patients.
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buffer (KCl 0.25 mM), dNTP Mixture 6.25 μM, 
primers 0.5 μM, hot start DNA polymerase 0.75 
U (Takara, Tokyo, Japan), and modified DNA 20 
ng. The BSP condition 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. The PCR 
products were purified and cloned into pMD19-
T Vector (Takara, Tokyo, Japan), then transfect-
ed into DH5A competent cells (Vazyme, 
Carlsbad, CA, USA). Eight clones from each 
sample were sequenced (BGI Tech Solutions 
Co., Shanghai, China).

Gene mutation detection

The detection of N/K-RAS, DNMT3A, U2AF1, 
IDH1/2, c-KIT, and NPM1 mutations were per-
formed for PCR products using HRMA with the 
LightScanner platform (Idaho Technology Inc., 
Salt Lake City, Utah) [23-26]. All positive sam-
ples were confirmed by DNA direct sequencing. 
FLT3-ITD and C/EBPA mutations were detected 
by direct DNA sequencing [27].

Statistical analysis

SPSS 18.0 software package (SPSS, Chicago, 
IL) was applied to perform statistical analyses. 
Mann-Whitney’s U test was carried 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. Kaplan-Meier analysis and 
multivariate analysis were used to analyze the 
impact of GPX3 expression on survival respec-
tively. For all analyses, a two-tailed P<0.05 was 
defined as statistically significant.

Results

GPX3 methylation in normal controls and AML 
patients

According to RQ-MSP, GPX3 promoter was sig-
nificantly methylated in AML patients (median 
0.012, range 0.000-7.493) compared with nor-
mal controls (median 0.005, range 0.000-
1.000) (P=0.022, Figure 1). The representative 
electrophoresis results of RQ-MSP products 
were shown in Figure 2.

Two controls and two GPX3 unmethylated AML 
patients as well as two GPX3 methylated AML 
patients were selected randomly to further 
investigate the GPX3 methylation density by 
BSP. Both controls and unmethylated AML 
patients presented almost fully unmethylated 
GPX3 promoter (Figure 3). While the two meth-
ylated AML patients presented higher density 
of GPX3 methylation (Figure 3).

Association between GPX3 expression and its 
promoter methylation

GPX3 expression was detected in 97 AML 
patients with available mRNA. GPX3 mRNA 
level in AML patients ranged from 0.000 to 
9.407 with a median level of 0.035. No signifi-
cant correlation was observed between GPX3 
expression and its promoter methylation 
(R=0.110, P=0.284).

Association between GPX3 methylation and 
clinical characteristics of AML patients

The level of methylated GPX3 promoter in con-
trols was 0.034±0.150 (range 0.000-1.000). 
NM-GPX3 above the value of 0.184 (defined as the 
mean + SD) was set to define GPX3 promoter 
methylation in AML patients. Only 1 of 44 (2%) 
controls presented methylated GPX3 promoter. 
However, GPX3 promoter methylation was iden-
tified in 26% (47/181) of AML patients. 
According to the cutoff value, the whole AML 

Figure 4. The impact of GPX3 methylation on overall 
survival of non-M3 patients.
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Table 2. Multivariate analysis of prognostic factors 
for overall survival in non-M3 AML patients

hazard ratio (95% CI) P value
Age 2.344 (1.396-3.936) 0.001
WBC 2.063 (1.242-3.425) 0.005
Karyotypic classification 1.425 (1.003-2.025) 0.048
GPX3 methylation 1.851 (1.051-3.262) 0.033
FLT3 mutation 0.460 (0.209-1.013) 0.054
NPM1 mutation 1.192 (0.505-2.811) 0.688
C/EBPA mutation 0.999 (0.486-2.054) 0.997
c-KIT mutation 0.362 (0.048-2.738) 0.325
N/K RAS mutation 1.397 (0.647-3.021) 0.395
IDH1/2 mutation 1.061 (0.406-2.770) 0.904
DNMT3A mutation 1.112 (0.399-3.094) 0.839
U2AF1 mutation 3.372 (1.269-8.961) 0.015

patients were divided into two groups: GPX3 
methylated and GPX3 unmethylated. There 
were no significant differences in sex, white 
blood cell, hemoglobin, platelets, and BM 
blasts between the methylated and unmethyl-
ated patients (P>0.05, Table 1). No significant 
difference was observed in the distribution of 
both FAB and WHO as well as karyotypic clas-
sifications between the patients with and with-
out GPX3 methylation (P>0.05, Table 1). 
However, GPX3 methylated cases showed sig-
nificantly older age than GPX3 unmethylated 
cases (P=0.011, Table 1). Significant differenc-
es were observed in the frequencies of both C/
EBPA and FLT3-ITD mutations between GPX3 
methylated and unmethylated cases. The 
methylated patients had significantly lower fre-
quency of C/EBPA mutation and higher inci-
dence of FLT3-ITD mutation (P=0.037 and 
0.030, Table 1). Due to the GPX3 gene locates 
at the chromosome 5, we further analyzed 
GPX3 methylation pattern in the patients with 
and without -5/5q-. No significant difference 
was found in the level of GPX3 methylation 
between the -5/5q- and non-(-5/5q-) cases 
(median 0.060 vs 0.010, P=0.211). 

Association between GPX3 expression and 
clinical outcome

127 patients with available follow-up data were 
obtained. GPX3 methylated and unmethylated 
patients showed similar complete remission 
(CR) rate in whole AML (48% vs 49%, P=1.000, 
Table 1). Moreover, there were also no signifi-
cant differences in CR rate between GPX3 

methylated and unmethylated patients among 
both non-M3 AML [37% (13/35) vs 45% 
(34/75), P=0.535] and cytogenetically normal 
AML (CN-AML) [47% (8/17) vs 42% (23/55), 
P=1.000]. Survival analyses were performed in 
121 patients with survival data ranging from 1 
to 92 months with a median of 8 months. No 
significant differences were observed in overall 
survival (OS) between the methylated and 
unmethylated cases in both whole AML and 
CN-AML (median 4 vs 9 months, P=0.439 and 
median 3 vs 11 months, P=0.179). However, 
among non-M3 patients, GPX3 methylated 
patients had significantly lower OS than GPX3 
unmethylated patients (median 3 vs 8 months, 
P=0.036, Figure 4). Moreover, multivariate 
analysis also confirmed the prognostic signifi-
cance of GPX3 methylation in non-M3 patients 
(Table 2) but not in whole AML as well as 
CN-AML patients (data not shown). 

Epigenetic mechanism regulating GPX3 ex-
pression in leukemic cell line

To determine the role of GPX3 promoter meth-
ylation in regulating GPX3 expression in AML, 
THP1 cell line was treated by 5-aza-dC. THP1 
showed extremely low GPX3 mRNA level and 
fully methylated GPX3 promoter before 5-aza-
dC treatment (Figure 5). GPX3 mRNA level was 
significantly increased after 5-aza-dC treat-
ment in a dose-dependent manner, meanwhile, 
GPX3 promoter methylation level was decre- 
ased (Figure 5).

Discussion

Alterations in DNA methylation are frequent, 
early events in carcinogenesis [28]. Hyper- 
methylation of TSGs in promoter-associated 
CpG islands is correlated with gene silencing, 
whereas hypomethylation in other regions is 
associated with genomic instability [29]. 
Moreover, DNA methylation is of various TSGs 
has been identified as potential biomarkers for 
early detection, diagnosis, prognosis, thera-
peutic stratification, and post-therapeutic mon-
itoring in a host of cancers [28]. GPX3 is one of 
these TSGs having been identified. Li et al dem-
onstrated that GPX3 promoter methylation 
could serve as the potential biomarker for the 
early diagnosis in esophageal squamous cell 
carcinoma [30]. Peng et al disclosed the asso-
ciation between GPX3 promoter methylation 
and lymph node metastasis in gastric carcino-
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mas [17]. Chen et al revealed that GPX3 pro-
moter hypermethylation was associated with 
head and neck cancer (HNC) chemoresistance 
and acted as a potentially prognostic indicator 
for HNC patients treated with cisplatin-based 
chemotherapy [18]. Furthermore, Kaiser et al 
also indicated the prognostic significance of 
GPX3 promoter methylation in multiple myelo-
ma [19]. 

In the current study, we investigated the status 
of GPX3 promoter methylation and indicated 
that GPX3 promoter hypermethylation was a 
frequent event in de novo AML patients. 
Although we did not observe the adverse 
impact of GPX3 methylation on CR in AML 
patients, our study by both Kaplan-Meier and 
multivariate analyses revealed the prognostic 
value of GPX3 methylation among non-M3 AML 
patients. To the best of our knowledge, our 
investigation for the first time reported that 
GPX3 promoter methylation serving as a new 
potential biomarker could provide helpful prog-
nostic information in de novo AML patients. 
Recently, several gene mutations including 

IDH1/2, TET2, JAK2-V617F, and PML contribut-
ed to epigenetic modifications having been 
identified in myeloid malignancies [31]. 
However, our study did not observe the signifi-
cant association between GPX3 promoter 
methylation and these gene mutations. 
Interestingly, we observed the significantly 
increased incidence of C/EBPA wild type and 
FLT3-ITD mutation in the methylated AML 
patients. Further studies are required to deter-
mine the underlying role of C/EBPA and FLT3-
ITD mutations during the process of leukemo-
genesis caused by GPX3 promoter methy- 
lation.

Accumulating studies have revealed the asso-
ciation between GPX3 expression and its pro-
moter methylation in a host of cancers [13-19]. 
Moreover, GPX3 expression could be up-regu-
lated after 5-aza-dC treatment in different can-
cer cell lines including human esophageal 
squamous cell carcinoma cell lines, cervical 
cancer cell lines, gastric carcinoma cell lines, 
and multiple myeloma cell lines [15, 17, 19, 
32]. Our investigation further confirmed the 

Figure 5. GPX3 expression and methylation in THP1 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 RulerTM 100bp DNA ladder; 
2: 0 μM; 3: 0.1 μM; 4: 1 μM; 5: 10 μM; 6: 50 μM. a: GPX3 expression; b: GPX3 methylation; c: GPX3 unmethylation. 
C: GPX3 methylation density before treatment. D: GPX3 methylation density after treatment (50 μM).
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epigenetic mechanism in the regulation of 
GPX3 expression in leukemic cell line THP1. 
However, our study did not observe the signifi-
cant association between GPX3 expression 
and its promoter methylation in the AML 
patients. These results suggested that other 
mechanism might be involved in the regulation 
of GPX3 expression in de novo AML patients. 
Further studies are needed to explore the spe-
cific mechanism regulating GPX3 expression in 
de novo AML patients.

Taken together, our study indicates that GPX3 
methylation correlates with C/EBPA wild type 
and FLT3-ITD mutation in de novo AML patients. 
In spite of the correlation, GPX3 methylation 
also acts as an independent prognostic bio-
marker in non-M3 AML patients. Moreover, 
GPX3 expression is regulated by its promoter 
methylation in leukemic cell line THP1.
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