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ABSTRACT. This study aims to identify the crucial miRNAs in
Epstein-Barr virus-positive nasopharyngeal carcinoma (NPC) and
their target genes. Gene expression profile data (GSE12452) that
included 31 NPC and 10 normal nasopharyngeal tissue specimens were
downloaded. Differentially expressed genes (DEGs) were identified
using significance analysis of microarrays. The underlying function
of DEGs was predicted via Gene Ontology and Kyoto Encyclopedia
of Genes and Genomes pathway enrichment analyses. The miRNA
sequencing dataset GSE14738 was also downloaded, and expression
levels of miRNA were calculated by the number of reads mapped to
each miRNA. The selected miRNAs were integrated into the miRecords
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database to obtain their target genes. Target genes associated with
DEGs were used to construct the interaction network via Cytoscape.
A total of 1437 DEGs between NPC and control were identified, most
of which were enriched in cell cycle and extracellular matrix-receptor
interaction signaling pathways. Furthermore, 112 miRNAs were
considered upregulated in NPC samples. A total of 2228 relationships
between 39 miRNAs and 1247 target genes were obtained, of which
182 relationships between 32 miRNAs and 97 target genes were chosen
to construct an interaction network. The interactions between DEGs
and the let-7 or miR-29 families appeared strongest in this network,
where CDC254, COL3A1, and COLIAI were regulated by several
let-7 family members, while COL4A41 and COL5A2 were regulated by
several miR-29 family members. The let-7 and miR-29 families may be
related to the development of NPC by regulating the genes involved in
cell cycle and ECM-receptor interaction.

Key words: Epstein-Barr virus-positive nasopharyngeal carcinoma;
Differentially expressed genes; Typical miRNAs; Target genes

INTRODUCTION

Nasopharyngeal carcinoma (NPC), an epithelial malignancy of the nasopharynx, fre-
quently occurs in southern China and Southeast Asia, where incidence rates exceed 30 per
100,000 persons. NPC rates are less in the United States and other nations, with the incidence
rate of only one per 100,000 persons (Chang and Adami, 2006). Epstein-Barr virus (EBV)
infection is commonly linked to the development of NPC. Constitutive expression of the latent
membrane protein-1 of EBV can activate nuclear factor kappa B, Janus tyrosine kinase/signal
transducers and activators of transcription, and c-jun N-terminal kinase/activator protein 1
signaling pathways and induce the transcription of several oncogenic factors that ultimately
promote cancerous phenotypes including proliferation, migration, invasion, and metastasis
(Yuetal., 2013; Zhao et al., 2014). Thus, targeting the virus through approaches such as EBV-
specific antibodies and viral lytic induction are recommended for treating NPC (Hutajulu et
al., 2014; Coghill and Hildesheim, 2014). However, not all tumor tissues express viral oncop-
roteins, suggesting that other mechanisms may lead to the aggressive behavior of NPC tumor
cells.

Recently, more studies have attempted to investigate whether miRNAs play a role
in NPC initiation, promotion, and progression by regulating their target genes. For example,
Cheung et al. (2014) reported that miR-31 suppressed NPC cell growth by targeting factor in-
hibiting hypoxia-inducible factor 1-alpha and minichromosome maintenance proteins 2. Lyu
et al. (2014) demonstrated that miR-93 can attenuate Smad-dependent transforming growth
factor-p (TGF-P) signaling and activate the phosphatidylinositol 3-kinase/protein kinase B
pathway by inhibiting the TGF-f receptor II, further promoting the uncontrolled growth, inva-
sion, metastasis, and epithelial-to-mesenchymal transition-like process of NPC cells. Howev-
er, the pathogenesis of NPC remains unclear. In the present study, we aimed to further identify
crucial miRNAs and their target genes utilizing the gene expression profile data of GSE12452
(Dodd et al., 2006; Sengupta et al., 2006; Hsu et al., 2012) and the miRNA sequencing dataset
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GSE14738 (Zhu et al., 2009). Candidate target genes identified by multi-bioinformatic meth-
ods may provide the groundwork for a combination therapy approach for EBV-positive NPC.

MATERIAL AND METHODS

Affymetrix microarray data and preprocessing

The gene expression profile data GSE12452 (Dodd et al., 2006; Sengupta et al., 20006;
Hsu et al., 2012) were downloaded from Gene Expression Omnibus (GEO) database (http://
www.ncbi.nlm.nih.gov/geo/), which included 31 EBV-positive NPCs and 10 normal nasopha-
ryngeal tissue specimens. The annotation information for the chip was downloaded from the
Human Genome U133 Plus 2.0 Array (Affymetrix, Santa Clara, CA, USA GPL570 platform).
The original probe-level data in CEL files were converted into expression measures by Af-
fypackage (Gautier et al., 2004) in Bioconductor of R language (http://www.R-project.org)
and were normalized by using the Robust Multi-array Average method (Irizarry et al., 2003).
When multiple probes were present for a particular gene, the average expression value of those
probes was used for that gene.

miRNA data and preprocessing

The miRNA high-throughput sequencing dataset GSE14738 (Zhu et al., 2009) was
downloaded from Sequence Read Archive (SRA) database (http://www.ncbi.nlm.nih.gov/
sra/), including 2 EBV-positive NPCs and 2 normal nasopharyngeal tissue specimens. The
platform was GS20 (454 Genome Sequencer, Roche Applied Science, Indianapolis, IN, USA).
The raw SRA data were converted into fast-q format. Next, base-calling was performed via
the Phred/Phrap/PolyPhred 5.04 software (http://droog.mbt.washington.edu/PolyPhred.html)
(Ledergerber and Dessimoz, 2011). After quality checks, the adapter and poly-A tail were
cut off. Only reads with more than 15 bp were chosen for further analysis. These reads were
mapped to miRBase V.20 (http://www.mirbase.org/) and were annotated by using BLAST
(Kim et al., 2006). Reads mapped to mature miRNA were saved. The expression level of a
particular miRNA was defined according to the number of reads mapped to it.

Identification of differentially expressed genes and miRNAs

For the gene expression profile, differentially expressed genes (DEGs) were selected
using the significance analysis for microarray (SAM) method (http://www-stat.stanford.edu/
~ tibs/SAM/index.htlm) (Bochkis et al., 2012) in R language with the cut-off criteria of delta
= 2, fold-change > 1.5 and false discovery rate < 5%. For miRNA profiling, differentially
expressed miRNAs were identified according to the number of reads mapped to this miRNA.

Functional enrichment analysis of DEGs

The screened DEGs were hierarchically clustered by Cluster in R language (Eisen et
al., 1998) in order to distinguish NPC from normal nasopharyngeal tissues. The underlying
function of DEGs was predicted by the Gene Ontology (GO) (Hulsegge et al., 2009) func-
tion and Kyoto Encyclopedia of Genes and Genomes (KEGG) (Kanehisa, 2002) pathway en-
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richment analysis using the Database for Annotation, Visualization, and Integrated Discovery
(DAVID) tool (http://www.david.niaid.nih.gov) (Huang et al., 2009). P value < 0.01 was set
as the cut-off criterion.

Target genes of miRNAs

To obtain the target genes of miRNAs, the selected miRNAs were integrated into the
miRecords database (http://miRecords.umn.edu/miRecords) (Xiao et al., 2009), in which the
relationship between target genes and miRNAs had been confirmed. The target genes were
calculated via more than 6 algorithms (total 11 algorithms). Only target genes related to the
DEGs were used to construct the interaction network via Cytoscape (http://cytoscape.org)
(Shannon et al., 2003).

RESULTS
Identification of DEGs

After normalization of the raw microarray data (Figure 1), 41,293 probes correspond-
ing to 19,944 genes were obtained from 31 NPC and 10 normal healthy nasopharyngeal tissue
specimens. By using the SAM algorithm, a total of 1437 DEGs were identified in NPC com-
pared to normal nasopharyngeal tissues samples, including 619 upregulated and 818 downreg-
ulated genes. Cluster analysis of DEGs showed significant differences between NPC samples
and normal nasopharyngeal tissue (Figure 2).

After normalization
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Figure 1. Boxplot of gene expression level after normalization. The horizontal axis represents samples, and the
vertical axis represents gene expression level. The black line is the median of the gene expression level from each
sample. The dotted line is almost a straight line, indicating that the degree of standardization was optimal.
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Figure 2. Cluster analyses of differentially expressed genes (DEGs). The abscissa represents different samples; the
vertical axis represents clusters of DEGs. Red color represents downregulation; green color represents upregulation.
Expression data are represented as normalized values (Z-scores).

Functional enrichment analysis of the DEGs

To investigate the potential function of DEGs in the development of NPC, we used the
DAVID to identify over-represented GO terms and KEGG pathway at P value < 0.01. The up-
regulated DEGs (e.g. CDC254) were significantly enriched into 40 GO terms, including cell
cycle and cell division (Table 1). However, the downregulated DEGs (e.g. TUBB2A) were only
significantly enriched into 3 GO terms, including microtubule-based movement, microtubule-
based process, and epithelial cell differentiation (Table 1). For KEGG pathway enrichment
analysis, the upregulated DEGs were significantly enriched into cell cycle (e.g. CDC254 and
MYC), extracellular matrix (ECM)-receptor interaction (e.g., COL3A41, COLIAl, COL4Al,
and COL5A42), as well as p53 signaling pathway (e.g. CCNG/) (Table 2). However, the down-
regulated DEGs were not significantly enriched into any pathway at P value < 0.01.

Table 1. GO function enrichment analysis of differentially expressed genes between nasopharyngeal carcinoma
and normal nasopharyngeal samples.

Genes GO_Term Gene_num FDR

Upregulated GO:0007049 cell cycle 113 4.5821E-37
G0:0022402 cell cycle process 96 2.5510E-36
G0:0000278 mitotic cell cycle 78 2.1547E-35
G0:0022403 cell cycle phase 82 2.4634E-35
GO:0000279 M phase 73 2.1076E-34
G0:0000087 M phase of mitotic cell cycle 60 2.0105E-32
GO:0007067 mitosis 59 7.5435E-32
G0:0000280 nuclear division 59 7.5435E-32
G0:0048285 organelle fission 60 7.7347E-32
GO:0051301 cell division 63 4.0562E-28

Downregulated GO:0007018 microtubule-based movement 18 0.0002
GO:0007017 microtubule-based process 26 0.0011
GO:0030855 epithelial cell differentiation 18 0.0032

GO = gene ontology; FDR = false discovery rate; Gene _num = the number of enriched differentially expressed genes.
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Table 2. KEGG pathway enrichment analysis ofdifferentially expressed genes between nasopharyngeal
carcinoma and normal nasopharyngeal samples.

KEGG pathway Enriched genes FDR value

hsa04110: Cell cycle E2F3, DBF4, TTK, PRKDC, CHEKI1, PTTG1, CHEK2, CCNE?2, 2.22E-10
CDC45,RAD21, MCM7, CCNA2, MYC, CDC7, CDC6, CDK1,
MCM2, CDK4, MCM3, MCM4, CDC254, MCM6, CCNBI,
YWHAG, MAD2L1, CCND2, PCNA, BUBIB

hsa03030: DNA replication POLAI, MCM2, MCM3, RNASEH2A, MCM4, MCM6, RFCS, 3.44E-08
PRIMI, DNA2, RFC3, RFC4, MCM7, POLE2, PCNA, FENI

hsa04512: ECM-receptor interaction COL4A42, COL4A1, COL3A1, ITGAI, COL5A2, COLSAI, SDC2, 0.0009
HMMR, ITGAV, COL643, COLIA2, LAMCI, COLIAI, LAMBI,
THBS2, FNI

hsa04115: p53 signaling pathway BID, CDK1, CYCS, CHEKI, CHEK2, PMAIP1, CCNG1, CDK4, 0.0140

CCNB1, CCNE2, CCND2, RRM2, FAS
KEGG = Kyoto Encyclopedia of Genes and Genomes; FDR = false discovery rate; ECM = extracellular matrix.

Identification of highly expressed miRNAs

The number of reads of 264 miRNAs in NPC samples was larger than that of the nor-
mal nasopharyngeal tissues. Furthermore, the miRNAs with the number of reads > 3 in two
NPC samples compared with the normal nasopharyngeal tissues were selected as being highly
expressed; this included 112 miRNAs.

Prediction of miRNA-targeted genes

A total of 39 miRNAs and 1247 target genes associated with EBV-positive NPC were
selected from the miRecords database. A total of 2228 relationships between miRNAs and target
genes were identified, of which 182 relationships (32 miRNAs and 97 target genes) were chosen
to construct the interaction network (Figure 3). From the interaction network, we observed that the
interactions between DEGs and the let-7 or miR-29 families were the strongest; the DEGs were
regulated by several let-7 (e.g. CDC254, COL3A1, and COLIAI) or miR-29 (e.g. COL4AI and
COL5A42) family members. Moreover, the targets of let-7 and miR-29 families were always sig-
nificantly upregulated, but the target genes of other miRNAs were upregulated or downregulated.

Figure 3. Interaction network of miRNAs and target genes. Blue boxes represent upregulated miRNAs; green ovals
represent downregulated target genes of miRNAs; and red ovals represent upregulated target genes of miRNAs.
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DISCUSSION

Based on the gene expression profiles and miRNA sequencing data, 97 DEGs were
found to be regulated by 32 miRNAs and were found to participate in the development of
EBV-positive NPC. Furthermore, we found that the target genes of these miRNAs might pro-
mote cancer progression by regulating the cell cycle (e.g. CDC254 and MYC) and ECM-
receptor interaction (e.g. COL3A1, COLIAI, COL4A1, COL5A2).

CDC25A is an essential phosphatase for cell-cycle progression from the G1 to the S
phase and acts by dephosphorylating and activating the cyclin-dependent kinase complexes.
CDC254 mRNA was found to be highly expressed in some cancers and was correlated with
more aggressive stages and poor prognosis (Boutros et al., 2007). Inhibition of CDC254 leads
to the impairment of cell proliferation and induction of cell apoptosis, thus preventing cancer
cell metastasis (Feng et al., 2011; Tuetal., 2011; Bana et al., 2013). Furthermore, some studies
have demonstrated that CDC254 expression in cancer cells can be regulated by miR-21 (Jin et
al., 2011) and miR-365 (Guo et al., 2013). In this study, we found that high CDC254 expres-
sion in NPC may be modulated by let-7; this has not been reported previously.

MYC is another critical gene in modulating cell cycle progression, apoptosis, and
cellular transformation. As a transcription factor, c-Myc has been shown to promote the tran-
scription of B-lymphoma mouse Moloney leukemia virus insertion region 1 (Bmi-1) in NPC
by binding the E-box element (-181) within its promoter (Wang et al., 2013), while overex-
pression of Bmi-1 reduces the expression of p16 (INK4a), a cyclin-dependent kinase inhibi-
tor 2A, and induces epithelial-to-mesenchymal transition in human nasopharyngeal epithelial
cells, promoting NPC progression (Song et al., 2009; Wu et al., 2011). In addition, Zhou et al.
(2013) also reported that c-Myc could directly bind to the promoter region of branched-chain
amino acid transaminase 1 and upregulate its expression, followed by the increased prolifera-
tion, migration, and invasion of NPC cells. Furthermore, a recent study suggests that miR-184
mediates the direct suppression of MYC, thus repressing the cell proliferation and survival in
NPC (Zhen et al., 2013). By gene-miRNA network analysis, we found that upregulated MYC
expression may be mediated by let-7c, indicating an important role for let-7c in development;
this was consistent with the previous study (Nadiminty et al., 2012).

COL3A1, COLIAI, COL4A1, and COL5A42 encode collagen, an important ECM
structural protein secreted by a variety of stromal cells. Collagen crosslinking triggers tumor
matrix stiffening and leads to enhanced integrin clusters that in turn phosphorylate focal ad-
hesion kinase and activate the AKT, ERK, and Rho pathways (Ng and Brugge, 2009). These
pathways can control cell migration, invasion, and proliferation, leading to tumor progression
(Provenzano et al., 2009). COL341, COLIAI, COL4A1, and COL5A2 have been found in
many cancers and are markers for poor prognosis (Fischer et al., 2001; Hayashi et al., 2014;
Xiong et al., 2014). Furthermore, COL3A41 is validated as a functional direct target gene of
let-7d in vitro and in vivo, and COL3A1 expression was found to be inversely correlated with
let-7d levels in renal cell carcinoma specimens (Su et al., 2014); a relationship also confirmed
in our study. Meanwhile, we also found that COL3A41, COL1AI, COL4A1, and COL5A2 might
be targets of miR-29 in NPC. This observation invites further investigation.

In conclusion, our findings indicate that CDC254, MYC, COL3A1, COLIAI, COL4Al,
and COL5A2 may be important targets for the treatment of NPC. Further studies are essential
for confirming the regulatory relationship between these genes and their regulators, let-7 and
miR-29.
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