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Abstract. N‑myc downstream‑regulated gene 4 (NDRG4) has 
previously been investigated as a possible tumor suppressor. 
Hypermethylation of tumor suppressor genes contributes to 
the occurrence and development of certain types of cancer, 
including acute myeloid leukemia (AML). The current study 
aimed to assess the contribution of chemotherapy‑induced 
NDRG4 changeable methylation to the development of 
AML. A total of 30 patients (13 males and 17 females) were 
involved in the present study. The DNA methylation levels of 
five C‑phosphate‑G sites of the NDRG4 gene were measured 
using bisulfite pyrosequencing techniques. The results indi-
cated significantly reduced gene‑body methylation levels 
of NDRG4 during chemotherapy (prior to chemotherapy: 
9.35±4.22%; following chemotherapy: 7.54±3.11%; P=0.030). 
Further analysis of AML subtypes revealed the methylation 
reductions were principally contributed by patients with M2 
subtype AML (prior to chemotherapy: 9.91±4.76%; following 
chemotherapy: 5.26±1.16%; P=0.038). A significant associa-
tion was also observed between the patient age and the altered 
levels of NDRG4 gene‑body methylation in patients with M2 

subtype AML (r=0.761; P=0.047), suggesting that reductions 
in induced‑methylation may be age‑dependent in patients with 
M2 subtype AML during chemotherapy. Therefore, age may 
affect the induced methylation levels of NDRG4 gene‑body 
in patients with AML (particularly patients with M2 subtype 
AML) during chemotherapy.

Introduction

Acute myeloid leukemia (AML) is a highly heterogeneous 
hematologic malignancy, which involves the uncontrolled 
clonal proliferation of abnormal myeloid progenitor cells in 
the bone marrow, peripheral blood and other tissues (1,2). 
The maintenance of hematopoietic cells involves three 
types of genes, including genes that regulate cell differen-
tiation, the cell cycle and apoptosis (3). Changes in these 
genes have previously been observed in the occurrence 
and development of AML  (4). Patients with AML have 
previously benefited from personalized therapy, based 
on their genetic background  (5). Gene hypermethylation 
may suppress specific gene expression by binding certain 
proteins to methylated DNA, which induces alterations in 
chromatin structures and a subsequent decreased affinity for 
the binding of certain transcriptional factors to methylated 
C‑phosphate‑G(CpG) sites (6). Therefore, the inappropriate 
silencing of tumor suppressor genes may contribute to 
cancer tumorigenesis, progression, pathologic grade, inva-
sion and metastasis (7,8). Reversing DNA methylation may 
improve the sensitivity of leukemia cells to chemotherapy 
drugs, and may facilitate the development of more effective 
clinical treatments (9).

N‑myc downstream‑regulated gene 4 (NDRG4) is a 
member of the N‑myc down regulated gene family  (9). 
NDRG4 is a hydrolase involved in modulating cell prolifera-
tion, invasion, migration and angiogenesis in certain types 
of cancer, and it may have a valuable role as a molecular 
target for novel cancer treatments (10). N‑myc overexpres-
sion is highly oncogenic in myeloid cells and may contribute 
to human myeloid leukemogenesis (11), suggesting that the 
silencing of NDRG4 expression may have a role in the devel-
opment of AML.

Chemotherapy‑induced hypomethylation of N‑myc 
downstream‑regulated gene 4 in the bone marrow 

of patients with acute myeloid leukemia
QINGXIAO HONG1*,  XIAOYING CHEN1*,  HUADAN YE1,  XIAODONG WU2,  

XUEJING WANG2,  LINGYAN KONG2,  YONGMING XIA2  and  SHIWEI DUAN1

1Zhejiang Provincial Key Laboratory of Pathophysiology, School of Medicine, Ningbo University, Ningbo, 
Zhejiang 315211; 2Department of Hematology, Yuyao People's Hospital, Yuyao, Zhejiang 315400, P.R. China

Received July 23, 2015;  Accepted September 9, 2016

DOI: 10.3892/ol.2017.5839

Correspondence to: Dr Shiwei Duan, Zhejiang Provincial Key 
Laboratory of Pathophysiology, School of Medicine, Ningbo 
University, 818 Fenghua Road, Ningbo, Zhejiang 315211, P.R. China
E‑mail: duanshiwei@nbu.edu.cn

Dr Yongming Xia, Department of Hematology, Yuyao People's 
Hospital, 800 Chengdong Road, Yuyao, Zhejiang 315400, P.R. China
E‑mail: xymfll@163.com

*Contributed equally

Abbreviations: AML, acute myeloid leukemia; NDRG4, N‑myc 
downstream‑regulated gene 4; CpG, cytosine‑phosphate‑guanine 
dinucleotide

Key words: acute myeloid leukemia, N‑myc downstream‑regulated 
gene 4, DNA methylation

https://www.spandidos-publications.com/10.3892/ol.2017.5839
https://www.spandidos-publications.com/10.3892/ol.2017.5839
https://www.spandidos-publications.com/10.3892/ol.2017.5839
https://www.spandidos-publications.com/10.3892/ol.2017.5839


HONG et al:  CHEMOTHERAPY-INDUCED HYPOMETHYLATION OF NDRG4 IN AML3310

The aim of the present study was to investigate the meth-
ylation status of NDRG4 gene alterations during chemotherapy 
treatment of AML.

Materials and methods

Patient and tissue sample collection. Bone marrow samples 
from 30 patients with AML prior to and following chemo-
therapy were obtained through bone marrow puncture and 
collected from the Department of Hematology and Oncology, 
Yuyao People's Hospital (Ningbo, China) between January 
2013 and June 2014. All of the AML cases were assessed 
at first onset prior to any treatment, and the methylation 
levels prior to chemotherapy were used as the control. There 
were 13 male and 17  female patients with a mean age of 
47.8±15.4 years (range, 19‑76 years), among them; there were 
22 patients in remission and 8 patients with poor prognosis. 
The AML subtype distribution was as follows: three M1, eight 
M2, seven M3, six M4, three M5 and three M6. The diag-
nosis of AML was determined in accordance with the revised 
French‑American‑British classification system and diagnostic 
criteria published in 2013 (12,13). Clinical data, pathological 
data and chemotherapy regimens were obtained from the 
medical records and pathology files of the patients, and is 
described in our previous study (14). The ethical committee of 
the Yuyao People's Hospital of Ningbo City provided ethical 
approval for this study. All the patients involved in this study 
provided written informed consent.

DNA methylation assay. DNA was extracted using the nucleic 
acid extraction automatic analyzer (Lab‑Aid 820; Zeesan 
Biotech, Xiamen, China) and quantified as described previously 
using a NanoDrop 1000 spectrophotometer (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) (14‑16). Genomic DNA 
was then chemically modified using sodium bisulfite from 
the EpiTech Bisulfite kit (Qiagen GmbH, Hilden, Germany) 
as described in our previous study  (17). Pyrosequencing 
was used to evaluate the methylation levels of the cytosines 
in the amplified DNA fragments, and the pyrosequencing 
procedure was conducted as previously described (17): The 
bisulfite modified DNA and NDRG4 primer were mixed and 
amplified using polymerase chain reaction (PCR). The PCR 
products were denatured to release the single strands, then the 
single‑stranded DNA template was hybridized to a sequencing 
primer and sequencing was performed using a PyroMark 
Q24 system and Gold Q96 reagent (both Qiagen GmbH) (17). 
PyroMark Assay Design software (version 2.0.1.15, Qiagen 
GmbH) was used for primer design. The primer sequences used 
were as follows: forward, 5'‑AGG​GTT​GGG​GGT​TTT​AGA‑3';  
reverse, 5'‑Biotin‑CAC​CCT​CTA​CCA​AAA​ACT​CAA​AAC​
TCA​ATT‑3'; and sequencing, 5'‑GGG​GTT​TTA​GAG​TGT​AT‑3'.

Statistical analysis. The DNA sequences following NDRG4 
primer addition were detected. Then the frequency of methyla-
tion at specific sites on NDRG4 were analyzed using PyroMark 
Q24 software (Qiagen, Inc., Valencia, CA, USA). Methylation 
records of specific sites of NDRG4 in patients with AML 
were reviewed. The statistical analysis was performed using 
R software (version 3.1; GNU General Public License; Free 
Software Foundation, Boston, MA, USA) or SPSS software 

(version 16.0; SPSS, Inc., Chicago, IL, USA). A paired‑sample 
t‑test was used to compare NDRG4 methylation levels prior to 
and following chemotherapy. Wilcoxon signed‑rank sum test 
was used to analyze data that did not have a normal distribution. 
A Pearson's linear regression analysis was used to determine 
the association between the mean methylation and patient age, 
gender, prognosis and AML subtypes. A two‑tailed P<0.05 
was considered to indicate a statistically significant result.

Results

NDRG4 CpG sites. As presented in Fig. 1, a total of five CpG 
sites were included to represent the methylation of the NDRG4 
gene. These five CpG sites were located in the gene body between 
exons 1 and 2. The DNA methylation percentages of these five 
CpG sites were obtained using a bisulfite pyrosequencing assay 
on a 63 bp fragment (chr.16:58535416‑58535478). The mean 
methylation levels were used to compare the NDRG4 methyla-
tion level alterations in the bone marrow DNA of the patients 
with AML prior to and following chemotherapy (Fig. 2).

Changes in methylation status of NDRG4 in different 
subgroups. The results demonstrated a significant reduc-
tion in NDRG4 methylation levels in the patients following 
chemotherapy (prior to chemotherapy, 9.35±4.22%; following 
chemotherapy, 7.54±3.11%; P=0.030; Fig.  2); however, 
no significant differences were identified between gender 
and age, and methylation levels prior to, and following 
chemotherapy. A paired‑sample t‑test of the AML subtypes 
indicated that patients with M2 subtype AML exhibited a 
significant reduction of NDRG4 methylation following 
chemotherapy, compared with patients with other subtypes 
(prior to chemotherapy, 9.91±6.00%; following chemo-
therapy, 5.26±2.81%; P=0.038; Fig. 3). As presented in Fig. 4, 
the association between the NDRG4 methylation changes and 
patient age was significant for the patients with M2 subtype 
AML (r=0.761; P=0.047); however, no significant association 
was observed in the entire patient group (r=0.359; P=0.056).

Correlation between prognosis and NDRG4 methylation. In 
addition, the present study investigated the association between 
prognosis and NDRG4 methylation. The results revealed that 
the level of chemotherapy‑induced methylation changes did not 
differ between patients with AML in remission and those with 
a poor prognosis (P=0.786; Fig. 5). Concordantly, this was also 
observed in patients with M2 subtype AML (P=0.437; Fig. 5). 
In addition, NDRG4 methylation prior to chemotherapy was 
not identified to be associated with patient prognosis (P=0.274; 
data no shown). Gender‑based subgroup analysis revealed 
that the levels of methylation changes in male patients did 
not differ from those in female patients (male, 1.83±3.80%; 
female, 1.46±4.12%; P=0.806; data no shown).

Discussion

In the current study, the NDRG4 methylation level altera-
tions in patients with AML were investigated. The results 
demonstrated that NDRG4 methylation levels in patients 
with AML were significantly reduced during chemotherapy, 
particularly for patients with M2 subtype AML, indicating 
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a chemo‑sensitive mechanism underlying NDRG4 methyla-
tion. The NDRG4 methylation changes during chemotherapy 
were positively associated with patient age in patients with 
M2 subtype AML; further studies are required to fully 

elucidate the molecular mechanisms underlying the chemo-
therapy‑induced changes observed in M2 subtype AML.

DNA methylation in the gene body has a role in the 
silencing of genes, and is a therapeutic target of methylation 

Figure 1. The five investigated CpG sites information in the NDRG4 gene. F, forward primer; R, reverse primer; S, sequencing primer; Chr, chromosome; 
NDRG4, N‑myc downstream‑regulated gene 4; CpG, cytosine‑phosphate‑guanine.

Figure 2. Comparison of the mean N‑myc downstream‑regulated gene 4 methylation levels prior to and following chemotherapy, by patient age and gender 
subgroups. Data are represented as the mean ± standard deviation.

Figure 3. Comparison of the mean N‑myc downstream‑regulated gene 4 methylation levels prior to and following chemotherapy, based on acute myeloid 
leukemia subtype. Data are represented as the mean ± standard deviation.
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inhibitors (18). Yang et al (18) identified that 5‑aza‑2'‑deoxycyt-
idine treatment reactivated tumor‑suppressor genes in addition 
to decreasing the overexpression of proto‑oncogenes. NDRG4 
gene‑body methylation may improve the sensitivity of a certain 
type of leukemia cells to chemotherapeutic agents, although the 
present study did not identify a significant association between 
the altered levels of NDRG4 methylation and the prognosis of 
patients with AML, possibly due to the small sample size used.

Cytogenetics is considered a valuable prognostic deter-
minant for AML (19). AML with t(8;21)(q22;q22) is the most 
common karyotypic abnormality observed in AML, comprising 
~15% of total cases (20). The incidence of t(8;21) in M2 was 
24.1% (21), and it was typically considered to be among the most 
favorable subtypes for predicting a high response to treatment 
(~60%)  (22). The M2 subtype has been frequently associ-
ated with additional chromosome abnormalities (23), such as 
AML/RUNX1 translocation partner 1 fusion gene, which has 
been detected in 40% of M2 cases (24) and DEK proto‑onco-
gene‑nucleoporin 214 fusion gene, which has been associated 
with poor prognosis (25). In addition, unique methylation signa-
tures have previously been associated with specific cytogenetic 

subtypes of AML (26). For example, the spalt like transcription 
factor 4 hypomethylation rate was demonstrated to be higher in 
patients with the M1 subtype compared with the M2 and other 
subtypes (27). p15 methylation has been associated with the 
M2 subtype (28), whereas the aberrantly methylated BMP/reti-
noic acid inducible neural specific 1 (DBC1) was observed in 
cases with nucleophosmin mutations, and fms related tyrosine 
kinase 3 aberrations were identified to be more prevalent in the 
methylated DBC1 group (29). In the current study, patients with 
M2 subtype AML exhibited a significant reduction in NDRG4 
methylation levels during chemotherapy. The incidence of 
AML is frequently associated with increased age, but may 
occur at any age (30‑33). The clinical characteristics of elderly 
patients with AML differ from those of younger patients, with 
poorer survival and treatment outcomes (34). Surveillance, 
epidemiology and end results data demonstrated that the overall 
5‑year survival was <5% in patients aged >65 years of age (35); 
however, those patients who received high‑dose chemotherapy 
exhibited improved outcomes (34). In the current study, more 
changeable hypomethylation was observed in elderly patients 
(particularly patients with M2 subtype AML) than in younger 
patients, which may facilitate the elucidation of age‑associated 
variations in clinical treatment methods.

There were certain limitations in the present study. The 
patients enrolled were Chinese individuals from the city of 
Ningbo; therefore, the significant association between NDRG4 
gene‑body methylation levels and AML may not be applicable 
to other ethnic populations. Furthermore, the current study 
evaluated five CpG sites, rather than the entire NDRG4 gene 
region. Therefore, additional CpG sites must be investigated in 
further studies. Alternate morphological types have previously 
been demonstrated to have various effects on AML (36), and 
the heterogeneity of AML may have influenced the results of 
the present study. Finally, the conclusions presented were based 
on a moderate sample size, and therefore further studies using 
a greater sample size are required to investigate the associa-
tion between NDRG4 methylation levels and chemotherapeutic 
outcomes. In conclusion, the results of the present study suggest 
there may be an age‑dependent mechanism underlying the 

Figure 4. Association between N‑myc downstream‑regulated gene 4 methylation rate and patient age. The two associations represent the total number of 
patients with AML (dashed) and patients with the M2 subtype of AML (solid). AML, acute myeloid leukemia.

Figure 5. Comparison of the mean N‑myc downstream‑regulated gene 4 
methylation rate between patients with acute myeloid leukemia with remis-
sion and non‑remission status. Data are represented as the mean ± standard 
deviation.
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induced methylation levels of the NDRG4 gene body in patients 
with AML, particularly the M2 subtype, during chemotherapy.
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