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Abstract. The present study aimed to identify potentially 
critical differentially methylated genes associated with the 
progression of nasopharyngeal carcinoma (NPC). Methylation 
profiling data of GSE62336 deposited in the Gene Expression 
Omnibus database were used to identify differentially 
methylated regions (DMRs) and differentially methylated CpG 
islands (DMIs). Concurrently, differentially expressed genes 
(DEGs) were identified using a meta‑analysis of three gene 
expression datasets (GSE53819, GSE13597 and GSE12452). 
Subsequently, methylated DEGs were identified by comparing 
DMRs and DEGs. Furthermore, functional associations of these 
methylated DEGs were analyzed via constructing a functional 
network using GeneMANIA prediction server. In total, 1,676 
hypermethylated genes, 28 hypomethylated genes, 17 DMIs 
and 2,983 DEGs (1,655 upregulated and 1,328 downregulated) 
were identified. Among these DEGs, 135 downregulated genes 
were hypermethylated; of these, dual specificity phosphatase 6 
(DUSP6) and tenascin XB (TNXB) contained DMIs. In the 
functional network, 154 genes and 1,651 association pairs were 

included. DUSP6 was predicted to exhibit genetic interactions 
with other hypermethylated DEGs such as malic enzyme 3 
and ST3 β‑galactoside α‑2,3‑sialyltransferase 5; TNXB was 
predicted to be co‑expressed with a set of hypermethylated 
DEGs, including EPH receptor B6, aldehyde dehydrogenase 
1 family, member L1 and glutathione peroxidase 3. The 
hypermethylated DEGs may be involved in the progression of 
NPC, and they may become novel therapeutic targets for NPC.

Introduction

Nasopharyngeal carcinoma (NPC), a malignant tumor arising 
from the epithelium of the nasopharynx, is the most prevalent 
in southern China (1). In Hong Kong, the incidence of NPC is 
as high as 0.02‑0.03% in males and 0.01‑0.02% in females (2). 
Although the classic treatment of high‑dose radiotherapy plus 
adjunctive chemotherapy is able to achieve a 5‑year survival 
rate of 80%, recurrence and metastasis may occur, which are 
the primary causes of mortality (3). Therefore, it is necessary to 
identify molecular biomarkers for NPC prognosis and targeted 
therapy.

Aberrant DNA methylation usually leads to the occurrence 
of tumors. CpG island promoter hypermethylation and global 
DNA hypomethylation are the characteristics of the cancer 
epigenome  (4,5). In NPC, aberrant methylation has been 
considered as the most frequent event for gene silencing: 
For example, a previous study identified that abnormal 
methylation on chromosome 6p occurs in 76.9% of patients 
with early‑stage NPC, based on the comparative methylome 
analysis  (6). Furthermore, tumor‑suppressor genes such as 
protocadherin 8 (PCDH8), FEZ family zinc finger 2 (FEZF2) 
and argininosuccinate synthetase (ASS1) have been previously 
demonstrated to be frequently methylated in NPC, which 
promotes NPC cell migration, and are associated with poorer 
clinical outcomes (7‑9).

With the exception of DNA methylation, the differential 
expression of genes is also frequently detected in NPC: 
A previous study demonstrated that the overexpression of 
branched‑chain‑amino‑acid aminotransferase cytosolic 
(BCAT1) protein in NPC at different pathological stages 
and BCAT1 deficiency reduced tumor cell proliferation and 
decreased cell migration and invasion abilities (10). Recently, 
upregulation of Kelch domain containing 4 (KLHDC4) was 
demonstrated to result in poor overall and metastasis‑free 
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survival rates, and the deletion of KLHDC4 significantly 
induced the spontaneous apoptosis of NPC cells (11). However, 
the molecular mechanisms of NPC remain incompletely 
understood. There have been no studies that have compre-
hensively analyzed differentially expressed methylated genes 
using array data from multiple platforms.

In the present study, methylation profiling data in the dataset 
GSE62336 (6), sourced from the Gene Expression Omnibus 
(GEO) database, were used to identify differentially methylated 
regions (DMRs) and differentially methylated CpG islands 
(DMIs). Concurrently, compared with differentially expressed 
genes (DEGs) that were identified using a meta‑analysis of 
three gene expression datasets (GSE53819, GSE13597 and 
GSE12452)  (12‑14), differentially methylated genes were 
identified. Additionally, a functional network consisting of the 
differentially methylated genes was constructed to reveal the 
potential functional associations of those genes. These results 
may provide novel information for the study of molecular 
mechanisms underlying NPC and provide potential therapeutic 
targets for NPC.

Materials and methods

Data acquisition. Methylation profiling data from the 
dataset GSE62336  (6) were downloaded from GEO 
(http://www.ncbi.nlm.nih.gov/geo/) (15). A total of 25 primary 
NPC tumors and non‑tumor counterparts were included in 
this dataset, and the data were produced on the platform 
of Illumina HumanMethylation450 BeadChip (GPL13534, 
HumanMethylation450_15017482) (Illumina, Inc., San Diego, 
CA, USA).

Three gene expression profiling datasets (GSE53819, 
GSE13597 and GSE12452) were obtained from GEO. In 
the GSE53819 dataset (13), 18 primary NPC tumors and 18 
non‑cancerous nasopharyngeal tissues were included; the 
median ages were 46 years (range, 19‑77 years) for patients with 
NPC, and 45 years (range, 18‑78 years) for the non‑cancerous 
cohort; almost one third of patients were females; all samples 
were collected prior to any anticancer treatment. Data in 
the GSE53819 dataset were produced on the platform of 
Agilent‑014850 Whole Human Genome Microarray 4x44 K 
G4112F (Probe Name version; GPL6480; Agilent Technologies, 
Inc., Santa Clara CA, USA). The GSE13597 dataset (14) contained 
data of 25 histologically confirmed undifferentiated NPC tissues 
and 3 non‑malignant nasopharyngeal controls, which were 
produced on the platform of [HG‑U133A] Affymetrix Human 
Genome U133A Array (GPL96) (Affymetrix, Inc., Santa Clara, 
CA, USA). Additionally, the GSE12452 dataset (12) contained 
31 NPC tumor samples and 10 normal healthy nasopharyn-
geal tissues, data of which were produced on the platform of 
[HG‑U133_Plus_2] Affymetrix Human Genome U133 Plus 2.0 
Array (GPL570) (Affymetrix, Inc.).

Data preprocessing. The downloaded raw data were prepro-
cessed. For the methylation data in GSE62336, documents of 
normalized average β‑value were downloaded. The β‑mixture 
quantile normalization method (BMIQ) (16) was utilized to 
preprocess β‑values.

Due to different platforms being used for the three gene 
expression profiling datasets, two different methods were 

utilized for data preprocessing. For the gene expression data 
in the GSE13597 and GSE12452 datasets, raw gene expression 
data were preprocessed using the method of robust micro-
array analysis in Affy package (version 1.46.1; https://www.
bioconductor.org/packages/3.1/bioc/html/affy.html) in R (17). 
The preprocessing steps included background correction, 
quantile normalization and calculation of expression. By 
contrast, Limma (version 3.24.15; https://www.bioconductor.
org/packages/3.1/bioc/html/limma.html) package (18) in R 
was applied to preprocess raw data in the GSE53819 dataset. 
The preprocessing steps included background correction, 
normalization between arrays and concentration of microarray 
data. Following this, an annotation file of the platform corre-
sponding to each dataset was used for the transformation of 
probe identities into gene symbols. If one probe corresponded 
to multiple genes, the expression value of this probe would 
be removed. However, if multiple probes corresponded to a 
certain gene, the mean expression value was defined as the 
final expression value of the gene.

Prediction of DMRs and DMIs. DMRs between NPC and normal 
samples were predicted using COHCAP package (version 1.6.0; 
http://www.bioconductor.org/pacages/3.1/bioc/html/COHCAP.
html) (19) in R. Briefly, based on the β‑value file of CpG site 
probes, Δβ, P‑value and adjusted P‑value of NPC and normal 
samples were calculated by COHCAP. Only regions with 
|Δβ|>0.1 and adjusted P<0.05 were identified as DMRs.

Furthermore, the COHCAP package was also utilized 
to predict DMIs. CpG island statistics were calculated by 
averaging β‑values among samples per site and comparing 
the average β‑values across groups. If the number of DMRs 
in the CpG island was >4, this CpG island was identified as 
a DMI.

Identif ication of DEGs using meta‑analysis. MetaDE 
package (version 1.1.6; http://www.bioconductor.org/packa 
ges/2.11/bioc/html/metahdep.html) (20) in R was applied to 
integrate DEGs in the three gene expression profiling datasets. 
Briefly, a heterogeneity test for each gene under different 
platforms was firstly performed to evaluate whether each gene 
was homogeneous and unbiased. If the parameter tau2=0 and 
Qpval>0.05 (tau2 is used to estimate amount of heterogeneity; 
Qpval represents P‑value of Qval test statistics; and Q is a 
statistical magnitude in statistics), the gene was homogeneous 
and unbiased. Then, the differential expression of the genes 
was analyzed. Only genes with P<0.05 were considered 
significant. Finally, the relative fold‑change (FC) in expression 
of each gene between the NPC tissues samples and normal 
control samples was calculated. Collectively, genes with 
P<0.05 were identified as DEGs.

Gene Ontology (GO) functional and pathway enrich‑
ment analyses. The gene functional analysis tool Database 
for Annotation, Visualization and Integrated Discovery 
(http://david.abcc.ncifcrf.gov/) (21) was used to perform GO 
[including biological process (BP), cell component (CC) and 
molecular function (MF)] and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway enrichment analyses of 
DEGs. Only the GO and pathway terms with gene count ≥2 
and P<0.05 were considered significant.
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Selection of DEGs with DMRs. Based on the gene symbols 
corresponding to the DMRs and identified DEGs, the over-
lapped genes between genes with hypermethylated DMRs and 
downregulated DEGs, and the genes with hypomethylated 
DMRs and upregulated DEGs were selected.

Functional association analysis of the DEGs with DMRs. 
The GeneMANIA prediction server (22,23) (http://apps.cyto-
scape.org/download/stats/genemania/), a plugin in Cytoscape 
software (version 3.2.1; National Institute of General Medical 
Sciences, Seattle, WA, USA), was utilized to analyze the corre-
lations among the identified DEGs that had DMRs, based on a 
large set of functional association data, including protein and 
genetic interactions, co‑expression, co‑localization pathways, 
and protein domain similarity.

Results

Statistics of DMRs, DMIs and DEGs. In total, 2,262 probes 
of DMRs were obtained, including 2,234 hypermethyl-
ated CpG site probes corresponding to 1,676 gene symbols 
and 28 hypomethylated CpG site probes corresponding to 
28 gene symbols. Furthermore, 2,983 DEGs were identified, 
including 1,655 upregulated and 1,328 downregulated genes. 
Additionally, 17 DMIs were identified, and all of them were 
hypermethylated in the NPC samples compared with their 
methylation status in the controls (Fig. 1). Among them, dual 
specificity phosphatase 6 (DUSP6) and tenascin XB (TNXB) 
were also identified as DEGs.

Significant pathways enriched by DEGs. In order to investigate 
the potential pathways associated with the identified DEGs, 
KEGG pathway enrichment analysis was conducted. The 
upregulated DEGs were primarily associated with pathways in 
cancer, oxidative phosphorylation and the cell cycle (Fig. 2A). 

The downregulated DEGs were primarily associated with the 
regulation of actin cytoskeleton, chemokine signaling pathway 
and focal adhesion (Fig. 2B).

Overlapped genes between genes with DMRs and DEGs. In 
order to reveal whether the genes with DMRs were DEGs, 
genes with DMRs were compared with DEGs. It was identified 
that 135 genes with hypermethylated DMRs were down-
regulated in the NPC samples compared with their expression 
levels in the normal controls, including prostaglandin D2 
synthase, elongation factor for RNA polymerase II 3, ATPase 
sarcoplasmic/endoplasmic reticulum Ca2+ transporting 3 and 
claudin 3 (Table I).

However, the 28 genes with hypomethylated DMRs were 
not differentially expressed between the two group samples.

Functional associations of the DEGs with DMRs. In order 
to reveal the potential functional associations among the 
above 135 hypermethylated DEGs, a functional network 
was constructed (Fig.  3). In the network, 154 genes and 
1,651 association pairs were included. The association 
pairs included 1,155 co‑expression associations, 24 physical 

Figure 2. Kyoto Encyclopedia of Genes and Genomes pathway terms that 
were significantly enriched by differentially expressed genes. Pathway 
terms enriched by (A)  upregulated and (B)  downregulated genes. hsa, 
Homo sapiens.

Figure 1. Heatmap of the 17 DMIs. Each row represents a gene that contains 
DMI, and each column represents a tissue sample. Green indicates hypo-
methylated, while red indicates hypermethylated. DMIs, differentially 
methylated CpG islands.
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interactions, 351  genetic interactions, 83 co‑localization 
associations and 38 associations between shared protein 
domains. For example, DUSP6 was predicted to exhibit 
genetic interactions with other hypermethylated DEGs 
such as malic enzyme 3 (ME3) and ST3 β‑galactoside α‑2,
3‑sialytansferase 5 (ST3GAL5); TNXB was predicted to be 
co‑expressed with genes such as EPH receptor B6 (EPHB6), 
aldehyde dehydrogenase 1 family, member L1 (ALDH1L1) 
and glutathione peroxidase 3 (GPX3).

According to the enrichment analysis, the 135 hyper-
methylated DEGs were significantly associated with the GO 
functions of protein amino acid phosphorylation and phosphate 
metabolic process, and the tight junction pathway (Table II).

Discussion

In the present study, 2,234 hypermethylated CpG site probes 
corresponding to 1,676 gene symbols, 28 hypomethylated CpG 
site probes corresponding to 28 gene symbols and 17 DMIs 
were identified based on analysis of the methylation profiling 
dataset. Furthermore, 2,983 DEGs (1,655 upregulated and 
1,328 downregulated) were identified based on the three gene 
expression profiling datasets. Among these DEGs, 135 down-
regulated genes were hypermethylated, including DUSP6 and 
TNXB, which were also among the 17 DMIs identified.

DUSP6 encodes dual specificity phosphatase 6, also termed 
mitogen‑activated protein kinase phosphatase 3, which belongs 
to the dual specificity protein phosphatase subfamily (24). 
Phosphatases in this family inactivate their target kinases, 
such as members of the mitogen‑activated protein kinase 
superfamily, which are involved in cellular proliferation and 
differentiation (25). In the present study, DUSP6 was identified 

to be hypermethylated and downregulated in NPC samples 
compared with its methylation status in the normal controls, 
which was consistent with other studies (14,26). DUSP6 has 
been identified as a tumor suppressor, and it is able to inhibit 
epithelial‑mesenchymal transition (EMT) and cell invasion by 
negatively modulating the activity of ��������������������������extracellular‑signal‑regu-
lated kinase in NPC (26). In the present study, DUSP6 was 
predicted to exhibit genetic interactions with other hyper-
methylated DEGs such as ME3 and ST3GAL5. ME3 is a 
mitochondrial nicotinamide adenine dinucleotide phosphate(+) 

‑dependent enzyme (27), and it serves a unique role in tumor 
mitochondria  (28). The protein encoded by ST3GAL5 is a 
sialyltransferase, a type II membrane protein that catalyzes the 
formation of α‑2,3‑sialyltransferase (GM3), a protein partici-
pating in cell differentiation and cell adhesion (29). There is 
no other evidence to indicate the associations of ME3 and 
ST3GAL5 with NPC at present. Therefore, ME3 and ST3GAL5 
may be potential novel biomarker molecules in the progression 
of NPC.

TNXB was also identified to be hypermethylated and 
downregulated in NPC samples compared with its methylation 
status in the normal controls, which was consistent with previous 
studies (6,12). In Epstein‑Barr virus‑positive gastric cancer and 
pancreatic cancer, TNXB was also hypermethylated (30,31). 
TNXB encodes a tenascin, which exhibits an anti‑adhesive 
effect  (32). It is able to promote EMT by activating latent 
transforming growth factor‑β (33). In malignancy, TNXB is 
usually suppressed, and it has been identified as a marker for 
malignant mesothelioma (34). Furthermore, in the present study, 
TNXB was predicted to be co‑expressed with a set of other 
hypermethylated DEGs, including EPHB6, ALDH1L1 and 
GPX3. EPH receptor B6 (EPHB6) encodes a transmembrane 

Figure 3. Functional network displaying functional associations of the 135 differentially hypermethylated genes. Green nodes with red outer ring represent the 
downregulated genes containing hypermethylated regions, while grey nodes represent the non‑differentially expressed genes.
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protein, which may affect cell adhesion and migration. In tumor 
progression, EPHB6 is usually downregulated due to promoter 
DNA hypermethylation  (35,36). It has been suggested that 
EPHB6 alters invasiveness, and is associated with the prognosis 
and/or diagnosis of breast carcinoma  (35,37). ALDH1L1 
and GPX3 have been previously identified to be silenced by 
methylation, which is associated with tumorigenesis (38,39). 
Although there is no experimental evidence to confirm the 
involvement of EPHB6, ALDH1L1 and GPX3 in NPC, the 
present study hypothesizes that these molecules may also serve 
a significant role in the progression of NPC, along with TNXB.

Additionally, there are several limitations in the present 
study. The expression levels and methylation status of the 
aforementioned genes are required to be validated using 
experiments. Functional associations of these genes also need 
to be confirmed. These validations will be performed and 
presented separately. Despite the absence of experiments, 
several genes such as ME3, ST3GAL5, EPHB6, ALDH1L1 and 
GPX3 were primarily identified to be potentially associated 
with NPC, and they may become novel therapeutic targets for 
NPC, once validated.

In conclusion, based on the comprehensive analysis of 
methylation profiling and gene expression profiling, 135 down-
regulated genes were identified to be hypermethylated in NPC 
compared with its methylation status in the controls in the 
present study. Among them, DUSP6 and TNXB contained 
DMIs. Hypermethylated DEGs that exhibited genetic interac-
tions with DUSP6, including ME3 and ST3GAL5, and genes 
that co‑expressed with TNXB, including EPHB6, ALDH1L1 
and GPX3, may be potential novel molecules involved in the 
progression of NPC, and they may become novel therapeutic 
targets for NPC.
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