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Nasopharyngeal carcinoma (NPC) is a head andneck cancer that is highly found in distinct geographic areas, such as SoutheastAsia.
The management of NPC remains burdensome as the prognosis is poor due to the late presentation of the disease and the complex
nature of NPC pathogenesis. Therefore, it is necessary to find effective molecular markers for early detection and therapeutic
measure of NPC. In this paper, the discovery of molecular biomarker for NPC through the emerging omics technologies including
genomics, miRNA-omics, transcriptomics, proteomics, and metabolomics will be extensively reviewed. These markers have been
shown to play roles in various cellular pathways in NPC progression. The knowledge on their function will help us understand in
more detail the complexity in tumor biology, leading to the better strategies for early detection, outcome prediction, detection of
disease recurrence, and therapeutic approach.

1. Introduction

Nasopharyngeal carcinoma (NPC) is a cancer of the head
and neck region that arises from the squamous epithelial cells
covering the surface of nasopharynx, the uppermost part of
the pharynx extending from the base of the skull to the upper
surface of the soft plate [1]. The incidence of NPC varies
greatly on the basis of ethnic and geographical backgrounds.
While NPC is a rare malignancy in most parts of the world, it
is one of the most common cancers in the East and Southeast
Asia including China, Hong Kong, Taiwan, Singapore,
Malaysia, and Thailand [2]. The annual incidence of NPC in
theUnited States is about 5 per 100,000.The annual incidence
of the NPC in the southern part of China including Taiwan
is more than 10 per 100,000 and is up to 30 per 100,000 in
Hong Kong. The annual incidence of the NPC in Southeast
Asia such as Malaysia and Thailand is ∼20 per 100,000
and ∼7 per 100,000, respectively [2]. The etiological factors
for NPC include the Epstein-Barr virus (EBV) infection,
ethnics, genetic susceptibility, environmental factors, and
consumption of food with volatile nitrosamines [3, 4].

NPC can be diagnosed and staged by a biopsy of the
tissue mass, together with positron emission tomography
(PET) and computed tomography (CT). However, most of

NPC patients tend to present at a more advanced stage of
the disease because the primary anatomical site of tumor
growth is located in the silent painless area. Moreover, NPC
in advanced stages exhibits higher metastatic potential than
other head and neck squamous cell carcinomas [5]. On the
basis of local anatomic constraints of NPC and its tendency to
present with cervical lymph node metastasis, surgery has no
role for definitive therapy. At present, radiotherapy represents
the standard treatment for NPC. The disease tends to be
more sensitive to radiation than other cancers, but the success
depends mostly on the tumors stages, which tend to be in the
advanced stages at the point of diagnosis. The 5-year survival
rate of stages I and II NPC ranges from 72 to 90%. However,
the 5-year survival rates of stages III and IV NPC are ∼55%
and 30%, respectively, due to a relatively high incidence of
locoregional recurrence ormetastasis [6]. In case of advanced
tumors, both regional-control and distant metastatic tumors,
the patients are usually treated with systemic therapy. Con-
current chemotherapy is generally accepted to have a role in
management of locally advanced disease. The combination
chemotherapy has been used with concurrent cisplatin and
radiation followed by adjuvant cisplatin and 5-fluorouracil
[7, 8].
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Figure 1: A network map of molecular biomarkers for nasopharyngeal carcinoma identified through omics technologies. Detailed
information is described in the text.

NPC patients mostly appear in advanced stages of the
disease andhave a poor prognosis because of late presentation
of lesions, limited knowledge of molecular pathogenesis, lack
of reliable and robust biomarkers for early detection, and
poor response to available therapies [9]. One of the reasons
for the lack of effective molecular markers is that NPC is a
highly complex multifactorial disease caused by an interac-
tion of host genetics with the macro- and microenvironment
that is influenced by EBV chronic infection and other envi-
ronmental factors, in a multistep process of tumorigenesis
[10]. In-depth understanding of the molecular alterations in
and across the cellular pathways involved in NPC carcino-
genesis can certainly facilitate the integration of diagnosis,
anticancer drug discovery, and therapy for NPC. In the
postgenomics era, an exponential growth of our knowledge
on the disease etiology, carcinogenesis, and progression has

been gained through an adoption of high-throughput tech-
nologies including genomics, transcriptomics, proteomics,
metabolomics, and bioinformatics together with integration
and application of systems biology. An increasing mass of
these omics data has leads us to identify potential molecular
targets for diagnosis, prognosis, and therapeutic treatment.
The scope of this review is to shed light on the current findings
of NPC biomarker discovery through the omics approaches.
An overview of NPC biomarkers identified through omics
approaches described herein is illustrated in Figure 1 using
GeneMania (http://www.genemania.org/).

2. Genomics

Biomarkers at the genomic level can be retrieved by compar-
ative genomic hybridization (CGH), exome sequencing, and
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whole genome sequencing. These biomarkers can identify
genomic alterations including single-nucleotide polymor-
phisms (SNPs), copy number variations (CNVs), and other
structural variations in the genome and may have functional
significance in the pathophysiology of a defined phenotype.
As genomic instability including amplification of oncogenes
and/or deletion of tumor suppressor genes, together with
dysfunction of the gene by point mutations, can be an early
event marker in carcinogenesis of NPC, and there are several
CGH studies to analyze the gain and the loss of genetic
materials in the genome. Chen and colleagues [11] performed
CGH on a total of 51 NPC cases including 25 primary and 26
recurrent tumors. They reported the chromosomal hotspots
for copy number gains including the chromosome arms 12p,
1q, 11q, 12q, and 17q and losses including 3p, 9p, 11q, 13q,
and 14q. They also showed that there was no additional
chromosomal alteration in the recurrent tumors compared
to the primary cancers. A few other studies based on CGH
approach have also been reported [12–15]. The patterns of
genomic imbalances in NPC from these CGH data appeared
to be largely consistent with those identified in banding
analysis and loss of heterozygosity studies. However, the
discrepancy between these studies exists, which may be due
to the different cohorts of samples with different clinico-
pathological backgrounds, reflecting variations in distinct
types of carcinogens to the oncogenic process. Furthermore,
the existing CGH data of 103 NPC cases were integrated
and input into evolutionary tree models, which revealed the
chromosomal loss of 3p and the gain of chromosome 12 as an
important hallmark for an early event forNPC carcinogenesis
[16].

In the past decade, microarray technology has served
as an essential tool for examination of genetic profiles of
biological samples and enables us to analyze more than ten
thousand genes at a time, which can reveal genetic abnor-
malities in cancers at a genome-wide level. The principle
of microarray is based on the complementary hybridization
between nucleotide chains such as DNA-to-RNA strands
and DNA-to-DNA strands [17]. A microarray is basically
a microscopic slide with up to hundreds of thousands of
DNA fragments, which are dotted on its surface with ∼50–
150 𝜇m diameter. The fragments are robotically printed or
synthesized in situ. Each DNA fragment has a corresponding
complementary DNA that binds to it. The genomic DNA
can be isolated from tumor and/or normal samples, which
can then be labeled with fluorophores such as cyanine-3
(Cy3; green) and cyanine-5 (Cy5; red) prior to hybridization.
These labeled DNAs are added to the slide and thousands of
hybridization reactions occur between input DNA samples
and DNA probes on the microarray slides. After microarray
laser scanning, the fluorescence values at each spot reveal the
relative levels of copy number of the corresponding region
[18]. Array-based CGH has therefore been used extensively
to detect and quantify genomic aberrations in NPC and map
onto chromosomal positions to identify relevant oncogenes
or tumor suppressor genes. Hui and coworkers [19] utilized
array-CGH to simultaneously investigate amplification of
58 oncogenes throughout the genome of 15 NPC samples
including five cell lines, two xenografts, and eight primary

tumours. The frequency of oncogenes including MYCL1,
TERC, ESR, and PIK3CA were found to be amplified in the
NPC samples. Other array-CGH experiments on different
NPC samples have also been reported and revealed similar
geographic variations in the frequencies of chromosome
aberrations [15, 20, 21].

Recently, a genome-wide analysis of chromosome copy
number was performed in the C666-1 cell line and from
15 NPC biopsies using high-density microarrays [22]. The
data are in broad agreement with the data from conventional
CGH, in which the copy loss at 3p, 9p, and 11q was observed.
It has been revealed that several tumor suppressor genes
such as CDKN2A, ZMYND10, RASSF1, NDRG1, TACC2,
and CACNA2D2 are significantly enriched within genomic
regions that are frequently deleted; however, no significant
correlation is established between the presence of potential
tumor promoting genes and the genomic regions exhibiting
gain of copy number [22]. As aberrant DNA methylation
has been recognized to be associated with the transcriptional
inactivation of genes related to cancer development, the
application of microarrays has also been extended to study
genome-wide DNA methylation patterns in NPC. Zhang
and collaborators [23] investigated the methylation alter-
ations in the genome of taxol-resistant NPC cell lines. The
differential methylation profiles between the taxol-sensitive
and taxol-resistant cells have been demonstrated, where
the global hypermethylation was found in the latter case.
The hypermethylated genes, namely, DLC1, PEG10, and the
hypomethylated genes, namely, ABCC5, CHFR, ERBB2, and
GSTP1, were identified and confirmed as downregulated
and upregulated, respectively, in the resistant cells. Yang
and colleagues [24] also applied the microchip containing
∼27 k CpG loci covering more than 14,000 genes at single-
nucleotide resolution to evaluate the effect of trichostatin A,
one of the most potent HDAC inhibitors, on genome-wide
DNAmethylation pattern of aNPC cell line CNE2.Their data
showed that the DNA methylation in trichostatin A-treated
cells appeared to be higher in total compared to the controls.
The hypermethylation of genes, namely DAP3, HSPB1, and
CLDN, was identified in the treated group and the results
were validated through quantitative reverse transcription
polymerase chain reaction to confirm them as downregulated
genes upon the treatment.

The discovery of variations in the DNA sequence of
tumor cells associated with clinical significance has been
hurled ahead by next-generation sequencing technologies. A
combination of whole-exome and targeted deep sequencing,
as well as SNP array analysis has been applied in order
to characterize the mutational landscape of 128 NPC cases
[25]. The results revealed multiple recurrent copy number
variations with the most frequent deletion region covering
the gene CDKN2A on 9p21. The loss of this chromosomal
region has also been identified in the conventional CGH
[11–15], providing further support for this NPC hotspot.
Differential copy numbers in the genes, namely, CCND1,
AKT2, MYC, and TP53, have also been observed. Interro-
gating pathway analyses also highlighted the dysregulation
of cellular pathways involving in chromatin modification
and ERBB-PI3K signaling pathway. Furthermore, the data
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indicated that the alterations in ERBB-PI3K pathway were
linked to the more advanced stages and the survival of NPC
patients with ERBB-PI3K mutations was shorter than the
patients without such mutations [25]. Our recent work also
supported this notion, where we demonstrated the abnormal
expression of ERBB proteins and showed that the expression
of ERBB3was associatedwith patient survival and could serve
as a novel and valuable predictor for prognostic evaluation of
patients with NPC [26].

3. Transcriptomics

Expression biomarkers are traditionally derived through the
measurement of a single gene or a cluster of biochemical and
histopathological molecules in a given pathway. Transcrip-
tomics or gene expression profiling offers evaluation of the
levels of gene expression of all transcripts in a given sample
at the same time. The conceptual idea of transcriptomics is
that the genes involved in a particular pathophysiology often
function in a concerted fashion and therefore the genes with
similar expression patterns may be functionally associated
and/or under similar molecular regulation [27]. Initially,
suppression subtractive hybridization has been applied on a
cohort of libraries of PCR-amplified cDNA fragments that
differ between control (normal) and experimental (cancer)
transcriptome [28]. Zhang and coworkers constructed the
human embryo nasopharynx cDNA library in order to isolate
and screen tissue-specific genes of human nasopharynx and
new tumor suppressor genes of NPC [29, 30]. Microarray-
assisted analysis of subtracted cDNA libraries constructed by
suppression subtractive hybridization has been performed to
search for differentially expressed genes and screen candi-
date molecular markers in NPC [31]. The differential tran-
scriptomes of 9NPCcases, 3NPCcell lines, and 10 chronic in-
flammation of nasopharyngeal mucosa tissue samples and
the result validation using real-time quantitative reverse tran-
scription polymerase chain reaction and in situ hybridization
techniques revealed that the palate, lung, and nasal epithe-
lium carcinoma (PLUNC) and Homo sapiens cell division
cycle 37 Homo sapien cell division cycle 37 homolog (Sac-
charomyces cerevisiae)-like 1 (CDC37L1) might serve as the
potential molecular biomarkers for NPC [31].

High-throughput technologies based on the well-estab-
lished DNAmicroarray represent the most cost-effective and
convenient means to assess the gene expression profiles.
However, a number of biological replicates or samples of the
same condition as well as additional validation through qRT-
PCR are necessary to eventually identify the biomarkers for
class prediction on an independent validation set as the true
changes in gene expression are often underestimated [32]. As
the chronic EBV infection poses as one of the causative risk
factors forNPC, the application of themicroarray platform to
distinguish transcriptome of the EBV− and EBV+ NPC cells
has enabled us to gain more understanding of EBV-specific
signals for NPC tumorigenesis [33]. A set of EBV-regulated
genes has been identified, involved in cellular processes such
as cell proliferation, cell cycle control, and cell mobility [33].
BecauseNPC tissue is heterogeneous comprising cancer cells,

infiltrating inflammatory cells, and nonneoplastic nasopha-
ryngeal epithelium and stroma, tissue microdissection of
NPC and normal epithelial nasopharynx has been applied to
select specific types of cells on the slides prior to being sub-
jected to the gene expression profiling analysis. Collectively,
these data point to the differential NPC genes involving in the
cell cycle, apoptosis, tumor suppressors, cell adhesion, and
motility [34–37]. The Wnt pathways, such as wingless-type
MMTV integration site family, member 5A (WNT5A), FZD7,
casein kinase II𝛽 (CSNK2B), 𝛽-catenin (CTNNB1), CREB-
binding protein (CREBBP), and dishevelled-associated acti-
vator of morphogenesis 2 (DAAM2), transforming growth
factor 𝛽 (TGF𝛽), and mitogen-activated protein kinase sig-
naling pathway, have been found to be induced in NPC
[35, 38]. Furthermore, among these genes, cyclin D1 has
been shown to be the prognostic biomarker for NPC patients
[37].

Microarray technology has also been used to explore
the biological functions of novel genes in NPC at different
metastatic features, clinical stages, and aggressive states.
According to the metastatic states, the comparison of global
gene expression patterns in NPC cells lines 5–8F (high
tumorigenic and metastatic) and 6–10B (low tumorigenic
and metastatic) revealed a cohort of genes involving in cell
cycle, apoptosis, metastasis, chemokine, and immunomodu-
lation, which potentially mediate their differential metastatic
characteristics. Among them, PTHLH has been suggested
to regulate the WNT pathway through the DKK1 gene to
affect metastasis and the apoptosis processes of NPC [39].
However, the validation in an independent set of samples is
required to confirm this finding. Su et al. [40] identified a
number of transcription factors including ATF1 and ATF2 to
be associated with clinical stages. The potential downstream
molecules for these transcription factors include the epithelial
growth factor receptor (EGFR/ERBB1) and matrix metallo-
proteinase 2 (MMP-2). As themain pathological type of NPC
appears to be nonkeratinizing carcinoma, gene expression
profile changes have been evaluated among differentiated-
type nonkeratinizing NPC cases, which revealed possible
molecular subtypes [41]. It has been shown that the expres-
sion of cyclinD2 (CCND2) could serve as amolecularmarker
for the more aggressive tumor subtype and a strong predictor
for survival time in this group of NPC patients.

The more recent RNA sequencing (RNASeq) approach
utilizes deep-sequencing technologies to identify differential
expression of an entire genome at any specific sample in
any given time point, albeit rather expensive at present
[42]. Szeto and colleagues characterized the transcriptomes
of undifferentiated EBV-positive NPC xenograft X666 and
its derived cell line C666, well-differentiated NPC cell line
HK1, and the immortalized nasopharyngeal epithelial cell
line NP460 using Solexa sequencing [43]. A total of 2,812
differentially expressed genes were identified among these
samples and together with gene enrichment analysis, the
extracellular matrix organization, beta-1 integrin cell surface
interactions, and the PI3K/AKT, ERBB, and Wnt pathways
were dysregulated in NPC [43]. In agreement with these
findings, comparison of the gene expression of tumor cells
and normal controls in recent studies also revealed that
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the Wnt, PI3K/AKT, and ERBB signalling pathways were
dysregulated [22, 25].

A large number of NPC gene expression profiles have
emerged in public databases. It is challenging to integrate
these data from several datasets to yield maximal informa-
tion. Researchers have employed meta-analysis of transcrip-
tomic data by integrating them from multiple studies to suc-
cessfully identify new prognostic and diagnostic markers for
cancer and other diseases [44]. It involves a systematic search
for proper datasets and data retrieval, filtering, reprocessing,
integration, and analysis [45]. However, the common prob-
lems inmeta-analysis exist and are challenging. Identification
of proper studies for meta-analysis is a time-consuming
process as experimental information is often stored in a
free-text format. The completeness and correctness of infor-
mation largely depend on the thoroughness of the authors,
and this issue constitutes a major challenge for microar-
ray meta-analysis. Recently, there are a few published works
on the meta-analyses of nasopharyngeal carcinoma using
microarrays. Chen and collaborators combined the bioinfor-
matics with evidence from biological experiments as a new
way to gain more insights into the molecular mechanism
of EBV-regulated neoplastic transformation [46]. By using
a meta-analysis approach, they separated the sample into
2 metasets. The meta-A set was meta-analyzed to identify
gene commonly activated or deactivated on EBV infection/
reactivation in NPC (EBV reactivation in NPC versus EBV+/
EBV—NPC). The meta-B set was meta-analyzed to obtain
differentially expressed genes that are common in NPC and
primary effusion lymphoma or PEL (EBV+/EBV—NPC ver-
sus EBV+/EBV—PEL). The meta-A and meta-B analyses
revealed 23 and 45 differentially expressed genes, respectively.
Then they integrated meta-A, meta-B, and related tran-
scription factors into an interaction network using acquired
information. A network of 23 meta-A genes in EBV-infected
cells linked by some related transcription factors, of which
the main nodes involve transcription factors JUN, CD9 and
HOXA9. The 45 genes of meta-B network are connected by
few related transcription factorsCDKNIA,NFKBI, andMYC.
The genes in meta-A and meta-B sets have been mapped
into connected regulatory networks. There are 3 common
genes between 2 sets including DEK, ITGA6, and DUSP1
[46]. Moreover, the regulatory network of genes involved in
the EBV-dependent NPC reveals that NPC transformation
depends timely on the regulation of DEK, CDK inhibitor,
p53, RB, and several transcriptional cascades, which are
interrelated by E2F, AP-1, NK-𝜅B, and STAT3 among others
during latent and lytic cycles [46].Themeta-analysis of EBV-
related tumor data may lead to further understanding of the
EBV-related neoplastic transformation.

4. MicroRNA Omics

MicroRNAs (miRNAs) are a family of small noncoding
nucleotide sequences which are able to complementarily bind
to and negatively regulate gene expression at the posttran-
scriptional level, leading to either mRNA degradation or
translational repression [47]. Primary miRNAs are usually

transcribed from introns or noncoding regions and are
cleaved in the nucleus by Drosha enzyme to yield hairpin
precursor miRNAs (pre-miRNAs). Pre-miRNAs are then
translocated into the cytoplasm and are subsequently cleaved
by RNase III Dicer, giving rise to miRNA. These miRNA
fragments execute their regulatory role as element of the
RNA-induced silencing complex (RISC) [48, 49]. Research
on miRNA as cancer biomarkers has gain considerable
attention as miRNAs have been shown to play a role in
fundamental cellular processes including cell proliferation
and cell death and negatively control the expression of several
cancer promoting proteins. In contrast to other types of
molecular markers, miRNAs are relatively stable in the body
and tissues, rendering them better candidates for cancer
biomarkers [50].

A recent study investigated the miRNA expression pro-
files of twopoorly differentiatedNPCcell lines, CNE-2 and 6–
10B, and their radioresistant sublines using next-generation
deep sequencing [51]. Together with qRT-PCR validation,
3 downregulated miRNAs including miR-324-3p, miR-93-
3p, and miR-4501, 3 upregulated miRNAs including miR-
371a-5p, miR-34c-5p, and miR-1323, and 2 novel miRNAs
have been identified to play a role in NPC radioresistance.
One of the downstream targets for miR-324-3p is WNT2B,
which has been reported to participate in the mediated
NPC radioresistance [52]. However, identification of other
downstream targets of these miRNAs needs further inves-
tigations. Furthermore, miRNA expression profiles in 312
paraffin-embedded specimens of NPC and 18 specimens of
noncancer nasopharyngitis have been assessed. A total of
41 miRNA were differentially expressed between NPC and
noncancer counterparts.The authors proposed a signature of
five miRNAs with a prognostic value in addition to the TNM
staging system [53]. In another study, differentially expressed
plasma miRNAs in NPC patients including miR-483-5p,
miR-103, and miR-29a were identified by next-generation
sequencing as potential prognostic markers for NPC [54].

5. Proteomics

Proteomics approaches have been applied to discover cancer
biomarkers. In the early days, the gel-based assay, in which
two-dimensional gel electrophoresis (2DE) is coupled with
mass spectrometry (MS), is utilized to screen the proteins
with differential abundance between samples of different
conditions of interest [55]. However, the disadvantages of
this method include the time and labor inefficiency as well
as low recovery rate of proteins. The gel-independent assay,
in which liquid chromatography (LC) is used to separate
peptides/proteins instead of 2DE and is combined with MS
for protein identification, has later gained popularity as it
offers superior protein identification and quantitation [56].
In the cell culture model, several proteomics-based molec-
ular markers have been identified in various experimental
settings. Jiang and coworkers [57, 58] reported the differential
proteomes of a poorly differentiated squamous NPC cell line,
CNE2, upon the treatment with 12-O-tetradecanoylphorbol
13-acetate (TPA), a known potent carcinogen for NPC. The
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results revealed upregulation of triosephosphate isomerase
(TPI1) and 14-3-3 protein sigma (SFN) as well as downreg-
ulation of reticulocalbin 1 precursor (RCN1), nucleophos-
min (NPM1), mitochondrial matrix protein p1 precursor
(HSPD1), and stathmin (STMN1) in CNE2 cells follow-
ing TPA treatment. Another study analyzed the proteomic
profiles of an EBV-associated NPC cell line, C666-1, and
a normal NP cell line, NP69, which showed that annexin
II and beta-2-tubulin were suppressed in NPC cells [59].
Validation with immunocytochemistry also revealed that the
downregulation of annexin II was positively correlated with
lymph node metastasis, pointing to its potential application
as a prognostic factor for NPC [59]. The proteins linked to
the radioresistant trait of the NPC cells have been identified
through proteomics in two independent studies using a
radioresistant subclone cell line (CNE2-IR) derived from
NPC cell line CNE2 [60, 61]. Feng et al. found the reduced
expression of 14-3-3𝜎 and the increased expression ofMaspin,
GRP78, and Mn-SOD in CNE2-IR cells compared to the
control CNE2. The results were confirmed by Western blot
and immunohistochemistry, suggesting that these proteins
could serve as predicting biomarkers for patient response
to radiotherapy and their dysregulation might be involved
in the radioresistance of NPC [60]. On the other hand, Li
et al. identified 16 differentially expressed proteins including
upregulation of Nm23 H1 and downregulation of annexin
A3 in the radioresistant NPC cells [61]. The different obser-
vations may arise from the fact that these two studies may
have two different radioresistant sublines of CNE2 cells.
Another study using the highly differentiated CNE1 cells
and its radioresistant CNE1-IR subline demonstrated that
the elevated level of heat shock protein 27 (HSP27) might
play a role in radioresistance [62]. Moreover, differential
proteomics of the CNE-2 and its highly metastatic subclone,
S-18, and the knockdown experiment also suggested that
HSP27 plays an important role in cancer metastasis and
the corresponding downstream molecules could be NF-𝜅B,
MMP9, and MMP11 [63]. Therefore, HSP27 could serve as
prognostic and therapeutic target.

Comparative proteomics has been performed to identify
differential expression proteins between the EBV− and EBV+
NPC cells [64]. Upon the EBV infection, a total of 12 proteins
were identified as being significantly upregulated and associ-
atedwith (i) signal transduction including voltage-dependent
anion-selective channel protein 1 (VDAC1), S100-A2, hsc-
70 interacting protein (Hip-70), ubiquitin, TPT1-like protein,
and 4F2 cell surface antigen; (ii) cytoskeleton formation
including keratin-75, tubulin beta-8 chain B, and dynein light
chain 1; (iii) metabolic pathways including l-lactate dehy-
drogenase B chain (LDH-B) and triosephosphate isomerase
(TIM); and (iv) DNA bindings including highmobility group
protein B1 (HMG-1) [64]. These proteins provide a hint on
the EBV-relatedmechanisms ofNPC carcinogenesis and pose
as potential biomarkers for the interaction of NPC-EBV. As
cancer cells usually secrete biomolecules to enhance their
proliferation, reduce apoptosis, and invade immune system
[65], a few studies on differential secretomes for NPC have
attempted to identify the secreted proteins that might be use-
ful as cancer biomarkers and therapeutic targets.The secreted

proteomes of two NPC cell lines including NPC-TW02 and
NPC-TW04 cell lines were analyzed and a total of 23 proteins
retrieved in both cell lines. Validation with Western blotting
and immunohistochemistry confirmed their results, which
indicated that fibronectin, Mac-2 BP, and PAI-1 might be
potential molecular markers for NPC diagnosis [66]. Other
secretome studies [67–70] also identified a cohort of proteins
that might be useful as NPC biomarkers including chloride
intracellular channel 1 (CLIC1) and C-C motif chemokine 5
(CCL5).

Several studies combined the laser capture microdis-
section of NPC tissues and proteomic analysis to identify
protein markers for NPC. RKIP, a member of the phosphat-
idylethanolamine-binding protein family, has been identified
to be a NPC metastasis suppressor and its suppression has
been associated with the aggressiveness through the activa-
tion of MAPK pathway [71, 72]. The expression of stathmin,
14-3-3, and annexin I in NPC tissues has been shown to
be correlated with differentiation and/or metastatic potential
of the NPC cells; thus the dysregulation of these proteins
might play a role in NPC development [73]. Among all
identified proteins, cathepsin D [74, 75], cytokeratin 18 [76],
L-plastin, S100A9 [77], a stroma-associated protein periostin
[78], galectin-1 [79], keratin-8, SFN, and stathmin-1 [75] have
been suggested to be biomarkers for NPC differentiation,
progression, and prognosis.

As human blood holds a large reservoir of proteins and
provides a less invasive mean of analytes for diagnosis, differ-
ential serum proteomics have been performed to identify
even slight changes of certain proteins, which could poten-
tially be biomarkers for NPC. Serum amyloid A protein
(SAA) has been identified to be useful for invigilating the
recurrent NPC cases [80]. Elevated levels of blood coagula-
tion-related proteins including plasma kallikrein (KLKB1)
and thrombin-antithrombin III complex (TAT) have been
observed in NPC and could provide a diagnostic value for
NPCcases [81]. A glycoprotein component of fibrinogen FGA
in the serum has also been associated with NPC [82]. Apart
from the individual protein markers, the MS signatures of
the serum proteome in normal controls and NPC patients
at different stages [83–85] and NPC with different levels of
radiosensitivity [86] have been shown to be distinct.

It has been shown that the ERBB signaling pathway is
dysregulated in NPC [25, 26]. This pathway is known to be
tightly regulated by phosphorylation and dephosphorylation.
Ruan and collaborators [87] have attempted to identify the
downstream proteins, which are affected by stimulation of
epithelial growth factor (EGF), by evaluating the phospho-
proteome of CNE2 cells. A total of 33 proteins were identified
in CNE2 upon the treatment with EGF. Among the identified
proteins, glutathione S-transferase P1 has been validated
usingWestern immunoblotting and knockdown experiments
and has been linked to drug resistant trait in NPC cells
[87]. Mitochondrial proteomes of the NPC cell lines 5–8F
and 6–10B have been compared in order to find a clue for
molecular mechanism of NPC metastasis and biomarkers
related tometastasis [88]. A total of 16mitochondrial proteins
including PRDX3 and SOD2 were identified and serve as



Disease Markers 7

potential biomarkers for NPC. As these proteins are involved
in the cellular response to reactive oxygen species, their
abnormal functionwould play a role in oxidative stress, which
could in turn mediate NPC metastasis [88].

6. Metabolomics

Metabolomics is considered to be a relatively new field of
omics that simultaneously monitors many hundreds and
thousands of small molecule metabolites from biofluids and
tissue samples [89]. In any given conditions, a concerted
function of metabolic processes occurs within a cell, which is
readily changing in different physiological conditions. Hence,
metabolomics represents a biochemical footprint of a phys-
iological state of a cell. Metabolic profiles can be measured
using nuclear magnetic resonance (NMR) spectroscopy and
MS-based assays coupled with gas chromatography (GC-
MS) or liquid chromatography (LC-MS) [90]. Differential
metabolomes between case and control samples will lead to
a cohort of molecules that has potential for early diagnosis,
therapy, and understanding of the pathogenesis of many
diseases. The metabolomics for NPC is still in its infancy.
Recently, the metabolites of sera samples from 40 normal
controls and 39 NPC patients were analyzed to find novel
metabolic biomarkers [91].Three novel candidate biomarkers
including glucose, glutamate, and pyroglutamate were iden-
tified with the high specificity, suggesting that glycolysis and
glutamate metabolism are involved in NPC carcinogenesis.
Further validation of thesemolecules is warrantedwith larger
cohorts of patients to prove their usefulness in terms of
diagnosis. Yi et al. [92] performed a GC-MS-based metabolic
profiling of 402 serum samples from NPC patients and
normal controls. Metabolites including glucose, linoleic acid,
stearic acid, arachidonic acid, proline, b-hydroxybutyrate,
and glycerol 1-hexadecanoate were shown to have high
distinguishing power of NPC from the healthy controls.
Moreover, the metabolic signatures of the NPC patients
who received radiotherapy appeared to resemble those of
the normal controls, pointing to the possibility of applying
metabolomics in assessing therapeutic effects.

7. Concluding Remarks

The omics technology enables the high-throughput profiling
in the levels of genomics, epigenomics, transcriptomics,
proteomics, and metabolomics, which lead to the large
amount of data and together with bioinformatic tools can
retrieve novel biomarkers. Current omics research in NPC
has been reviewed, focusing on the biomarker discovery.
A large number of potential biomarkers for NPC related
to various pathophysiological states have been identified.
However, extensive validation of these molecules in a larger
cohort and in amulticenter platform is essential to verify their
usefulness as biomarkers. In the future, it will be challenging
to integrate the vast amount of multiomics data to gain
better understanding of molecular basis of this complex
malignancy.

Conflict of Interests

The author declares that he has no conflict of interests.

Acknowledgments

This work is supported by the Faculty of Science, Mahidol
University, and a research grant for mid-career university
faculty fromThailandResearch Fund andOffice of theHigher
Education Commission (RMU5380009).

References

[1] W. I. Wei and J. S. T. Sham, “Nasopharyngeal carcinoma,” The
Lancet, vol. 365, no. 9476, pp. 2041–2054, 2005.

[2] E. T. Chang and H.-O. Adami, “The enigmatic epidemiology of
nasopharyngeal carcinoma,” Cancer Epidemiology Biomarkers
and Prevention, vol. 15, no. 10, pp. 1765–1777, 2006.

[3] S. H. Chan, “Aetiology of nasopharyngeal carcinoma,” Annals
of the Academy of Medicine Singapore, vol. 19, no. 2, pp. 201–207,
1990.

[4] Q. Tao andA. T. C. Chan, “Nasopharyngeal carcinoma:molecu-
lar pathogenesis and therapeutic developments,”Expert Reviews
in Molecular Medicine, vol. 9, no. 12, pp. 1–24, 2007.

[5] A. S. Chan, K. F. To, K. W. Lo et al., “High frequency of chro-
mosome 3p deletion in histologically normal nasopharyngeal
epithelia from Southern Chinese,” Cancer Research, vol. 60, no.
19, pp. 5365–5370, 2000.

[6] J. T.-C. Chang, J.-Y. Ko, and R.-L. Hong, “Recent advances
in the treatment of nasopharyngeal carcinoma,” Journal of the
FormosanMedical Association, vol. 103, no. 7, pp. 496–510, 2004.

[7] A. T. C. Chan, S. F. Leung, R. K. C. Ngan et al., “Overall
survival after concurrent cisplatin-radiotherapy compared with
radiotherapy alone in locoregionally advanced nasopharyngeal
carcinoma,” Journal of the National Cancer Institute, vol. 97, no.
7, pp. 536–539, 2005.

[8] A. T. C. Chan, P. M. L. Teo, R. K. Ngan et al., “Concur-
rent chemotherapy-radiotherapy compared with radiotherapy
alone in locoregionally advanced nasopharyngeal carcinoma:
progression-free survival analysis of a phase III randomized
trial,” Journal of Clinical Oncology, vol. 20, no. 8, pp. 2038–2044,
2002.

[9] A. R. A. Razak, L. L. Siu, F.-F. Liu, E. Ito, B. O’Sullivan, and
K. Chan, “Nasopharyngeal carcinoma: the next challenges,”
European Journal of Cancer, vol. 46, no. 11, pp. 1967–1978, 2010.

[10] W. C.-S. Cho, “Nasopharyngeal carcinoma: molecular bio-
marker discovery and progress,”Molecular Cancer, vol. 6, article
1, 2007.

[11] Y.-J. Chen, J.-Y. Ko, P.-J. Chen et al., “Chromosomal aberra-
tions in nasopharyngeal carcinoma analyzed by comparative
genomic hybridization,”Genes, Chromosomes &Cancer, vol. 25,
no. 2, pp. 169–175, 1999.

[12] Y. Fang, X.-Y. Guan, Y. Guo et al., “Analysis of genetic alterations
in primary nasopharyngeal carcinoma by comparative genomic
hybridization,”Genes, Chromosomes&Cancer, vol. 30, no. 3, pp.
254–260, 2001.

[13] G. Chien, P.W. Yuen, D. Kwong, and Y. L. Kwong, “Comparative
genomic hybridization analysis of nasopharygeal carcinoma:
consistent patterns of genetic aberrations and clinicopathologi-
cal correlations,” Cancer Genetics and Cytogenetics, vol. 126, no.
1, pp. 63–67, 2001.



8 Disease Markers

[14] J. Yan, Y. Fang, Q. Liang, Y. Huang, and Y. Zeng, “Novel
chromosomal alterations detected in primary nasopharyngeal
carcinoma by comparative genomic hybridization,” Chinese
Medical Journal, vol. 114, no. 4, pp. 418–421, 2001.

[15] S. Rodriguez, A. Khabir, C. Keryer et al., “Conventional and
array-based comparative genomic hybridization analysis of
nasopharyngeal carcinomas from the Mediterranean area,”
Cancer Genetics and Cytogenetics, vol. 157, no. 2, pp. 140–147,
2005.

[16] L. Shih-Hsin Wu, “Construction of evolutionary tree models
for nasopharyngeal carcinoma using comparative genomic
hybridization data,” Cancer Genetics and Cytogenetics, vol. 168,
no. 2, pp. 105–108, 2006.

[17] B. A. Bejjani, A. P.Theisen, B. C. Ballif, and L. G. Shaffer, “Array-
based comparative genomic hybridization in clinical diagnosis,”
Expert Review of Molecular Diagnostics, vol. 5, no. 3, pp. 421–
429, 2005.

[18] S. Wang and Q. Cheng, “Microarray analysis in drug discovery
and clinical applications,” Methods in Molecular Biology, vol.
316, pp. 49–65, 2006.

[19] A. B.-Y. Hui, K.-W. Lo, P. M. L. Teo, K.-F. To, and D. P.
Huang, “Genome wide detection of oncogene amplifications
in nasopharyngeal carcinoma by array based comparative
genomic hybridization,” International Journal of Oncology, vol.
20, no. 3, pp. 467–473, 2002.

[20] X. Guo,W.-O. Lui, C.-N. Qian et al., “Identifying cancer-related
genes in nasopharyngeal carcinoma cell lines using DNA and
mRNA expression profiling analyses,” International Journal of
Oncology, vol. 21, no. 6, pp. 1197–1204, 2002.

[21] Y. Y. Or, A. B. Y. Hui, K. Y. Tam, D. P. Huang, and K. W.
Lo, “Characterization of chromosome 3q and 12q amplicons in
nasopharyngeal carcinoma cell lines,” International journal of
oncology, vol. 26, no. 1, pp. 49–56, 2005.

[22] C. Hu, W. Wei, X. Chen et al., “A global view of the oncogenic
landscape in nasopharyngeal carcinoma: an integrated analysis
at the genetic and expression levels,” PLoS ONE, vol. 7, no. 7,
Article ID e41055, 2012.

[23] X. Zhang, W. Li, H. Li, Y. Ma, G. He, and G. Tan, “Genomic
methylation profiling combined with gene expression microar-
ray reveals the aberrant methylation mechanism involved
in nasopharyngeal carcinoma taxol resistance,” Anti-Cancer
Drugs, vol. 23, no. 8, pp. 856–864, 2012.

[24] X. L. Yang, C. D. Zhang, H. Y. Wu et al., “Effect of trichostatin
A on CNE2 nasopharyngeal carcinoma cells—genome-wide
DNA methylation alteration,” Asian Pacific Journal of Cancer
Prevention, vol. 15, no. 11, pp. 4663–4670, 2014.

[25] D. C. Lin, X. Meng, M. Hazawa et al., “The genomic landscape
of nasopharyngeal carcinoma,” Nature Genetics, vol. 46, no. 8,
pp. 866–871, 2014.

[26] W. Tulalamba, N. Larbcharoensub, and T. Janvilisri, “ERBB3 as
an independent prognostic marker for nasopharyngeal carci-
noma,” Journal of Clinical Pathology, vol. 67, no. 8, pp. 667–672,
2014.

[27] G. Bucca, G. Carruba, A. Saetta, P. Muti, L. Castagnetta, and C.
P. Smith, “Gene expression profiling of human cancers,” Annals
of the New York Academy of Sciences, vol. 1028, pp. 28–37, 2004.

[28] O. D. von Stein, “Isolation of differentially expressed genes
through subtractive suppression hybridization,” Methods in
Molecular Biology, vol. 175, pp. 263–278, 2001.

[29] B.-C. Zhang, L. Cao, J. Qian et al., “Construction of directional
cDNA library from human embryo nasopharyngeal epithelia

and screeming a candidate tumor suppressor gene related
with nasopharyngeal carcinoma,” Progress in Biochemistry and
Biophysics, vol. 29, no. 2, pp. 302–306, 2002.

[30] B. C. Zhang, X. M. Nie, B. Y. Xiao et al., “Identification of
tissue-specific genes in nasopharyngeal epithelial tissue and
differentially expressed genes in nasopharyngeal carcinoma by
suppression subtractive hybridization and cDNA microarray,”
Genes Chromosomes and Cancer, vol. 38, no. 1, pp. 80–90, 2003.

[31] Y. Zhou, Z. Zeng, W. Zhang et al., “Identification of candidate
molecularmarkers of nasopharyngeal carcinoma bymicroarray
analysis of subtracted cDNA libraries constructed by suppres-
sion subtractive hybridization,” European Journal of Cancer
Prevention, vol. 17, no. 6, pp. 561–571, 2008.

[32] M. Schena, R. A. Heller, T. P. Theriault, K. Konrad, E. Lachen-
meier, andR.W.Davis, “Microarrays: biotechnology’s discovery
platform for functional genomics,” Trends in Biotechnology, vol.
16, no. 7, pp. 301–306, 1998.

[33] Y.-C. G. Lee, Y.-C. Hwang, K.-C. Chen et al., “Effect of Epstein-
Barr virus infection on global gene expression in nasopharyn-
geal carcinoma,” Functional & Integrative Genomics, vol. 7, no. 1,
pp. 79–93, 2007.

[34] V. Sriuranpong, A. Mutirangura, J. W. Gillespie et al., “Global
gene expression profile of nasopharyngeal carcinoma by laser
capture microdissection and complementary DNA microar-
rays,” Clinical Cancer Research, vol. 10, no. 15, pp. 4944–4958,
2004.

[35] Z. Y. Zeng, Y. H. Zhou,W. Xiong et al., “Analysis of gene expres-
sion identifies candidate molecular markers in nasopharyngeal
carcinoma using microdissection and cDNA microarray,” Jour-
nal of Cancer Research and Clinical Oncology, vol. 133, no. 2, pp.
71–81, 2007.

[36] Z.-Q. Liu, Y.-Q. Tian, Y.-F. Hu, X.-L. Li, F.-R. Ma, and G.-
Y. Li, “Alteration of gene expression during nasopharyngeal
carcinogenesis revealed by oligonucleotide microarray after
microdissection of tumor tissue and normal epithelia from
nasopharynx,” Chinese Medical Journal (Engl), vol. 122, no. 4,
pp. 437–443, 2009.

[37] W. Zhang, Z. Zeng, Y. Zhou et al., “Identification of aberrant cell
cycle regulation in Epstein-Barr virus-associated nasopharyn-
geal carcinoma by cDNA microarray and gene set enrichment
analysis,” Acta Biochimica et Biophysica Sinica, vol. 41, no. 5,
Article ID gmp025, pp. 414–428, 2009.

[38] Z. Y. Zeng, Y. H. Zhou, W. L. Zhang et al., “Gene expression
profiling of nasopharyngeal carcinoma reveals the abnormally
regulatedWnt signaling pathway,”HumanPathology, vol. 38, no.
1, pp. 120–133, 2007.

[39] J. Li, Y. Fan, J. Chen, K.-T. Yao, and Z.-X. Huang, “Microarray
analysis of differentially expressed genes between nasopharyn-
geal carcinoma cell lines 5–8F and 6–10B,” Cancer Genetics and
Cytogenetics, vol. 196, no. 1, pp. 23.e1–23.e13, 2010.

[40] B. Su, H.-L. Tang, M. Deng et al., “Stage-associated dynamic
activity profile of transcription factors in nasopharyngeal car-
cinoma progression based on protein/DNA array analysis,”
OMICS, vol. 15, no. 1-2, pp. 49–60, 2011.

[41] S. Wang, X. Li, Z. G. Li et al., “Gene expression profile
changes and possible molecular subtypes in differentiated-
type nonkeratinizing nasopharyngeal carcinoma,” International
Journal of Cancer, vol. 128, no. 4, pp. 753–762, 2011.

[42] S. Marguerat and J. Bähler, “RNA-seq: from technology to
biology,” Cellular and Molecular Life Sciences, vol. 67, no. 4, pp.
569–579, 2010.



Disease Markers 9

[43] C. Y.-Y. Szeto, C. H. Lin, S. C. Choi et al., “Integrated
mRNA andmicroRNA transcriptome sequencing characterizes
sequence variants and mRNA-microRNA regulatory network
in nasopharyngeal carcinoma model systems,” FEBS Open Bio,
vol. 4, pp. 128–140, 2014.

[44] D. R. Rhodes and A.M. Chinnaiyan, “Integrative analysis of the
cancer transcriptome,” Nature Genetics, vol. 37, no. 6, pp. S31–
S37, 2005.

[45] W.-C. Cheng, M.-L. Tsai, C.-W. Chang et al., “Microarray meta-
analysis database (M2DB): a uniformly pre-processed, quality
controlled, and manually curated human clinical microarray
database,” BMC Bioinformatics, vol. 11, article 421, 2010.

[46] X. Chen, S. Liang, W. L. Zheng, Z. J. Liao, T. Shang, and W.
L.Ma, “Meta-analysis of nasopharyngeal carcinomamicroarray
data explores mechanism of EBV-regulated neoplastic transfor-
mation,” BMC Genomics, vol. 9, article 322, 2008.

[47] M. T. McManus, “MicroRNAs and cancer,” Seminars in Cancer
Biology, vol. 13, no. 4, pp. 253–258, 2003.

[48] D. P. Bartel, “MicroRNAs: genomics, biogenesis, mechanism,
and function,” Cell, vol. 116, no. 2, pp. 281–297, 2004.

[49] D. P. Bartel, “MicroRNAs: target recognition and regulatory
functions,” Cell, vol. 136, no. 2, pp. 215–233, 2009.

[50] G. A. Calin and C. M. Croce, “MicroRNA signatures in human
cancers,” Nature Reviews Cancer, vol. 6, no. 11, pp. 857–866,
2006.

[51] G. Li, Y. Qiu, Z. Su et al., “Genome-wide analyses of radiore-
sistance-associated miRNA expression profile in nasopharyn-
geal carcinoma using next generation deep sequencing,” PLoS
ONE, vol. 8, no. 12, Article ID e84486, 2013.

[52] G. Li, Y. Liu, Z. Su et al., “MicroRNA-324-3p regulates naso-
pharyngeal carcinoma radioresistance by directly targeting
WNT2B,” European Journal of Cancer, vol. 49, no. 11, pp. 2596–
2607, 2013.

[53] N. Liu, N.-Y. Chen, R.-X. Cui et al., “Prognostic value of
a microRNA signature in nasopharyngeal carcinoma: a mic-
roRNA expression analysis,” The Lancet Oncology, vol. 13, no.
6, pp. 633–641, 2012.

[54] H.-Y. Wang, L.-X. Yan, Q. Shao et al., “Profiling plasma mic-
roRNA in nasopharyngeal carcinoma with deep sequencing,”
Clinical Chemistry, vol. 60, no. 5, pp. 773–782, 2014.

[55] Y. Iwadate, “Clinical proteomics in cancer research-promises
and limitations of current two-dimensional Gel electrophore-
sis,”CurrentMedicinal Chemistry, vol. 15, no. 23, pp. 2393–2400,
2008.

[56] W. H. McDonald and J. R. Yates III, “Shotgun proteomics and
biomarker discovery,”DiseaseMarkers, vol. 18, no. 2, pp. 99–105,
2002.

[57] P. Jiang, M. Gan, H. Huang, X. Shen, S. Wang, and K. Yao,
“Proteome analysis of antiproliferative mechanism of 12-O-
tetradecanoylphorbol 13-acetate on cultured nasopharyngeal
carcinoma CNE2 cells,” Journal of Proteome Research, vol. 4, no.
2, pp. 599–605, 2005.

[58] P.-Z. Jiang, M. Gan, H. Huang, X.-M. Shen, S. Wang, and K.-T.
Yao, “Proteomics-based identification of proteins with altered
expression induced by 12-O-tetradecanoylphorbol 13-acetate
in nasopharyngeal carcinoma CNE2 cells,” Acta Biochimica et
Biophysica Sinica, vol. 37, no. 2, pp. 97–106, 2005.

[59] C. M. L. Chan, S. C. C. Wong, M. Y. Y. Lam et al., “Proteomic
comparison of nasopharyngeal cancer cell lines C666-1 and
NP69 identifies down-regulation of annexin II and 𝛽2-tubulin
for nasopharyngeal carcinoma,” Archives of Pathology and
Laboratory Medicine, vol. 132, no. 4, pp. 675–683, 2008.

[60] X.-P. Feng,H.Yi,M.-Y. Li et al., “Identification of biomarkers for
predicting nasopharyngeal carcinoma response to radiotherapy
by proteomics,” Cancer Research, vol. 70, no. 9, pp. 3450–3462,
2010.

[61] L. Li, S. Huang, X. Zhu et al., “Identification of radioresistance-
associated proteins in human nasopharyngeal carcinoma cell
lines by proteomic analysis,” Cancer Biotherapy & Radiophar-
maceuticals, vol. 28, no. 5, pp. 380–384, 2013.

[62] B. Zhang, J.-Q. Qu, L. Xiao et al., “Identification of heat shock
protein 27 as a radioresistance-related protein in nasopharyn-
geal carcinoma cells,” Journal of Cancer Research and Clinical
Oncology, vol. 138, no. 12, pp. 2117–2125, 2012.

[63] G.-P. Li, H. Wang, Y.-K. Lai et al., “Proteomic profiling between
CNE-2 and its strongly metastatic subclone S-18 and functional
characterization of HSP27 in metastasis of nasopharyngeal
carcinoma,” Proteomics, vol. 11, no. 14, pp. 2911–2920, 2011.

[64] X. Feng, J. Zhang,W. N. Chen, and C. B. Ching, “Proteome pro-
filing of Epstein-Barr virus infected nasopharyngeal carcinoma
cell line: identification of potential biomarkers by comparative
iTRAQ-coupled 2DLC/MS-MS analysis,” Journal of Proteomics,
vol. 74, no. 4, pp. 567–576, 2011.

[65] H. Xue, B. Lu, andM. Lai, “The cancer secretome: a reservoir of
biomarkers,” Journal of Translational Medicine, vol. 6, article 52,
2008.

[66] C.-C.Wu, K.-Y. Chien, N.-M. Tsang et al., “Cancer cell-secreted
proteomes as a basis for searching potential tumor markers:
nasopharyngeal carcinoma as a model,” Proteomics, vol. 5, no.
12, pp. 3173–3182, 2005.

[67] S. Ge, Y. Mao, Y. Yi, D. Xie, Z. Chen, and Z. Xiao, “Comparative
proteomic analysis of secreted proteins from nasopharyngeal
carcinoma-associated stromal fibroblasts and normal fibrob-
lasts,” Experimental and Therapeutic Medicine, vol. 3, no. 5, pp.
857–860, 2012.

[68] S.-J. Lin, K.-P. Chang, C.-W. Hsu et al., “Low-molecular-
mass secretome profiling identifies C-C motif chemokine 5
as a potential plasma biomarker and therapeutic target for
nasopharyngeal carcinoma,” Journal of Proteomics, vol. 94, pp.
186–201, 2013.

[69] Y.-H. Chang, C.-C. Wu, K.-P. Chang, J.-S. Yu, Y.-C. Chang, and
P.-C. Liao, “Cell secretome analysis using hollow fiber culture
system leads to the discovery of CLIC1 protein as a novel plasma
marker for nasopharyngeal carcinoma,” Journal of Proteome
Research, vol. 8, no. 12, pp. 5465–5474, 2009.

[70] H.-Y. Wu, Y.-H. Chang, Y.-C. Chang, and P.-C. Liao, “Pro-
teomics analysis of nasopharyngeal carcinoma cell secretome
using a hollow fiber culture system and mass spectrometry,”
Journal of Proteome Research, vol. 8, no. 1, pp. 380–389, 2009.

[71] Y. Chen, G.-L. Ouyang, H. Yi et al., “Identification of RKIP as
an invasion suppressor protein in nasopharyngeal carcinoma by
proteomic analysis,” Journal of Proteome Research, vol. 7, no. 12,
pp. 5254–5262, 2008.

[72] Y. Chen, C.-E. Tang, G.-L. Ouyang et al., “Identification of
RKIP as a differentially tyrosine-phosphorylated protein in
nasopharyngeal carcinoma and normal nasopharyngeal epithe-
lial tissues by phosphoproteomic approach,”Medical Oncology,
vol. 26, no. 4, pp. 463–470, 2009.

[73] A.-L. Cheng, W.-G. Huang, Z.-C. Chen et al., “Identification
of novel nasopharyngeal carcinoma biomarkers by laser cap-
ture microdissection and proteomic analysis,” Clinical Cancer
Research, vol. 14, no. 2, pp. 435–445, 2008.

[74] A.-L. Cheng, W.-G. Huang, Z.-C. Chen et al., “Identificating
cathepsin d as a biomarker for differentiation and prognosis



10 Disease Markers

of nasopharyngeal carcinoma by laser capture microdissection
and proteomic analysis,” Journal of Proteome Research, vol. 7, no.
6, pp. 2415–2426, 2008.

[75] Z. Xiao, G. Li, Y. Chen et al., “Quantitative proteomic anal-
ysis of formalin-fixed and paraffin-embedded nasopharyn-
geal carcinoma using iTRAQ labeling, two-dimensional liquid
chromatography, and tandem mass spectrometry,” Journal of
Histochemistry and Cytochemistry, vol. 58, no. 6, pp. 517–527,
2010.

[76] X.-M. Li, W.-G. Huang, H. Yi, A.-L. Cheng, and Z.-Q. Xiao,
“Proteomic analysis to identify cytokeratin 18 as a novel
biomarker of nasopharyngeal carcinoma,” Journal of Cancer
Research and Clinical Oncology, vol. 135, no. 12, pp. 1763–1775,
2009.

[77] M.-X. Li, Z.-Q. Xiao, Y.-F. Liu et al., “Quantitative proteomic
analysis of differential proteins in the stroma of nasopharyngeal
carcinoma and normal nasopharyngeal epithelial tissue,” Jour-
nal of Cellular Biochemistry, vol. 106, no. 4, pp. 570–579, 2009.

[78] M. Li, C. Li, D. Li et al., “Periostin, a stroma-associated protein,
correlates with tumor invasiveness and progression in nasopha-
ryngeal carcinoma,” Clinical & Experimental Metastasis, vol. 29,
no. 8, pp. 865–877, 2012.

[79] C.-E. Tang, T. Tan, C. Li et al., “Identification of Galectin-1 as
a novel biomarker in nasopharyngeal carcinoma by proteomic
analysis,” Oncology Reports, vol. 24, no. 2, pp. 495–500, 2010.

[80] W. C. S. Cho, T. T. C. Yip, C. Yip et al., “Identification of
serum amyloid a protein as a potentially useful biomarker to
monitor relapse of nasopharyngeal cancer by serum proteomic
profiling,” Clinical Cancer Research, vol. 10, no. 1, part 1, pp. 43–
52, 2004.

[81] P.-H. Peng, C.-C. Wu, S.-C. Liu et al., “Quantitative plasma
proteome analysis reveals aberrant level of blood coagulation-
related proteins in nasopharyngeal carcinoma,” Journal of Pro-
teomics, vol. 74, no. 5, pp. 744–757, 2011.

[82] Y.-L. Tao, Y. Li, J. Gao et al., “Identifying FGA peptides as
nasopharyngeal carcinoma-associated biomarkers by magnetic
beads,” Journal of Cellular Biochemistry, vol. 113, no. 7, pp. 2268–
2278, 2012.

[83] Y.-S. Wei, Y.-H. Zheng, W.-B. Liang et al., “Identification of
serum biomarkers for nasopharyngeal carcinoma by proteomic
analysis,” Cancer, vol. 112, no. 3, pp. 544–551, 2008.

[84] Y.-J. Huang, C. Xuan, B.-B. Zhang et al., “SELDI-TOF MS
profiling of serum for detection of nasopharyngeal carcinoma,”
Journal of Experimental and Clinical Cancer Research, vol. 28,
article 85, 2009.

[85] S.-M. Cao, J.-K. Yu,Q.-Y. Chen et al., “Detection of nasopharyn-
geal carcinoma using surface-enhanced laser desorption and
ionization mass spectrometry profiles of the serum proteome,”
Chinese Journal of Cancer, vol. 29, no. 8, pp. 721–728, 2010.

[86] F. Su, X. Zhu, Z. Liang et al., “Analysis of serum proteome
profiles in nasopharyngeal carcinoma with different radiosen-
sitivity,” Clinical and Translational Oncology, vol. 16, no. 2, pp.
147–152, 2014.

[87] L. Ruan, X.-H. Li, X.-X. Wan et al., “Analysis of EGFR signaling
pathway in nasopharyngeal carcinoma cells by quantitative
phosphoproteomics,” Proteome Science, vol. 9, article 35, 2011.

[88] J. Liu, X. Zhan, M. Li et al., “Mitochondrial proteomics
of nasopharyngeal carcinoma metastasis,” BMC Medical
Genomics, vol. 5, article 62, 2012.

[89] C. J. Clarke and J. N. Haselden, “Metabolic profiling as a tool for
understanding mechanisms of toxicity,” Toxicologic Pathology,
vol. 36, no. 1, pp. 140–147, 2008.

[90] G. A. N. Gowda, S. Zhang, H. Gu, V. Asiago, N. Shanaiah,
and D. Raftery, “Metabolomics-based methods for early disease
diagnostics,” Expert Review of Molecular Diagnostics, vol. 8, no.
5, pp. 617–633, 2008.

[91] L. Yi, N. Dong, S. Shi et al., “Metabolomic identification of novel
biomarkers of nasopharyngeal carcinoma,” RSC Advances, vol.
4, no. 103, pp. 59094–59101, 2014.

[92] L. Yi, C. Song, Z. Hu et al., “A metabolic discrimination model
for nasopharyngeal carcinoma and its potential role in the
therapeutic evaluation of radiotherapy,” Metabolomics, vol. 10,
no. 4, pp. 697–708, 2014.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


